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Zea maydis styli cum stigmatis (Engl. corn silk) are well known in medical practice. In the scientific literature, a lot of informa-
tion has been accumulated about the chemical composition and pharmacotherapeutic actions of this medicinal plant mate-
rial. A chronological analysis of this information shows that earlier, the scope of scientific publications was mainly devoted
to the study of the choleretic, diuretic, hemostatic kinds of Zea maydis styli cum stigmatis activity, and the identification of
the active substances responsible for these types of action. Currently, there is a growing scientific interest not only in the
individual natural compounds of the Zea maydis styli cum stigmatis composition, but also in the search for new aspects of
their medical application.

The aim of the article is a review and systematization of modern scientific data in the field of the Zea maydis styli cum stig-
matis chemical composition and their pharmacological action.

Materials and methods. For the information and analytical search, the scientific data posted on the following electronic re-
sources were used: PubMed, Web of Science, ScienceDirect, Scopus, Google Scholar, eLibrary. The search was carried out in
the period from 2005 to 2021 using the following keywords: Zea mays L.; Zea maydis styli cum stigmatis; corn silk; chemical
composition; pharmacological action.

Results. The review is devoted to the generalization and analysis of modern scientific data on the Zea maydis styli cum stig-
matis chemical composition and their pharmacological action. It has been shown that, as before, the greatest attention of
scientists is attracted by flavonoids in the Zea maydis styli cum stigmatis chemical composition. Alongside with them, phe-
nolcarboxylic acids, vitamin K, phytosterols, volatile compounds and polysaccharides are of no small importance for the Zea
maydis styli cum stigmatis pharmacological activity. Modern ideas about the Zea maydis styli cum stigmatis pharmacological
activity have been expanded by summarizing the study results of their antioxidant, anti-inflammatory, antidiabetic, hypoten-
sive, neuro- and photoprotective activities. The data on the effectiveness of their use as parts of the complex tumor diseases
therapy have been published.

Conclusion. As a result of the data analysis of modern scientific literature, it has been found out that Zea maydis styli cum
stigmatis are still in the sphere of scientists’ interest. Alongside with the flavonoids of this raw material, other groups of phar-
macologically active substances are also being actively studied. It has been revealed that the information about potentially
significant and confirmed types of the Zea maydis styli cum stigmatis therapeutic action is significantly updated. The results
of this review may be useful for identifying promising directions for the development of the drugs based on Zea maydis styli
cum stigmatis.

Keywords: Zea maydis styli cum stigmatis; corn silk; chemical composition; pharmachologic action

Abbreviations: ZMSS — Zea maydis styli cum stigmatis; MPRM — medicinal plant raw material; PASs — pharmacologically
active substances; MCF-7 — an epithelial-like cell line derived from invasive human breast ductal adenocarcinoma; TBARS —
Thiobarbituric acid reactive substances; mRNA — messenger ribonucleic acid.
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effects of Zea maydis styli cum stigmatis. Pharmacy & Pharmacology. 2022;10(1):4-18. DOI: 10.19163/2307-9266-2022-10-1-4-18
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KyKypy3bl cTon6uku ¢ poinbuamu (KCP) (nat. — Zea maydis styli cum stigmatis, aHrn. — corn silk) XxopoLo U3BECTHbI B Meau-
LMHCKOM NpaKTuKe. B Hay4HOM nTepaType HaKoneHO HeMaio MHGOPMaLMK O XMMUYECKOM COCTaBe U papMaKoTepaneBTU-
4YeCKOM AEeNCTBUM AAHHOTO JIEKAPCTBEHHOMO PACTUTE/IbHOTO CbipbA. XPOHONOTMYECKMI1 aHANN3 3TUX CBEAEHWI NOKa3blIBaET,
YTO paHee NaHAWAT HayUYHbIX Ny6AMKALMIA Bbln NOCBALLEH, MABHbIM 06Pa30M, U3YUYEHWIO KENYETOHHOM, AUYPETUYECKOM,
KPOBOOCTaHaBAMBaOLEN akTMBHOCTU KCP U BbIABNEHUIO AEMCTBYIOLLLMX BELLLECTB, OTBETCTBEHHbIX 33 AaHHbIE BUAbI aKTUBHO-
CTU. B HacToALLee BpemMAa OTMeYaeTca HapacTaloLWMin HayYHbI MHTEPEeC He TONIbKO K OTAENbHbIM MHAMBUAYANbHBIM MPUPOA-
HbIM coeguHeHnAm B cocTaBe KCP, HO 1 K MOMCKY HOBbIX aCMEKTOB UX MEAULMHCKOTO NPUMEHEHUA.

Llenb. O630p 1 cucTEMATMU3ALMA COBPEMEHHbIX HAaY4YHbIX AaHHbIX B 061aCT XMMMUYECKOrO cocTaBa U GapMaKoNOrMyecKoro
pevicteua KCP.

Martepuanbi u metogbl. 117 MHPOPMALMOHHO-aHAIUTUYECKOTO MOUCKA MCMO/Ib30BAIN HayYHbIe AaHHbIe, pa3MeLLleHHble Ha
3N1eKTPOHHBIX pecypcax PubMed, Web of Science, ScienceDirect, Scopus, Google Scholar, eLibrary. Mouck ocyliectsaanm 3a
nepuog ¢ 2005 r. no 2021 r. NO KNHOYEBLIM CI0BAM: KyKypy3a 0BbIKHOBEHHAS; KYKypYy3bl CTONBUKK C pblibLammn; Zea maydis
styli cum stigmatis; corn silk; xnmuyeckuii coctas; GapmaKoIOrMyeckoe AencTBue.

Pesynbratbl. 0630p nocsALeH 0606LWEHNI0 M aHaNN3Y COBPEMEHHbIX HAaYYHbIX AaHHbIX O XMMUYECKOM COCTaBe U papmako-
nornyeckom gerictemm KCP. MokasaHo, YTo no-npexkHemy Hanbosblee BHUMaHUe yyeHbix B cocTase KCP npuenekatot dna-
BOHOMAbI. Hapagy ¢ HUMKW HEMaNoBaXXHOE 3HaYeHue ana papmakosornyeckoit aktueHoctn KCP umetoT peHonkapboHoBbie
KMCNOTbI, BUTaMUH K, dUTOCTEPUHBI, 1eTy4ne coeanHeHna n noaucaxapuabl. CoBpeMeHHble NpeacTaBieHna o papmakono-
rmyeckom gevicteumn KCP paclumpeHsbl 3a cyeT 0606LeHNA pe3yanbTaToB UCCAe0BaHUA X aHTUOKCUAAHTHOM, NPOTUBOBOC-
nannTesbHOM, aHTUAMABETUYECKON, TMNOTEH3UBHOW, HEMPO- U GOTONPOTEKTOPHOM aKTUBHOCTU. ONybAMKOBAHbI AaHHbIE,
cBuaeTenbeTayrowme 06 apPeKTUBHOCTM UX MPUMEHEHMA B COCTaBE KOMMIEKCHOW Tepanum onyxoneBbix 3a6oeBaHuit.
3akntoueHue. B pesynbtate NpoBeAeHHOro aHaAM3a AaHHbIX COBPEMEHHOW Hay4YHOW inTepaTypbl H6b110 YCTAaHOBAEHO, YTO
MHTepec yyeHbix K KCP He ocnabesaet. Hapaay ¢ a1aBoHOMAaMM AaHHOIO CbipbA AOCTAaTOYHO aKTUBHO M3Yy4atoTcA U Apyrue
rpynnbl $papmMaKosorMyeckm akTUBHBbIX BELLLECTB. BbIABAEHO, YTO CyLLECTBEHHO 0OHOBU/IUCHL CBEAEHUA O MOTEHLMANBHO 3Ha-
YMMBIX U NOATBEPKAEHHbIX BUAax eyebHoro geinctama KCP. PesynbTaTbl AaHHOro o63opa moryT 6biTb NOAE3HbI ANA onpe-
[AeNeHnA NepcneKkTUBHbIX HanpaBieHn pa3paboTKu IeKapCTBEHHbIX cpeacTB Ha ocHose KCP.

KntoueBble cnoBa: KyKypy3bl CTONOUKK € pblibLamm; Zea maydis styli cum stigmatis, corn silk; xumuyeckuii coctas; papma-
KO/IOrMyecKoe aencraune

Cnucok coKpaueHui: KCP — KyKypy3bl CTON6MKKM ¢ pbiablamu; JIPC — nekapcTBeHHoe pacTuTesnbHoe cbipbe; PAB — dap-
MaKO/I0TM4YeCcKM aKTuBHble BelecTBa; MCF-7 — anutennonogobHasa KneToyHaa IMHUA, NONyYeHHaAA U3 MHBA3UBHOMN afeHo-
KapLMHOMbI MPOTOKOB MOJIOYHOW Kenesbl YenoBeKa; TBK-Al — akTUBHbIe NPOAYKTbI, pearupyrolwme ¢ TMobapbutyposoii
Kucnotoit; MPHK — maTpuyHas puboHyKnenHoBas K1caoTa.

INTRODUCTION

Medicinal plant drugs do not only remain relevant,
but are increasingly becoming objects of research by
scientists from around the world. On the one hand,
this trend is quite naturally based on a combination of
the historically proven effectiveness of their use, and,
on the other hand, it is based on a high level of safety
in relation to toxic and side effects in comparison with
synthetic drugs. In addition, the undoubted advantages
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of phytopreparations include a mildly increasing effect,
often of a multifunctional character, as well as the
possibility of using it in patients of various age groups,
especially in children and the elderly.

Today, pharmacy and pharmaceutical practice
have an extensive arsenal of medicinal plants. At
the same time, it should be notified that both new,
potentially useful plant sources of pharmacologically
active substances (PAS) and those already in demand
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in medical practice, are in the field of researchers’
view.

The latter category includes common corn (Zea
mays L.), which is a producer of a well-known medicinal
plant raw material (MPRM) with a pharmacopoeial
status of Zea maydis styli cum stigmatis, often called
corn silk. This raw material is traditionally used as a
choleretic, diuretic, and hemostatic agent, due to the
rich and diverse Zea maydis styli cum stigmatis chemical
composition [1].

In the scientific literature, a lot of information
has been accumulated about various groups of PASs
presented in Zea maydis styli cum stigmatis, as well
as about the studied and potentially significant
types of their pharmacotherapeutic action [2]. A
chronological analysis of this information shows
that earlier, the scope of scientific publications
was mainly devoted to the study of choleretic,
diuretic, hemostatic activities of Zea maydis styli
cum stigmatis and the identification of the active
substances responsible for these features [3].
Currently, there is a growing scientific interest not
only in the individual representatives of PASs in the
Zea maydis styli cum stigmatis composition, but
also in the study and broadening knowledge about
new types of their pharmacotherapeutic action. In
particular, within recent years, the results have been
obtained and published. They confirmed antioxidant,
anti-inflammatory, antidiabetic properties and some
other established types of the Zea maydis styli cum
stigmatis therapeutic action in the extracts and
individual PASs obtained from this raw material [4].

Thus, information about the Zea maydis styli cum
stigmatis biological effect and chemical composition
have undergone significant changes. In this regard, it
seems relevant to analyze and summarize the scientific
information on this issue. The results of such a study, in
the authors’ opinion, will contribute to the formation of
modern ideas about the PAS component composition,
the spectrum of its pharmacological activity and the
identification of possible prospects for the use of Zea
maydis styli cum stigmatis to obtain modern effective
and safe drugs.

THE AIM ofthe articleisareview and systematization
of modern scientific data in the field of the Zea maydis
styli cum stigmatis chemical composition and their
pharmacological action.

MATERIALS AND METHODS

For the information and analytical search, the
scientific data posted on the following electronic
resources were used: PubMed, Web of Science,
ScienceDirect, Scopus, Google Scholar, elibrary. The
search was carried out in the period from 2005 to 2021
using the following keywords: Zea mays L.; Zea maydis
styli cum stigmatis; corn silk; chemical composition;
pharmacological action.

6

RESULTS AND DISCUSSION

1. Zea maydis styli cum stigmatis

chemical composition

The Zea maydis styli cum stigmatis chemical
composition is characterized by a diverse spectrum
of PASs. It is represented by phenolic compounds
(flavonoids, anthocyanins, and phenolcarboxylic
acids), triterpene saponins, organic acids, water-
and fat-soluble vitamins, fatty and essential oils,

polysaccharides, phytosterols, and some other
PASs [5].

1.1. Phenolic compounds

Zea maydis styli cum stigmatis phenolic

compounds have a fairly representative composition,
in which flavonoids are rightfully the most significant.
Their role as the most likely carriers of the Zea maydis
styli cum stigmatis pharmacotherapeutic activity was
previously emphasized. Currently, it is confirmed
by the requirements of regulatory documentation
regarding the quantitative content of compounds of
a flavonoid character [4]. According to the literature
data, luteolin and apigenin derivatives are considered
the predominant Zea maydis styli cum stigmatis
flavonoids: maisin, methoxymaisin, apimaisin, vitexin,
isovitexin, orientin, isoorientin, and a number of
others [6-9]. The structural formulas of the main Zea
maydis styli cum stigmatis flavonoids are shown in
Fig. 1.

As for the quantitative content of flavonoids in Zea
maydis styli cum stigmatis, according to all kinds of
sources, it is about 0.5-0.7%, depending on the variety
of the maize and its habitat [10-12].

Among the Zea maydis styli cum stigmatis
flavonoids, the interest of researchers is currently
attracted, first of all, by maisin and its analogs isolated
from Zea maydis styli cum stigmatis and studied by
scientists from different countries in relation to the
established and potential types of these compounds’
pharmacotherapeutic action [13, 14].

Alongside with the compounds of a flavonoid
character, the phenolic groups of Zea maydis styli cum
stigmatis PASs are represented by phenolcarboxylic
acids, among which the presence of chlorogenic,
ferulic, caffeic and hydroxycinnamic acids was
confirmed in the Zea maydis styli cum stigmatis
composition [3, 15, 16].

According to the scientific literature and the results
of the authors’ research, Zea maydis styli cum stigmatis
are quite rich in polyphenolic compounds. In particular,
the qualitative composition and the quantitative content
of tannins in Zea maydis styli cum stigmatis have been
studied [3, 17]. Using the method of high performance
liquid chromatography, the qualitative composition of
the compounds of this group was established, i.e., the
presence of gallic, ellagic acids, and a number of other
substances [18].

Volume X, Issue 1, 2022
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1.2. Vitamins van der Waals forces and hydrogen bonds, and the for-

Zea maydis styli cum stigmatis contain a significant
amount of compounds of the vitamin origin: vitamins
K, group B, ascorbic acid, etc. [2]. At the same time,
vitamin K is predominant among the substances of this
group.

The presence of vitamin K in the Zea maydis styli
cum stigmatis composition was established by Prof.
Mikhlin in 1941. The scientist was able to isolate
a new compound with a vitamin activity from Zea
maydis styli cum stigmatis and study it in sufficient
detail; he called it vitamin K,. The resulting substance
was a complex mixture — the lipoid Zea maydis styli
cum stigmatis fraction obtained as a result of the
combined extraction from Zea maydis styli cum
stigmatis. As a result of the studies, a correlation was
notified between the level of chlorophyll content and
the concentration of vitamin K3 in Zea maydis styli
cum stigmatis: the extracts from Zea maydis styli cum
stigmatis of the immature corn were significantly
more active in comparison with those obtained from
ripe yellow ones [3].

1.3. Polysaccharides

In recent years, the Zea maydis styli cum stigmatis
polysaccharides have been actively studied. The data on
their quantitative content and composition have been
obtained and published [19].

The results of the studies on the extraction of this
PAS group from Zea maydis styli cum stigmatis using en-
zymolysis and an ultrasonic extraction, the study of their
physicochemical and pharmacological properties are
presented. It was established that the selected group of
PAS consisted of rhamnose, arabinose, xylose, mannose,
galactose, and glucose [20, 21].

Two fractions were obtained by acid hydrolysis of
the Zea maydis styli cum stigmatis polysaccharides,
subjected to the studies by gel permeation chroma-
tography, gas chromatography, nuclear magnetic reso-
nance, Fourier transform infrared spectroscopy, scan-
ning electron microscopy. The results showed that the
studied polysaccharide fractions consisted of xylose,
mannose, galactose, rhamnose, arabinose, and glucose
[22].

With the use of 1D and 2D NMR, the structural anal-
ysis of the Zea maydis styli cum stigmatis polysaccha-
rides showed that their constituents are a-D-glucose,
a-L-arabinose, B-D-galactose, B-D-mannose, B-D-xylose,
a-L-rhamnose [23].

The results of the studies devoted to the research
of the interaction between the Zea maydis styli cum
stigmatis polysaccharides and flavonoids, are of in-
terest. Using molecular dynamics and thermodynam-
ic modeling, the interaction between polysaccharides
with different molecular weights and flavonoids is
shown. The authors suggested that the adsorption of
flavonoids on polysaccharides can be mainly due to
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mation of such complexes can enhance the biological
activity of the Zea maydis styli cum stigmatis polysac-
charides [24].

1.4. Saponins

Qualitative reactions and a chromatographic analysis
revealed the presence of triterpene saponins (oleanolic
and ursolic acids) in Zea maydis styli cum stigmatis. In
terms of oleanolic acid, the content of this PAS group,
determined by using a spectrophotometric method, was
about 2.5% on average [3].

1.5. Phytosterols

As mentioned above, Zea maydis styli cum stigma-
tis contain phytosterols: B-sitosterol and stigmasterol,
which perform important physiological and therapeu-
tic functions. The results of the studies devoted to the
search for an effective extraction technology with sol-
vents having different polarity, purification and crystalli-
zation of the Zea maydis styli cum stigmatis phytosterols
using ultrasound, have been published [25].

1.6. Volatile compounds

lon chromatography revealed various volatile Zea
maydisstylicumstigmatiscomponentswithaquantitative
predominance of alcohols (2,3-butanediol; ethanol,
etc.). Alongside with them, the presence of ketones
(2,3-butanedione; 3-hydroxy-2-butanone; 3-methyl-
2,5-furandione, etc.), aldehydes (benzeneacetaldehyde;
heptanol; hexanol, etc.), furans (furan, 2-pentylfuran,
2,3-dihydrobenzenefuran, etc.) and a number of other
compounds, has been established [26].

By gas chromatography and mass spectrometry,
the qualitative and quantitative composition of the
compounds included in the dichloromethane Zea
maydis styli cum stigmatis extract, was established by
El-Ghorab A. et al. The main constituents of this extract
were cis-a-terpineol (24.22%), 6,11-oxidoacor-4-ene
(18.06%), citronellol (16.18%), trans-pinocamphone
(5.86%), eugenol (4.37%), neo-iso-3-tujanol (2.59%) and
cis-sabinene hydrate (2.28%) [27].

1.7. Phytohemagglutinins

The Zea maydis styli cum stigmatis composition
also includes phytohemagglutinins  (lectins),
which are carbohydrate-protein complexes. The
carbohydrate part of the Zea maydis styli cum
stigmatis lectins is formed by galactose, mannose,
glucose, arabinose, xylose. In addition, the traces of
rhamnose, uronic acid, glucosamine, galactosamine
were found. It has been established that the protein
part is represented by asparagine, glutamic acid,
glycine, alanine, etc. [3].

Generalized and systematized data on the chemical
Zea maydis styli cum stigmatis composition are
presented in Table 1.
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Figure 1 — Structural formulas of main Zea maydis styli cum stigmatis flavonoids
Note: A — maisin; B — methoxymaisine; C — apimaisin; D — vitexin; E — isovitexin; F — landmark;
G —isoorientin; H — chrysoeriol 6-C-B-fucopyranoside.
2. Pharmacological action of Zea maydis ence of their application are described in sufficient detail
styli cum stigmatis by Hager H. in “The Guide to Pharmaceutical and Med-
2.1. Zea maydis styli cum stigmatis application ico-Chemical Practice”, published in 1902-1903. [3, 4].
in traditional medicine In folk medicine of various countries, it is recom-

The history of the Zea maydis styli cum stigmatis ap- mended to use aqueous extracts from Zea maydis styli
plication for the treatment of various diseases goes back  cum stigmatis most often for the diseases of the liver
to the far past. The medicinal properties of Zea maydis  and biliary tract, kidneys and bladder. In particular, the
styli cum stigmatis and a review of the empirical experi-  traditional medicine of China and Japan prefers to use
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Table 1 — Zea maydis styli cum stigmatis chemical composition
PAS group Individual compounds Source
Flavonoids Maisin, methoxymaisin, apimaisin, chrysoeriol 6-C-B-fucopyranoside; [6-14]
Phytohemagglutinins 4’-OH-3’-methoxymaisine molludistin, isomolludistin, vitexin, isovitexin,
orientin, isoorientin, isoscoparin, isoquercitrin, quercetin-3,7-diglucoside
Phenolcarboxylic acids Chlorogenic acid, ferulic acid, caffeic acid, hydroxycinnamic acid [3, 15, 16]
Tannins Gallic acid, ellagic acid, halocatechin, epicatechin, catechin, epigalocate- [3,17, 18]
chin, catechin gallate, epicatechin gallate
Vitamins Phylloquinone, thiamine, riboflavin, tocopherol, nicotinamide, ascorbic [2, 3]
acid
Polysaccharides Monomer composition: rhamnose, arabinose, xylose, mannose, galac- [20-24]
tose, glucose
Saponins Oleanolic acid, ursolic acid [3]
Phytosterols B-sitosterol, stigmasterol [25]
Volatile compounds Alcohols: 2,3-butanediol; ethanol; 1,2-propanediol; 2-furanmethanol; [26, 27]
ketones: 2,3-butanedione; 3-hydroxy-2-butanone; 3-methyl-2,5-furandio;
dihydro-2(3H)-furanone; 2-heptanone; 3-octanone; 2,4-pentanedione;
aldehydes: benzeneacetaldehyde, heptanol, hexanol, propanol, pentanol,
furfural
furan derivatives: furan, 2-pentylfuran, 2,3-dihydrobenzenefuran;
terpenoids and phenol derivatives: cis-alpha-terpineol, 6,11-oxidoa-
cor-4-ene, citronellol, trans-pinocamphone, eugenol, neo-iso-3-tujanol,
cis-sabinene hydrate
Phytohemagglutinins Carbohydrate part: galactose, mannose, glucose, arabinose, xylose, rham- [3]

nose, uronic acid, glucosamine, galactosamine;

protein part: asparagine, glutamic acid, glycine, alanine, lysine, proline,
serine, threonine, cysteine, valine, methionine, leucine, isoleucine, tyro-
sine, phenylalanine, histidine, arginine, cystine

a Zea maydis styli cum stigmatis decoction as a diuretic
[2].

Along with this, folk medicine in Ukraine and Be-
larus uses Zea maydis styli cum stigmatis decoctions
for uterine, pulmonary, hemorrhoidal bleeding, edema
of the cardiovascular origin, and as a sedative remedy
[28]. As a hemostatic agent for gynecological and nasal
bleedings, a diuretic for urolithiasis, as well as for the
treatment of cholangitis, cholecystitis, hepatitis, ath-
erosclerosis, diabetes, parasitic infestations and obesity,
Zea maydis styli cum stigmatis decoctions are used in
Bulgarian folk medicine [3].

2.2. A modern view on the pharmacological

action of Zea maydis styli cum stigmatis

At the present stage, interest in Zea maydis styli
cum stigmatis is associated with the research aimed at
studying new types of a pharmacological action of this
MPRM, detailing the mechanisms of already known and
newly discovered therapeutic effects of Zea maydis styli
cum stigmatis.

2.2.1. Diuretic and nephroprotective action

Thanks to the empirical experience of traditional
medicine, diuretic Zea maydis styli cum stigmatis
actions determined their use at an early stage primarily
as a diuretic. Modern researchers could not help being
interested in the mechanism of the diuretic Zea maydis
styli cum stigmatis effect on the kidney function. In
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particular, in vivo, laboratory animals were used to
study the excretion of water, uric acid, potassium and
sodium ions with urine when taking Zea maydis styli
cum stigmatis aqueous extracts. It was found out that
the Zea maydis styli cum stigmatis aqueous extract had
a pronounced diuretic effect alongside with a kaliuretic
effect. At the same time, a decrease in the glomerular
filtration without changing the function of the proximal
tubules, the excretion of sodium and uric acid was
recorded [29].

In vivo studies have shown a positive Zea maydis
styli cum stigmatis effect on the level of uric acid,
which plays a significant role in the pathogenesis and
development of cardiovascular diseases complications.
The experiments were carried out on several groups
of laboratory rats fed with the Zea maydis styli cum
stigmatis extract, normal food, as well as food with a
high salt content, and the Zea maydis styli cum stigmatis
extract. The determination of the nitric oxide content,
superoxide dismutase, glutathione peroxidase and uric
acid in the vascular tissues blood of the laboratory
animals made it possible to confirm significant negative
changes that occurred under the influence of the
increased salt intake. Alongside with this, the authors of
the study notified that, due to its antioxidant properties,
the therapeutic potential of the Zea maydis styli cum
stigmatis extract may be required in case of an oxidative
damage caused by a high salt and/or uric acid content
[30].
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Table 2 — Main types of Zea maydis styli cum stigmatis pharmacological action

Kind of . Type . Dose/
pharmacological Object of study . Source
- of study concentration
Diuretic and nephro- in vivo Zea maydis styli cum stigmatis aqueous extract 500 mg/kg [29]
protective actions Zea maydis styli cum stigmatis aqueous extract 500 mg/kg [30]
Zea maydis styli cum stigmatis methanolic extract 200-500 mg/kg [31]
Antihypertensive in vivo Zea maydis styli cum stigmatis aqueous extract 130; 192.5; 260 mg/kg [33]
action in vitro Zea maydis styli cum stigmatis aqueous extract 10 mg/kg [35]
Hypoglycemic in vivo Zea maydis styli cum stigmatis aqueous extract 500 mg/kg [36, 37]
and antidiabetic Zea maydis styli cum stigmatis aqueous extract 300, 600, 1200 mg/kg [38]
actions Zea maydis styli cum stigmatis aqueous extract 500-4000 mg/kg [39]
Zea maydis styli cum stigmatis alcohol extract 100, 300, 500 mg/kg [40]
Zea maydis styli cum stigmatis polysaccharides 200, 500, 800 mg/kg [41]
Zea maydis styli cum stigmatis polysaccharides 40, 100, 300 mg/ml [42]
in vitro Zea maydis styli cum stigmatis alcohol extract 50% [43]
Zea maydis styli cum stigmatis alcohol extract 5-25 mg/ml [44]
in vivo, Zea maydis styli cum stigmatis polysaccharides, 10 pg/ml [45]
in vitro phenolic compounds
Zea maydis styli cum stigmatis polyphenolic 0.001-1 mg/ml [46]
compounds
Weight loss, in vivo Zea maydis styli cum stigmatis aqueous extract 100 mg/kg [47]
lipid-lowering effect Zea maydis styli cum stigmatis aqueous extract 100 mg/kg [48]
Maisin 10 mg/kg [50]
Zea maydis styli cum stigmatis aqueous extract 600, 800 pg/ml [51]
Antitumor activity in vivo Zea maydis styli cum stigmatis polysaccharides 50, 100, 200 mg/kg [53]
Zea maydis styli cum stigmatis alcohol extract 10 mg/kg [54]
in vitro Zea maydis styli cum stigmatis alcohol extract 2-10 mg/ml [55]
Zea maydis styli cum stigmatis methanolic extract 250, 500, 1000 mg/ml [56]
Maisin 200 pg/ml [57]
in vivo, Zea maydis styli cum stigmatis polysaccharides 0-1 mg/ml [58]
in vitro
Immunotropic action  in vitro Zea maydis styli cum stigmatis aqueous extract 2.5-70 mg/ml [59, 60]
Maisin 100 mg/ml [61]
Anti-inflammatory in vivo Zea maydis styli cum stigmatis aqueous extract 1,2,4g/kg [62]
action
Antioxidant action in vitro Zea maydis styli cum stigmatis alcohol extract 2% [28]
Zea maydis styli cum stigmatis methanolic extract 0.2-4.0¢g [64]
in simulated medium
Antibacterial action in vitro Zea maydis styli cum stigmatis hexane extract 1024 mg/ml [65]
Dermatoprotective in vivo Zea maydis styli cum stigmatis aqueous extract 2-4 g/kg [66]
action in vitro Zea maydis styli cum stigmatis aqueous extract 0.75-1.5% [67]
0-1.0 mg/ml [68]
Neuroprotective in vitro Maisin 5-50 mg/ml [69]
action Zea maydis styli cum stigmatis terpens 25, 50, 100 mmol [70, 71]

A study of the Zea maydis styli cum stigmatis
effect on the in vivo gentamicin-induced nephrotoxicity
in laboratory rats showed that Zea maydis styli cum
stigmatis significantly reduced serum creatinine levels. It
was found out that under the influence of Zea maydis styli
cum stigmatis, the manifestations of interstitial nephritis
significantly decreased and the occurrence of acute tubular
necrosis was not observed, in comparison with the control
group of animals. The results obtained showed that Zea
maydis styli cum stigmatis could reduce the phenomena
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of nephropathy during a long-term therapeutic use of
gentamicin and related aminoglycosides [31].

The results of the herbal medicines study market
were published, as a result of which Zea maydis styli cum
stigmatis were named in the list of top 10 components
of herbal medicines for the treatment of the urinary
system diseases. It is recommended to use Zea maydis
styli cum stigmatis as ones of the main components in
the development of combined drugs for the treatment
of urological and nephrological diseases [32].
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2.2.2. Antihypertensive action

In recent years, scientific teams in various countries
of the world have been studying antihypertensive effects
of Zea maydis styli cum stigmatis. In particular, the ability
of Zea maydis styli cum stigmatis to normalize intraocular
and blood pressure has been shown. With this objective
in view, a randomized in vivo study of the Zea maydis
styli cum stigmatis aqueous extract effect on these
parameters in people suffering from hypertension, was
conducted. The results of the experiments showed that
therapy with the Zea maydis styli cum stigmatis aqueous
extract gave a statistically significant dose-dependent
decrease in the mean intraocular pressure and blood
pressure within a few hours after the administration.
According to the authors of the study, the achieved
effect may be associated with sodium uresis and diuresis
caused by a high content of potassium in the Zea maydis
styli cum stigmatis extract [33].

Generalized data on the effectiveness of the Zea
maydis styli cum stigmatis use for the hypertension
treatment alone and in combination with synthetic drugs
under review, are presented in the published scientific
review. The meta-analysis covers five randomized trials
involving 567 people, the results of which suggest an
increase in the antihypertensive effect when Zea maydis
styli cum stigmatis is combined with synthetic drugs
[34].

The mechanism of the antihypertensive Zea maydis
styli cum stigmatis action was studied in vitro using
the methods of proteomics and bioinformatics. The
aim of the study was to determine the Zea maydis styli
cum stigmatis effect on the activity of angiotensine
transforming enzyme (ATE) and the presence of
components in this MPRM that can have such an effect.
The use of proteomics and a bioinformatics analysis
made it possible to identify bioactive Zea maydis styli
cum stigmatis peptides that significantly inhibited the
ATE activity and reduced blood pressure levels in a dose-
dependent manner. In addition, by means of a docking
analysis, the authors showed the interaction mechanism
of the discovered peptides with ATE [35].

2.2.3. Hypoglycemic and antidiabetic action

As revealed in recent years, alongside with diuretic,
choleretic and hemostatic activities, Zea maydis styli cum
stigmatis have also hypoglycemic properties. The effec-
tiveness of the aqueous Zea maydis styli cum stigmatis
extract in diabetic nephropathy induced by streptozocin,
was studied by Suzuki R. et al. in vivo. Urinary albumin
excretion and creatinine clearance were studied to diag-
nose diabetic nephropathy. It was found out that the Zea
maydis styli cum stigmatis extract prevented glomerular
hyperfiltration and suppressed the progression of ex-
perimental diabetic glomerular sclerosis. Alongside with
that, this group of scientists managed to isolate an indi-
vidual compound with antidiabetic properties, the struc-
ture of which was shown to correspond to chrysoeriol

Tom 10, Beinyck 1, 2022

6-C-B-fucopyranoside. The researchers focused on the
advisability of a further Zea maydis styli cum stigmatis
study in order to expand the prospects for their use in
diabetes mellitus and related diseases [36, 37].

The in vivo study results of the antidiabetic poten-
tial of the Zea maydis styli cum stigmatis extract have
been published. They indicate that a 4-week application
of the extract in laboratory mice significantly increased
glucose tolerance and led to a marked decrease in the
insulin resistance index. In addition, a decrease in hyper-
lipidemia, as evidenced by a decrease in total cholester-
ol, triglycerides, low density cholesterol and an increase
in high density cholesterol, was found out. A decrease
in an oxidative stress has been established by reducing
the level of malondialdehyde and increasing the activity
of superoxide dismutase; there was also a reduction of
the lipid accumulation in the liver and the prevention of
morphological changes in the liver tissue in type 2 dia-
betes mellitus. The results obtained confirmed the tra-
ditionally declared benefits of Zea maydis styli cum stig-
matis in diabetes mellitus and the antidiabetic potential
of Zea maydis styli cum stigmatis, which can become the
basis for the development of affordable herbal remedies
aimed at the treatment of type 2 diabetes [38].

An in vivo study of the Zea maydis styli cum stig-
matis effect on glycemic metabolism in the laboratory
mice with experimental diabetes induced by alloxan
and adrenaline, was carried out. It was found out that
after the oral administration of the Zea maydis styli cum
stigmatis extract to mice, the level of glucose and glyco-
sylated hemoglobin in the blood significantly decreased,
while the level of insulin secretion was markedly in-
creased. At the same time, against the background of
taking the Zea maydis styli cum stigmatis extract, a grad-
ual restoration of pancreatic beta cells was observed,
and the body weight of the animals also increased [39].

The researchers who had studied the antidiabetic,
antioxidant, and antihyperlipidemic activities of the frac-
tion of phenolic compounds isolated from Zea maydis
styli cum stigmatis in the experiments in vivo, came to
a similar conclusion. The authors showed that the use
of this fraction significantly reduced weight loss, wa-
ter consumption and especially the concentration of
glucose in the blood of mice with experimental diabe-
tes, which indicated its potential antidiabetic activity.
Alongside with this, there was a decrease in the level of
malondialdehyde, total cholesterol, triacylglycerol, low
density lipoproteins, and the amount of high density li-
poproteins increased [40].

Pan Y. et al. focused their attention on the study of
the antidiabetic effects of the polysaccharide obtained
from Zea maydis styli cum stigmatis. In vivo, on the mod-
el of experimental diabetes in mice, it was found out
that the use of a polysaccharide led to the stabilization
of the animals’ body weight, a decrease in blood glucose
and serum insulin levels, and an improvement in glucose
tolerance. There was a decrease in the level of glycated
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whey protein and non-esterified fatty acids, as well as a
marked increase in the activity of superoxide dismutase,
glutathione peroxidase and catalase. In addition, the iso-
lated polysaccharide also showed a cytoprotective effect
in histopathological observations [41].

The evaluation results of the inhibitory effect of
Zea maydis styli cum stigmatis polysaccharides on
a-glucosidase and a-amylase in vivo are presented. It
has been shown that Zea maydis styli cum stigmatis
polysaccharides can significantly inhibit these enzymes
and increase glucose uptake by skeletal muscle cells,
which allows us to consider them potentially useful for
the treatment of type 2 diabetes mellitus [42].

An in vitro model was used to establish the inhibi-
tory effect of the Zea maydis styli cum stigmatis extract
on the formation of carboxymethyllysine, which is the
end product of glycation and is currently considered a
biological marker of diabetes. It was found out that the
inhibition degree in the formation of carboxymethyl-
lysine by the Zea maydis styli cum stigmatis extract was
76.57%. The authors of the studies showed that the Zea
maydis styli cum stigmatis extract suppressed the for-
mation of carboxymethyllysine due to the absorption of
glyoxal/methylglyoxal or due to its antioxidant activity
associated with the content of flavonoids in it [43].

Alongside with maisin, an antidiabetic activity is
highly likely to be characteristic of Zea maydis styli cum
stigmatis apigenin and luteolin derivatives. The antioxi-
dant activity of the ethyl acetate fraction of Zea maydis
styli cum stigmatis and its ability to inhibit a-amylase
and a-glucosidase in enzymatic reactions were studied
in the in vitro experiments. The results of the studies
confirmed the presence of a pronounced antioxidant
effect of Zea maydis styli cum stigmatis, which may be
required for the prevention and treatment of diabetes
mellitus and its complications, including diabetic ne-
phropathy [44].

The results of the in vivo studies devoted to the
research of the mechanism reducing the glucose level
in the blood of mice under the influence of Zea maydis
styli cum stigmatis, have been published. The ability of
saccharides and phenolic compounds of Zea maydis sty-
li cum stigmatis to inhibit intestinal a-glucosidases was
evaluated in the work. Synthetic drugs from the group
of a-glucosidase inhibitors have a number of gastroin-
testinal side effects and not all of them are commer-
cially available. The results of the study showed that
the polyphenolic compounds of Zea maydis styli cum
stigmatis had an effective inhibitory action on intestinal
a-glucosidases. An “in silico” analysis of the Zea maydis
styli cum stigmatis polyphenols showed that maisin can
be responsible for the inhibition of a-glucosidases [45].

The leading protective role against damage to endo-
thelial cells of the vascular tissue under the conditions of
high glucose levels is assigned to the polyphenolic com-
pounds of Zea maydis styli cum stigmatis. The protective
effect was studied in vitro using human umbilical vein
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endothelial cells, and subsequently in vivo in the rats
with streptozocin-induced diabetes. It has been shown
that the phenolic fraction of Zea maydis styli cum stig-
matis can have a positive effect on patients with diabe-
tes and play a significant role in preventing the develop-
ment and progression of diabetic complications such as
diabetic nephropathy and atherosclerosis [46].

2.2.4. Weight loss, lipid-lowering effect

Alongside with the anti-diabetic effect of Zea
maydis styli cum stigmatis shown in various studies,
there are reports of their ability to reduce body weight.
One of such in vivo studies showed that the oral
administration of the Zea maydis styli cum stigmatis
extract high in maisin to mice, resulted in the inhibition
of the expression of the genes involved in adipocyte
differentiation, reduced fat accumulation and synthesis,
and promoted the expression of the genes involved in
lipolysis and fat oxidation [47].

The results of the Zea maydis styli cum stigmatis
extract effect on cholesterol metabolism in the in vivo
experimental model in mice on a high-fat diet have
been published. It has been found that the addition of
the Zea maydis styli cum stigmatis extract alongside
with the diet enriched with fats, improves the level of
adipocytokines secretion and glucose homeostasis.
Alongside with this, the Zea maydis styli cum stigmatis
extract has been shown to be effective in lowering the
cholesterol pool in the liver, consistent with lowering
blood and liver cholesterol levels [48].

In the review study, Wang B. et al. emphasized that
the lipid-lowering properties of Zea maydis styli cum
stigmatis are extremely relevant for the prevention and
treatment of the metabolic syndrome, including obesity,
hypertension, hyperglycemia, and abnormal levels of
triglycerides and high-density lipoprotein cholesterol [49].

An in vivo study of the potential anti-obesity activity
of maisin was carried out by Lee C. et al. in several
groups of mice that received food with different fat
contents. In the animals, body weight and body fat were
measured, as well as mMRNA expression levels of proteins
involved in adipocyte differentiation, fat accumulation,
fat synthesis, lipolysis, and fat oxidation in the adipose
tissue and liver. It was found out that maisin reduced
the level of intracellular lipid droplets and triglycerides,
and suppressed lipid accumulation and adipocyte
differentiation. In addition, maisin has been shown to
cause apoptotic death of preadipocytes, which may
ultimately lead to a decrease in adipose tissue mass.
Alongside with this, weight gain and fat mass in the mice
decreased, the levels of thyroglobulin, total cholesterol,
low-density cholesterol and glucose in blood serum
decreased. On the whole, the effects obtained made it
possible to suggest that maisin had anti-obesity effects
in vivo, and this compound could be used as a functional
food ingredient or as a drug for the prevention and
treatment of obesity [50].
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Similar results were found out when studying the
effect of the Zea maydis styli cum stigmatis extract
and phytosterol on adipocyte growth factors. The oral
administration of the subjects under in vivo study showed
a significant reduction in weight and a decrease in the
number of adipocytes in the liver and adipose tissue.
The combined use of the Zea maydis styli cum stigmatis
extract and phytosterol has demonstrated the ability
to effectively reduce preadipocyte differentiation by
inhibiting the activity of adipocyte growth factors [51].

The effect of the Zea maydis styli cum stigmatis
decoction on the lipid profile was studied in vivo in
patients with angina pectoris. A meta-analysis of several
randomized trials has been published, indicating that
the use of the Zea maydis styli cum stigmatis decoction
contributed to the normalization of high-density
lipoprotein levels and the reduction of total cholesterol
and low-density lipoprotein in patients with angina
pectoris. The authors suggested that the Zea maydis
styli cum stigmatis decoction alone, as well as in the
combination with a traditional drug treatment, might
have a beneficial effect on blood lipids [52].

2.2.5. Antitumor activity

The recent studies devoted to the research of the
possible Zea maydis styli cum stigmatis antitumor
activity are of undoubtful interest.

The results of in vivo studying the Zea maydis styli
cum stigmatis effect on tumor growth and immunological
parameters in mice with experimental hepatocarcinoma,
have been published. The study demonstrated that Zea
maydis styli cum stigmatis could not only suppress tumor
growth, but also increase the survival time of mice.
In addition, the introduction of Zea maydis styli cum
stigmatis contributed to an increase in body weight, a
number of peripheral leukocytes, and a number of other
indicators of the immune system functioning [53].

The data that give evidence of the significant
effectiveness of the Zea maydis styli cum stigmatis
extracts for the treatment of benignant and malignant
prostate gland diseases have been presented. In
particular, a study has been conducted to investigate
the effect of the Zea maydis styli cum stigmatis extract
on benignant prostatic hyperplasia. The experiments
were carried out in vivo on male rats divided into groups
receiving hormone therapy with testosterone, and
combination therapy with testosterone and the Zea
maydis styli cum stigmatis extract. It was found out that
this treatment with the Zea maydis styli cum stigmatis
extract led to a noticeable decrease in the weight of
the prostate gland and alleviated the symptoms of the
disease [54].

The in vitro study results of the antioxidant and
antitumor activities of the Zea maydis styli cum
stigmatis phenolic compounds of different corn varieties
in relation to breast carcinoma cells have been obtained.
The results of the study showed a correlation between
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the total content of phenolic compounds, the antioxidant
activity and cytotoxicity against breast carcinoma cells
[55].

The antitumor properties of the Zea maydis styli
cum stigmatis extract have been investigated in relation
to human breast cancer. The cytotoxicity of the extract
was evaluated in vitro on MCF-7 breast cancer cells in
comparison with normal human mesenchymal cells. The
results of the studies led to the conclusion that the Zea
maydis styli cum stigmatis extract reduced the viability
of malignant cells and increased their apoptosis in a
dose-dependent manner [56].

A potential antitumor activity of maisin isolated
from the Zea maydis styli cum stigmatis, was evaluated
in vitro on androgen-independent human prostate
cancer cells. It turned out that maisin dose-dependently
reduced the viability of cancer cells and significantly
induced their apoptotic death. It has been shown that the
combined treatment with maisin and other antitumor
agents synergistically enhances the death of malignant
cells. These results show for the first time that maisin
can have a pronounced therapeutic potential for the
treatment of chemoresistant or androgen-independent
human prostate cancer [57].

The ability to significantly inhibit the proliferation
of pancreatic cancer cells in vitro and in vivo has
been established for the crude Zea maydis styli cum
stigmatis polysaccharide. The studies have shown that
this polysaccharide can induce apoptosis of pancreatic
cancer cells, stop the cell cycle, and prevent migration
and invasion of pancreatic cancer cells [58].

2.2.6. Immunotropic action

Attention is drawn to the studies’ results of the
Zea maydis styli cum stigmatis effect on immunity
parameters. Scientists of the Korean Immunological
Center Kim K.A., Choi S.K., Choi H.S. found out in vitro
that the Zea maydis styli cum stigmatis extracts alter
the activity of mouse macrophages, stimulating the
production of cyclooxygenase and oxidase synthase.
The involvement of Zea maydis styli cum stigmatis
components in immunological reactions has also
been reported previously, in particular, their ability
to suppress a tumor necrosis factor and adhesion of
bacterial lipopolysaccharides on cell walls [59, 60].

It has been supposed that the immunological
properties of Zea maydis styli cum stigmatis, as well as
some other types of activity of this raw material, may be
due to the presence of maisin. In particular, the ability of
maisin to activate macrophages was evaluated in vitro
using mouse cells. It has been found out that maisin dose-
dependently increased the secretion of a tumor necrosis
factor and the production of nitric oxide synthase
by 11.2 and 4.2 times, respectively, compared with
untreated control cells. These results make it possible to
prognose that maisin can be a new immunomodulator
that enhances an early innate immunity [61].
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2.2.7. Anti-inflammatory action

Zea maydis styli cum stigmatis attracted scientists’
attention in terms of studying their possible anti-
inflammatory action. Experimental carrageenan-induced
pleurisy in rats was used as a model for studying this type
of activity in vivo. It was found out that pretreatment with
the Zea maydis styli cum stigmatis extract reduced the
volume of exudate, the number of leukocytes in the focus
of inflammation, the level of an oxidative stress, and the
values of other markers of the inflammatory process [62].

For the treatment of the oral cavity diseases, the drug
“Insadol”, which included the Zea maydis styli cum stigmatis
extract, was previously used. “Insadol” was registered as
an anti-inflammatory drug with the ability to stimulate
mucosal repair, reduce pain, reduce gums bleeding and
was previously used to treat the oral cavity diseases [63].

2.2.8. Antioxidant action

Various groups of scientists have suggested a possible
relationship between the established types of the Zea
maydis styli cum stigmatis activity and the antioxidant
properties of this MPRM. The work by Maksimovic Z.A.
and Kovacevic N. is devoted to a focused study of the
antioxidant effect of Zea maydis styli cum stigmatis. The
scientists obtained a methanol Zea maydis styli cum
stigmatis extract and fractionated it using mixtures of
different polarity solvents. The isolated fractions were
studied for the presence of the antioxidant activity in
vitro using the TBARS test, which makes it possible to
assess the degree of lipid peroxidation. The maximum
activity was found out in lipophilic fractions, the
components of which were phenolic acids, flavonoid
aglycones (flavones, flavonols, and methylated flavones),
as well as flavonoid monosides [64].

The antioxidant properties of the Zea maydis styli
cum stigmatis extract made it possible to consider
it as a potential remedy for the treatment of toxic
hepatitis. On the model of experimental acute toxic
hepatitis induced in laboratory rats by the exposure
to the trichloromethane solution, it was found out
that the dry extract of Zea maydis styli cum stigmatis
demonstrates hepatoprotective properties and is a low-
hazard substance. It has been shown in vitro that the
mechanism of the studied extract’s action is due to its
antioxidant activity [28].

Antioxidant effects in vivo and in vitro are
summarized and described in the work by Hasanudin K.
etal., for heteropolar fractions obtained from Zea maydis
styli cum stigmatis. Herewith, ethyl alcohol, methanol,
dichloromethane and acetone were used. The same
authors drew attention to the anti-inflammatory effect
and a number of other Zea maydis styli cum stigmatis
properties [2].

2.2.9. Antibacterial action

Quite recently, for the first time, the data were
published regarding the evaluation of the antibacterial
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activity and the antibiotic-modulating action of the
hexane extract of Zea maydis styli cum stigmatis.
The studies have shown that the extract exhibited an
antimicrobial activity against the strains of Escherichia
coli, Staphylococcus aureus, and Pseudomonas
aeruginosa [65].

2.2.10. Dermatoprotective action

Zea maydis styli cum stigmatis have good prospects
to be used for suppressing skin pigmentation.

In particular, photoprotective effects of Zea maydis
styli cum stigmatis have been studied in vivo by the oral
administration of the aqueous extract of Zea maydis
styli cum stigmatis to laboratory mice. The study
showed that experimental therapy led to a decrease in
the photoaging process, as evidenced by the positive
dynamics of biological markers of this process. They are:
a decrease in the thickness of the epidermis and the
formation of wrinkles, a decrease in the expression of
anti-inflammatory genes, a decrease in the level of lipid
peroxidation of skin lipids and blood DNA, etc.). The
authors suggested that these effects are achieved due to
the content of compounds with a potential antioxidant
and an anti-inflammatory activity in Zea maydis styli
cum stigmatis [66].

The study of the Zea maydis styli cum stigmatis
inhibitory effect on the production of melanin in vitro
revealed that the Zea maydis styli cum stigmatis extract
applied to the cells of pigmented melanocytes (melan-A)
obtained from normal epidermal melanoblasts of C57BL
inbred mouse embryos, reduced melanin production by
37.2% without any manifestation of cytotoxicity [67].

There is scientific evidence that also confirms the
photoprotective properties of Zea maydis styli cum
stigmatis. An in vitro study was conducted to research
the prophylactic effect of the Zea maydis styli cum
stigmatis extract on human keratinocytes. The cells were
pretreated with the Zea maydis styli cum stigmatis extract
and then exposed to ultraviolet. The results showed
that the survival of keratinocytes after pre-treatment
with the Zea maydis styli cum stigmatis extract was
markedly increased. The Zea maydis styli cum stigmatis
extract statistically significantly reduced intracellular
damage caused by ultraviolet rays and slowed down
the apoptosis reaction due to the stabilization of the
mitochondrial membrane potential [68].

2.2.11. Neuroprotective action

The in vitro study results of the neuroprotective
effect of maisin isolated from Zea maydis styli cum
stigmatis are presented. The scientists found out that
maisin pretreatment reduced the cytotoxic effect of
hydrogen peroxide on neuroblastoma cells, weakened
their apoptosis, and significantly and dose-dependently
increasedthelevels of antioxidantenzymes. The obtained
data suggested that maisin has a neuroprotective effect
due to its antioxidant properties [69].
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Neuroprotective properties have also been studied
for terpene compounds isolated from Zea maydis styli
cum stigmatis. The studies were carried out in vitro
on model human bone marrow neuroblastoma cells
damaged by the exposure to hydrogen peroxide. The
results showed that some of the studied substances
inhibited apoptosis and had a statistically significant
protective effect in relation to the experimental cell
culture [70,71].

Thus, as a result of the conducted studies, it was revealed
that at the present stage, scientific information on the
pharmacological action of Zea maydis styli cum stigmatis has
been significantly expanded. Generalized data on the main
types of the Zea maydis styli cum stigmatis pharmacological
action, established on the basis of information and analytical
search, are presented in Table 2.

CONCLUSION
Generalization and analysis of modern scientific
literature data made it possible to establish that

Zea maydis styli cum stigmatis are still in the
sphere of scientists’ interest, as evidenced by the
information replenished and expanded in recent
years, on their chemical composition and spectrum of
pharmacological action. Alongside with the Zea maydis
styli cum stigmatis flavonoids, other groups of PASs
in this raw material are also actively studied. It was
revealed that knowledge about potentially significant
and confirmed types of Zea maydis styli cum stigmatis
therapeutic actions has been significantly updated.
In addition to the traditionally known choleretic,
diuretic, hemostatic effects of Zea maydis styli cum
stigmatis, their antioxidant, anti-inflammatory,
antidiabetic, immunotropic, neuroprotective,
antitumor, photoprotective and a number of other
pharmacological effects significant for medicine, have
been established. The results of this review may be
useful for identifying promising directions for the
development of drugs based on Zea maydis styli cum
stigmatis.
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Obesity is a vivid example of a multifactorial disease. In its development, not only the discrepancy between the energy intake
and its expenditure but also various neurohumoral mechanisms, as well as external socio-economic and psychosocial factors,
play important roles. One of the frequent options for combining psychoemotional disorders with obesity is the development
of certain types of eating disorders in a patient. In this regard, the actual problem is to find the optimal therapeutic and pro-
phylactic strategy in the management of such patients.

The aim of the work is to analyze the literature data on the features of the pathogenetic mechanisms of the obesity deve-
lopment against the background of psychoemotional disorders that are realized through eating disorders, and to identify the
possibilities of using sibutramine to carry out a pharmacological correction of these pathological conditions.

Materials and methods. In the process of selecting materials for writing a review article, the following databases were uses:
PubMed, Scopus, Web of Science, Google Scholar, ScienceDirect, etc. The search carried out, was based on the publications
for the period from 2009 to 2020. The following words and phrases were chosen as parameters for the literature selection:
obesity, psycho-emotional disorders, eating disorders, sibutramine.

Results. This review summarizes the main pathogenetic aspects that unite both the development of psychoemotional and
metabolic disorders. A modern classification of obesity, taking into account the latest domestic and international recommen-
dations of professional communities, is given. Eating disorders are considered in detail, their socio-psychological and psychi-
atric classifications are given. The prospect of choosing a therapeutic and prophylactic strategy for managing such patients is
assessed, depending on the presence of psycho-emotional and eating disorders.

Conclusion. Thus, the combined drug containing sibutramine and metformin registered in the Russian Federation is effective,
safe and can be used in patients with alimentary obesity and eating disorders, taking into account contraindications.
Keywords: obesity; psychoemotional disorders; eating disorders; sibutramine

Abbreviations: CNCD — chronic non-communicable diseases; RF — Russian Federation; WHO — World Health Organization;
BMI — body mass index; WC — waist circumference; HC — hip circumference; CVD — cardiovascular diseases; NA — anorexia
nervosa; BN — bulimia nervosa; PO — pathological overeating; GIT — gastrointestinal tract; AH — arterial hypertension; BP —
blood pressure; DM2 — type 2 diabetes mellitus; Cl — confidence interval.
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OrKupeHue npeacTaBaseT cobon ApKMi Nnpumep MHOrohaKTopHOro 3aboseBaHWA, B Pa3BUTUM KOTOPOTO BaXKHYHO POJb Urpa-
€T He TO/IbKO HECOOTBETCTBME MEXKAY NOCTYNIEHUEM U PACXOAO0M SHEPTUU, HO U Pa3/iMyHble HeMpPOoryMmopaabHble MexaHn3-
Mbl, @ TaK}Ke BHELUHME COLMANIbHO-3KOHOMMYECKME U NCUXocoumanbHble GakTopbl. O4HUM U3 YACTbIX BAPUAHTOB COYETAHUA
NCUXO3IMOLMOHAbHBIX PACCTPOMCTB C OXKUPEHUEM ABNAETCA PAa3BUTME Y NALMEHTA TEX MU UHbIX TUMOB HaPYLUEHUI NULle-
BOro NoBefeHuA. B cBA3M ¢ 3TUM, akTyanbHOM Npobaemoli ABAAETCA NOUCK ONTUMasIbHOM TepaneBTUYECKOM 1 NPodUNaKTH-
YecKou cTpaTerMn B BeAeHUM TakMX NaLUeHTOB.

Lienb. MpoaHannsnpoBaTh AaHHble AMTEPATYPbl 06 0COBEHHOCTAX NATOFEHETUYECKUX MEXAHU3MOB Pa3BUTUA OXUPEHUA Ha
$OHE NCUXO3IMOLMOHA/IbHBIX PACCTPOMCTB, Peann3yoLLMXCA MOCPeACTBOM HAPYLLEHMI NULLEBOTO NOBeAEHUA, U 0603HAUYNTL
BO3MOMHOCTU MPUMEHEHUA cMbyTpaMmHa C Lenbto GapmMaKoIorMieckon KoppeKLUn AaHHbIX NaTONOMMUYECKUX COCTOAHUINA.
Martepuanbl U meToapbl. B npouecce nogbopa mateprana AnA HanMcaHMA 0630pHOM CTaTbW MCMONb30BaNN TakMe 6asbl faH-
HbIX, Kak: PubMed, Scopus, Web of Science, Google Scholar, ScienceDirect, n ap. lMouck ocyuiecTBAsACA MO Ny6AMKauMam 3a
nepuog ¢ 2009 no 2020 rr. NapameTpamu 414 oTbopa AnuTepaTypbl 6b1M BbiOpPaHbl CAeayowme C/10Ba U C/IOBOCOYETAHMUA:
OXMPEHMEe, NCUXOIMOLMOHAbHbIE HAPYLLIEHWUA, PACCTPOMCTBA NULLEBOro NoBeAeHUsA, CUBYTPaMUH.

Pe3ynbrathbl. B HacTosAwem 063ope 0606L1at0TCA OCHOBHbIE NAaTOrEHETUYECKME MOMEHTbI, 06beaUHAIOWME KaK pa3BuTme
NCUXO3IMOLMOHANbHbIX, TaK U MeTabonYecknx HapyLweHui. JaetcAa coBpemMeHHasn KnaccubuKkaLma oXKUPEeHns, C y4eToM no-
CNIefHNX OTEYECTBEHHbIX U MeXAYHapOAHbIX peKOMeHAaL Mt npodeccnoHanbHbix coobulects. NMoapobHO paccmaTpusatoTca
HapyLeHWA NULLEBOTO NOBeAEHUSA, AAETCA UX COLMANbHO-NCUXOIOTMYECKasa U NCUXMATPMYecKan KnaccuduKkaumm. OueHnsa-
eTcA NepcrneKkTMBa Bbibopa TepaneBTUYECcKoM U NPOodUIaKTUYECKOM CTpaTerMmn BeAeHUA TakMX NaLMEHTOB B 3aBUCUMOCTH OT
HANNYMA MCUXOIMOLMOHA/IbHBIX PACCTPOMCTB, HAPYLLUEHWUIA U MULLEBOTO MOBEAEHUSA.

3aKkntoyeHue. Takum 0bpa3om, 3aperncTpMpoBaHHbIV B Poccuiickon ®eaepalmm KOMOBMHNMPOBaHHBIN Npenapart, coaepKa-
LN cCMBYTPpaMUH U MeTOOPMUH, NpeacTaBAseT cobol adppeKkTMBHOE N 6e30MacHOe IeKapCTBEHHOE CPeACTBO, KOTOPOE MO-
YKET NPUMEHATLCA Y NALMEHTOB C a/IMMEHTAPHbBIM OXXUPEHMEM U HAPYLUEHUAMM MULLEBOIO MOBEAEHUA NPU yYeTe NPOTMBO-
NOKa3aHWM.

KntoueBble cnoBa: OXKMpPEHME; NCUXOIMOLMOHA/bHbIE HAPYLLIEHWUA; PACcCTPOMCTBA NULLEBOIO NOBEAEHUA; CMOYTPaMUH
Cnucok coKpaueHuii: XHN3 — xpoHuyeckne HenHdeKLMOHHbIe 3aboneBaHus; PO — Poccuiickas Pepepaums; BO3 — Bcemump-
Haa OpraHusauua 3gpaBooxpaHeHus; UMT — nHaekc maccol Tena; OT — oKpy»KHOCTb Tanuun; Ob — okpy»kHoCTb 6eaep; CC3
— cepaeyvHo-cocyaucTble 3aboneBaHus; HA — HepBHasa aHopeKeusa; HB — HepBHaa bynemus; MMM — naTonorMyeckoe nepeesa-
Hue; KT — )Kenyao4uHo-KuULWeYHbI TpakT; Al — apTepuanbHan runepteHsus; AL —apTepuanbHoe gasneHue; C2 — caxapHbiii

aunabet 2 Tuna; AN — poBepuUTENbHbIN MHTEPBA.

INTRODUCTION

Modern development rates of high-tech types of
medical care and the obvious progress in the field of
pharmacology have made the long-standing dream of
mankind to overcome many serious and incurable ail-
ments possible. However, the further progress goes,
the more obvious it becomes that some diseases, which
have not been previously given much attention to, are
now acquiring such threatening forms that they have
begun an active offensive against humanity. Obesity, in-
cluded in the international classification of diseases only
in 1950, but spreading around the world at an incredible
speed and carrying with it a huge amount of physical and
psycho-emotional suffering for a person, can be attribut-
ed to such insidious pathologies [1].

Over the past decades, the number of diagnosed
patients with obesity or overweight worldwide has in-
creased severalfold. So, in 2016, already about 40% of
the adult population was overweight, and 13% were
obese?. According to experts, with continuing trends, by
2050, 45% of our planet population, will be overweight,
and 16% will be obese [1]. According to the latest data,
in 2019 obesity rose to the fifth place in the structure
of risk factors for premature death worldwide, and the
number of people who die annually from the conse-
quences of obesity, is almost 3 million people [2].

! World Health Organization. Obesity and overweight. Available from:
https://www.who.int/news-room/fact-sheets/detail/obesity-and-
overweight.
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Obesity is a significant risk factor for the develop-
ment of the most common chronic non-communicable
diseases (CNCD) in humans, such as cardiovascular, cere-
brovascular, oncological, diabetes mellitus, pathologies
of the respiratory system and the musculoskeletal sys-
tem. In addition, the presence of obesity significantly af-
fects the course and prognosis of a number of infectious
diseases, including a new coronavirus infection. Thus,
all of the above mentioned can lead to an increase in
the burden on healthcare systems in all countries world-
wide, and will require huge investments to prevent and
overcome these consequences [2, 3].

In Russia, the prevalence of obesity in the new mil-
lennium was studied in the epidemiological research
“ECVD-RF” (Epidemiology of Cardiovascular Diseases and
their risk factors in the regions of the Russian Federation).
According to the results, it amounted to 29.7%, which, in
comparison with the data gained at the beginning of the
nineties of the last century, turned out to be several times
higher. The researchers also notified that woman over 45
are more likely to be obese in Russia, and overweight is
associated with a high socioeconomic status [4].

Thus, in the Russian Federation, as well as throughout
the world, the situation with obesity has ceased to be a
background problem and is increasingly coming to the fore
in the study of topical issues of treatment and prevention
of the most common CNCDs, that occupy a leading position
in the incidence and mortality of the population [5].
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THE AIM of the work is to analyze the literature
data on the features of the pathogenetic mechanisms
of the obesity development against the background of
psychoemotional disorders that are realized through
eating disorders, and to identify the possibilities of using
sibutramine to carry out a pharmacological correction of
these pathological conditions.

MATERIALS AND METHODS

In the process of selecting materials for writing
a review article, the following databases were uses:
PubMed, Scopus, Web of Science, Google Scholar,
ScienceDirect, etc. The search carried out, was based on
the publications for the period from 2009 to 2020. The
following words and phrases were chosen as parameters
for the literature selection: obesity, psycho-emotional
disorders, eating disorders, sibutramine.

RESULTS AND DISCUSSION

Definition and classification

According to the definition of the World Health Or-
ganization (WHO), obesity is an abnormal or excessive
fat accumulation in the body, which can lead to adverse
consequences for human health?. In the latest version of
clinical guidelines for the diagnosis and treatment of pa-
tients with obesity, the Association of Endocrinologists of
the Russian Federation provides a more complete defini-
tion of this pathology. Obesity is a chronic disease charac-
terized by excessive accumulation of adipose tissue in the
body, which poses a threat to health and is a major risk
factor for several other chronic diseases, including type 2
diabetes mellitus (DM2) and cardiovascular diseases [6].

For a long time, the only indicator that the doctor
was guided by when diagnosing overweight or obesity,
was the body mass index (BMI). BMl is calculated as the
ratio of body weight in kilograms to the square of height
in meters (kg/m?). At the same time, according to the
opinion of WHO experts?, overweight is established if
the BMI is greater than or equal to 25, and obesity — if
the BMI is greater than or equal to 30, and then the de-
gree of obesity is specified (Table 1). However, despite
the apparent convenience and ease of the BMI indicator
use, it is currently only considered an indirect criterion,
since it has certain limitations for use in children, the el-
derly, athletes and pregnant women. It may also corre-
spond to a different degree of developing complications
risk, which was the reason for revising this classification
and creating a new one (Table 2) [6, 7].

Considering that the main morphological substrate of
adverse cardio- and metabolic obesity risks is associated
with an excessive accumulation of visceral adipose tissue,
current domestic and international clinical recommen-
dations of professional communities of endocrinologists,
cardiologists, internists, bariatric surgeons, etc. empha-
size the need to measure, along with BMI, waist circum-

2 |bid.
3 Ibid.
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ference (WC) and the ratio of WC to hip circumference
(HC). Thus, the obesity phenotype, and hence a lot of risks
associated with it, can be assessed [6—-10]. So WC =94 cm
in men and = 80 cm in women is a diagnostic criterion for
visceral obesity, and the WC/HC ratio > 0.9 in men and >
0.85 in women is a metabolically unhealthy obesity phe-
notype, regardless of the BMI value [8, 9].

According to the etiological principle, obesity is clas-
sified into primary (exogenous-constitutional or alimen-
tary) and secondary (symptomatic, associated with other
diseases or conditions) [6]. Thus, the secondary type of
obesity includes obesity as a part of known genetic syn-
dromes; cerebral obesity (due to the brain damage); obe-
sity due to other diseases of the endocrine system; obesity
against the background of taking drugs that contribute to
weight gain. However, the most common etiological type
of obesity today is primary alimentary or exogenous-con-
stitutional obesity. Thus, the issues of pathogenesis, or
causes of overnutrition in most obese patients, become
very relevant, given the possibility of developing effective
methods of prevention and treatment.

Obesity and psycho-emotional disorders

According to modern concepts, obesity is a vivid ex-
ample of a multifactorial disease, in the development of
which an important role is played not only by the discrep-
ancy between the energy intake and its expenditure, but
also by various neurohumoral mechanisms, as well as by
external socio-economic and psychosocial factors [11, 12].

It should be notified that the increase in the prev-
alence of obesity over the past decades may be closely
related to the growth rate of the prevalence of mental
health disorders, especially the affective spectrum (de-
pression and anxiety disorders), among the population
of many developed countries [13, 16]. “The Global Bur-
den of Diseases, Injuries, and Risk Factors Study”, con-
ducted in 2017, demonstrated an increase in the preva-
lence of affective disorders worldwide, which are among
the top three causes of disability in both men and wom-
en [14]. In the Russian Federation, the prevalence of
affective disorders among the general population is as
follows: depression comprises 8.8% and anxiety disor-
ders — 18.1%. Among the patients with CNCDs seeking
for medical care in outpatient and inpatient health care
facilities, they are almost 50% [15, 16]. The conducted
studies and meta-analyses have shown that affective vi-
olations increase the risk of developing both the CNCDs
themselves (especially CVDs) and unfavorable cardio-
vascular outcomes [17-24]. At the same time, patho-
genetic dysfunction of monoaminergic systems, mainly
serotonin-, norepinephrine- and dopaminergic ones, in
the central nervous system underlies the development
of both affective disorders (depression and anxiety
disorders) and obesity [25]. It is known that serotonin
regulates the rate of satiety development, affects ap-
petite and the choice of nutrients, suppresses the de-
sire to overeat foods rich in carbohydrates and fats, and

21



REVIEWS, LECTURES
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

its deficiency in depression, on the contrary, increases
craving for such food sources, the intake of which not
only reduces the vegetative symptoms of depression
but also promotes weight gain. Norepinephrine is also
involved in the regulation of food intake, hereby, it in-
fluences neuropeptide Y and leptin levels, and the stim-
ulation of dopamine receptors is accompanied not only
by a decrease in the volume and number of meals, but
it also regulates the energy consumption [26]. It should
be notified that the severity of affective disorders also
correlates with the severity of obesity and comorbid
CVDs [27-29]. However, in real clinical practice, inter-
nists (therapists, endocrinologists, cardiologists, etc.)
tend to overlook such relationships due to insufficient
awareness of the pathogenetic mechanisms and risks
associated with mental health [30, 31].

Another option for combining psycho-emotional
disorders with obesity is the development of certain
variants of eating disorders in the patient. It is known
that the majority of obese patients are not aware of
the presence of any disorders associated with eating,
explaining the excess in nutrition by addiction to tasty
and favorite dishes or products. However, at the same
time, in most obese patients, difficulties gradually begin
to arise with an independent cessation of food intake,
the control over the amount of food eaten gets lost, the
feeling of fullness disappears or lags, contributing to
constant overeating. Thus, a daily consumption of ex-
cess calorie food, with gradually increasing portion sizes
and the formation of circadian eating disorders is often
accompanied by chronic psycho-emotional stresses and
physical inactivity. These factors contribute to the rap-
id progression of obesity, most fully illustrating undiag-
nosed eating disorders. It should be emphasized that the
comorbidity of eating disorders with depressive or anx-

iety disorders can develop long before the formation of
clinically significant obesity [32—-34].

The response to various stresses that accompany hu-
man life in abundance in the modern world is one of the
important causes of obesity, which is realized through the
development of eating disorders. Often, the beginning of
the formation of eating disorders is preceded by a trau-
matic situation, accompanied by the development of an
affective disorder of the anxiety or depressive spectrum.
Next, the hyperphagic reaction joins, i.e. overeating, as
a form of relieving a psycho-emotional stress, which is a
simplified behavioral response that gives an imaginary
feeling of protection and calm. This is how a stereotyped
compensatory response to situations of psycho-emotional
stress is launched and consolidated by overeating, which
gives only a short-term relief. However, in the future, due
to excess weight gain, patients begin to develop secondary
depressive or anxiety disorders associated with a negative
perception of their appearance and feelings about their
helplessness in controlling food intake [35]. Psychoemo-
tional tension or stress can contribute to the development
of primary obesity not only due to hyperphagic reactions
and poor nutrition, but also by increasing the risk of alco-
hol abuse and enhancing the effects of physical inactivity.
There is also a relationship between the severity of depres-
sive disorders, the severity of eating disorders and the pro-
gression of obesity [35, 36]. In the studies by E.M. Pisetsky
et al., it was shown that eating disorders can further in-
crease the risk of suicide attempts, including the situations
after the relief of the main depression symptoms [37]. Due
to this close relationship, eating and psycho-emotional dis-
orders, on the one hand, contribute to weight gain, and on
the other hand, progression of obesity worsens the mood
and psycho-emotional state of a person, strengthening
and perpetuating eating disorders [38].

Table 1 - Classification of obesity by BMI*

Body mass BMI, kg/m? Risk of concomitant diseases
Underweight <18.5 Low (increased risk of other diseases)
Normal body weight 18.5-24.9 Usual
Overweight 25.0-29.9 Higher
Obesity | degree 30.0-34.9 High
Obesity Il degree 35.0-39.9 Very high
Obesity Ill degree >40 Extremely high

Table 2 - Classification of obesity by stages

Diagnosis Anthropometric data

Clinical data

Overweight

BMI > 25.0-29.9 kg/m?

No complications associated with obesity

Obesity stage 0 BMI > 30.0 kg/m?

No complications associated with obesity

Obesity stage 1 BMI > 25.0 kg/m?

One or more moderate complications associated
with obesity

Obesity stage 2 BMI > 25.0 kg/m?

One or more severe obesity-related complications

Note: the presence or absence of concomitant diseases, the course of which is directly associated with obesity (i. e., DM2, arterial hypertension,
non-alcoholic fatty liver disease, etc.), their severity determines the stage of obesity and, accordingly, the choice of therapy.

* Ibid.
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Table 3 — Summary of data from studies on the use of drugs containing sibutramine and sibutramine
in combination with metformin

,\?g. Detected connection Sample Referent Research results Reference

1. Sibutramine therapy is asso- Obese adults Orlistat Against the background of orlistat therapy, the [49]
ciated with a reduced risk of N=23,927 N=77047 risk of myocardial infarction or cerebrovascu-
cardiovascular  complications lar accident HR — 1.69, at p=95%, Cl 1.12-2.56.
in patients without contraindi- Against the background of sibutramine therapy,
cations the risk of myocardial infarction or cerebrovascu-

lar accidents HR — 1.52, p=95%, Cl 0.92—2.48.

2.  Therapy with sibutramine (Re-  Adult pa- - For 12 months of therapy: a clinically significant [50]
duxin®) for 12 months is asso- tients with decrease in body weight by 10-20%, 20% or more
ciated with persistent and clini- obesity and in 52.1% and 42.1% of patients, respectively. The
cally significant weight loss and without mean reduction in waist circumference over 3,

WC, regardless of gender, age  comorbid 6, and 12 months of therapy was 6.3+4.31 cm,
and the presence of concomi- pathology, 10.646.30 cm, and 16.0+8.94 cm, respectively
tant diseases N=98,774 (p<0.001).

3.  Weight loss during thera- Adult pa- - For 6 months of therapy, a decrease in body [45]
py with the combined drug tients with weight by 10% or more — in 91% of patients; a
sibutramine + metformin is as- obesity and decrease in TG levels by 0.73+1.0 mmol/Il (25%);
sociated with the achievement  disorders total cholesterol (TC) — by —0.97+4.8 mmol/I
of metabolic health compen- of carbohy- (17%); LDL — by —0.67+1.0 mmol/I (20%) and an
sation parameters, improved drate metab- increase in HDL by 0.24+43.8 mmol/I (16%) from
prognosis and quality of pa- olism, the initial level; a decrease in FFA from 0.54+0.28
tients’ lives N=55 t0 0.43+0.25 meq/I, by 20.3% (p<0.001). Achieve-

ment of normal values of glycemic parameters
observed in 93.2% of patients

4. Adding a combination of Adult pa- - A decrease in BMI for 3 and 6 — 3.4£1.5 kg/m? [47]
sibutramine and metformin to tients with (on average 9.5%4.2 kg) and 5.4+2.3 kg/m?
the base hypoglycemic therapy obesity and (15.1+6.4 kg), respectively. The average change
in patients with type 2 diabetes type 2 diabe- in glucose level: —2.0+1.6 mmol/l, the average
and obesity provides effective tes, change in the level of glycated hemoglobin was
and safe weight loss, and also N=5812 -1.241.1%.
improves the effectiveness of
treatment, including reaching
the target values of carbohy-
drate and lipid metabolism

5. Therapy with the combined Adult pa- - Weight loss — 21.0£4.62 kg; a reduction in [48]
drug sibutramine + metformin tients with waist circumference — 16.8+3.2 cm; a decrease
(Reduxin® Forte) for 12 months obesity and in TG levels by 0.43+0.3 mmol/l (14%); total
was accompanied by a de- disorders cholesterol — by 0.78+0.67 mmol/l (13%); LDL
crease in body weight, lipotox- of carbohy- — by 0.61+0.5 mmol/l (19.6%) and an increase
icity, normalization of carbohy- drate metab- in HDL by 0.15%£0.2 mmol/I (14%), a decrease in
drate and lipid metabolism, a olism, N=78 fasting blood glucose by 0.82+0.6 mmol/I (13.1%)

decrease in the level of leptin
and postprandial ghrelin, and
normalization of eating habits.

(p<0.001); a decrease in glycated hemoglobin —
0.42+0.05% (p<0.001); achievement of normal
values of glycemia parameters—99.3%; improving
the quality of patients’ lives.

Thus, obesity is formed as a result of complex patho-
genetic and clinical interactions between psychoemotional
and metabolic disorders. Due to all the reasons mentioned
above, a detailed study of the eating disorders phenome-
non, the mechanisms of its formation and consolidation, can
help in choosing the most effective tactics for the treatment
and prevention of weight gain in most patients with obesity.

Eating disorder
The interpretation of the term “eating disorder”

Tom 10, Beinyck 1, 2022

from the standpoint of a psychiatrist and an endocrinol-
ogist or a psychologist is somewhat different. So, within
the framework of socio-psychological typology, which is
used in the practice of endocrinologists and nutritionists,
as well as psychologists, eating disorders are understood
as the use of such an amount of nutrients that does not
correspond to the energy needs of the body. In modern
society, unfortunately, eating disorders are considered
as a socially acceptable variant of addictive behavior, in
contrast to drug addiction, alcoholism or cigarette smo-
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king®. The essence of addictive or dependent behavior is
the desire to escape from reality, artificially change one’s
psycho-emotional state, which gives the illusion of secu-
rity and tranquility. Therefore, psychological personality
traits, primarily pronounced personal anxiety, impulsivi-
ty, low self-esteem, and some psycho-emotional infantil-
ism, are essential for the formation of obesity [34].

There are three main types of addictive eating be-
havior: external, emotional, restrictive [35]. The exter-
nal type refers to eating that is not caused by hunger or
low blood glucose, but by external causes. Such reasons
include tasty-smelling and appetizing-looking dishes, a
well-laid table, and the appearance of people eating,
various advertising posters or videos with food. Accept-
ing an invitation to “have a bite for company’s sake”, a
hearty meal at a party or at a festive table; buying a large
amount of food in a supermarket are also in the area of
the responsibility of external eating behavior. From the
situations that contribute to overeating with this type of
eating behavior, internal causes become apparent and
prompt, often in the field of interpersonal communica-
tion, when eating is associated with a means of estab-
lishing trusting relationships and encouragement. The
external type of eating behavior gradually contributes
to the formation of increased appetite and delayed sa-
tiety, which is often felt by such patients as mechanical
fullness in the stomach or “abdominal discomfort” from
overeating [35].

For the emotional type of eating behavior, as the
term itself makes it clear, the reason for eating is not
hunger either, but emotions make that person “comfort
eat”, calming himself in this way. The main triggers for
emotional overeating can be a severe stress, fear, long-
ing, anxiety, grief, feelings of loneliness and even bore-
dom. As in the mechanism of the formation of affective
disorders, with emotional eating behavior, an important
role is played by the innate imbalance of neurotransmit-
ter monoamines, which a person seeks to compensate
for with a plentiful meal. A similar formation mecha-
nism is also characteristic of other variants of addictive
behavior, such as drug or alcohol addiction. Therefore,
this type of eating behavior is also called “food drunken-
ness” [35, 38].

Restrictive eating behavior is characterized by ad-
herence to meaningless and excessive dietary restric-
tions. Compliance with strict diets is accompanied by a
strong feeling of hunger; it is replaced by a breakdown
and overeating, the development of “dietary depres-
sion”, which leads to the formation of a vicious circle. It
must be emphasized that in most cases, combinations
of different types of eating disorders can be identified
in one patient at different times. Therefore, for exam-
ple, a transition from an external or restrictive to an
emotional type of eating disorder is possible against the
background of a prolonged exposure to stressful factors.

5 Malkina-Pykh IG. Terapiya pishchevogo povedeniya [Eating behavior
therapy]. Psychology. M.: Eksmo; 2007:1040 p. Russian
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The degree of obesity does not correlate with the type
of eating behavior [12, 36].

It should be emphasized that without establishing
the type of eating disorder, it is impossible to build an
effective treatment strategy and achieve long-term re-
sults. It is also important to know that in approximately
30% of patients, eating disorders first occur against the
background of irrational diets, which lead to the devel-
opment of emotional discomfort and cause them to re-
fuse therapy. In addition, already existing disorders can
be exacerbated by diet therapy [6, 12].

On the other hand, the practice of psychiatrists also
uses its own classification of eating disorders, in accor-
dance with the new International Classification of Dis-
eases, 11" revision (ICD-11)°. According to this manual,
eating disorders and eating behaviors are included in
section L1-6B8. However, only eating disorders include
abnormal eating behavior accompanied by marked
concerns about weight and body shape. These condi-
tions include anorexia nervosa (6B80), bulimia nervosa
(6B81), binge eating (6B82), and a pathological preferen-
tial-restrictive eating disorder (6B83). However, it should
be emphasized that not all of these conditions are asso-
ciated with obesity’.

Anorexia nervosa (AN) is clinically characterized
by a gradual decrease in body weight to a degree that
does not correspond to normative values, which cannot
be explained by another health disorder and is not as-
sociated with the inaccessibility of food. Patients with
AN intentionally prevent the recovery and maintenance
of their normal body weight through persistent restric-
tion of food intake or cleansing behavior (vomiting, use
of laxatives and diuretics), as well as through excessive
physical exertion. Low weight or body shape is central to
self-assessment in the AN patients, and normal weight is
mistakenly perceived as being overweight®.

Bulimia nervosa (BN) is characterized by recurrent
episodes of uncontrollable food consumption. At the
moment of such overeating, a patient completely loses
control over his eating behavior, eats noticeably more
than usual and cannot stop eating or limit the amount
of food eaten. Further, compensatory behaviors aimed
at preventing weight gain develop — inducing vomiting,
using laxatives and intense sports. Patients with (BN) are
preoccupied with their weight and figure, which have a
strong effect on their self-esteem?®.

Binge eating (BE) is also characterized by frequent
episodes of uncontrollable food consumption, but un-
like BN, bouts of overeating are not necessarily followed
by compensatory behavior. However, these attacks are
experienced as very unpleasant and are often accom-
panied by negative emotions such as feelings of guilt or
disgust.

5 |CD-11. Chapter 06 Statistical classification. M.: “KDU”, “University
Book”, 2021. — 432 p. Russian

7 Ibid.

8 Ibid.

? Ibid.
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Pathological preferential-restrictive eating disorder
is characterized by avoidance or restriction of food in-
take, which can lead to significant weight loss, clinically
significant nutritional deficiencies up to the need for in-
creased supplementation or tube feeding. This type of
eating behavior, unlike AN, is not dictated by preoccupa-
tion with weight and figure. It is important to note that
for the diagnosis of most of the listed mental disorders,
an important requirement is the presence of severe dis-
tress, i.e. painful experiences, anxiety, discomfort due
to a mental or behavioral deviation, and impaired func-
tioning in one or more significant areas of life (personal,
family, social, educational, professional, etc.).

Thus, in the clinical practice of internists, there may
be patients with mental eating disorders, however, the
severity of the clinical picture and the characteristic pat-
terns of behavior of such patients should attract the at-
tention of the attending physician and serve as a reason
for referral to a psychiatrist.

Therapeutic strategies

Traditional approaches in the treatment of obesity
are establishing a trusting relationship with the patient
and discussing a realistic goal of weight loss; long-term
and gradual changes in nutrition and the rejection of
starvation diets; increasing and intensifying daily phys-
ical activities. It is optimal to make up an individual nu-
trition and training plan together with qualified special-
ists — a nutritionist and a physiotherapist, followed by a
constant support for a long time [10, 11].

Recognizing the obviousness of any intervention
aimed at reducing excess weight and maintaining op-
timal weight, cannot be considered as a one-time or
short-term therapeutic intervention, the formation of
proper eating behavior is important. Given the frequen-
cy of obesity comorbidity with a variety of psychoemo-
tional disorders that have a mutually aggravating effect
and prevent constant adherence to recommendations
for lifestyle changes and nutrition, some patients require
a consultation with a psychologist, psychotherapist or
psychiatrist to select psychopharmacotherapy [10].

Prescribing drugs for the treatment of obesity is
recommended for patients with a BMI > 30 kg/m? (or a
BMI 227 kg/m? in the presence of comorbid cardio-met-
abolic diseases) when they cannot achieve weight loss
of 5-10% within 6 months against the background of the
use of all non-drug methods or at the stage of maintain-
ing the achieved result [6, 7, 10]. Currently, the follow-
ing drugs for the treatment of obesity are registered in
the Russian Federation: orlistat, liraglutide, sibutramine,
including sibutramine + microcrystalline cellulose and
sibutramine + metformin in the form of combinations.
Each of the presented drugs has been briefly character-
ized in the light of solving the problem of eating disor-
ders in obese patients.

Being an inhibitor of gastrointestinal lipase and
having a therapeutic effect only within the gastroin-

Tom 10, Beinyck 1, 2022

testinal tract (GIT), orlistat prevents the splitting and
subsequent absorption of fats and fat-soluble vitamins
from food. Direct consequences of the mechanism of
the orlistat action are such frequent side effects as fatty
stools, oily discharge from the rectum, imperative urg-
es to defecate, increased defecation and fecal inconti-
nence, abdominal pains, gas with some amount of dis-
charge from the intestine. These factors make the use of
this drug somewhat difficult in the patients with eating
disorders who cannot completely refuse fatty foods [6,
10]. The drug orlistat has also such registered contrain-
dications as acute pancreatitis and the diseases accom-
panied by diarrhea; chronic malabsorption syndrome
and cholestasis (since orlistat increases the likelihood of
gallstone formation, leading to a decrease in gallbladder
motility). It should be emphasized that the therapeutic
effect of this drug is modest, and currently, there are no
positive data to judge the effect of orlistat on the overall
mortality or mortality from CVDs [10].

Liraglutide is an analog of human glucagon-like pep-
tide-1. For a long time, being a hypoglycemic agent, it
has been used only in the treatment of type 2 diabetes
mellitus. The mechanism of liraglutide action is due to
the reinforced feeling of stomach fullness and satiety,
without increasing a 24-hour energy expenditure. It
has been shown that liraglutide has a positive effect on
cardiometabolic risk factors against the background of
weight loss [11]. However, just as with orlistat, its side
effects are direct acting and the most common are
nausea, vomiting, diarrhea, constipation, dry mouth,
dyspepsia, gastritis, gastroesophageal reflux, upper ab-
dominal pains, bloating, belching, and cholelithiasis. The
drug has also strict contraindications: with a history of
medullary thyroid cancer, including family members;
with the syndrome of multiple endocrine neoplasia type
II; depression; suicidal thoughts or suicidal behavior, incl.
in history, severe renal and hepatic insufficiency; chronic
heart failure of the 4th functional class; to patients aged
>75 years. Its use is not recommended to patients with
inflammatory bowel disease and diabetic gastric paresis,
it is recommended to take the drug in patients with mild
to moderate hepatic insufficiency, thyroid disease and a
history of acute pancreatitis with caution [10]. Thus, in
addition to the impact on the quality of patients’ lives
due to the frequency of side effects, it has a wide range
of contraindications. Liraglutide has an unfavorable ef-
fect associated with a possible negative effect on the
psycho-emotional status of a person, which makes it
impossible to recommend it as a drug of choice for the
treatment of obesity to most patients [39].

In our country, sibutramine is the only currently
registered drug for the treatment of obesity that has a
central effect, being an inhibitor of the reuptake of sero-
tonin, norepinephrine and, to a lesser extent, dopamine
in the synapses of the central nervous system. Sibutra-
mine has a dual mechanism of action: on the one hand,
it accelerates the onset of satiety, significantly reducing
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the intake of calories from food; on the other hand, it
increases the energy consumption of the body due to
the activation of thermogenesis. As a whole, they lead
to a more effective weight loss, regardless of gender,
age, and the presence of concomitant diseases [40].
Moreover, it has been notified that the higher the initial
BMI is, the more intense the decrease in body weight
will be [41].

It should be notified that sibutramine therapy is ac-
companied by a feeling of “energy boost” and improved
mood, which makes it easier to endure any food restric-
tions in the process of choosing the right diet [40]. It
has also been shown that sibutramine not only provides
effective weight loss, but also improves cardio-metabol-
ic parameters. Thus, against the background of sibutra-
mine therapy, the state of atherogenic dyslipidemia and
the insulin resistance significantly improves (the levels
of glycated hemoglobin, uric acid, triglycerides, total
cholesterol, low-density lipoproteins decrease, and the
content of anti-atherogenic high-density lipids increas-
es) [41].

It should be notified that due to the sympathetic ac-
tivation against the background of sibutramine therapy,
a slight change in hemodynamic parameters is possible.
Therefore, all patients need to control the pulse and
blood pressure (BP) levels before starting therapy, then
from the 1st to the 3rd month — once every 2 weeks;
from the 4th to the 6th month — once a month; from
the 6th to the 12* month — once every 3 months. The
drug cannot be prescribed to the patients with uncon-
trolled arterial hypertension, i.e. if the blood pressure
is constantly above 145/90 mm Hg, coronary heart dis-
ease, decompensated chronic heart failure, cardiac ar-
rhythmias, previous cerebrovascular diseases (stroke,
transient cerebrovascular accident), occlusive diseas-
es of peripheral arteries in patients over the age of 65
years. However, in real clinical practice, in patients with
obesity and controlled hypertension, sibutramine has
shown itself to be an effective and safe drug that effec-
tively reduces body weight [42]. The side effects such as
loss of appetite, dry mouth, some agitation and an in-
creased activity, sweating are usually mild, notified only
at the beginning of treatment, are transient and, as a
rule, do not require discontinuation of therapy. The use
of sibutramine in combination with metformin increas-
es the therapeutic efficacy of both components, both
in patients with and without carbohydrate metabolism
disorders [43].

Over the past decades, much experience has been
gained in the clinical use of sibutramine and metformin
used for treatment of obese patients. The expediency of
combination therapy using sibutramine and metformin,
and later the creation of a combination and its fixed form
(Reduxin® Forte), was dictated by the need to obtain a
more pronounced therapeutic effect through the active
influence on various links in the obesity pathogenesis. In
the international study that took place in medical cen-
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ters in England, Canada, France and Belgium, the effect
of sibutramine on body weight, metabolic control and
blood pressure, was evaluated in obese patients treated
with metformin and suffering from type 2 diabetes. The
study included 195 patients (44% men) with DM2 and
BMI >27 kg/m?. The improvement in glycemic control in
patients has been shown to occur in parallel with weight
loss. The researchers concluded that sibutramine is an
effective adjunct to the treatment of patients with obe-
sity and T2DM with metformin [44].

According to Russian researchers, therapy with
Reduxin® Forte for 24 weeks was also accompanied by
significant changes in anthropometric parameters, i.e.:
weight loss by 5% or more in 6 months of therapy was
achieved in 94% of patients, while 91% of patients man-
aged to reduce weight by 10% or more. Given the severi-
ty of weight loss, which was accompanied by a significant
decrease in waist circumference, conclusions, regarding
the effectiveness of the fixed combination (metformin +
sibutramine) for weight loss, as well as the reduction of
visceral fat, which helps to reduce the risk of complica-
tions, were drawn by A.S. Ametov et al. [45].

It has also been shown that the combined use of
sibutramine with metformin not only increases the ef-
fectiveness of weight loss, but also reduces the level of
chronic inflammation and the risk of complications as-
sociated with overweight, including CVDs and T2DM, in
combination with a comprehensive restoration of met-
abolic health. These data are especially relevant in the
context of reducing cardiovascular risks and improving
the prognosis of such patients [46].

An analysis of the AURORA program results, which
included a sample of 5812 patients taking a combination
drug containing sibutramine and metformin, demon-
strated clinically significant weight loss and a decrease
in waist circumference in more than 90% of patients
with T2DM, regardless of the underlying hypoglycemic
therapy. In addition, the combination of sibutramine and
metformin has been shown to have a positive effect on
carbohydrate and lipid metabolism, contributing to an
additional decrease in glycated hemoglobin and nor-
malization of the atherogenic index in more than 50%
of patients. It should be emphasized that the incidence
of adverse events did not exceed 5.1%. All of the above
mentioned, makes it possible to draw conclusions about
the clinical feasibility of including combination therapy
(sibutramine + metformin) in the therapy of patients
with DM2 and obesity, since its use is effective and safe,
regardless of the presence of polymorbid pathology and
the use of various concomitant drugs [47].

In another study based on using a fixed combina-
tion of metformin + sibutramine, it was found out that
during 12 months of therapy, the insulin resistance index
normalized in 100% of patients. The dynamics of the de-
crease in BMI for 3 months of therapy was 3.6+1.1 kg/m?
(atanaverage 0of9.8+4.2 kg); for 6 months—5.5+2.6 kg/m?
(15.9+5.4kg);for2months—7.1+3.02kg/m?(21.0+4.62kg)
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(p<0.001). The decrease in WC for 3, 6 and 12 months
of therapy, on average, amounted to 7.3+2.8, 13.1+6.4
and 16.8+3.2 cm, respectively, which indicates the ad-
visability of taking the combination drug metformin +
sibutramine to reduce the amount of visceral fat and
reduce the risk of complications such as type 2 diabetes
and CVD.

It is important to notify that during the therapy,
a correction of the patients’ eating behavior was ob-
served: the ongoing treatment reduced the number of
patients with the emotiogenic type of pathological over-
eating by 4.7 times, by 5.8 times with the external type,
and by 1.9 times with the restrictive PO. At the end of
taking the drug, 75.7% of patients observed a rational
type and developed correct eating habits. The decrease
in caloric intake during ad libitum food intake for 3
months of therapy was 36% (1648852 kcal). Most pa-
tients notified a decrease in the frequency of unplanned
meals, the disappearance of the need for evening meals.
Approximately 89% of patients managed to achieve and
maintain individual target values of daily caloric intake
during the year of therapy [48].

Thus, taking into account the favorable cardio-met-
abolic profile of the therapeutic metformin action [49],
which has been used for a long time in the treatment
and prevention of all obesity-associated diseases, as well
as its concomitant effects with sibutramine, one can be
confident in the positive synergy of the double combina-
tion — sibutramine + metformin (Reduxin® Forte!?). This
makes it possible to achieve a significant reduction in

body weight, compensation for metabolic disorders and
correction of the eating habits of patients with obesity,
which is the key to successful obesity therapy.

So, in October 2021, the Ministry of Health of the
Russian Federation decided to amend the instructions
for use of the drug Reduxin® Forte. Now, in addition to
use in people with obesity, prediabetes and additional
risk factors for developing DM2, the drug is also indi-
cated for all patients with alimentary obesity (BMI > 30)
who do not have contraindications. This drug gives hope
for the improvement in the situation with the treatment
of obesity in most patients in our country. The summa-
rized data from the studies of the efficacy and safety of
the drugs containing sibutramine and its combination
with metformin in routine clinical practice are presented
in Table 3. It is interesting to conduct further studies to
identify additional pleiotropic effects of this combina-
tion in obese patients.

CONCLUSION

Thus, the combined prevalence of obesity and psy-
cho-emotional disorders worldwide is steadily increas-
ing. Given the negative impact of eating disorders on the
ability to effectively reduce and maintain optimal body
weight, an earlier prescription of drug therapy that can
affect both conditions is necessary. The combined drug
containing sibutramine and metformin (Reduxin® Forte)
registered in the Russian Federation is an effective and
safe drug that can be used in all patients with alimentary
obesity, taking into account contraindications.
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The aim of the research is the development of quantification procedures of flavonoids in Juglans nigra L. barks preparations
using modern instrumental analytical techniques (spectrophotometry, high performance liquid chromatography).

Materials and methods. The subjects of research were tincture and dry extract of Juglans nigra L. bark, the samples of which
were prepared in March and April 2020 in the Botanical Garden of Samara State Medical University (Samara); the standard
samples (SS) of myricitrin, myricetin. The registration of the electronic spectra was carried out with a spectrophotometer
«Specord 40» (Analytik Jena, Germany). The chromatographic analysis was carried out by the method of reversed-phase
HPLC on a microcolumn liquid chromatograph “Milichrom-6” (NPAO “Nauchpribor”, Russia).

Results. Using differential spectrophotometry, methods for the quantitative determination of the total amount of flavonoids
in terms of myricitrin in the tincture and dry extract of Juglans nigra L. bark, has been developed. It has been determined
that the content of the total amount of flavonoids in terms of myricitrin in the tincture and dry extract of Juglans nigra L., is
0.84+0.07% and 12.38+0.24%, respectively. The error of a single determination of the total amount of flavonoids in terms of
myricitrin in the tincture and dry extract of Juglans nigra L. bark with a confidence probability of 95%, is + 8.91% and + 2.10%,
respectively. Methods for the quantitative determination of myricitrin in the tincture and dry extract of Juglans nigra L. bark
by HPLC has been developed. The content of the dominant flavonoid — myricitrin (myricetin-3-0-a-L-rhamnopyranoside) — in
the tincture and dry extract of Juglans nigra L., was 0.42+0.06% and 8.45+0.24%, respectively. The error of the single deter-
mination of myricitrin in the tincture and dry extract of Juglans nigra L. with a confidence probability of 95% is £ 15.04% and
1+2.96%, respectively.

Conclusion. The developed methods for the quantitative determination of flavonoids in the preparations of Juglans nigra L.
barks L. can be used in solving the problems of standardization of Juglans nigra L. preparations.

Keywords: Juglans nigra L.; bark; UV spectrophotometry; HPLC; myricitrin; flavonoids

Abbreviations: MPRM — medicinal plant raw materials; HP — herbal preparation; HPLC — high-performance liquid chromato-
graphy; SS — standard sample.
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Lienb. Pa3paboTka MeToamK KONIMYecTBEHHOTO onpeaeneHna ¢G1aBoHOMA0B B MpenapaTax Kopbl Opexa YePHOro C MOMOLLLbIO
COBPEMEHHbIX MHCTPYMEHTa/IbHbIX METOA0B aHan3a (CNekTpodoToMETPUA, MUKPOKONIOHOUYHAA BbICOKOIDDEKTUBHAA KU~
KOCTHaa xpomaTorpadus).

Matepuanbl u metogbl. O6beKTaMU UCCAef0BaAHUA ABAANNCH HAaCTOMKA M CYXOM SKCTPAKT Kopbl opexa yepHoro (Juglans
nigra L.), 06pa3Lbl KOTOpoW bbliv 3aroToBNeHbl B MapTe-anpesie 2020 roaa Ha Tepputopumn botaHmyeckoro caga re0y BO
CamIMY MuH3gpaBa Poccum (r. Camapa), ctaHaapTHble 06pasLbl MUPULUTPUHA, MUPULETUHA. PerncTpauuio YO-cnekTpos
NpPoBOAMAN C MOMOLLLIO crniekTpodoTomeTpa «Specord®40» (Analytik Jena) meTogom anddepeHLmanbHOM cnekTpopoTome-
Tpun. XpomaTtorpaduyeckuii aHaamns3 ocyLLeCcTBAANN METOA0M 0bpalleHHO-Ga30BolM BIKX Ha MUKPOKONOHOYHOM KUIKOCT-
HoM xpomatorpade «Munnxpom-6» (HMAO «Hayunprbop»).

Pe3ynbratbl. PazpaboTaHa MeTogMKa KONMYECTBEHHOIO onpeaeneHna cymmbl GnaBoHOMAO0B B nepecyeTe Ha MUPULUTPUH
B HACTOMKe M CyXOM 3KCTPAKTe Kopbl opexa yepHoro (Juglans nigra L.) c nomolubto meToga anddepeHumnanbHoM CnekTpo-
doTomeTpun. YCTAaHOBNEHO, YTO coAepyKaHUe CyMmMbl GIaBOHOMAOB B HACTOMKE M CYXOM 3KCTPaKTe KOpbl Opexa YepHoro
coctaensnet 0,84+0,07% 1 12,38+0,24% (B nepecyeTe Ha MUPULUTPUH) COOTBETCTBEHHO. OLWMbKa eaMHMYHOro onpeaeneHus
CyMMbl $G1IAaBOHOMA0B B Nepecyete Ha MUPULUTPUH B HACTOMKE U CyXOM IKCTPAKTe KOpbl Opexa YepHOro ¢ J0BEPUTENbHOM
BepoATHOCTbo 95% cocTasnaeT £8,34% n £2,10% cOOTBETCTBEHHO.

PaspaboTaHa MeToAMKa KONMYECTBEHHOTO OnNpeaeneHUa MUPULUTPUHA B HACTOMKE M CyXOM 3KCTPAKTE KOpbl Opexa YepHOoro
(Juglans nigra L.) meTtogom BIXHKX. CogeprkaHne goMmnHUpytoLlero ¢paaBoHoMAa — MUPULUTPUHA (MUPULETUH-3-0-a-L-pam-
HOMMPaAHO3UA) B HAaCTOMKE U CyXOM 3KCTPaKTe Kopbl opexa YepHoro coctasnseT 0,42+0,03% n 8,45+0,24% cOOTBETCTBEHHO.
OwmnbKa eguHNYHOTO onpeaeneHns MUPULUTPUHA B HACTOMKE M CYXOM SKCTPAKTE KOpbl Opexa YepHOro ¢ J0BEPUTENbHOM
BepoATHOCTb0 95% cocTasnaeT £7,14% n £2,96% cCOOTBETCTBEHHO.

3aKkntouyeHue. Pa3paboTaHHble METOAMKM KONMYECTBEHHOTO onpeseneHns GaBOHOMAOB B HAaCTOMKE M CYXOM 3KCTpaKTe
KOPbl Opexa YepHOro MoryT 6bITb UCMONb30BaHbI A4/1A PELIeHNA BONPOCOB CTaHAAPTU3ALLMM NPenapaToB YKa3aHHOIo NeKap-

CTBEHHOrO paCTUTENbHOIO CbipbA.

Kntouesble c/10Ba: opex YepHblii; Juglans nigra; kopa; Y®-cnektpodpotomeTpuma; BIXKX; MUpULNTPUH; praBoHOUAbI
Cnucok coKpauwieHui: JIPC — nekapcTBeHHoe pacTuTenbHoe cbipbe; JIPM1 — fieKapCTBEHHbIM pacTUTE/IbHbIA Mpenapar;
BIXX — BbICOKO3hDEKTMBHASA KNAKOCTHAA xpomaTorpadua; CO — cTaHAapTHbIV 0bpasel,

INTRODUCTION

At present, the search for herbal preparations with
a high content of biologically active compounds and a
pharmacological activity is a hot topic in pharmacy.
Representatives of the genus Juglans L. species of the
Juglandaceae family have the indicated features and,
therefore, are promising species of medicinal plant raw
materials to be used in medical practice. Representa-
tives of the Juglans genus L. are potential sources of
naphthoquinones as an important class of biologically
active compounds [1-4]. About eight species of plants
of the genus Juglans L. tend to be cultivated in the terri-
tory of the Russian Federation. Medicinal plants Juglans
regia L., Juglans nigra L. and Juglans cinerea L. are very
interesting for research [5].

The authors’ opinion, the bark of Juglans nigra L.
can serve as a promising object for the production of
new herbal formulations [6, 7]. The previous studies
have shown that the bark of Juglans nigra L. contains
various derivatives of naphthoquinone and other com-
pounds: nitrogenous matters, triterpenes and pheno-
lic compounds, including flavonoids [8-13]. A variety
of chemical composition, including the presence of a
large number of phenolic compounds, determine a wide
range of pharmacological activity of the genus Juglans
L. representatives (Juglans nigra L., Juglans regia L. and
Juglans cinerea L) [14-18]. The known antimicrobial,
general tonic, anti-inflammatory and antioxidant activ-
ities of Juglans L. preparations which are present in the
pharmological market, may be due to the substances of
a flavonoid identity [19—-23]. These data indicate the rel-
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evance of studying the flavonoids of the Juglans nigra
L. bark and preparations based on this medicinal plant.

Regardless of the fact that standardization of the
bark and Juglans nigra L. preparations is carried out
according to the content of naphthoquinones (in terms
of juglone), has been was found out that the dominant
and diagnostically significant compound was flavonoid
myricitrin (myricetin-3-O-a-L-rhamnopyranoside). This
compound revealed anti-inflammatory, antinociceptive
and neurotropic effects [24-26]. Consequently, Juglans
nigra L. bark preparations are promising for a further
study not only in the field of pharmacology, but also in
the context of their quality control [27-30].

THE AIM of the research is the application of meth-
ods of UV spectrophotometry and microcolumn high
performance liquid chromatography (HPLC) to control
the content of flavonoids, as well as the analysis of the
content of the total amount of flavonoids (UV spectro-
photometry) and myricitrin (HPLC) in the obtained tinc-
ture and dry extract of the Juglans nigra L. bark.

MATERIALS AND METHODS

The objects of research were Juglans nigra L. bark
tincture and dry extract. These samples were prepared
in March-April 2020 in the territory of the Botanical Gar-
den of Samara University (Samara). The tincture and
dry extract of Juglans nigra L. bark were analyzed using
standard samples of myricitrin and myricetin (Fig. 1) by
methods of UV spectrophotometry and HPLC.

For HPLC, acetonitrile, c. p. acetic acid (“Compo-
nent-reactive” LLC, Russia), the water obtained using a

Volume X, Issue 1, 2022



Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

OPUTNHAJIbHAA CTATbA
DOI: 10.19163/2307-9266-2022-10-1-31-43

system for obtaining purified water with a multi-stage
purification system (adsorption, reverse osmosis, mem-
brane filtration) and tested for purity under the chro-
matographic analysis conditions.

The registration of UV spectra was carried out using
the spectrophotometry «Specord 40» (Analytik Jena,
Germany). The spectral characteristics of these standard
samples of myricitrin and myricetin are presented below.

Miricitrin ~ (myricetin-3-O-a-L-rhamnopyranoside)
is a yellow with a cream tint crystalline substance with
melting points of 203-205 C (aqueous alcohol)!, UV spec-
trum (EtOH, A, nm): 212, 260, 358; + NaOAc 268, 366;
+ NaOAc + H,BO, 260, 382; + AICI, 278, 416; +AICI, + HCI
270, 406.

NMR'H (300 MHz, DMSO-d,, §, ppm, J/Hz.): 12.68
(1H, s, 5-OH group), 9.23 (2H, br.s , 7-OH-group and
4’-OH-group), 6.88 (2H, s, H-2 ‘and H-6’), 6.36 (1H , d,
2.5Hz, H-8), 6.19 (1H, d, 2.5 Hz, H-6), 5.20 (1H, d, 1.5 Hz,
H-1" of rhamnose), 3.1-5.0 (m, 4H of rhamnose), 0.84
(3H, d, 6 Hz, CH, of rhamnose ).

NMR®™C (126.76 MHz, DMSO-d,, 8C, ppm): C-4
(177.85), C-7 (164.24), C-5 (161.37), C-4> (157.57), C-9
(156.49), C-2 and C-3 (145.83), C-3’ and C-5’ (145.83),
C-1(119.70), C-2’ and C-6 ‘(108.00), C-10 (104.12), C-1»
of rhamnose (102.00), C-6 (98.41), C-8 (94.30), C-2»
(116.21), C-3» (71.03), C-5 “ (70.62), C-4” (70.47), C-2”
(70.08), C-6” (CH,) (17.57).

Mass spectrum (HR-ESI-MS, 180°C, m/z): m/z
465.1016 [M + H]+, m/z 487.0830 [M + Na]+, m/z
503.0560 [M + K]+.

Myricetin (3,5,7,3’,4’,5’-hexahydroxyflavone) is a
turtle green crystalline substance with melting points of
357°C (aqueous alcohol), UV spectrum (EtOH, A, nm):
254, 377; + NaOAc 275, 382; + NaOAc + H,BO, 258, 392;
+A1C1, 266, 440; +A1C1 + HCI 266, 440.

NMR'H (399.78 MHz, DMSO-d,, §, ppm, J/Hz): 12.45
(1H,s,5-0OH group), 10.73 (1H s, 7-OH- group), 9.28 (1H,
s, 4’-OH-group), 9.17 (2H, s, 3’-OH-group and 5’-OH-
group), 8.75 (1H, s, 3-OH-group), 7.20 (2H, s, H-2 ‘and
H-6"), 6.32 (1H, d, 2.2 Hz, H-8), 6.14 (1H, d, 2.2 Hz, H-6).

NMR®C (100.52 MHz, DMSO-d6, &, ppm): C-4
(176.29), C-7 (164.39), C-5 (161.25), C-9 (156.59), C-4’
(147.36), C-3’ and C-5’ (146.23), C-2 and C-3 (136.38),
C-1’ (121.30), C-2’ and C-6’ (107.68), C-10 (103.49), C-8
(93.71), C-6 (98.67).

Based on the spectral data, since the dominant flavo-
noid myricitrin has an absorption maximumat360+2 nm
in the long-wavelength region of the electronic spec-
trum, 360 nm wavelength for the detection of analytes
during HPLC analysis was chosen.

Preparation of work solutions for analysis

by UV spectrophotometry

Juglans nigra L. bark tincture was obtained from the
Juglans nigra L. bark using a 70% water-ethanolic solu-

1 USA National Library of Medicine National Institutes of Health. Available
from: https://pubchem.ncbi.nlm.nih.gov/compound/Myricitrin.
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tion at the ratio of «raw material- extracting solvent» 1:5
using the method of fractional maceration. A part of the
Juglans nigra L. bark fluid extract 1:1 was used to obtain
a solid extract, and then the dry extract of Juglans nigra
L. bark. The thick extract was obtained by removing the
extractant from the liquid extract under vacuum. The
thick extract was then dried in a hot-air oven to obtain
a dry extract.

Sample processing of Juglans nigra L. bark tincture.
1.00 ml of Juglans nigra L. bark tincture was placed in
a 25 ml capacity measuring flask, the volume of the
solution was adjusted by a 70% water-ethanolic solu-
tion (sample solution A ). 1 ml of the sample solution A,
was placed in a 50 ml capacity measuring flask, 2 ml of
3% ethanolic solutions of aluminum chloride was added
and the volume of the solution was adjusted by a 96%
ethanolic solution (sample solution B,). The reference
solution was prepared by the following methods: 1 ml
of the sample solution A was placed in a 50 ml capacity
measuring flask and the volume of the solution was ad-
justed by a 96% ethanolic solution.

Sample processing of Juglans nigra L. bark dry ex-
tract. About 0.2 g of the dry Juglans nigra L. bark extract
(an accurately weighed quantity) was placed in a 25 ml
capacity measuring flask, dissolved in 15 ml of a 70% wa-
ter-ethanolic solution by heating in a water bath and the
volume of the solution was adjusted by the same solvent
(sample solution A.). 1 ml of the sample solution A, was
placed in a 50 ml capacity measuring flask, 2 ml of 3%
ethanolic solutions of aluminum chloride was added,
and the volume of the solution was adjusted by a 96%
ethanolic solution (sample solution B,). The reference
solution was prepared in the following way: 1 ml of the
sample solution A, was placed in a 50 ml capacity mea-
suring flask and the volume of the solution was adjusted
by a 96% ethanolic solution.

Preparation of a standard myricitrin solution for
UV spectrophotometry. About 0.0025 g of myricitrin
(an accurately weighed quantity) was placed in a 25 ml
capacity measuring flask, dissolved in 15 ml of 80% wa-
ter-ethanolic solutions by heating in a water bath. The
contents of the capacity measuring flask was cooled
down to room temperature, the volume of the solution
was adjusted by a 80% water-ethanolic solution (myri-
citrin standard solution A,). 5 ml of myricitrin standard
solution A, was placed in a 50 ml capacity measuring
flask, 2 ml of 3% ethanolic solutions of aluminum chlo-
ride was added and the volume of the solution was
adjusted by a 96% ethanolic solution (myricitrin stan-
dard solution B,).

Method of quantitative determination

of total amount of flavonoids in Juglans nigra L.

bark tincture

About 1.00 ml of Juglans nigra L. bark tincture (an
accurately weighed quantity) was placed in a 25 ml ca-
pacity measuring flask, the volume of the solution was
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adjusted by a 70% water-ethanolic solution (sample
solution A)). 1 ml of sample solution A was placed in
a 50 ml capacity measuring flask, 2 ml of 3% ethano-
lic solutions of aluminum chloride was added and the
volume of the solution was adjusted by a 96% ethano-
lic solution (sample solution B,). The reference solution
was prepared in the following way: 1 ml of the sample
solution A, was placed in a 50 ml capacity measuring
flask and the volume of the solution was adjusted by a
96% ethanolic solution.

The content of the total amount of flavonoids in
terms of myricitrin and absolutely dry raw materials in
percent (X) was calculated by the formula:

= Axm, *25%50%5%100
A *V %25%1x25

where: A — the absorption of the test solution;
A, — the absorption of the myricitrin standard solution;
V—the volume of the tincture for analysis, ml; m —mass
of the myricitrin standard sample, g.

If a standard sample of myricitrin is absent, the the-
oretical value of the specific absorbance — 432 at the
wavelength of 416 nm — can be used.

_ A*25%50
- v#432

where: A — the absorption of the test solution;
V —the volume of the tincture for the analysis, ml; 432 —
specific absorbance (E,% ) of myricitrin at 416 nm.

Method of quantitative determination

of total amount of flavonoids in Juglans nigra L.

bark dry extract

About 0.2 g of dry Juglans nigra L. bark extract (an
accurately weighed quantity) was placed in a 25 ml ca-
pacity measuring flask, dissolved in 15 ml of a 70% wa-
ter-ethanolic solution by heating in a water bath and the
volume of the solution was adjusted by the same solvent
(sample solution A.). 1 ml of the sample solution A, was
placed in a 50 ml capacity measuring flask, 2 ml of a 3%
ethanolic solution of aluminum chloride was added and
the volume of the solution was adjusted by a 96% ethan-
olic solution (sample solution B,). The reference solution
was prepared in the following way: 1 ml of the sample
solution A, was placed in a 50 ml capacity measuring
flask and the volume of the solution was adjusted by a
96% ethanolic solution.

The content of the total amount of flavonoids in
terms of myricitrin and absolutely dry raw materials in
percent (X) was calculated by the formula:

= A*m, *25+50%5%100
A, %M 25%1% 25

where: A — the absorption of the test solution; A,
— the absorption of the myricitrin standard solution; m
— mass of the dry extract, g; m,— mass of the myricitrin
standard sample, g.
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If a standard sample of myricitrin is absent, the the-
oretical value of the specific absorbance — 432 at the
wavelength of 416 nm can be used.

_ A%25%50
B TVECR

where: A — the absorption of the test solution; m —
mass of the dry extract, g; 432 — the specific absorbance
(E,%) of myricitrin at 416 nm.

Preparation of sample solutions

for HPLC analysis

Sample processing for Juglans nigra L. bark tincture.
5.00 ml of Juglans nigra L. bark tincture (an accurately
weighed quantity) was placed in a 25 ml capacity mea-
suring flask. The volume of the solution was adjusted
by a 96% ethanolic solution (sample solution A)). The
sample solution A, was decanted using a Milipore mem-
brane filter (0.45 pum).

Sample processing of dry Juglans nigra L. bark ex-
tract. About 0.2 g of dry Juglans nigra L. bark extract (an
accurately weighed quantity) was placed in a 25 ml ca-
pacity measuring flask, dissolved in 15 ml of a 70% wa-
ter-ethanolic solution by heating in the water bath and
the volume of the solution was adjusted by the same
solvent (sample solution A,). 5 ml of the sample solu-
tion A, was placed in a 25 ml capacity measuring flask.
The volume of the solution was adjusted by a 96% eth-
anolic solution (sample solution B,). The sample solu-
tion A, was decanted using a Milipore’s membrane filter
(0.45 pm).

Preparation of myricitrin sample solution for
HPLC. About 0.02 g of muyricitrin (an accurately
weighed quantity) was placed in a 50 ml capacity
measuring flask, dissolved in a 70% water-ethanolic
solution, and the volume of the solution was adjusted
by the same solvent.

Preparation of a myricetin standard solution for
HPLC. About 0.02 g of myricetin (an accurately weighed
guantity) was placed in a 50 ml capacity measuring
flask, dissolved in a 70% water-ethanolic solution, and
the volume of the solution was adjusted by the same
solvent.

Chromatographic conditions

A chromatographic analysis was carried out by re-
verse-phase high performance liquid chromatography
(RP-HPLC) on a microcolumn liquid chromatograph
“Milichrom-6" by using the following conditions: iso-
cratic mode, steely column “KAH-6-80-4”. The mo-
bile phase was acetonitrile: a 1% solution of acetic
acid in water at the ratio of 2:8, the elution rate was
100 pL/min. The volume of the eluent was 2500 pL.
The substances were detected at the wavelength of
360 nm. The volumes of the injected samples were 4 pl
for the tincture and dry extract of Juglans nigra L. bark,
myricitrin, myricetin.
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Suitability assessment of the developed

chromatographic system

To assess the suitability of the chromatographic sys-
tem, 5-fold chromatography of the test solution of Jug-
lans nigra L. bark tincture was carried out. Subsequently,
the following indicators were calculated: column perfor-
mance, resolution between peaks, and the asymmetry
factor. Based on the calculations, the following results
were obtained (Table 1).

Quantitative determination method of myricitrin

in Juglans nigra L. bark tincture

About 5.00 ml of Juglans nigra L. bark tincture (an
accurately weighed quantity) was placed in a 25 ml ca-
pacity measuring flask. The volume of the solution was
adjusted by a 96% ethanolic solution (sample solution
A,). The sample solution A, was decanted using a Mili-
pore’s membrane filter (0.45 pum).

4 ul of the sample solution was injected in the liquid
chromatograph “Milichrom-6" with a UV detector. Chro-
matography was carried out by reverse-phase high per-
formance liquid chromatography in the isocratic mode
on a steel column “KAH-6-80-4" (No. 2; 2 mm x 80 mm);
Separon-C18 7 um). The eluent system was acetonitrile
— water in the ratio of 2:8 with the addition of 1% acetic
acid, the elution rate — 100 pl/min, the eluent volume
— 2500 pl. The operating wavelength was 360 nm, the
sensitivity range — 0.5.

Parallely, 4 pl of the myricitrin standart sample
was introduced into the chromatograph and chroma-
tographed as described above. At least 3 parallel de-
terminations for the myricitrin tincture test solution
and the myricitrin standard solutions were carried out,
as described above. The peak of myricitrin was iden-
tified on the chromatograms of the test solution. The
average area of the myricitrin peak on the chromato-
grams of the myricitrin sample solution was calculated
according to the results of 3 determinations.

The content of myricitrin in the Juglans nigra L. bark
tincture was calculated in terms of absolutely dry raw
materials in percent (X) by the formula:

S *my 0,98V *V, %100
- S, *V, %V, #V

’

where: S — the average value of the the myricitrin
peak area in the chromatogram of the working solution;
S, — the average value of the myricitrin peak area in the
chromatogram of the standard sample solution; V — the
volume of the working solution, ml; V,- the volume of
the injected sample of the working solution, pl; V, —the
volume of the sample of the myricitrin standard solu-
tion, ml; V, — the volume of the injected sample of the
myricitrin standard solution, pl; V, — the volume of the
tincture for the analysis, ml; m — mass of the myricitrin
standard sample, g; 0,98 — substance assay in 1.0 g of the
myricitrin standard sample.
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Methods of myricitrin quantitative determination

in Juglans nigra L. bark dry extract

0.2 g of Juglans nigra L. bark dry extract (an accu-
rately weighed quantity) was placed in a 25 ml capacity
measuring flask, dissolved in 15 ml of a 70% water-eth-
anolic solution by heating in a water bath and the vol-
ume of the solution was adjusted by the same solvent
(sample solution A,). 5 ml of the sample solution A, was
placed in a 25 ml capacity measuring flask. The volume
of the solution was adjusted by a 96% ethanolic solution
(sample solution B,). The sample solution A, was decant-
ed using a Milipore’s membrane filter (0.45 um).

On a microcolumn liquid chromatograph “Mili-
chrom-6" with a UV detector, 4 ul of the sample solu-
tion was injected. Chromatography was carried out by
reverse-phase high performance liquid chromatography
in isocratic mode on a steely column “KAH-6-80-4". The
mobile phase was acetonitrile: a solution of 1% acetic
acid in water at the ratio of 2:8, elution rate was 100
uL/min. The eluent volume was 2500 pL. The operating
wavelength was 360 nm, the sensitivity range was 0.5.
4 pl of the resulting solution was injected in the liquid
chromatograph “Milichrome-6” (NPAO “Nauchpribor”,
Russia) with a UV detector. It was chromatographed
under reversed-phase chromatography in the isocratic
mode on the steel column “KAH-6-80-4” (No. 2; 2 mm x
80 mm; Separon-C18 7 um), the eluent system was ace-
tonitrile — water in the ratio of 2: 8 with the addition of
1% acetic acid, the elution rate was 100 pl/min, the elu-
ent volume was 2500 pl. The operating wavelength was
360 nm, the sensitivity range was 0.5.

The content of myricitrin in the Juglans nigra L. bark
dry extract in terms of absolutely dry raw materials in
percent (X) was calculated by the formula:

= S My *0,98%V *V, %100
S, *m, *V, *V, ’

where: S — the average value of the myricitrin peak
area in the chromatogram of the working solution; S
— the average value of the myricitrin peak area in the
chromatogram of the standard sample solution; V — the
working solution volume, ml; V, — the injected sample
volume of the working solution, pl; V, — the solution
volume of the myricitrin standard sample, ml; V, — the
injected sample volume of the myricitrin standard sam-
ple, pl; m_— mass of the dry extract, g; m — mass of the
myricitrin standard sample, g; 0,98 — the substance as-
say in 1.0 g of the myricitrin standard sample.

Metrological characteristics

of the developed methods

To carry out the calibration procedure, a series of
dilutions of myricitrin (250-2500 pg/mL) were chroma-
tographed under the described conditions. Based on the
data obtained, a graph was plotted in the coordinates
“concentration, ug/mL—peak area” and the linear regres-
sion equation (Y = aX + b), the value of the coefficient of
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determination (r?), and the standard deviation were cal-
culated using Microsoft Excel 2013. Statistical processing
of the experimental data on the intermediate precision of
the developed methods in the analysis of 11 samples of
the test solutions of the tincture and dry extract (P = 95%)
was carried out. Herewith, Student’s t-test to calculate the
boundary values of the confidence interval of the average
result and determine the error of a single determination
(SP RF XIV, GPM 1.1 .0013.15)? was used. The stability of
the methods was determined by the sample of the Jug-
lans nigra L. bark tincture analyzing it 2, 4, 8, 12, 24, 48,
and 72 hours after the first analysis. The correctness of
the methods was determined at the sample of the Juglans
nigra L. bark tincture and the standard myricitrin solution
in the amount of 25% to 75% of the original content using
the standard addition method.

RESULTS AND DISCUSSION

Proceeding from the literature data, there are sever-
al approaches to the standardization of medicinal plant
materials of the genus Juglans species including the Jug-
lans nigra L. bark.

The colleagues from the Pyatigorsk Medical and
Pharmaceutical Institute, the branch of Volgograd State
Medical University, proposed an approach to the stan-
dardization of medicinal plant and herbal preparations
of the genus Juglans. This approach consisted in using
naphthoquinones (in particular, juglone) as the analyzed
biologically active substance group [4, 28, 29].

To quantify the total amount of naphthoquinones in
terms of juglone in the herbal preparations of the genus
Juglans species, the developed methods of the photocolo-
rimetric determination was used. In this case, the extraction
was obtained by the double extraction method with a 20%
water-ethanolic solution, followed by the concentration, and
a triple extraction with diethyl ether [4, 28, 29].

In addition to polyphenols, such as phenylpro-
panoids, flavonoids and tannins, as well as terpenoids,
they can also act as the analyzed biologically active sub-
stance group for the quantitative determination meth-
ods. The analysis of these compounds was carried out by
spectrophotometry, HPLC, liquid chromatography, mass
spectrometry with an ion trap, GC-MS [29, 31].

Previously, the studies by the Department of Phar-
macognosy with Botany and foundations of Phytothera-
py of Samara State Medical University showed the possi-
bility of quantifying the total amount of flavonoids in the
Juglans nigra L. bark by differential spectrophotometry
in terms of myricitrin; the analytical wavelength corre-
sponded to 416 nm [7]. Based on the studies carried out,
it can be concluded that further research is needed in
terms of standardization of medicinal herbal prepara-
tions of Juglans nigra L.

A comparative study of the tested solutions elec-

2 State Pharmacopoeia of the Russian Federation. XIV edition. Vol. 4.
Moscow, 2018. — 1832 p. Available from: http://resource.rucml.ru/
feml/pharmacopia/14_4/HTML/index.html.
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tronic spectra of Juglans nigra L. bark preparations (tinc-
ture and dry extract) made it possible to establish two
absorption maxima of about 260 nm and 360 nm, which
were characteristic of flavonoids (flavonols) and this was
confirmed by the bathochromic shift of the long-wave-
length band in the presence of AICI,, as well as facts
of differential spectra with an absorption maximum of
414-416 nm (Fig. 2B-2E).

The authors found out that myricitrin in Juglans nig-
ra L. makes a significant contribution to the nature of the
absorption spectrum of the hydroalcoholic extract from
the Juglans nigra L. bark, therefore, this is a dominant
and diagnostically significant substance for this type of
raw materials. Taking into account the fact that the ab-
sorption maxima of the solution of the standard myric-
itrin sample and the aqueous-alcoholic extract of the
Juglans nigra L. bark are in the region of 416 nm (differ-
ential variant), it is advisable to determine the content
of the total amount of flavonoids in terms of myricitrin
at the wavelength of 416 nm (Fig. 2E and 2E).

During the development of quantitative determina-
tion methods for the Juglans nigra L. bark tincture and
dry extract, the optimal parameters of the sample pro-
cessing and the analytical wavelength for the quantita-
tive analysis (416 nm) were determined.

The dependence of the optical density on the myri-
citrin concentration was described by a linear regression
in the concentration range from 10 to 50 pg/mL (Fig. 3).

The metrological characteristics of the quantitative
determination methods of the total flavonoids content
in the preparations of Juglans nigra L. bark are present-
ed in Table 2. The results of the intermediate precision
assessment of the results of the experiments carried
out, indicate a satisfactory reproducibility of the analysis
results. The error of a single determination of the flavo-
noids amount in the Juglans nigra L. bark tincture and
dry extract with a confidence level of 95% is +8.34% and
+2.10%, respectively (Table 2).

The validation assessment of the developed meth-
odology was carried out according to the following indi-
cators: specificity, linearity, correctness. The specificity
of the method was determined by the correspondence
of the absorption maxima of the Juglans nigra L. bark
flavonoid complex and the myricitrin standard reference
with aluminum chloride. The linearity of the method for
a series of the standard myricitrin solutions (with the
concentrations ranging from 10 to 25 ug/ml) was deter-
mined. The coefficient of determination was 0.99988.

The methods correctness was determined by the
standard addition method. A myricitrin solution with a
known concentration (25%, 50% and 75%) was added to
the test tincture solution. A relative error of the anal-
ysis was +3.19%. The experiments with the addition of
myricitrin to the samples of raw materials showed that
the analysis error is within the error of a single determi-
nation, which indicates the absence of a systematic error
in the developed method (Table 3).
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Table 1 — Determination of chromatographic column suitability
Chromatographic column parameter Meaning Standard indicator
Column performance 5115 Not below 2000 theoretically perfect plates
Resolution between peaks 1.65 Not below 1.5
Asymmetry factor 1.35 Not Below 1.5

Table 2 — Metrological characteristics of quantitative determination methods of the flavonoids total amount
in Juglans nigra L. bark preparations

Sample n f X S St P (%) T(Pt) +AX E,%
Tincture of Juglans nigra L. bark 11 10 0.84 0.03357 0.01012 95 2.23 +0.07 +8.34
Dry extract of Juglans nigra L. bark 11 10 12.38  0.10650 0.03211 95 2.23 +0.24 +2.10

Table 3 — The content of flavonoids total amount of-in the Juglans nigra L. bark tincture depending
on the addition of myricitrin

Initial content of

Addition of The content of flavonoids total amount, mg/g Error
flavonoids total

myricitrin, mg/g

amount, mg/g Injected quantity Detected quantity Absolute, mg Relative, %
5.0 1.25 6.25 6.05 -0.2 =22
5.0 2.5 7.5 7.9 +0.4 +5.33
5.0 3.75 8.75 8.45 -0.3 -3.43

Table 4 — The content of the flavonoids total amount in Juglans nigra L. bark samples

. The content of total of flavonoids calculated
No. Sample raw material Absorbance, A . .
on myricitrin and absolutely dry raw materials, %
1  Tincture of Juglans nigra L. bark 0.29 0.84 £ 0.07
2 Dry extract of Juglans nigra L. bark 0.85 12.38+0.24

Table 5 — Retention times of peaks in Juglans nigra L. bark flavonoids

Retention time on the chromatogram, min

Flavonoid -
Standard sample Tincture Dry extract
Miricitrin (1) 7.326 6.951 6.741
Myricetin (2) 14.211 18.909 17.277
Table 6 — Results of determining the methods correctness
Content of myricitrin, m Error
Initial content Quantity of added - y ele
. S Injected Detected .
of myricitrin, mg/g  of myricitrin, mg/g . . Absolute, mg Relative, %
quantity quantity
4.20 1.05 595 4.93 -0.32 —6.09
4.20 2.10 6.30 6.01 +0.29 +4.60
4.20 3.15 7.35 7.12 -0.23 -3.14
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Table 7 — The content of myricitrin in the-samples of Juglans nigra L. bark preparations of determined with HPLC

No. Sample Myricitrin content (%)
1  Tincture of Juglans nigra L. bark 0.42 £ 0.06
2 Dry extract of Juglans nigra L. bark 8.45+0.25

Table 8 — Evaluation of the inter-assay precision of the methods for the quantitative determination
of myricitrin in Juglans nigra L. bark

Sample foX s s P%  t(Pfl oX  E% ((t'; gﬁe‘;z) Fesim.
Tincture of Juglans nigra L. bark 10 0.42 0.000436 0.02089 95 2.23 $0.04 +8.45 4.80 114
Tincture of Juglans nigra L. bark 10 0.36 0.000496 0.02228 95 2.23  +0.05 +13.87
Dry extract of Juglans nigra L. bark 10 8.45 0.00377 0.06139 95 2.23 $0.21 +2.06 4.80 274
Dry extract of Juglans nigra L. bark 10 8.31 0.01035 0.1017 95 223 +0.23 $2.73

The content of the flavonoids total amount in Jug-
lans nigra L. bark preparations, determined by the dif-
ferential spectrophotometry method at the analytical
wavelength of 416 nm,-is presented in Table 4.

The content of the flavonoids total amount for
the test sample of Juglans nigra L. bark tincture was
0.84+0.07%. The content of the flavonoids total amount
for the samples of the Juglans nigra L. bark dry extract
was 12.38+0.24% (in terms of myricitrin).

The analysis by high-performance liquid chromatog-
raphy showed that under the indicated chromatography
conditions and using the “acetonitrile-water” system in
the ratio of 2:8 in the tested solutions of the tincture and
dry extract, it is possible to identify the analyzed compo-
nent — myricitrin (Fig. 3B, 3C, 3D).

The retention times of the myricitrin and myricetin
peaks on the chromatogram of the myricitrin standard
sample, as well as in the working solutions of Juglans
nigra L. bark tincture and dry extract, are presented in
Table 5.

Adding of myricitrin (1) and myricetin (2) solutions
into the test solutions of Juglans nigra L. bark tincture
and dry extract, manifests itself on the chromatogram as
the increase in the intensity of myricitrin and myricetin
peaks, respectively, compared to that of myricitrin and
myricetin in the initial test solution (Fig. 5A and 5B).

Taking into account a low content of myricetin in
the extract in comparison with myricitrin, it could be
reasonable to carry out a quantitative analysis basing on
only myricitrin. The dependence of the chromatograph-
ic peak area on the concentration of myricitrin was de-
scribed by the linear regression equation in the concen-
tration range from 250 to 1500 pg/ml (Fig. 6).

The correctness of the methods was determined by
the standard addition method. Solutions of myricitrin
with known concentrations (25%, 50% and 75%) were
added to the test solution of the tincture (Table 6). A rel-
ative error was +4.19%. A permissible error determined
for the samples with additives of standard samples was
within the error of a single determination, which indi-
cates the absence of a systematic error.

The content of myricitrin in the samples of Jug-
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lans nigra L. bark preparations, determined by re-
versed-phase HPLC, is presented in Table 7.

To assess the index of inter-assay precision, the rel-
ative standard deviation, variance, Student’s test and
Fisher’s F-test were calculated (Table 8). The evaluation
of the inter-assay precision of the tincture and dry extract
samples was carried out on two Milichrom-6 devices. For
each sample, the studies were carried out in the amount
of eleven experiments (Table 8). The results of calculating
the value of the relative standard deviation did not ex-
ceed 2%, the error of a single determination of the myric-
itrin content in the samples of tincture carried out on
“Milichrome-61" and “Milichrome-62”, were 8.45% and
13.87%, respectively. The errors of a single determination
of the myricitrin content in the dry extract samples were
2.06% and 2.73%, respectively (Table 8).

The calculation of the Fisher criterion allows us to
state that the average results of the analysis of the tinc-
ture samples and of dry extract on different chromato-
graphs are statistically significant (P=95%) and do not
differ from each other. Table 8 shows that the calculated
value of Fisher’s F-test in the analysis of tinctures and
the dry extract is less than the table value. Therefore,
the variances of the analysis results of both chemists are
statistically equivalent (Table 7). Thus, the developed
method meets the validation requirements in terms of
the intermediate precision.

The results of assessing the inter-assay precision of
the developed technique when analyzing 11 trials of the
tincture and dry extract samples, indicate a satisfactory
reproducibility of the analysis results.

CONCLUSION

So, the results of the performed spectral and chro-
matographic studies have indicated possibility to stan-
dardize the Juglans nigra L. bark preparations by deter-
mining the total amount of flavonoids calculated in terms
of myricitrin and using the method of UV spectrophotom-
etry at the wavelength of 416 nm. Standardization can
take place by determining the content of the dominant
and diagnostically significant flavonoid — myricitrin — and
using the HPLC method at the wavelength of 360 nm too.
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Figure 2 — Electronic spectra of test solutions of Juglans nigra L. bark preparations
Notes: A — Electronic spectra of ethanolic solutions of myricitrin; B — Electronic spectra of ethanolic solutions of myricitrin (differential option);
C — Electronic spectra of test solution of Juglans nigra L. bark tincture; D — Electronic spectra of test solution of tincture of Juglans nigra L. bark
(differential option); D — Electronic spectra of the test solution of Juglans nigra L. bark dry extract; E — Electronic spectra of the test solution of
Juglans nigra L. bark dry extract (differential option). 1 — initial solution; 2 — solution with the addition of aluminum chloride.
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Figure 3 — Graph of the absorbance dependence on the myricitrin concentration in the sample
and the linear regression equation
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Figure 4 — HPLC chromatograms of test and standard solutions of Juglans nigra L. bark preparations
Notes: A — HPLC chromatogram of myricitrin; B— HPLC chromatogram of myricetin; C — HPLC chromatogram of the test solution of Juglans nigra L.
bark tincture; D — HPLC chromatogram of the test solution of Juglans nigra L. bark dry extract. 1 — myricitrin; 2 — myricetin.
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Figure 5 — HPLC chromatogram of test solution of Juglans nigra L. bark preparation with addition

of myricitrin solution
Notes: A—HPLC chromatogram of the test solution of Juglans nigra L. bark tincture with myricitrin and myricetin addition; B—HPLC chromatogram
of the test solution of Juglans nigra L. bark dry extract with myricitrin and myricetin addition. 1 — myricitrin; 2 — myricetin.
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Figure 6 — Graph of the peak area dependence on the concentration of myricitrin in the sample
and the linear regression equation
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The content of the total amount of flavonoids in
terms of myricitrin in the Juglans nigra L. bark tincture
was 0.84+0.07%. The content of the total amount of fla-
vonoids in terms of myricitrin in the samples of the Jug-
lans nigra L. bark dry extract was 12.38+0.24%. The error
of a single determination of the total amount of flavo-
noids in the tincture and dry extract of Juglans nigra L.
bark by the confidence coefficient of 95% were +8.34%

and +2.10%, respectively. The content of myricitrin in
the samples of the tincture of Juglans nigra L. bark was
0.42 + 0.06%. The content of myricitrin in the samples of
the dry extract of Juglans nigra L. bark was 8.45+0.21%.
The error of a single determination of the total of flavo-
noids in the tincture and dry extract of Juglans nigra L.
bark by the confidence coefficient of 95% were +7.14%
and £2.96%, respectively.
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The genus Persicaria Mill. species belonging to the buckwheat family (Polygonaceae Juss.) and widespread in Russia, are
weeds. The chemical composition’s main components of the genus Persicaria Mill. species, are flavonoid glycosides (rutin,
avicularin, hyperoside, etc.). The data concerning a comparative study of the organic acids in the herb representatives of
genus Persicaria Mill., have not been detected in the available literature.

The aim of the research is a comparative study of the organic acids qualitative and quantitative composition in the genus
Persicaria Mill. species growing in the Voronezh region.

Materials and methods. The objects of the study were dried herb samples of the genus Persicaria Mill. species. All the spe-
cies were harvested in the Voronezh region during the blooming period. The quantitative content of ascorbic acid and the
amount of organic acids in terms of malic (hydroxy-succinic) acid was carried out according to the titrimetric methods of the
Russian Federation State Pharmacopeia, the XIV" ed. The study of the qualitative composition of the organic acids profile and
their quantitative content assessment in the studied objects, the herbs, was carried out by the method of capillary electro-
phoresis (“Kapel”, St. Petersburg, Russia).

Results. With the help of pharmacopoeial titrimetric methods, it was established that the highest content of the organic acids
total amount is characteristic of the Persicaria maculosa Mill. herb (5,60%), the lowest one — of the Persicaria tomentdsa
(Schrank) E. P. Bicknell herb (4.03%). Persicaria maculosa S. F. Gray and Persicaria hydropiper (L.) Delarbre are the richest in
ascorbic acid (0.17% and 0.15%, respectively). Using the method of capillary electrophoresis, the composition of the total
amount of the studied organic acids has been established. It is represented by oxalic, formic, citric, malic, wine, propionic,
lactic, benzoic and other acids.

Conclusion. The study of the organic acids of the genus Persicaria Mill. species has been carried out. It has been established
that in the studied species, the organic acids total amount in terms of malic acid and the amount of ascorbic acid are similar.
By the method of capillary electrophoresis, a complete composition of organic acids has been studied, and the quantitative
content of each component has been established. In all the studied Persicaria Mill. species, the predominance of oxalic,
formic and malic acids has been revealed.

Keywords: genus Persicaria; Persicaria; medicinal herbal raw materials; organic acids; capillary electrophoresis; titrimetry
Abbreviations: AsA — ascorbic acid; SP — State Pharmacopoeia; OAs — organic acids; GPM — General Pharmacopoeia Mono-
graph; PM — Pharmacopoeial Monograph; BASs — biologically active substances.
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Buabl poaa ropeu, (Persicaria Mill. (L.), oTHocAWwMeCA K ceMeicTBy rpeuntuHbix (Polygonaceae Juss.), WMPOKO pacnpocTpa-
HeHbl Ha TeppuTopmm Poccum, ABAAIOTCA COPHAKaMU. OCHOBHbIMU KOMMOHEHTaMM XMMUYECKOTO COCTaBa TPaBbl BUAOB poaa
roped, ABNAOTCA GNAaBOHOMAHbIE IUKO3UAbI (PYTUH, aBUKYAAPUH, TMNEPO3U U Ap.). JaHHbIX, KacatoLwmMXcA CPaBHUTENIbHOIO
U3y4YeHUs OPraHUYeCcKUX KUCNOT B TpaBe NpeAcTaBUTeNIeit poaa ropel,, B AOCTYNHOW AnTepaType He obHapyKeHo.

Lienb. CpaBHUTENbHOE U3yYeHWEe KaYeCTBEHHOro M KOJAMYECTBEHHOro COCTaBa OPraHUYecKUX KUCNOT BUAOB poaa ropeL
(Persicaria Mill. (L.), npounspacTatowmx B BopoHekcKkoi obnactu.

Martepuanbl u metoabl. O6beKTamMmn UCCNef0BAHUA CAYKUAN BbiCyLLEeHHble 06pasLbl TpaBbl BUAOB poaa ropel,. Bce Buabl
6bI1K 3aroToBNeHbl B BopoHeKckoin 06nacTi Bo Bpema LBeTeHUs. KonmyectBeHHOE copepiKaHne ackopbuHOBOM KUCAOTbI
WU CYMMbl OPraHUYecKMX KUC/IOT B nepecyeTe Ha ABGN0YHYIO (rMAPOKCMBYTaHAOBYO) KMCAOTY NPOBOAMAN COTNACHO TUTPU-
METPUYECKUX METOAMK, PeKoMeHA0BaHHbIX focyaapcTBeHHoN ®apmakoneeit Poccuiickoit deapepaumun XIV nsg,. MsyveHue
KauyecTBEHHOIO COCTaBa NPOoGUAA OPraHNUYECKMX KUCIOT U OLLEHKY MX KONMYECTBEHHONO COAEPMKAHMUA B TpaBe U3y4Yaemblx
06BbEKTOB NPOBOAMAN METOAOM KaNUANAPHOTO anekTpodopesa (Kanens, Cr6, Poccus).

Pe3ynbratbl. C NnomoLbto papMaKkonenHbIX TUTPUMETPUUECKUX METOAMK BbIABNEHO, YTO HaMbonblLee coaepKaHue Cymmbl
OpPraHUYeCcKUX KMCNOT XapaKTepHo AN Tpasbl ropua no4veyyiHoro (5,60%), HauMeHbllee A/a TpaBbl ropLa BOMIOYHOMO
(4,03%). AckopbuHOBOI KMCNOTON Hanmbonee 6oratbl ropubl NoYyeyylriHbiiM 1 nepedHbii (0,17% n 0,15% COOTBETCTBEHHO).
Mpu UCNONb30BaHUN METoAA KanuANAPHOro anekTpodopesa bbin YCTaHOBEH COCTAaB CYMMbl OPraHMYECKUX KUC/IOT MU3yYa-
€MbIX PacTEHWIN, MPeaCTaB/IEHHbIN LWAaBEeNeBOWN, MypPaBbUHOM, TIMMOHHOM, A6I0YHON, AHTAPHOW, NPONMUOHOBOM, MOIOYHOM,
6EH30MHOW U APYTUMU KUCIOTaAMMU.

3akntoueHue. MpoBeaeHO UcCe0BaHNe OPraHUYeCcKUX KMCNOT BUA0B pPoAa ropel,. YCTaHOBAEHO, YTO COAeprKaHMe CyMMbl
OpraHUYecKMX KUCNOT B NepecyeTe Ha A6104YHY0 KMCNOTY U KONUYECTBO aCKOPOUHOBOW KUC/IOTbI B M3yHaeMblX BUAAX CXOZ4-
HO. MeToA0M KanuAnAapHOro anekTpodopesa U3yyeH NOJHbIV COCTaB OPraHUYECKUX KUCIOT U YCTAaHOBNEHO KONIMYECTBEHHOE
COAEepPKaHME KaXKA0ro KOMMNoHeHTa. BbisBneHo npeobnasaHve WaBenesoi, MypaBbMHON U A6JOYHON KMCNOT BO BCEX M3Y-
Yaemblx BUAAX poaa roped,.

KntoueBble cnoBa: pog, ropew,; Persicaria; NeKapCTBEHHOE PACTUTE/IbHOE CblPbe; OpPraHUYeCcKUe KUCAOTbl; KanuanapHbIn
anekTpodopes; TUTPUMETPUA

Cnucok cokpauweHui: AcKk — AckopburHoBas kucnota; P — locyaapcTBeHHana Papmakones; OK — opraHMYecKMe KUCIOoTbI;

O®C — 0bwas papmakonenHasa ctatba; PC — papmakoneiHas ctaTbs; BAB — 6MONOrMYECKM aKTUBHbIE BELLLECTBA.

INTRODUCTION

Organic acids (OAs) of plants are active metabolites
[1]; they are involved in the synthesis of amino acids [2]
and detoxification of heavy metals in plants [2, 3]. Such
OAs as ascorbic acid (AsA or vitamin C), citric, malic ac-
ids are important for normal functioning of a human
body [4-6], take part in metabolic processes, regulate
the activity of the digestive system, have bactericidal
[1] and antioxidant effects, promote the reduction the
inflammatory response, accelerate tissue regeneration
[7-10], activate cellular respiration and protein synthe-
sis [4, 5].

Such a wide range of pharmacological activities ex-
plains the interest of Russian and foreign authors in the
study of the qualitative and the quantitative content of
OAs in plants [1, 14-16]. However, despite the significant
list of positive OAs effects, there are also negative ones.
Therefore, the scientists DO Bokov, et al. [17] notify that
a high content of oxalic acid in the human diet can lead
to the development of urolithiasis caused by metabolic
disorders (the most important factor is a violation of the
acid-base balance). Oxalic acid, which enters the urine,
forms compounds with calcium ions. This fact leads to
the formation of oxalate crystals.

The genus Persicaria Mill. species belonging to
the buckwheat family (Polygonaceae Juss.), are promi-
sing study objects. According to the latest data from
the international information base “The Plant List”?,

! The Plant List. Available from: http://www.theplantlist.org.
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genus Persicaria includes about 66 species that are
widespread in both hemispheres. Numerous works are
devoted to the study of the taxonomy and quantita-
tive composition of the genus Persicaria Mill. species
(S. Hassannejad, et al: Gl Vysochina; FA Vagabova, et
al.) [18-20], and some of them touched on the issues
of species chemosystematics, developed on the study
of the flavonoid composition. Based on the research
data, the genus Persicaria Mill. species were divided
into 4 ranges: (Persicariaeformes Kom., Hydropiperi-
formes Kom., Lapathiiformes Worosh., Amphibiae Kom.
However, given the peculiarities of the genus Persicaria
Mill. species, which, growing in the same territory, can
interbreed with each other and form various polymor-
phic forms, there are still disagreements among scien-
tists. These disagreements regard the self-dependence
of some species (for example, in the Lapathiiformes
range, the probability of singling out Persicaria to-
mentdsa (Schrank) into a separate species is doubtful.
In the officinal medicine, Persicaria maculosa
S.F. Gray and Persicaria hydropiper (L.) Delarbre included
in the State Pharmacopoeia of the Russian Federation of
the XIVth ed.?, are certified and recommended for use as
hemostatic agents. Other representatives of the genus
are considered impurity plants and cannot be harvest-
ed as medicinal plant materials. However, as a result of
assessing their pharmacological activity, anti-inflamma-

2 State Pharmacopoeia of the Russian Federation, 14th ed. 4 volumes.
Available from: http://femb.ru/femb/pharmacopea.php.
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tory, antioxidant and membrane-protective effects have
been established [21]. The main components of the
genus Persicaria Mill. species herb chemical composi-
tion are believed flavonoid glycosides (rutin, avicularin,
hyperoside, glycosides of kaempferol, quercetin, etc.)
[18, 19, 22-24], tannins, phylloquinone [25], calcium
salts [26]. The data concerning a comparative study of
the organic acids in the herb representatives of genus
Persicaria Mill., have not been detected in the available
literature.

THE AIM of the research is a comparative study of
the organic acids qualitative and quantitative composi-
tion in the genus Persicaria Mill. species growing in the
Voronezh region.

The experimental part of this work is aimed at
solving two problems. The first task is aimed at as-
sessing the quantitative content of the total amount
of organic acids in terms of malic acid, as well as AsA
in the genus Persicaria plants using generally available
pharmacopoeial methods (titrimetry). The second
task is devoted to a detailed study of the qualitative
composition and the quantitative content of organic
acids using a modern method of analysis (capillary
electrophoresis).

MATERIALS AND METHODS

Raw materials

The objects of the study were the dried herb samples
of Persicaria maculosa S.F. Gray, Persicaria lapathifdlia
(L.) Delarbre harvested self-dependently in the village
of Uglyanets (30 km north-eastward of Voronezh, the
territory of the Voronezh region; Persicaria tomentdsa
(Schrank) E.P. Bicknell), collected in the Kozo-Polyansky
Botanical Garden, within the city of Voronezh; Persicaria
hydropiper (L.) Delarbre), Persicaria minor (Huds.) Opiz,
growing in the village of Rybachy (within the city of Vo-
ronezh); two forms of Polygonum amphibium — terrestri-
al (Persicaria amphibia var. terréstris (Leyss.) Munshi &
Javeid) and aquatic (Persicaria amphibia (L.) Delarbre),
harvested in the coastal zone of the Voronezh River (70
km north-eastward of Voronezh). The studied species
were harvested annually from the same habitats during
2016-2018. The objects were subjected to air-shadow
drying. The identification of the studied species was car-
ried out using herbarium specimens and guides to plants
of the Botany and Mycology Department, Voronezh
State University.

Microscopic research

The research of microscopic characteristics of the
species under study was carried out according to Gen-
eral Pharmacopoeia Monograph.1.5.3.0003.15 “Mi-
croscopic and microchemical research techniques of
medicinal plants and herbal medicinal products” (the
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Russian Federation State Pharmacopeia, the XIV*h ed.?)
on the “Biomed 6” microscope at x100 magnification.
Visualization of diagnostic characteristics was carried
out using a Levenhuk C310 NG digital video camera
(China).

Quantitation

The content of AsA and the amount of organic OAs
in terms of malic acid was carried out according to the
titrimetric methods represented in the Russian Federa-
tion State Pharmacopeia, the XIV*" ed. (General Pharma-
copoeia Monographs “Rosehip (Rosa canina) fruits” and
“Rowan-tree (Sorbus aucuparia) fruits”*.

The analysis of the quantitative content of individ-
ual organic acids was carried out by capillary electro-
phoresis (Kapel, Russia). The separation conditions were
represented by phosphate buffer. Capillary was: Leff/ L.
= 40/50 cm, ID = 50 um. The sample injection was 300
mbar s. The voltage was -17 kV. The temperature was
+20°C. The detection was indirect, 190 nm° [5, 27].

Reagents

The reagents of chemically pure and analytically pure
grades (JSC “Vekton”, St. Petersburg, Russia) were used.
The calculation of all quantitative characteristics was car-
ried out in terms of absolutely dry plant materials.

RESULTS AND DISCUSSION

In the studied genus Persicaria Mill. species, at the
first stage of the research by pharmacopoeial titrimetric
methods, the content of AsA and the total amount of
OAs in terms of malic acid were determined. The results
are shown in Table 1.

It has been found out that among the species un-
der study, Persicaria maculosa S.F. Gray and Persicaria
hydropiper (L.) Delarbre contain a greater amount of
AsA (0.17+0.01 and 0.15+0.01%, respectively). The lo-
west AsA content is typical for the herb of Persicaria to-
mentdsa (Schrank) E.P. Bicknell and Persicaria amphibi-
an var. terréstris (Leyss.) (0.07£0.006 and 0.08+0.005%,
respectively). According to the WHQ® and taking into
account the data on the content of AsA in the studied
plants, a daily consumption of AsA is 60-80 mg/day
(0.06-0.08 g/day). These plants can serve as additional
sources of this compound, which must be taken into
account when obtaining medicinal herbal preparations
based on them.

3 lbid.

4 1bid.

5 Komarova NV, Kamentsev YaS. Prakticheskoe rukovodstvo po
ispol’zovaniyu sistem kapillyarnogo elektroforeza Kapel’ [A practical
guide to the use of capillary electrophoresis systems Kapel’]. St.
Petersburg: Veda, 2006. — 213 p. Russian

5 MSD Reference Professional Edition. Available from: https://www.
msdmanuals.com/ru-ru/npodeccnoHanbHbiit/multimedia/table/
v2089460_ru.
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Table 1 — Content of ascorbic acid and the amount of OAs in terms of malic acid (P>95%, n = 7)

Range Range Range Range
of Persicariae formes of Lapathiiformes of Hydropiperiformes of Amphibiae
Characteristic = 3 - g —
value S 3 = B g 4
2R > 23= 28 28 2 Z 22 2 2
SO @ SR SIS ISEESY S S S5 S 2
L S 0 S g & LS 2 0 ~E’5N S0 3 L <
£ 8 tEE  $% 8y 5gs gEis st
a £y a 2L a S a £ a €0 as 2 a3
Ascorbic acid, % 0.170+0.010 0.070+0.006 0.110+£0.007 0.150+0.010 0.100+0.010 0.080+0.005 0.110+0.010
Amount of organic
acids in terms 5.60+0.20 4.03+0.12 5.47+0.30 5.1610.20 4.47+0.16 5.2840.18 4,73+0.11

of malic acid, %

Table 2 - Contents of organic acids in genus Persicaria Mill. species (P>95%, n = 3)

Range
of Persicgariae— Range of Lapathiiformes Range of Hydropiperiformes Range of Amphibiae
Object formes
under — .
stud = =3 & 5 =
' S5 sS, =s8o8 58, .gé -S.Em Eim
. §$E& 55§ s E 5sE 5y, %3y §if
Organic $8s  £EE §ige 5%E gfy divs gus
acids,% [ S a S Qa QL a0 a £0 KO ST a 3o
oxalic 3.36+0.06 0.35%0.02 1.70+0.03 7.3610.14 2.13+0.04 1.19+0.02 0.48+0.004
formic <0.15 2.84+0.03 <0.15 4.71+0.09 4.47+0.08 6.69+0.12 <0.15
fumaric < 0.005 0.014+0.002 0.023+0.0001 0.017+0.0001 < 0.005 < 0.005 0.008+0.0002
amber <0.05 <0.05 <0.15 <0.05 <0.05 0.067+0.001 <0.05
malic 0.130+0.003 0.044+0.001 0.062+0.0001 0.055+0.0001 0.073+0.0002 0.28+0.005 0.66%0.01
citric 0.0740.001 0.28+0.005  0.20+0.004 0.25+0.005 0.12+0.002 0.2040.002 0.72+0.01
propionic <0.15 0.22+0.004  0.16+0.002 0.1740.002  0.03+0.0001  0.16+0.003 <0.15
lactic <0.12 <0.12 <0.12 <0.12 0.29+0.006 <0.12 <0.12
benzoic 0.006+0.0001 0.03+0.0001 < 0.005 0.02+0.0005 0.007+0.0001 0.008+0.0001 < 0.005
sorbic <0.025 0.12+0.002 <0.025 <0.025 0.04+0.0008 <0.025 <0.025
wine < 0.005 0.50+0.005  0.46+0.003 0.76+0.007 0.50£0.004 2.15+0.043 1.79+0.035
acetic <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
:cr’:zlunt 3.56+0.07 4.47+0.09 2.61+0.05 13.42+0.27 7.66+0.15 10.7740.21 3.66+0.08

Table 3 — Determination of the dependence of oxalic acid content on frequency and size
of calcium oxalate druses

Range
o .. Range .
Object under study of Persicariae Range of Lapathiiformes of Hydropiperiformes Range of Amphibiae
formes
S 5 S s 3 S E 5 3 S S S) <
Parameter T3 > TR NS ST 29 = S2¢_. T3¢
SRS SIS c:g S 9 o S SR ST
under study g30 £ §§f 883 85, $5%¥i8 fis
§ 8w S 9 553 $ 39 S$§2 S$ESY ST E
a &4 a s ale a0 a £§0 as®2d aso
Oxalic acid content,% 3.36+0.07 0.35+0.08 1.70£0.03 7.3610.15 2.13+0.04 1.1940.02 0.48%0.004
Frequency
of occurrence, 70420 120+45 200£30 130+25 150+20 140£30 -
pieces (1 mm?)
Druses diameter, um 11.6-41.9 11.5-349  49.0-81.5 9.3-23.3 11.5-69.9 11.6-34.9 =
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Figure 1 — Electropherogram of organic acids of Persicaria maculosa (S.F. Gray) herb
Note: 1 — oxalic acid; 2 — malic acid; 3 — citric acid, 4 — benzoic acid.
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Figure 2 — Electropherogram of organic acids of Persicaria lapathifdlia (L.) herb
Note: 1 — oxalic, 2 — formic, 3 — fumaric, 4 — malic, 5 — wine, 6 — citric, 7 — propionic, 8 — lactic, 9 — benzoic, 10 — sorbic.
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Figure 3 — Electropherogram of organic acids of Persicaria tomentésa (Schrank) herb
Note: 1 — oxalic, 2 — fumaric, 3 — amber, 4 — malic, 5 — wine, 6 — citric, 7 — benzoic.
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Figure 4 — Electropherogram of organic acids of Persicaria hydropiper (L.) herb
Note: 1 — oxalic, 2 — formic, 3 — fumaric, 4 — malic, 5 — wine, 6 — citron, 7 — propionic, 8 — lactic, 9 — benzoic.
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Figure 5 — Electropherogram of organic acids of Persicaria minor (Huds.) herb
Note: 1 — oxalic, 2 — formic, 3 — fumaric, 4 — malic, 5 — wine, 6 — citric, 7 — propionic, 8 — lactic, 9 — benzoic, 10 — sorbic.
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Figure 6 — Electropherogram of organic acids of Persicaria amphibian var. terréstris (Leyss.) herb
Note: 1 — oxalic, 2 — formic, 3 — fumaric, 4 —amber, 5 — malic, 6 — wine, 7 — citric, 8 — propionic, 9 — benzoic, 10 — sorbic.
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Figure 7 — Electropherogram of organic acids of the Persicaria amphibia (L.) herb
Note: 1 — oxalic, 2 — fumaric, 3 — malic, 4 — wine, 5 — citric.
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Figure 8 — Druses of calcium oxalate on micropreparations of Persicaria maculosa S.F. Gray (1) and Persicaria
tomentosa (Schrank) (2) leaves

Analyzing the total amount of OAs in terms of malic
acid in the studied genus Persicaria Mill. species, it was
found out that their greater content is observed in the
herb of Persicaria maculosa S.F. Gray and Persicaria la-
pathifdlia (L.) Delarbre. In the herb of Persicaria hydropi-
per(L.) Delarbre, thisindicatoris 13% higher (5.16+0.20%)
than in Persicaria minor (Huds.) Opiz (4.47+0.16%),
which is the main impurity in harvesting Persicaria
hydropiper (L.) raw materials. The difference in the quan-
titative content of the both as the amount of OAs and
the content of AsA is observed within two forms of one
species of Persicaria amphibia (L.) Delarbre. In Persica-
ria amphibia var. terréstris (Leyss.), the amount of AsA
is 27% less (0.08+0.005%), and the amount of OAs is
10% more (5, 28+0.18) than in Persicaria amphibia (L.)
Delarbre (4.73+0.11).

The study of OAs and AsA in plant raw materials by
pharmacopoeial methods has a number of disadvantag-
es, in particular, malic acid, for which it is recommended

50

to recalculate the content of the OAs amount, is not al-
ways present in the raw material in a prevailing amount.
It can be in a free form and in the form of potassium
and calcium salts. The pharmacopoeial method does not
make it possible to establish the qualitative composition
of OAs present in plant raw materials both in a free form
and in the form of salts [5, 14, 28].

One of the most often used methods in the OAs
analysis of plants, is capillary electrophoresis, which
combines simplicity, rapidity, reliability and a low re-
source consumption compared to chromatographic
methods of analysis [1, 5, 28—-32]. The next stage of
the work was the study of the complete composition of
OAs (both in a free form and in the form of salts) by the
method of capillary electrophoresis. Herewith, oxalic,
formic, fumaric, amber, malic, citric, propionic, lactic,
benzoic, sorbic, wine and acetic acids were identified
in the studied Persicaria species, and their quantitative
contents have been determined. The obtained data are
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shown in Table 2, the electrophoregrams are presented
in Figures 1-7.

The analysis of the data obtained in the course of the
study showed that despite the close relationship of the
genus Persicaria Mill (L.) species, there is a heterogene-
ity in the qualitative and quantitative composition of the
OAs of the plants under study. Evaluating the picture of
the OAs profiles of the species under study and in accor-
dance with their division into ranges, one can see strik-
ing differences between the Persicariaeformes range
and others. In particular, four OAs (oxalic, malic, citric,
benzoic) were reliably identified in the Persicaria macu-
losa S.F. Gray herb. Within the Lapathiiformes range, the
differences in the composition of OAs between closely
related species should be notified. In the Persicaria lap-
athifdlia (L.) herb there are 9 acids (oxalic, formic, fuma-
ric, malic, citric, propionic, benzoic, sorbic, wine), in the
Persicaria tomentdsa (Schrank) herb there are 6 acids
(oxalic, fumaric, malic, citric, propionic, wine). The same
situation is observed in the species of the Hydropiperi-
formes range: in the Persicaria hydropiper (L.) Delarbre
herb, there are 8 acids (oxalic, formic, fumaric, malic,
citric, propionic, benzoic, wine), in the Persicaria minor
(Huds.) Opiz herb, there are 9 acids (oxalic, formic, ma-
lic, citric, propionic, lactic, benzoic, sorbic, wine). Within
the range of Amphibiae, in the Persicaria amphibia var.
terréstris (Leyss.) herb, there are 8 acids (oxalic, formic,
amber, malic, citric, propionic, benzoic, wine), in the
Persicaria amphibian (L.) herb, there are 5 acids (oxal-
ic, fumaric, malic, citric, wine). Such a difference in the
patterns of the OAs profile observed in the two forms
of the same species, is explained by the influence of the
adaptive mechanism and a plant habitat on the synthe-
sis of biologically active substances (BASs). Analyzing the
data in Table 2, it is possible to notify the similarity in
the qualitative composition of the OAs in the Persicar-
ia hydropiper (L.) and Persicaria amphibia var. terréstris
(Leyss.) herbs, which makes it possible to assume the ge-
netic relationship between these species.

The total amount of OAs, determined by the method
of capillary electrophoresis, is typical for the Persicaria
hydropiper (L.) herb (13.42%), Persicaria amphibia var.
terréstris (Leyss (10.77%) and Persicaria minor (Huds.)
Opiz (7.66%).

Oxalic acid is the main OA in the composition of
the Persicaria maculosa S.F. Gray, Persicaria hydropip-
er (L.) Delarbre, Persicaria tomentdsa (Schrank) herbs.
In the Persicaria maculosa S. F. Gray herb, the content
of oxalic acid was 94% of the total amount of OAs; in
the Persicaria tomentdsa (Schrank) herb it was 65%, in
the Persicaria hydropiper (L.) herb it was 55%. One of
the forms in which oxalic acid can be found in plants, is
crystalline inclusions. One of the features of the buck-
wheat family representatives, i.e. genus Persicaria, is the
presence of rather large and numerous druses of calci-

Tom 10, Beinyck 1, 2022

um oxalate, which are found in great numbers in idio-
blasts in the mesophyll of leaves, along the conductive
bundles of the stem, near the base of corolla petals. In
addition to determining the qualitative composition and
the quantitative content of OAs in the studied species,
the presence of a relationship between the quantita-
tive content of oxalic acid, the frequency of occurrence
and the size of calcium oxalate druses, revealed as a re-
sult of microscopic analysis of the studied objects, was
analyzed. Fig. 8 shows, as an example, a picture of the
microscopic structure of Persicaria maculosa S. F. Gray
(1) and Persicaria tomentdsa (Schrank) E.P. Bicknell (2)
leaves, where the presence of a large amount of calcium
oxalate druses on the Persicaria tomentdsa (Schrank) E.
P. Bicknell leaf is clearly visible.

Table 3 shows the results of calculating the frequen-
cy of calcium oxalate druses occurrence and determining
their diameter using a Levenchuk eyepiece micrometer
(China). The highest content of oxalic acid is characteris-
tic of Persicaria hydropiper (L.), while the diameter of the
druses, in comparison with the rest of the objects, is the
smallest (9.3—23.3 microns) with an average frequency of
occurrence (130+25 pieces/mm?). The greatest number of
large-diameter druses is observed in Persicaria tomentdsa
(Schrank) (200430 pieces/mm?), however, the content of
oxalic acid in the raw material is low (1.7+£0.03%). With the
use of a microscopic method of analysis, calcium oxalate
druses were not found out in Persicaria amphibia (L.), and
the amount of oxalic acid, established by capillary electro-
phoresis, was not high (0.48+0.004%). The results obtained
show that no relationship was found out between the con-
tent of oxalic acid, the frequency of occurrence and the size
of calcium oxalate druses. In the studied objects, oxalic acid
is found mainly in a free form, and only a small part of it —in
the form of calcium salts and other compounds.

A prevailing amount of formic acid is characteristic
of Persicaria lapathifdlia (L.), Persicaria minor (Huds.)
Opiz, and Persicaria amphibia var. terréstris (Leyss.).
Among the studied species, a higher content of formic
acid (6.69%) is characteristic of Persicaria amphibia var.
terréstris (Leyss.), which is 62% of the total OAs. In Per-
sicaria hydropiper (L.) and Persicaria minor (Huds.) Opiz,
the content of formic acid is similar (4.71+0.09 and
4.47+0.08%, respectively), which is 35 and 58% of the
total OAs in the plants. A smaller amount is observed
in Persicaria lapathifdlia (L.) (2.84%), however, the per-
centage of the total OAs is quite high and amounted to
63%. The presence of formic and oxalic acids in such high
guantities explains the appearance of a not-critical irri-
tation when plant sap comes into contact with the skin
surface, which must be taken into account when har-
vesting raw materials.

Citric and malic acids are found in greater quantities
in Persicaria amphibia (L.) (0.72% and 0.66%, respective-
ly), while the content of malic acid is 50%, and citric acid
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is 70% higher than in Persicaria amphibia var. terréstris
(Leyss.) of this species (0,28% and 0.2%, respectively). It
should be notified that citric acid is unevenly distributed
within the limits allocated to the genus Persicaria Mill.
species. The content of citric acid in the Persicaria minor
(Huds.) Opiz herb is 50% less (0.12%) than in the Persi-
caria hydropiper (L.) herb (0.25%); it is about the same
in the Persicaria lapathifdlia (L.) herb (0.28%) and Persi-
caria tomentésa (Schrank) (0.2%) ), which is 65% higher
than in Persicaria maculosa S.F. Gray (0.07%). Malic acid
plays an important role in the metabolic activity of cells
and contributes to the production of ATP by the body,
supports the immune system, and is a chelator of toxic
metals. The pharmaceutical industry produces a num-
ber of preparations containing malic acid belonging to
the group of metabolites, rehydrating agents (Sterofun-
din isotonic), plasma substitutes (lonehes), antiseptics
(Acerbin)’.

A small amount of amber acid was reliably found
in Persicaria amphibia var. terréstris (Leyss.) (0.067%)
and, presumably, is a marker component for this spe-
cies, since in other species its content is less than the
detection limit of the device. Amber acid is an important
endogenous intracellular metabolite of the Krebs cycle,
which performs a universal energy-synthesizing func-
tion in the cells of the body. On the basis of amber and
ascorbic acid, potentiating the action of each other, the
pharmaceutical industry produces the Yantavit dietary
supplement, which has general tonic, angioprotective,
metabolic, antihypoxic, antioxidant properties®.

Propionic acid (0.22%) in larger quantities is charac-
teristic of oxalate Persicaria lapathifélia (L.), and lactic
acid is characteristic of Persicaria minor (Huds.) Opiz
(0.29%).

The amount of wine acid in the Persicaria amphib-
ia var. terréstris (Leyss.) herb is almost twice higher
(2.15%) than in Persicaria amphibia (L.) (1.79%): in other
plants, the amount of wine acid is low. Within the ranges
of Persicaria lapathifdlia (L.) and Persicaria tomentdsa
(Schrank), its content is similar. Persicaria maculosa S.F.
Gray contains wine acid in the amount less than the de-
tection limit of the device, which can be a feature of the
plant and also act as an additional chemotaxonomic fea-
ture of the raw material.

Such OAs as fumaric, benzoic, sorbic, are present
in the plant raw materials of genus Persicaria in insig-
nificant quantities. The content of acetic acid is next to
nothing, below the maximum capability of the device,
which may be due to a partial loss of the substance as
a result of a sample preparation (acetic acid and some
others belong to the class of volatile OAs).

Thus, the carried out study made it possible to es-

7 Register of medicines of Russia: reference book of medicines.
Available from: https://www.rlsnet.ru.
8 Ibid.
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tablish the qualitative composition and quantitative con-
tent of OAs in the herbs of the genus Persicaria Mill (L.)
species and to reveal the prospects of using this group of
plants as additional sources of compounds important for
the vital activity of the organism.

CONCLUSION

For the first time, a comparative study of OAs in the
genus Persicaria herbs has been carried out. With the
help of pharmacopoeial methods, in the species under
study, the quantitative content of the amount of OAs
in terms of malic and AsA has been established: Per-
sicaria maculosa S. F. Gray and Persicaria lapathifdlia
(L.) are the closest in the quantitative content of these
compounds.

By the method of capillary electrophoresis, the
complete composition of OAs has been studied, and
their quantitative content has been established. De-
spite a close relationship between the herbs of the ge-
nus Persicaria Mill. species, a heterogeneity in the qual-
itative and quantitative composition of the OAs of the
studied plants has been revealed. The predominance
of oxalic, formic and malic acids in all the studied genus
Persicaria Mill. species has been shown. The greatest
amount of organic acids is characteristic of Persicaria
hydropiper (L.) and Persicaria amphibia var. terréstris
(Leyss.). It has been revealed that a characteristic fea-
ture of a number of Amphibiae is a higher content of
malic and wine acids than in the other studied spe-
cies. Amber acid acts as an identification compound of
Persicaria amphibia var. terréstris (Leyss.). Due to the
presence of a large amount of formic acid in the Persi-
caria hydropiper (L.) herb, Persicaria minor (Huds.) and
Persicaria amphibia var. terréstris (Leyss.), it is recom-
mended to use personal protective equipment when
working with these objects in order to avoid skin irri-
tation. On the basis of the study, a possible genetic re-
lationship between Persicaria hydropiper (L.) and Persi-
caria amphibia var. terréstris (Leyss.) was presupposed.
During the experiment, no relationship was established
between the content of oxalic acid, the frequency of
occurrence and the size of calcium oxalate druses. In
the studied objects, oxalic acid is found mainly in a free
form, and only a small part of it —in the form of calcium
salts and other compounds.

The carried out research has shown that the
studied genus Persicaria Mill. species are promising
sources of OAs. The data obtained can be used in the
pharmaceutical analysis when carrying out the stan-
dardization of plant materials. The information on the
qualitative composition and quantitative content of
the individual components of the OAs profile in the
species under study will make it possible to adjust
the consumption rates of herbal medicinal products
based on them.
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Taking into account the current Product specification file, the aim of the work was to develop the composition and tech-
nology for obtaining effervescent tablets based on solid dispersions of furazolidone in the form of an aqueous solution for
external use.

Materials and methods. The used substances were: furazolidone, anhydrous sodium carbonate (chemically pure), poly-
vinylpyrrolidone-24000£2000 (chemically pure), malic acid (analytically pure), tartaric acid (chemically pure), citric acid
(chemically pure), sodium benzoate (chemically pure), ethyl alcohol 96% (chemically pure), purified water. Preparation of
granulates is separate wet granulation in a fluidized bed (Mycrolab, BOSCH, Germany). Obtaining tablets is the process of
pressing on a manual hydraulic test press (“PRG”, VNIR, Russia). The dependence of disintegration, abrasion capacity and
crushing resistance on compacting pressure was investigated. Technological parameters of granulates, epy obtained effer-
vescent tablets, shelf life and storage conditions were investigated according to the State Pharmacopoeia of the Russian
Federation XIV* ed.

Results. Two compositions of effervescent tablets containing solid dispersions of furazolidone as an active substance were
obtained, which, when dissolved in 100 ml of water at room temperature (20°C), form a solution of furazolidone with a con-
centration of 0.004% in less than 5 minutes. The method of quantitative determination of the furazolidone content in the
effervescent tablets was validated. A complex of physicochemical methods for the analysis of tablets was carried out. Quality
standards have been developed. The developed compositions stability of instant tablets during storage during accelerated
and long-term tests has been experimentally confirmed. The preliminary shelf life and storage conditions have been deter-
mined.

Conclusion. The result of technological and chemical-pharmaceutical research is the creation and evaluation of the quality of
a new instant furazolidone dosage form as effervescent tablet formulations.

Keywords: furazolidone; effervescent tablets; instant tablets; solid dispersions; solubility; dissolution rate; polyvinylpyrroli-
done

Abbreviations: FZ —furazolidone; SD — solid dispersions; AS — active substance; DF — dosage form; PVP — polyvinylpyrrolidone;
SP RF XIV — State Pharmacopoeia of the Russian Federation XIV edition; Es — excipients; PSF — Product Specification File;
GL — granulation liquid.
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O.N. Plakhotnaya, O.V. Rastopchina, J.V. Rau. Development of nitrofuran derivative: composition and technology of effervescent tablets with
solid dispersions. Pharmacy & Pharmacology. 2022;10(1):55-68. DOI: 10.19163/2307-9266-2022-10-1-55-68

© A.O. EnazuHa, A.B. Benaykas, U.N. KpacHiok (mn.), N.WN. KpacHiok, O.U. CmenaHoea, T.B. ®ameesa,
E.A. Cmonsapuyk, C.B. Ko3suH, O.H. lMaaxomHas, O.B. Pacmony4uHa, 4.B. Pay, 2022

Ansuutuposanua: A.O. EnarvHa, A.B. benaukas, U.W. KpacHiok (mn.), U.W. KpacHiok, O.WU. CtenaHoBa, T.B. ®ateesa, E.A. Cmonspuyk, C.B. Ko3uH,
O.H. NnaxotHas, O.B. PactonuuHa, [.B. Pay. Pa3paboTka coctaBa M TEXHONOMMM WKMYyYMX TabBNETOK C TBEpAOW Aucnepcrein npomsBoaHOro
HUTpodypaHa. Papmayus u papmakosoeus. 2022;10(1):55-68. DOI: 10.19163/2307-9266-2022-10-1-55-68

Tom 10, Beinyck 1, 2022 55



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

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

PASPABOTKA COCTABA U TEXHOJIOI'NH
LLUMMYYUX TABJIETOK C TBEPOOWU OUCNEPCUEN
NnPON3BOAHOIO HUTPOD®YPAHA

A.O. EnaruHal, A.B. benaukas?, U.U. KpacHioKk (mn.)!, U.U. KpacHioKk!, O.U. CTenaHoBa!?,
T.B. dateeBa?, E.A. CmonapuykK?!, C.B. Ko3un!, O.H. NMnaxotHas?, O.B. PactonuuHa?, 4.B. Pay'?

ldepepanbHoe rocymapcteeHHoe brogxeTHoe obpa3oBaTe/ibHOE yupexaeHue Bbicllero obpasoBaHma
«MepBbl MOCKOBCKM rOCYAaPCTBEHHbIV MeANLMHCKUIA yHUBepcUTeT umeHun U.M. CeueHoBa»
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Lienb. C yyueTom AeMCTBYIOLLEN HOPMATUBHOW AOKYMEHTAL MU pa3paboTaTb COCTAB M TEXHOOTMUIO MONYYEHUA WNMYYUX Tab-
/IETOK Ha OCHOBE TBEPAOM aucnepcumn dypasonnaoHa AN Hapy»KHOro NPMMEHEHUA B BUAE BOAHOIO pacTeopa.

Martepuanbl u metogbl. CybctaHumu: dypasonmaoH, KapboHaT HaTpuAa 6e3BOAHbIN (X.Y.), MOAMBUHUANUPPOAU-
00H-24000£2000 (x.4.), AbnoYHasa KucnoTa (4.4.a.), BUHHAA KMCNOTa (X.Y.), AIMMOHHAA KncnoTa (x.4.), 6eH30aT HaTpuA (X.4.),
CNUpT 3TUNOBbLIN 96% (X.4.), BOAA OumLLeHHan. MonyYeHne rpaHyNaToB: pa3aesibHoe BAAXKHOE rpaHyNIMpoBaHue B Ncesaoo0-
XUKKEHHOM cnoe («Mycrolab», BOSCH, lfepmatus). MonyyeHve TabneTok: NpeccoBaHMe Ha Py4HOM rMapaBANYeckom mc-
nbiTatenbHom npecce («MPM», BHUP, Poccus). UccnenoBanm 3aBUCMMOCTb pacnafaemMoCcTy, MCTUPAEMOCTM M NMPOYHOCTU Ha
pasgaBAvBaHME OT AABNEHUA NPECccoBaHWUA. TeXHONOTMYECKME MOKasaTeNn rpaHynaToB, NOAYYEHHbIE WUnyyYne Tabnetkuy,
CPOK roAHOCTM W YC/IOBUA XPaHEHUA nccnenosann cornacHo locyaapcrseHHon ®apmakonee Poccuiickon ®epepauyn XIV
n3aaHuA.

Pe3synbratbl. [loNyyeHbl ABa COCTaBa WUMy4Mx TabAETOK, COAepKalLMX B KayecTBe AeNCTBYIOLWEro BeLlecTBa TBEPAYIO ANC-
nepcuto ¢pypasonnaoHa, obpasyowme npu pacteopeHnn B 100 mn Boabl KOMHATHOM Temnepatypsbl (20°C) pacTBop dypa-
30/IMA0Ha € KoHUeHTpauuel 0,004% meHee, Yem 3a 5 MuH. OcyLuecTBNEeHa BanaaLmMa METOAMKN KOIMYECTBEHHOIO onpe-
OeneHuns cogeprkaHua dypasonngoHa B Wnnyydmx tabnetkax. NMposegéH KoMnaeke GU3NKO-XMMUYECKMX METOAOB aHaiM3a
Tabnetok. Pa3paboTaHbl HOPMbI KayecTBa. IKCMEPUMEHTANIbHO NOATBEPKAEHA CTabUNBbHOCTL pa3paboTaHHbIX COCTaBOB
HbICTPOPACTBOPMMbIX TaBNETOK B MPOLLECCE XPAHEHUA B XO4E YCKOPEHHbIX U A0/TOCPOYHbIX UCMbITaHWI. OnpeaeneH npea-
BAPUTENIbHbIN CPOK FOAHOCTU U YCI0BUA XPAaHEHUA.

3aKnoueHue. Pe3ynbTaToM TEXHOIOTMYECKUX U XMMUKO-bapMaLLeBTUUECKUX NCCNe0BaHNIN ABNAETCA CO34aHME U OLeHKa
KayecTBa HOBOM HbICTPOPACTBOPUMON NeKapcTBEHHOMN GopMbl pypa3onnaoHa B Gopme LWMNyYnx TabneTok.

KntoueBble cnoBa: ¢pypasonnaoH; wunyyme 1abneTku; GoicTpopacTBopuMble TabneTku; TBepable AUCNEepPCUU; PacTBopu-
MOCTb; CKOPOCTb PAaCTBOPEHUA; NONNBUHUANUPPOANAOH

Cnucok cokpauueHumii: P3 — dypasonngoH; T, — TBepaas aucnepcun; [\B — geicreytowee BelwecTso; /IO — nekapcTBeHHasn
dopma; MBM — noavsuHuANnpponngoH; e PO XIV — locypgapcteeHHas ®apmakones Poccuiickon ®epepaunn XIV nspaHus;
BB — BcnomoraTenbHble BelwecTsa; HA — HOopmaTMBHaA AOKyMmeHTauma; MK — rpaHyanpyroLwan *}XnuaKkocTb.

INTRODUCTION because it is highly effective against a number of bacte-

Furazolidone (FZ) is a typical representative of the
nitrofuran derivatives group, an antimicrobial and anti-
protozoal drug that has been successfully used in ther-
apy for more than 80 years to treat protozoal infections
(lambliosis, trichomoniasis), as well as infectious diseas-
es caused by bacteria (Streptococcus spp., Staphylococ-
cus spp., Escherichia coli, Salmonella spp., Shigella spp.,
Klebsiella spp., Enterobacter spp. Helicobacter pylori)
[1]. As a drug for the study, FZ is of particular interest

56

ria resistant to antibiotics and sulfonamides and, at the
same time, it is characterized by a low resistance of mi-
croorganisms due to a specific mechanism of its action®.

A separate direction in the FD application is its use
for the Helicobacter pylori eradication in duodenal ulcer
and / or stomach ulcer. FZ is used as a second-wave drug
of choice in case of ineffective treatment of a patient

! Mashkovsky MD. Lekarstvennye sredstva [Medicines]. 16% ed.;
Moscow: New Wave; 2016. — P. 1216. Russian
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with metronidazole, antibiotics and sulfonamides or, in
case of intolerance, clarithromycin or amoxicillin. FZ is
prescribed alone or in triple therapy with drugs based on
bismuth, as well as using drugs that block H,-receptors
and inhibit the proton pump [2].

According to the clinical recommendations of the
Ministry of Health dated January 23, 2019 (ICD 10:
N30.0/N30.1/N30.2/N30.8), FZ is recommended for the
prevention and treatment of diseases of the genitouri-
nary system, such as urethritis and vaginitis, cystitis?
[3]. FZ is also used topically for gargling in the complex
treatment of infectious and inflammatory diseases of
the oral cavity and nasopharynx. It is applied externally
in the complex treatment of skin lesions, small wounds,
scratches and burns prone to infection [1].

The FZ substance (Fig. 1) is a yellow or greenish-yel-
low fine-crystalline powder; it is odorless, non-hygro-
scopic®. FZ is recommended for an external and topical
use in the form of aqueous solutions with a concentra-
tion of 0.004%*. However, its use is limited by physical
properties, i.e.: FZ is practically insoluble in water and
95%° ethyl alcohol. On the domestic market, there is
only one registered dosage form (DF) of FZ - 50 mg tab-
lets for the administration per os°®.

The compounds characterized by a poor solubility
belong to classes Il and IV of the biopharmaceutical clas-
sification system (BCS) [4]. On the modern pharmaceu-
tical market, about 40% of active ingredients (Al) have
a low solubility in water, and at the development stage,
the percentage of such compounds characterized by
an insufficient solubility, according to various sources,
reaches 75-90% [5-8].

As a substance with a poor solubility but a good per-
meability, FZ belongs to the BCS class Il [4]. One of the
priority methods to increase the solubility and dissolu-
tion rate of BCS class Il AS, is the solid dispersions (SD)
method. SDs are bi- or multicomponent systems con-
sisting of an active ingredient and a carrier, which are a
highly dispersed solid phase of an active agent or molec-
ularly dispersed solid solutions with a partial formation
of complexes of variable compositions with the carrier
material [9-11].

In SD manufacturing, polymers of various chemical
nature are used as the basic excipient (E). The introduc-
tion of a polymer supports the AS substance transition
from the crystalline to the amorphous state: the poly-
mer molecules intercalate into AS crystals, leading the
ordered AS crystal to disintegration. There is a critical
difference between the enthalpy of the crystal lattice

2 Clinical recommendations of the Ministry of Health of the Russian
Federation. 01/23/2019. (ICD 10: N30.0/N30.1/N30.2/N30.8). Russian
3 State Pharmacopoeia of the Russian Federation. XIV*" ed. Vol.
1-4.; M., 2018. — P. 5004. Available from: https://femb.ru/record/
pharmacopeal4.

4 Mashkovsky MD. Lekarstvennye sredstva [Medicines]. 16" ed.

5 State Pharmacopoeia of the Russian Federation. XIVt" ed.

6 Register of medicines of Russia. Furazolidone. Available from: https://
www.rlsnet.ru/mnn_index_id_1371.htm. Russian
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and the enthalpy of solvation in favor of the process of
crystal dissolution. In already the amorphous state, the
bonds between the polymer and AS improve, the sur-
face area of the interaction between the AS and biologi-
cal fluid or solvent increases, resulting in the increase of
the AS solubility and its dissolution rate [8, 12—-14].

In the course of previous studies on increasing the
solubility and dissolution rate of FZ by the SD method,
several compositions with various carriers were devel-
oped and manufactured: PVP —10000; —12600; —24000
and PEG-400; —1500; —2000; —3000; —-4000; —6000 at
ratios with AS from 1:1 to 1:10. As a result of the exper-
iment, PVP-24000 was chosen as the optimal carrier at
the ratio of 6:1 to FZ by weight. At this ratio, the solubil-
ity of SD FZ increases by 1.56 times, and the dissolution
rate — by 3 times at the point of 5 min from the start of
dissolution [15]. The SD technology is used to increase
the release of the AS from the DF, increase a bioavail-
ability and a pharmacological activity by increasing the
solubility and release rate of AS [16—-19].

Increasing the solubility and dissolution rate of FZ
due to the use of the SD method will allow the creation
of the instant effervescent DF FZ, which will expand the
convenience and possibilities of using this compound
due to the possibility of obtaining a solution of the
desired concentration in less than 5 minutes [20]. The
acceleration of the AS dissolution process is achieved
as a result of an acid-base reaction with the release of
carbon dioxide, which acts as a super disintegrant [21,
22]. At the same time, effervescent DFs favorably differ
in high stability and convenience in storage and trans-
portation compared to liquid DFs [23]. A high dissolution
rate of the AS, the speed and completeness of the mani-
festation of the pharmacological effect, dosing accuracy,
microbiological and physicochemical stability, economic
feasibility, and, most importantly, the ease of use, en-
sure a high adherence of patients to taking effervescent
DFs [20, 24-26]. Given the numerous advantages of ef-
fervescent DFs, it is advisable to expand their range.

In accordance with Pharmaceutical development
ICH Harmonised Tripartite Guideline Q8(R2)?, to manage
the development process best, it is necessary to iden-
tify the critical formulation and manufacturing parame-
ters that affect the key characteristics of the DF. Under
these conditions, the information obtained during the
development process determines the requirements for
quality indicators and, in the future, becomes part of the
continuous quality control system for the production of
a medicinal product [27].

For effervescent tablets of the developed DF, disin-
tegration is a key characteristic. This indicator may de-
pend on a number of factors: the solubility of AS, the
amount and ratio of the acidic and basic components
of the effervescent system in the composition, as well
as the compacting pressure value. Thus, the critical for-

7 Pharmaceutical development Q8(R2). ICH Harmonised Tripartite
Guidline. London, 2009;28.
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mulation parameters for FZ effervescent tablets are: the
presence of SD as a component that increases the solu-
bility and dissolution rate of the AS; the amount and ra-
tio of gas-forming components of the effervescent sys-
tem. The compacting pressure during the tablet produc-
tion becomes a critical indicator of the manufacturing
process.

Taking into account the current Product speci-
fication file, THE AIM of the work was to develop the
composition and technology for obtaining effervescent
tablets based on solid dispersions of furazolidone in the
form of an aqueous solution for external use.

MATERIALS AND METHODS
Preparations and reagents

The used preparations and reagents were:
Furazolidone substance (JSC Irbitsky Khimfarm-
zavod, Russia), anhydrous sodium carbonate

(chemically pure) (Kupavnareaktiv, Russia), polyvinylpyr-
rolidone-24000+2000 (Sigma-Aldrich, USA), malic acid
(AlbaKhim, Russia), tartaric acid (AlbaChem, Russia), cit-
ric acid (AlbaChem, Russia), sodium benzoate (Tengzhou
Tenglong Chemical, China), 96% ethyl alcohol, analytical
grade (LLC Constanta-Pharm M, Russia), purified water.

Devices and equipment

The devices and equipment used were as follows:
laboratory balance MWP-150 (CAS, South Korea), ana-
lytical balance GH-202 (AND, Japan), UNICO 2800X Spec-
troQuest spectrophotometer (Unitedproducts & instru-
ments, USA), MSH Basic magnetic stirrer (IKA, Germany),
laboratory ionomer “I-160MI” (OOO Izmeritelnaya
Tekhnika, Russia), moisture meter MA35M (Sartorius
Weighing Technology, Germany), granulation machine
Mycrolab (BOSCH, Germany), screening machine AS 200
Control (Retsch, Germany), compaction tester SVM 223
(Erweka, Germany), flowability tester GTL (Erweka, Ger-
many), compression tester TBF 1000 (Copley Scientific,
Great Britain), abrasion tester PT F30ERA (Pharma Test,
Germany), a protractor, manual hydraulic “Press test”
brand PRG (VNIR, Russia), climate chamber KK115 (Pol-
EKO, Poland). Filtration was carried out through syringe
nozzles (Minisart, Germany) with a pore diameter of
0.45 um, the filter material was nylon.

Manufacturing technology of acid granulates

Powders of the two most widely used effervescent
tablet technologies, tartaric and malic acids, weighing 1
kg, were separately loaded into the product container of
the Mycrolab granulation unit, preliminarily crushed and
sequentially sifted through sieves with hole diameters of
250 pand 45 y; then the particle fraction was granulated
of more than 45 p and less than 250 .

To obtain a granulating liquid (GL), PVP-24000 was
dissolved in 96% ethyl alcohol when heated in a water
bath (65+5°C). Granulation was carried out in a fluidized
bed; the granulation parameters were standard.
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Manufacturing technology

of the basic granulate with SD FZ

Manufacturing of the basic granulate with SD FZ was
carried out similarly to the preparation of acid granu-
lates, with the difference in the following: the powder
of anhydrous sodium carbonate and the GL — a solution
of FZ and PVP-24000 in 96% ethyl alcohol — were load-
ed into the container of the Mycrolab granulation unit,
followed by heating in a water bath at the temperature
of 65£5°C).

Manufacturing technology of granulates

of compositions No. 1 and No. 2

To obtain granulates of compositions No. 1 and No.
2, the basic and acid granules were mixed at the ratios of
1.0:1.3 and 1.0:1.1, respectively, and a lubricating excipi-
ent, sodium benzoate, was introduced in the amount of
2% of the powdered mass.

Tablet manufacturing technology

In the work, a manual hydraulic “Testing Press” (PRG
brand, VNIR, Russia) was used. Model tablets weighing
3.800 and 3.500 g for compositions No. 1 and No. 2, re-
spectively, were produced at different compacting pres-
sure values on flat-cylindrical puncheons with a diame-
ter of 25.0 mm.

Determining the authenticity of FZ

When interacting with sodium hydroxide, a FZ quali-
tative reaction has a brown coloration. One tablet was
dissolved in 100 ml of purified water, a 10 ml sample was
taken and mixed with 10 ml of a mixture of water and a
30% sodium hydroxide solution (3:2), then heated; here-
with, a brown coloration was observed.

Quantitative determination of FZ

Due to the fact that FZ solutions have a clearly de-
fined maximum in the UV spectrum, a quantitative
determination is best carried out using the method of
spectrometry in the UV region. In the work, a spectro-
photometer and quartz cuvettes (the thickness of the
absorbing layer was 10 mm) were used.

One tablet weighing 3.800 g (for composition No. 1)
and another weighing 3.500 g (for composition No. 2), re-
spectively, were placed in two 500 ml volumetric flasks,
dissolved each in 100 ml of purified water, the solutions
were stirred on a magnetic stirrer for 5 minutes (speed
200 rpm). The volumes of the resulting solutions were
brought to the marks with purified water, mixed. The se-
lected samples with a volume of 5 ml were filtered. The
optical densities of the resulting solutions were measured
at the wavelength of 36742 nm (FZ absorption maximum);
in the both cases, the reference solution was purified wa-
ter. It had been preliminarily established that the excip-
ients do not influence the maxima of the FZ absorption
spectra and their intensity. The FZ concentrations were
calculated using the calibration plot.
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This quantitative determination method was de-
veloped more than 20 years ago by the Departments of
Analytical, Physical and Colloidal Chemistry and Pharma-
ceutical Technology of the Institute of Pharmacy (“First
Moscow State Medical University n. a. .M. Sechenov”).
It is successfully used for a quantitative determination of
poorly soluble active substances from various pharmaco-
logical groups introduced into solid dispersions with vari-
ous polymers to increase bioavailability from a number
of solid and soft dosage forms. A detailed description of
this technique are disclosed in a number of publications,
patents of the Russian Federation for the invention [15,
28-41], and in the applications for inventions deposited
with Rospatent They are: N0.2021105988 dated March
10, 2021 “Instantly soluble dosage form of furazolidone
and its preparation method” (the authors are Krasnyuk
I, Krasnyuk ll(Jr), Stepanova Ol, Belyatskaya AV, Elagina
AO; No. 2021129748 dated October 13, 2021 “Instantly
soluble dosage form of metronidazole and its preparation
method” (the authors are Krasnyuk ll(Jr.), Naryshkin SR,
Krasnyuk Il, Belyatskaya AV, Stepanova Ol.

Determining shelf life of tablets

In order to study the stability and shelf life, the tablet
samples were stored in accordance with GPM.1.10009.15
“Stability and shelf life of medicines”® in plastic tubes
made of polypropylene, sealed with water absorbers
lids. Long-term tests were carried out on 3 series of each
composition at the temperature of 25+2°C and a relative
humidity of 60+5%; accelerated tests were carried out
on 3 series of each composition at the temperature of
40+2°C and a relative humidity of 75+5% using a climatic
chamber. The check points for long-term testing were as
follows: on the day of manufacturing and during the stor-
age (every 3 months during the first year of storage and
every 6 months during 2 years). During accelerated tests,
the check points were on the day of manufacturing and
during the storage (3 and 6 months). At the check points,
the following indicators were investigated: description,
mass uniformity, disintegration, abrasion capacity, crush-
ing resistance, weight loss on drying, pH of the solution,
guantitative and qualitative determination of AS.

Statistical processing of the results was carried out
according to GPM 1.1.0013.15 “Validation of analytical
methods”® (p = 95%, n = 5) using the techniques of vari-
ation statistics by means of the Microsoft Office 2010
office software package, as well as the Microsoft Excel
spreadsheet processor.

RESULTS AND DISCUSSION

Preliminarily, the method for quantitative determi-
nation of the furazolidone content in effervescent tablets
was validated on the drug samples and model mixtures
obtained in the laboratory. The following characteristics
were studied: specificity, linearity, correctness, precision

8 State Pharmacopoeia of the Russian Federation. XIVt" ed.
? Ibid.
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(at two levels — convergence, intermediate precision),
and an analytical area of the methods.

To determine the specificity of the methods on a
spectrophotometer, the spectra of aqueous solutions
were sequentially taken: the furazolidone substance,
effervescent furazolidone tablets, and excipients. The
specificity of the UV spectrophotometry method was
proven by the coincidence of the spectra maxima and
minima of the FZ effervescent tablet solution and the
substance solution, and due to the absence of the excip-
ients effect on the analysis results (Fig. 2).

Next, 5 samples of standard furazolidone solutions
were prepared with concentrations of 0.032 mg/ml,
0.036 mg/ml, 0.04 mg/ml, 0.044 mg/ml and
0.048 mg/ml (from 80 to 120%). The optical density
the five standard furazolidone solutions obtained af-
ter the dilution with concentrations of 0.0064 mg/ml,
0.0072 mg/ml, 0.0080 mg/ml, 0.0088 mg/ml and
0.0096 mg/ml was measured. A linear regression analysis
of the data obtained, calculated by the least squares meth-
od, made it possible to establish that the dependence of
the optical density of furazolidone on its concentration is
linear and is described by the equation y = 70.000x — 0.002
(Fig. 3). The correlation coefficient (r), equal to 0.99809,
meets the necessary condition |r| >0.99%.

The scope of the experimental data that satisfies the
linear model in the concentration range from 80 to 120%
can be considered the analytical area of the technique.

The correctness of the technique was confirmed by
the analysis of a series of model mixtures prepared from
the excipients with the addition of a weighed batch that
also corresponded to the range from 80 to 120% of the
nominal FZ content in the preparation. The results of the
analysis were evaluated by comparing the obtained re-
sults with the expected quantity value, e.i., the FZ con-
tent in the model mixture, mg (Table 1).

As the data in Table 1 show, the relative errors of the
average result (£) are less than 2.0%; the obtained results
lie in the range of the confidence interval of the analysis
average result (X + AX), which was 99.66 + 1.27, and ap-
proach the true value. The numerical value of the Student>s
coefficient (t_, .), calculated from the results of the analy-
sis, was 0.62. The tabular value of the Student’s coefficient
(t pu)is2.3L,0e.t_ <t . Therefore, the proposed meth-
od is characterized by a satisfactory correctness.

Precision was studied by analyzing the FZ tablets of
compositions No. 1 and No. 2 in six replications in the
form of parameters “Convergence” and “Intralaboratory
(intermediate) precision”. To assess the intralaboratory
precision, the test samples were analyzed using differ-
ent analysts and on different days using the same equip-
ment. The results obtained (Tables 2, 3) testify to the
satisfactory precision of the proposed method for the
guantitative determination of FZ in effervescent tablets
at the levels of repeatability and intralaboratory preci-
sion.

9 bid.
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Figure 1 — Furazolidone structural chemical formula
Note: 3-{[(5-Nitrofuran-2-yl)methyliden]amino}-1,3-oxazolidin-2-on
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Figure 2 — Ultraviolet absorption spectra of substance furazolidone aqueous solutions (1),
effervescent FZ tablets (2) and excipients (3)

Table 1 — Results of assessing correctness of methods for furazolidone quantitative determination

Metrological characteristics,

Added FZ, mg Detected FZ, mg Recovery, % (p = 95%, n = 9)
3.20 3.14 98.13 X = 99.66%
3.40 3.37 99.12 SD=1.65
3.60 3.64 101.11 RSD =1.66%
3.80 3.73 98.16 Ox =127
4.00 4.08 102.00 Efx :132;%

= . (]
jlzlg j'zlté 1907i8366 fea 0-62
- : - Caputar, = 2-31
4.60 4.64 100.87 X + AX = 99.66 £ 1.27
4.80 4.72 98.33

Table 2 — The results of determining the convergence of the analytical methods for the quantitative
determination of the content of furazolidone in effervescent tablets

Composition No.1

Composition No.2

No. i isti i isti
Detected FZ, mg Metrological characteristics, Detected FZ, mg Metrological characteristics,

(n=6) (n=6)

1 4.06 X =4.01 3.93 X =3.98

2 4.02 $?=0.002937 4.04 $?=0.003840

3 3.94 SD =0.054 4.00 SD =0.062

4 4.01 RSD =1.35% 3.97 RSD =1.56%

5 BI9S) 4.04

6 4.07 3.95
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Table 3 — The results of the intermediate precision study of the method
for the quantitative determination of the furazolidone content in effervescent tablets

Explorer 1 Explorer 2 Metrological characteristics, (n = 6)
No Composition  Composition  Composition  Composition Explorer 1 Explorer 2
" No.l Detected No.2 Detected No.l Detected No.2 Detected Composition Composition Composition Composition
Fzr mg FZI mg FZ/ mg FZ’ mg No.1 No.2 No.1 No.2
1 3.95 4.04 3.99 4.03 X =3.98 X =401 X =3.93 X =3.98
2 4.03 4.02 3.93 4.02 §?=0.0024 $*=0.0012 $*=0.0016 S?=0.0015
s e se e mien mous woone wion
= 1. ( =u. (J = 1. (J =u. (]
4 4.06 3.98 4.01 4.01 X+ AX = ¥ + AX = X+ AX = X+ AX =
&) 3.97 4.01 3.98 3.97 3.98+0.05 4.010.04 3.93+0.04 3.98%0.04
6 395 397 404 395 t(95%, 5) calc. = t (95%, 5) calc. = t (95%, 5) calc. = t (95%, 5) calc. =
1.00 0.70 1.23 1.26
Fo.=15 F..=127 Fo.=15 F..=127
t (95%. 5) tabu\ar.= 257' F (99%. 5. 5) tabular. =10.97
Note: tq, o e <t losse s Feaier < F oo 5, 5) rabuier — the differences between the results obtained are random, not burdened by a systematic error.

Table 4 — Compositions of the developed tablets containing furazolidone solid dispersions as an active substance

Composition No.1 Composition No.2

Ingredient for 1 dose (tablet) for 1 dose (tablet)

g % g %
Furazolidone 0.004 0.105 0.004 0.114
PVP-24000 0.061/ 1.605/ 0.061/ 1.743/
(in basic and acid granules) 0.006 0.158 0.005 0.143
Sodium carbonate anhydrous 1.558 41.000 1.574 44.971
Tartaric acid 2.095 55.132 - -
Malic acid = = 1.786 51.029
Sodium benzoate 0.076 2.000 0.070 2.000
Total weight: 3.800 100.000 3.500 100.000

Table 5 - Fractional composition of granulates obtained by separate granulation methods,
as well as of compositions prepared for tableting

Size (p) of particles, mm

Sample name

More than 2.0 2.0>p>1.25 1.25>p>710 710>p>315 315>p>0.1 Less than 0.1
Fraction content (%), n=5; X_.+AX
Granulate 1 = 0.16+0.03 9.06+0.32 65.91+2.93 24.46+1.15 0.16+0.02
Granulate 2 - - 26.73+0.93 45.34+1.13 23.3810.84 4.331+0.17
Granulate 3 - - - 25.20+1.74 72.0+1.34 2.4510.14
Composition No.1 - - 19.03+1.17 54.73+2.57 22.96+1.31 2.321+0.16
Composition No.2 = 0.08+0.02 4.53+0.31 45.25+2.37 48.20+2.46 1.33+0.07

Note: granulate 1 — basic granulate (FZ + anhydrous sodium carbonate + PVP-24000); granulate 2 — acid granulate (tartaric acid + PVP-24000):
granulate 3 — acid granulate (malic acid + PVP-24000).

Table 6 — Quality indicators of the developed granules at the moment of manufacturing

. Granulates Compositions
Indicators
No.1 No.2 No.3 No.1 No.2
Appearance Yellow granules White granules Mixture of white and yellow granules
+, =
Bulk volume, (Xav£AX, n=3), 0.89:0.03 0.77+0.02 0.78+0.03 0.83£0.02 0.81£0.02
(g/ml) before compaction
After compaction, (g/cm?3) 1.01+0.05 0.85+0.03 0.87+0.04 0.93+0.03 0.92+0.03
Flowability (Xav+AX, n=3), (g/s) 14.90+0.11 11.03+0.07 11.06+0.04 13.01+0.09 12.90+0.07
Angle of natural repose
(X_+AX, n=5), (°) 35£2 25+2 25£2 30+2 32£2
Residual moisture
1.15+0.12 1.0440.11 0.61+0.09 1.11+0.10 1.0710.09

(X_*AX, n=5), (%)
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Table 7 — Quality indicators of instant tablets containing a solid furazolidone dispersion
at the moment of manufacturing

Indicators Methods (guidelines) Composition No.1 Composition No.2
SP RF XIV GPM.1.4.1.0015.15 Effervescent tablets, white, interspersed with pale yellow to
Visual bright yellow, cylindrical, flat, with a bevelled edge on both
Description sides; tablets dissolve in water with a release of bubbles,
forming a greenish-yellow, transparent, odorless solution.
Roughness and marbling are allowed.
SP RF XIV GPM.1.2.1.1.0003.15 The UV spectra of the aqueous solution from 230 to 400 nm
Authenticit GPM.2.1.0203.18 must correspond to the characteristic peaks of the FZ standard.
¥ UV spectrophotometry Qualitative reaction with sodium hydroxide,
qualitative reacion brown color appears.
Quantification SP RF XIV GPM.1.2.1.1.0003.15
+ +
(C,,xAC, n=5), (g/1) UV spectrophotometry 0.0400.004 0.040+0.004
Crushing resistance SP RF XIV GPM142001115
(X_+AX, n=10), (H)! (not less than 50 H) 77.213.0 79.615.0
Abrasion rate SP RF XIV GPM.1.4.1.0004.15
+ +
(X, 24X, n=5), (%) (not more than 3%) 1.00£0.23 et
. . SP RF XIV GPM.1.2.1.0010.15
+ +
Weight loss on drying (less than 2%) 1.5+0.5 1.3+0.5
Disintegration SP RF XIV GPM.1.4.1.0015.15
(t, xAt, n=5), (s) (less than 5 min) 135415 12515
pH (X_*AX, n=5) SP RF XIV GPM.1.2.1.0004.15 6.0+0.5 6.0+0.5

SP RF XIV GPM.1.1.0025.18

EECES 10 tablets in a plastic tube made of polypropylene, sealed with a lid with a desiccant
Markin SP RF XIV GPM.1.1.0025.18
& Warning: "The tablet must be dissolved in % cup (100 ml) of water before use".
Storage SP RF XIV GPM.1.1.0010.18
g In a dry place protected from light at the temperature not exceeding 25°C
Shelf life SP RF XIV GPM.1.1.0009.18
2 years
Note: ! —load on the side face, destroying the tablet.
0.8
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Concentration of furazolidone reference standard solution, mg/ml

Figure 3 — Regression line for quantitative determination of furazolidone content by spectrophotometry
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Figure 4 — Dependence of the effect of compacting pressure values on the disintegration
of furazolidone effervescent tablets
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of furazolidone effervescent tablets

Tom 10, Beinyck 1, 2022 63



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

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

%

Composition No.1

Composition No.2

Figure 7 — Effervescent tablets containing a solid furazolidone dispersion as an active substance

Thus, with the help of the validation assessment,
the correctness, precision, specificity and linearity in the
analytical area of the developed method for the quanti-
tative determination of FZ in effervescent tablets, have
been established.

When developing the compositions of instant tab-
lets, thermostable anhydrous components of the ef-
fervescent system were used — sodium carbonate and
organic acids, which increase the stability and shelf life
of the developed compositions. Bicarbonates were not
used as the basic components of the effervescent sys-
tem due to their instability when heated (starting from
60°C), and the presence of bound (crystallization) water,
reducing the stability and shelf life of the instant DF.

In the course of choosing a gas-forming system,
various combinations and mass ratios of organic acids
(tartaric, malic, and citric) with sodium carbonate were
studied. The basic criteria for screening were such quali-
ty indicators of DFs as disintegration, pH of the aqueous
solution and compressibility. Compositions containing
citric acid were characterized by low compressibility and
disintegration, and therefore were excluded from fur-
ther studies. Since the formulation of the compositions,
in addition to the effervescent system, contains AS and
excipients (PVP-24000 and sodium benzoate), which can
also influence the pH index, the ratio of basic and acid
granulates was determined experimentally.

When developing effervescent tablets, special at-
tention was paid to the risk of a premature neutraliza-
tion reaction between the basic and acid components
of the gas-forming system, which could lead to such
undesirable consequences as a reduced quality of fin-
ished tablets (change in color, transparency of aqueous
solutions of tablets), a reduction of shelf life, an increase
in the percentage of rejects, an increase in the duration
of the technological process. In this regard, the granu-
lates were obtained by separate wet granulation, using
96% ethyl alcohol as a GL solvent. The use of SD compo-
nents as a GL ethanol solution is more promising, since it
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makes it possible to obtain SD by the “solvent remova
method? [42].

The basic and acid components of compositions No.
1 and No. 2 (Table 4) were separately granulated with an
FZ alcohol solution and PVP-24000 heated to 65 + 5°C in
case of the basic granulate and with a 1% alcohol solution
of PVP-24000 in case of acid granulates. Thus, the stage of
obtaining SD FZ is combined into one technological stage
with the stage of granulation, which greatly simplifies the
technological process: it reduces the number of techno-
logical operations (the technological stage for obtaining
SD, which requires a quality assessment and standard-
ization of the intermediate product, is excluded), and re-
duces the load on the equipment and material costs. This
solution also simplified the development process, making
the empirical pH adjustment easy dosing. In the proposed
technology, the stages of obtaining SD, mixing compo-
nents, granulation and drying are carried out in one ap-
paratus, which contributes to the creation of continuous
production with high productivity [43, 44].

To obtain a tablet mass, the basic and acid granu-
lates were mixed in ratios (by weight) of 1.0:1.3 for com-
position No. 1 and 1.0:1.1 for composition No. 2, respec-
tively. These compositions make it possible to obtain an
FZ solution for external use with a minimum disintegra-
tion index and a pH value that is comfortable for external
use =6.0+0.5.

In the amount of 2% of the powdered mass, sodi-
um benzoate was used as a lubricating excipient, since
its good solubility in water makes it possible to obtain
transparent solutions when the developed compositions
are dissolved.

The fractional composition of granulates of compo-
sitions No. 1 and No. 2, as well as basic and acid gran-
ules, are presented in table 5.

1 Tentsova Al. Biofarmacevticheskie aspekty primeneniya tvyordyh
dispersii [Biopharmaceutical aspects of the use of solid dispersions].
Epoch in Pharmacy. M.: Pero, 2014: 62-66. Russian

2 Ruban EA. Sovremennye napravleniya v tekhnologii tverdyh
lekarstvennyh sredstv [Modern trends in the technology of solid
drugs]. Kharkov: NFAU, 2016: 88 p. Russian

Volume X, Issue 1, 2022



Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

OPUTNHAJIbHAA CTATbA
DOI: 10.19163/2307-9266-2022-10-1-55-68

The data in Table 5 indicate that the granulates are
homogeneous, they are characterized by uniform flow-
ability and appropriate compressibility.

As Table 6 shows, analyzed granulates No. 1 and
No. 2, as well as basic and acid granules, have good
technological characteristics. All the samples are
characterized by a high bulk density, flowability, at
least twice as required values (at least 4-5 g/s), which
will provide good indicators of the volumetric flow
rate of the tablet mass in pressing in the future. Re-
sidual moisture is a critical indicator for the stability
of instant tablets, which determines the possibility of
a premature start of the neutralization reaction of the
effervescent system — less than 1.5%, which is opti-
mal for effervescent tablets [45]. The angle of natural
repose also characterizes the studied compositions
as well flowing, since its values for all samples are in
the range of 20-352. Such technological indicators of
granulates of No. 1 and No. 2 compositions, such as
flowability, a moisture content, a bulk density, meet
the requirements of Product specification file, provid-
ing satisfactory compressibility.

To identify the optimal tableting mode, the depen-
dence of disintegration, abrasion capacity and crushing
resistance of tablets on compacting pressure values was
investigated. In the compacting pressure range of 5-20
kN, the disintegration of the developed compositions
meets the requirements of the State Pharmacopoeia of
the Russian Federation, XIVth edition (Fig. 4).

A compacting pressure of more than 16 kN makes
it possible to obtain tablets with a crushing resistance
of more than 70 N (77.2 N and 79.6 N, respectively)
(Fig. 5).

Weight loss during the test for the abrasion capacity
does not exceed 3% at the compacting pressure of more
than 14 and 10 kN for compositions No. 1 and No. 2,
respectively (Fig. 6).

Thus, at the compacting pressure, the developed
compositions of FZ effervescent tablets have satisfactory
quality indicators of more than 16 kN. Therefore, tablets
of compositions No. 1 and No. 2 were obtained at the
optimal compacting pressure (Fig. 7).

On the basis of the conducted studies, it can be con-
cluded that the obtained instant effervescent tablets FZ
of the proposed compositions No. 1 and No. 2 at the
time of manufacturing, according to the main qualita-

tive, quantitative and technological quality indicators,
meet the requirements of Product specification file (Ta-
ble 7).

With the help of long-term and accelerated tests,
it has been revealed that the tablets are character-
ized by the constancy of the main technological char-
acteristics: description, mass uniformity, disintegra-
tion, abrasion rate, crushing resistance, weight loss
on drying, pH, authenticity, quantitative AS content
throughout the shelf life. The data obtained make it
possible to recommend the shelf life of the tablets of
compositions No. 1 and No. 2, packaged in polymer
tubes, in a dry, light-protected place at the tempera-
ture of 25°C for 2 years.

The results obtained in the course of this study can
be used for the implementation in production this highly
effective antimicrobial drug for external use — fast-dis-
solving effervescent FZ tablets.

CONCLUSION

Two compositions of effervescent tablets including
SD FZ, a gas-forming system — acidic and basic compo-
nents, as well as lubricating excipients, have been de-
veloped. They make it possible to obtain an aqueous
FZ solution with an AS concentration of 0.004% and pH
6.0 £ 0.5 in less than 5 minutes without heating and
applicating mechanical efforts. The method for quanti-
tative determination of the FZ content in effervescent
tablets, has been validated. In accordance with the
requirements of SP RF XIV, the quality of the devel-
oped effervescent tablets containing SD FZ has been
assessed. It has been found out that the technological
characteristics of the obtained compositions (descrip-
tion, mass uniformity, disintegration, abrasion rate,
crushing resistance, weight loss on drying, pH of the
solution, authenticity and quantitative determination
of the AS) are within the standard values and meet all
quality requirements. Experimentally, by methods of
long-term and accelerated tests, the preliminary shelf
life of effervescent FZ tablets was determined to be 2
years in a dry place protected from light at the tem-
perature not exceeding 25°C.

Based on the results of the work, application No.
2021105988 dated 03/10/2021 “Instant dosage FZ form
and method for its preparation” was deposited with Ro-
spatent.
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The creation of drugs with an anxiolytic activity, which do not have the main side effects characteristic of drugs of this group,
is an important and socially significant task. For its implementation, within the framework of the development of an original
drug with an anxiolytic activity, the composition and manufacturing of GML-1 tablets (N-benzyl-N-methyl-1-phenylpyrrolo
[1,2-a] pyrazine-3-carboxamide) are being developed.

The aim of this article is to study, using a four-factor analysis of variance, the influence of composition factors on the manu-
facturing properties of GML-1 tablets and the selection of the type, the amount, stage of the disintegrant addition and the
type of lubricating excipients used in the technology of wet granulation of GML-1 tablets.

Materials and methods. The materials used are: the substance — GML-1 (N-benzyl-N-methyl-1-phenylpyrrolo [1,2-a] pyra-
zine-3-carboxamide). Excipients: microcrystalline cellulose 101 (MCC 101); polyvinylpyrrolidone (PVP); crospovidone, cros-
carmellose sodium (CCS), sodium starch glycolate (SSG); magnesium stearate (MS), sodium stearyl fumarate (SSF). To obtain
tablet mixtures, wet granulation and tableting with the study of their main pharmaceutical and technological properties was
used.

Results. Model compositions were developed and their pharmaceutical and technological properties were studied. These
results have been analyzed, the degree of these factors’ influence and their interactions have been determined. In most of
the cases considered, the interactions of the factors did not cause a significant change in the optimization criteria. With an
increase in the amount of a disintegrant, the disintegration time decreased unevenly, so an increase in the amount of these
excipients from 4 to 6 mg had a stronger effect than from 2 to 4 mg. Factor B affected the release degree non-linearly. Fac-
tor A influenced all the optimization criteria considered, especially a PS release. The best release and disintegration were
observed with crospovidone, which was of a particular importance when processing the test results using a generalized
desirability method.

Conclusion. In view of the conflicting variance analysis results, for particular factors, the resulting values were additionally
analyzed using the generalized desirability function. The use of this method made it possible to reduce the conflicting vari-
ance analysis results to the most optimal composition.

Keywords: GML-1; tablet; analysis of variance; four-factor; influence of factors; interaction of factors; desirability function
Abbreviations: MP — medicinal product; DP — drug product; DF — dosage form; PS — pharmaceutical substance; APl — active
pharmaceutical ingredient; PVP — polyvinylpyrrolidone; MCC — microcrystalline cellulose; SCC — sodium croscarmellose; SSG
— sodium starch glycolate; MS — magnesium stearate; SSF — sodium stearyl fumarate; GPM — General Pharmacopoeia Mono-
graph.

For citation: S.V. Tishkov, E.V. Blynskaya, K.V. Alekseev, V.K. Alekseev, D.I. Gavrilov. Application of multivariate anova and generalized desirability
to optimize the composition and technology of tablets containing N-benzyl-N-methyl-1-phenylpyrrolo [1,2-a] pyrazine-3-carboxamide. Pharma-
cy & Pharmacology. 2022;10(1):69-81. DOI: 10.19163/2307-9266-2022-10-1-69-81
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Co3aaHne nekapcTBeHHbIx cpeacTs (/1C) ¢ aHKCUONUTUYECKOW aKTUBHOCTbIO, KOTOpble He 06/1a4aloT OCHOBHbIMM NO6OY-
HbIMK 3ddEKTaMM, XapaKTEPHbIMU A5 eKapCTBEHHbIX npenapatos (/M) gaHHOM rpynmnbl, ABAAETCA BaXKHOW M COLMANBHO
3HauYMMOM 3agauei. [1nA e€ BbINoAHEHNA B paMKax pa3paboTkm opurmHanbHoro J1IC ¢ aHKCMONUTUYECKOM aKTUBHOCTbIO NPO-
BOAMTCA pa3paboTka cocTaBa u TexHonorumn tabnetok FTM/-1 (N-6eH3nn-N-metun-1-deHnnnuppono [1,2-a] nnpasmH-3-Kap-
b6okcamua).

Lienb. M3yyeHne c NOMOLLbO YeTbIpEXPAKTOPHOrO AUCMEPCUOHHOO aHaN3a BAUAHUA GAaKTOPOB COCTaBa Ha TEXHONOTNYe-
cKue cBoicTBa Tabnetok TMJI-1 u nogbope TMNa, KONNYECTBa, CTaAUU A00ABNEHUA AE3UHTErpaHTa U CMa3blBatOLLEro BCno-
MmoraTesibHOro BelecTtsa (BB).

Matepuanbl u metogpl. Micnosnb3yemble matepuanbl: cybctaHuma: TM-1 (N-6eH3un-N-metun-1-deHnnnumppono(1,2-a] nu-
pasuH-3-kapbokcamna). BcnomoratenbHble BELLECTBA: MUKPOKpPUCTaIMYecKan wenntonosa 101 (MKL,), noamsuHuanmppo-
nmaoH (KBM), KpocnoBMAoH, HaTpua Kpockapmenosa (HKK), HaTpua kpaxmana rukonat (HKT), marius cteapat (MC), HaTpus
cteapun dpymapart (HCD). MpumeHsnocb nonyveHme TabaeTouHbIX CMeCen C MOMOLLbIO BNAXKHOM rpaHynaumm u Tabnetnposa-
HUWE C U3yYeHUEM MUX OCHOBHbIX GapMaLLEBTUKO-TEXHOIOTMYECKUX CBOMCTB.

Pe3ynbratbl. PazpaboTaHbl MOAe/bHble COCTaBbl U U3y4YeHbl UX GapMaL,eBTUKO-TEXHONOIMYECKMe CBOMCTBA. [laHHble pe3y/b-
TaTbl NPOAHAIM3NPOBAHbI, ONpeaesieHa CTeneHb BAUAHUA GAKTOPOB U UX B3aumoaencTeus. Bsaumogenctemna ¢akTopos B
6ONbLIMHCTBE PAaCCMATPUBAEMBIX C/Iy4aEB He BbI3blBa/IM CyLLECTBEHHOE U3MEHEHWE KpUTEPMEB ONTUMMU3ALLMU. Bpema pac-
nafaemocTy NpY yBEIMYEHUM KOIMYECTBA Ae3MHTerpaHTa CoKpaLlanocb HepaBHOMEPHO. Tak, yBeanyeHne KomyecTsa AaH-
HbIX BB ¢ 4 0 6 M OKa3blBano 6onee cMabHOe BANAHUE, Yem C 2 40 4 mr. Ha cTeneHb BbICBO6OXAeHMA daKkTop B BO34eMCTBO-
Ba/l HeMMHeHO. ®akTop A BAMAN HA BCE PAacCMATPMBAEMble KpUTEPUM ONTUMMU3ALNKN, 0COBEHHO Ha BbicBoboXaeHne DC.
Haunnyywee BbicBOBOXKAEHME M pacnafaeMocTb HabAAINCh MPU UCMONb30BAHMM KPOCNOBUAOHA, YTO MMeNo ocobeHHoe
3HayeHue Npu 06paboTKe pPe3ynbTaToB UCMbITaHUA METOAOM 0606 LLEHHOM KeNaTeIbHOCTU.

3akntoueHue. BBray npoTMBOpPEYMBbIX Pe3y/IbTaToB AUCNEPCUOHHOIO aHaIN3a, AN YaCTHbIX GAaKTOPOB, NOMYUYNBLLUMECA 3HA-
YeHWUA AOMONHUTENIbHO NMPOAHANN3UPOBAHbI C MOMOLLLbIO 060OLWEHHOW GYHKLMK XKenaTenbHOCTU. Mcnonb3oBaHWe AaHHOMO
MeToZa MO3BO/IUI0 MPUBECTU MPOTUBOPEUMBBIE PE3Y/bTaTbl AUCNEPCUOHHOIO aHaM3a K O4HOMY Haubonee onTUMmabHOMY
cocrasy.

KntoueBble cnosa: IM/1-1; TabneTka; AUCNEPCUOHHbIV aHaNU3; YeTbIPEXPAKTOPHBIN; BAMAHME GaKTOPOB; B3auMoaencTeme
$aKTOPOB; GYHKLMA KENATENbHOCTU

Cnucok coKpaleHuii: JIC — nekapcTBeHHoe cpeacTso; JIM — nekapcTBeHHbI npenapat; /IO — nekapcteeHHaa dopma; PC
— dapmaneBTUYecKan cybctaHums; BB — BcnomoratenbHble Belectsa; MBMN — noansmuHuanupponnaoH; MKL — mukpokpu-
CcTannuyeckan uenntonosa; HKK — Hatpus kpockapmenosa; HKI — HaTpus kpaxmana rankonat; MC — marHua crteapat, HCO
— HaTpusa cteapun pymapat; OPC — obwan papmakoneriHana cTaTbA.

INTRODUCTION

Currently, the search for new drugs for the treat-
ment of neurotic disorders and other neuropsychiatric
diseases is becoming an increasingly urgent task. For
example, the global prevalence of anxiety disorders,
according to various sources, ranges from 6.0 to 13.6%
[1]. In addition, the use of many tranquilizers, in par-
ticular the benzodiazepine series, is limited due to the
manifestation of a large number of side effects and le-
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gal restrictions. Accordingly, one of the most promising
areas of psychopharmacology is the creation of drugs
based on the structure of mitochondrial translocator
protein ligands acting on alternative pharmacological
targets without serious side effects and toxicity.

In the Research Institute of Pharmacology named
after V.V. Zakusov, an original active pharmaceutical
ingredient (API), which is a derivative of pyrrolopyra-
zine — N-benzyl-N-methyl-1-phenylpyrrolo [1,2-a] pyra-
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zine-3-carboxamide (GML-1) [2, 3], having an anxiolytic
activity, was developed and synthesized (Fig. 1) [2]. API
has an anxiolytic activity; pronounced antidepressant,
nootropic and neuroprotective effects have also been
revealed [4-6], while there are no sedative, muscle re-
laxant and amnestic effects characteristic of this group
of drugs [7]. In addition, as a result of toxicological stud-
ies, GML-1 has shown a low acute toxicity when admin-
istered intraperitoneally to mice (LD,, > 1000 mg/kg)
[7]. The data obtained demonstrate a high potential of
this API for the creation of the drug.

For GML-1, it is planned to develop a tableted dos-
age form (DF), based on the carried out preclinical stud-
ies and on the characteristics of the proposed pharma-
cological application [9, 10].

THE AIM of this work is to study, using an analysis
of variance, the effect of the type and amount of the
disintegrant on the technological properties of GML-1
tablets, as well as the lubricating excipient type and
the stage of incorporating the disintegrant into the
tablet mass on the technological properties of GML-1
tablets.

In the presented study, using the analysis of vari-
ance and desirability function, it is necessary to select
the composition and technology of tableted LF GML-1
obtained by wet granulation.

MATERIALS AND METHODS

The used materials

The substance — GML-1 (N-benzyl-N-methyl-1-phen-
ylpyrrolo [1,2-a] pyrazine-3-carboxamide)) (Fig. 1).

o A
CHj

Figure 1 — Structural formula of GML-1

Excipients — microcrystalline cellulose 101 (MCC
101) (Microcel MCC 101, Blanver, Brazil); polyvin-
ylpyrrolidone (PVP, Kollidon 25, BASF, Germany);
crospovidone (Polyplasdone XL, BASF), croscarmel-
lose sodium (CCS) (Solutab, Blanver, Brazil), sodium
starch glycolate (SSG) (Solutab, Blanver, Brazil); mag-
nesium stearate (MS) (Niticka Pharm. Specialties PVT.
LTD.), sodium stearyl fumarate (SSF) (Pruv, JRS Phar-
ma, Gerany).

Tom 10, Beinyck 1, 2022

Equipment and techniques used

To preparation the tablets, a manual hydrau-
lic press PRG-50 was used. A resistance of tablets to
crushing (General Pharmacopoeia Monograph (GPM).
1.4.1.0015.15, SP X1V, volume 2)! was tested with a re-
sistance analyzer TBF 1000 CopleyScientific® (Great Bri-
tain).

The methods for disintegration determining
(GPM.1.4.2.0011.15., SP XIV, volume 2)? is PTZ-S dis-
integration tester (Pharma Test, Germany). The test
method of “dissolution” for GML-1 tablets, 1 mg, was
developed by the analytical group of the Research In-
stitute of Pharmacology named after V.V. Zakusov [11,
12] according to GPM.1.4.2.0014.15 “Dissolution for
solid dosage forms”3. Herewith, the used device was
“Paddle stirrer” type (Erweka, Germany); the dissolu-
tion medium was 900 ml of 3% sodium lauryl sulfate
solution in water, the dissolution medium temperature
was 37 * 1°C, the stirrer rotation speed was 50 rpm.
The samples were taken every 10 minutes. After taking
each sample, the medium was replenished. The optical
density of the prepared solutions was measured on a
spectrophotometer at the wavelength of 256 £ 2 nm
in a cuvette with a layer thickness of 10 mm, using a
3% aqueous solution of sodium lauryl sulfate as a refer-
ence solution [13].

Statistical analysis

The analysis of variance (ANOVA) is used to deter-
mine the degree of influence of factors and their in-
teractions on the technological and physicochemical
properties of tablets [14-16]. In the presented work,
a cross-balanced full analysis of variance (parametric
model) was used to determine the effect of: A —the type
of disintegrating excipients; B — the amount of disinte-
grating excipients in the tablet; C — the type of lubricat-
ing excipients; D — the process of introducing a disinte-
grant into the tablet mass and a combination of these
factors (parameters), a resistance of tablets to crushing,
disintegration of tablets (c), APl release (%).

The S, R and adjusted R-values reflect the correspon-
dence in the mathematical model of the dependence of
the random value on the values for the ANOVA model
shown in Table 7. The S-value is measured in the units
of the response variable and is the standard deviation
for the data used. R (R?) is the coefficient of the deter-
mination describing the degree of dependence of the
variable explained by the factors of the process under
consideration. To compare models with different num-
bers of variables, the value of the corrected coefficient
of determination (adjusted R?) which cannot be artifi-
cially overestimated and takes into account the number
of terms in the model, is introduced. [17].

! State Pharmacopoeia of the Russian Federation XIV ed.
T. I-IV. Available from: http://femb.ru/pharmacopea.php.

2 |bid.

3 Ibid.

71



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

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

The factorial design of the experiment consisted of
combinations of factors to describe the degree of influ-
ence of the composition, was carried out in a random-
ized order and to reduce the experimental error, the
experiment at the center point was repeated five times
on different days. The results of the average responses
for the experiments are shown in Table 3. The values in-
dicated the reproducibility of the process. A statistical
evaluation of the results was performed by the analysis
of variance (ANOVA) using a commercially available sta-
tistical software package (Minitab 18, PA, USA). Fisher’s
test was used to compare the variances of variational
series, and the degree of confluence of factors was de-
termined by its relative value of Fisher’s tabular value.
In addition, for the mathematical analysis of the results,
the generalized desirability function was used, which
makes it possible to determine the most optimal mod-
el composition. During the optimization of the compo-
sition, it is necessary to combine the partial responses
of technological, physicochemical properties in order
to obtain a tablet with the desired characteristics. The
use of the desirability function allows this process to be
carried out in one dimension and makes it possible to
determine the most suitable composition for all desir-
ability criteria.

The combination of responses in a generalized de-
sirability function requires the computation of individual
desirability functions [18, 19], which can have one-way
and two-way constraints. Within the framework of this
study, only one-way constraints will be considered, since
the optimization parameters used have only upper and,
accordingly, lower permissible values. To transform the
selected partial optimization parameters into some sub-
jective estimate or partial desirability, it is necessary to
use the following equations with a one-way constraint:

d =exp[—exp(-y)], (1)

The conversion of the values of dimensional (natu-
ral) indicators (pharmaceutical and technological char-
acteristics) (x) into dimensionless (y) indicators, under
the accepted condition of a linear relationship between
them, is carried out as follows: y = a, + a x, and this ex-
pression can be calculated using the following system of

equations: { a,+ka =1,51 (2)

a, +k,a,=0,01"

where: k isthe best parameter value, k, is the worst
parameter value.

The value of Harrington’s generalized desirability is
calculated by converting particular desirability indica-
tors (D) into a single comprehensive assessment using
the formula:

D =N,.d,, 3)
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where: n is the number of used indicators of com-
parison parameters in this system

When recalculating according to this formula, the
weight coefficients of particular indicators are not tak-
en into account. These indicators are combined into a
generalized Harrington desirability function (D) by de-
termining the geometric mean of particular desirability
(d). [20-23].

RESULTS

At the previous stages of the research, the proper-
ties of the API GML-1 were studied, the technology of
the GML-1 tablets, wet granulation, was selected. This
choice is due to the need to ensure the dosage unifor-
mity for 1 mg of API, which has unsatisfactory physico-
chemical and technological properties. In addition, a fill-
er, a binder and the optimal amounts of these excipients
have been selected. The preliminary stages of optimiza-
tion of the technological process have been carried out
[13]. However, due to the unsatisfactory technological
properties of GML-1 tablets, especially in terms of such
indicators as disintegration and the API release from the
tablets, it was decided to additionally introduce disinte-
grants.

To implement this research plan, at the next
stage, the type and amount of disintegrant, as well
as the stage of the introduction of disintegrating ex-
cipients and the type of lubricating excipient were
selected.

To ensure the necessary technological properties,
a four-factor fractional experiment was carried out and
the following factors were identified as the factors af-
fecting the quality of the tablets:

A — the type of disintegrant: A, — crospovidone, A,
— sodium croscarmellose; A, — sodium starch glycolate;

B — the amount of disintegrant in the tablet: B, —
2mg, B,—4 mg, B, -6 mg;

C — the type of lubricating excipient: C, — 8%, C, —
10%;

D — the process of adding disintegrant: D, — into
the tablet mixture before moistening, D, — half of the
amount of disintegrant into the tablet mixture and the
rest at the stage of dusting.

The factors are investigated at three or two levels of
change. The range of variation of the selected variable
factors is shown in Table 1.

The following criteria were chosen as optimiza-
tion ones: Y, — Resistance of tablets to crushing (N);
Y, — Disintegration of tablets (s); Y, — API release
(%).

The compositions of the model mixtures and the re-
sults of evaluating the indicators of the tablets are pre-
sented in Tables 2 and 3.
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Table 1 — Characteristics of variable factors affecting the technological characteristics of GML-1 tablets

Factors
Factor A B C D
levels . The amount of disinte- Type of lubricating Disintegrant addition
Disintegrant type . L
grant in a tablet, mg excipient process
1 Crospovidone 2 Magnesium stearate into tab!et m|x before
moisturizing
) Sodium 4 Sodium stearate 50% before moisturizing
crosscarmellose fumarate and 50% during dusting
3 Sodium starch 6 _ _
glycolate
Table 2 — Model compositions of GML-1 tablets, mg
MCC Disintegrants Lubric.ating
No. GML-1 101 PVP excipients
Crospovidone NCC SSG MS SSF

1 1.0 90.0 6.0 2.0 = = 1.0 =
2 1.0 90.0 6.0 2.0 - = - 1.0
3* 1.0 90.0 6.0 2.0 = = 1.0 =
4% 1.0 90.0 6.0 2.0 - - - 1.0
5 1.0 88.0 6.0 4.0 = = 1.0 =
6 1.0 88.0 6.0 4.0 - - - 1.0
7* 1.0 88.0 6.0 4.0 = = 1.0 =
8* 1.0 88.0 6.0 4.0 - - - 1.0
9 1.0 88.0 6.0 6.0 = = 1.0 =
10 1.0 88.0 6.0 6.0 - = - 1.0
11* 1.0 88.0 6.0 6.0 = = 1.0 =
12* 1.0 88.0 6.0 6.0 - - - 1.0
13 1.0 90.0 6.0 = 2.0 = 1.0 =
14 1.0 90.0 6.0 - 2.0 - - 1.0
5% 1.0 90.0 6.0 = 2.0 = 1.0 =
16* 1.0 90.0 6.0 - 2.0 - - 1.0
17 1.0 89.0 6.0 = 4.0 = 1.0 =
18 1.0 88.0 6.0 - 4.0 - - 1.0
19* 1.0 88.0 6.0 = 4.0 = 1.0 =
20* 1.0 88.0 6.0 - 4.0 - - 1.0
21 1.0 88.0 6.0 = 6.0 = 1.0 =
22 1.0 88.0 6.0 - 6.0 - - 1.0
23%* 1.0 88.0 6.0 = 6.0 = 1.0 =
24* 1.0 88.0 6.0 - 6.0 - - 1.0
25 1.0 90.0 6.0 = = 2.0 1.0 =
26 1.0 90.0 6.0 - - 2.0 - 1.0
27* 1.0 90.0 6.0 = = 2.0 1.0 =
28* 1.0 90.0 6.0 - - 2.0 - 1.0
29 1.0 88.0 6.0 = = 4.0 1.0 =
30 1.0 88.0 6.0 - - 4.0 - 1.0
31* 1.0 88.0 6.0 = = 4.0 1.0 =
32%* 1.0 88.0 6.0 - - 4.0 - 1.0
33 1.0 88.0 6.0 = = 6.0 1.0 =
34 1.0 88.0 6.0 - - 6.0 - 1.0
35%* 1.0 88.0 6.0 = = 6.0 1.0 =
36* 1.0 88.0 6.0 - - 6.0 - 1.0

Note: * — adding disintegrant to the tablet mixture and when dusting the granulate.
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Table 3 — Research results of technological characteristics of tablet mixtures and tablets (average values)

Formulation Y, Y, Y,
number Resistance to crushing (N) Disintegration time (s) API release (%)
1 108.1+0.03 268+0.3 78.8+1.0
2 97.4+0.02 244+0.2 79.310.5
3 95.840.02 231+0.2 77.610.6
4 91.4+0.03 227+0.1 78.910.4
5 109.3+0.05 212+0.4 89.1+0.5
6 89.9+0.04 190+0.2 87.840.3
7 88.710.04 196+0.1 81.7+0.3
8 80.1+0.02 189+0.1 83.6+0.8
9 95.4+0.03 170£0.1 83.1+1.0
10 96.1 +0.06 165+0.2 85.3+0.5
11 75.9+0.02 157+0.5 80.2+0.4
12 78.7+0.03 159+0.2 85.1+0.2
13 117.3+0.03 249+0.5 84.6+0.3
14 114.6+0.01 24310.4 83.1+0.2
15 106,2+0.02 239+0.6 80.4+0.1
16 107.9+0.02 23810.5 79.610.4
17 105.9+0.03 351+0.6 71.5£0.2
18 104.4+0.03 34910.3 71.30.3
19 93.1+0.04 230+0.5 72.7+0.4
20 90.0+0.03 224+0.4 72.8+0.5
21 99.8+0.03 210+0.2 77.2+0.2
22 102.5+0.04 21310.2 79.410.3
23 88.9+0.02 201+0.1 77.6+0.6
24 85.5+0.03 20010.2 78.1+0.5
25 127.7+0.04 378+0.5 81.4+0.3
26 115.6+0.03 36710.2 80.9+0.2
27 100.5+0.05 360+0.6 76.410.3
28 99.7+0.02 355+0.5 73.2+0.6
29 101.9+0.03 351+0.4 71.5+0.3
30 101.1+0.04 349+0.4 71.3+0.3
31 99.4+0.06 233+0.2 70.7+0.5
32 98.9+0.08 23210.6 70.9+0.6
33 115.240.05 212+0.6 69.7+0.4
34 108.1+0.02 224+0.5 69.5+0.4
35 89.4+0.03 215+1.0 68.31£0.3
36 85.5+0.04 214+0.9 67.8+0.4
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Figure 2 — Graph of the influence of the main factors effects on the average values
of tablets GML-1 resistance to crushing
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Table 4 — Analysis of variance for the resistance to crushing of GML-1 tablets

. . Degrees of Sum of Squares Average square
Source of dispersion freedogm, number (SS()}I (gAs)q Fexp Fo
Factor A 2 2465.7 1232.86 81.02 3.14
Factor B 2 3686.2 1843.11 121.12 3.14
Factor C 1 474.0 474.05 31.15 3.99
Factor D 1 4847.4 4847.39 318.55 3.99
Factor A* Factor B 4 128.3 32.07 2.11 2.52
Factor A * Factor C 2 53.2 26.60 1.75 3.14
Factor A * Factor D 2 109.6 54.81 3.60 3.14
Factor B * Factor C 2 106.3 53.13 3.49 3.14
Factor B * Factor D 2 377.7 188.85 12.41 3.14
Factor C * Factor D 1 10.9 10.89 0.72 3.99
Factor A * Factor B * Factor C 4 236.1 59.03 3.88 2.52
Factor A * Factor C * Factor D 2 79.7 39.86 2.62 3.14
Factor A * Factor B * Factor D 4 768.3 192.09 12.62 3.14
Factor B * Factor C * Factor D 2 85.0 42.49 2.79
Within cells 76 1156.5 15.22 - -
Total 107 14585.0 - - -
Table 5 — Analysis of variance for the disintegration of GML-1 tablets
. . Degrees of Sum of Squares  Average Square
Source of dispersion freedom, number (55) (AS) F oo Fos
Factor A 2 140526 70262.9 183.07 3.14
Factor B 2 159138 79568.8 207.32 3.14
Factor C 1 1836 1836.2 4.78 3.99
Factor D 1 36834 36834.4 95.97 3.99
Factor A* Factor B 4 61568 15392.0 40.10 2.52
Factor A * Factor C 2 604 302.2 0.79 3.14
Factor A * Factor D 2 6426 3212.9 8.37 3.14
Factor B * Factor C 2 175 87.5 0.23 3.14
Factor B * Factor D 2 22852 11425.9 29.77 3.14
Factor C * Factor D 1 11 10.6 0.03 3.99
Factor A * Factor B * Factor C 4 726 181.6 0.47 2.52
Factor A * Factor C * Factor D 2 970 485.0 1.26 3.14
Factor A * Factor B * Factor D - - - - -
Factor B * Factor C * Factor D 2 814 407.2 1.06 3.14
Within cells 80 30704 383.8 - =
Total 107 463184 - - -
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Figure 3 — Graph of the factors influence on the average values
of GML-1 tablets disintegration
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Table 6 — Results analysis of variance of the dissolution test of GML-1 tablets

. . Degrees of Sum of Squares  Average Square
Source of dispersion freedogm, number (SS()}I (gAS)q o Fo
Factor A 2 1896.08 948.041 131.44 3.14
Factor B 2 263.74 131.872 18.28 3.14
Factor C 1 0.91 0.914 0.13 3.99
Factor D 1 76.71 76.713 10.64 3.99
Factor A* Factor B 4 1145.10 286.275 39.69 2.52
Factor A * Factor C 2 14.10 7.051 0.98 3.14
Factor A * Factor D 2 25.68 12.839 1.78 3.14
Factor B * Factor C 2 21.77 10.886 1.51 3.14
Factor B * Factor D 2 18.95 9.475 1.31 3.14
Factor C * Factor D 1 1.02 1.015 0.14 3.99
Factor A * Factor B * Factor C 4 20.35 5.087 0.71 2.52
Factor A * Factor C * Factor D - = — — -
Factor A * Factor B * Factor D 2 20.59 10.294 1.43 3.14
Factor B * Factor C * Factor D 2 1.44 0.720 0.10 3.14
Within cells 80 577.04 7.213 - -
Total 107 4083.48 = = =
Table 7 — Standard deviations and coefficients of variable indicators determination
in the model of GML-1tablets
Manufacturing characteristics S R? R?(rate)
Resistance to crushing (N) 3.90089 92.07% 88.84%
Disintegration time (s) 13.3661 97.07% 95.87%
API release (%) 2.49791 88.39% 83.65%
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Figure 4 — Graph of the main influence effects of particular factors on the average kinetics values
of the GML-1 tablets dissolution

The test results were subjected to the analy-
sis-of-variance method to obtain Fisher’s F-test for each
term in the model. The experimental values of Fisher’s
F-test were compared with the tabular value of the
F-test, which is described for the significance level a =
0.05, the degrees of freedom for each factor. The shown
comparison reveals the degree of influence of each fac-
tor on the optimization criteria for model tablets GML-1
(a=0.05; Fexp> Ftab,)’ as well as the interactions of factors
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(Tables 4-8) [24]. The obtained data were additionally
compared with the average values of particular factors
to explain the obtained regularities.

When processing the analysis of variance results on
the resistance to crushing values of GML-1 tablets (Table
4), a significant exceedance of the experimental F-crite-
rion values above the theoretical Fe02005 N factors A and
B, F80,1,0,95' in factors C and D, as well as a relative exceed-
ance in the interaction of factors B and D was observed.
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Table 8 — Values of particular and generalized desirability parameters
Sequential v v v d d d D
number 1 2 3 1 2 3
1 108.1+0.03 268+0.3 78.8+£1.0 0.677 0.625 0.634 0.645
2 97.4+0.02 244+0.2 79.310.5 0.588 0.671 0.644 0.633
B] 95.8+0.02 231+0.2 77.6+0.6 0.573 0.694 0.609 0.623
4 91.4+0.03 227+0.1 78.910.4 0.532 0.701 0.636 0.619
5 109.3+0.05 212+0.4 89.1+0.5 0.686 0.726 0.802 0.736
6 89.9+0.04 19040.2 87.8+0.3 0.517 0.759 0.785 0.675
7 88.7+0.04 19640.1 81.7+0.3 0.505 0.750 0.689 0.639
8 80.1+0.02 189+0.1 83.610.8 0.416 0.760 0.722 0.611
9 95.4+0.03 170+0.1 83.1+1.0 0.570 0.786 0.714 0.684
10 96.1 +0.06 165+0.2 85.3+0.5 0.576 0.792 0.749 0.699
11 75.9+0.02 157+0.5 80.2+0.4 0.372 0.802 0.661 0.582
12 78.7+0.03 15940.2 85.1+0.2 0.401 0.799 0.746 0.621
13 117.3+0.03 249+0.5 84.6+0.3 0.742 0.662 0.738 0.713
14 114.6+0.01 2431+0.4 83.1+0.2 0.724 0.673 0.714 0.703
15 106.2+0.02 239+0.6 80.41+0.1 0.663 0.680 0.665 0.669
16 107.9+0.02 23810.5 79.610.4 0.676 0.682 0.650 0.669
17 105.9+0.03 35140.6 71.540.2 0.660 0.439 0.466 0.513
18 104.4+0.03 349+0.3 71.3+0.3 0.648 0.443 0.461 0.510
19 93.1+0.04 230+0.5 72.7+0.4 0.548 0.696 0.496 0.574
20 90.0+0.03 224+0.4 72.8+0.5 0.518 0.706 0.498 0.567
21 99.8+0.03 210+0.2 77.2+0.2 0.609 0.729 0.600 0.643
22 102.5+0.04 21310.2 79.410.3 0.632 0.724 0.646 0.666
23 88.910.02 201+0.1 77.610.6 0.507 0.742 0.609 0.612
24 85.5+0.03 200+0.2 78.1+0.5 0.472 0.744 0.619 0.602
25 127.7+0.04 378+0.5 81.4+0.3 0.802 0.372 0.684 0.588
26 115.6+0.03 367+0.2 80.940.2 0.731 0.399 0.675 0.582
27 100.5+0.05 360+0.6 76.4+0.3 0.615 0.416 0.583 0.530
28 99.7+0.02 355+0.5 73.210.6 0.608 0.429 0.508 0.510
29 101.9+0.03 351+0.4 71.5+0.3 0.627 0.439 0.466 0.504
30 101.1+0.04 349+0.4 71.3+0.3 0.620 0.443 0.461 0.503
31 99.4+0.06 233+0.2 70.7+0.5 0.606 0.691 0.446 0.571
32 98.94+0.08 232+0.6 70.9+0.6 0.601 0.692 0.451 0.573
85 115.2+0.05 212+0.6 69.7+0.4 0.728 0.726 0.421 0.606
34 108.1+0.02 224+0.5 69.5+0.4 0.677 0.706 0.415 0.584
35 89.4+0.03 215+1.0 68.3+0.3 0.512 0.721 0.385 0.522
36 85.5+0.04 214+0.9 67.8+0.4 0.472 0.722 0.372 0.502

Table 9 — GML-1 tablets composition, 1 mg, according to the results of research
and the mathematical analysis methods

Composition

Quantity, g

GML-1

0.001

MCC 101

0.088

Kollidon 25

0.006

Crospovidone

0.004

Magnesium stearate

0.001

Tablet weight

0.100

Accordingly, all factors of the presented analysis of vari-
ance and the interaction of factors B and D influenced
the resistance to crushing of the GML-1 tablets.

The stage of adding disintegrant to the tablet mass
had the greatest influence on the resistance to crush-
ing index. Fig. 2 can explain this phenomenon by a de-
crease in the binding capacity for the tablet mass during
the compression when the disintegrant is between the
granules. The second largest impact was the amount of

Tom 10, Beinyck 1, 2022

disintegrant, as well as its type, which is explained by a
change in the processes of brittle and plastic deforma-
tion with changes in A and B factors. The least effect was
exerted by the type of a lubricating excipient, due to its
low amount in the tablet mass. Among the interactions
of the factors, the interaction between the amount and
the stage of adding a disintegrant stands out, since these
factors are indirectly interrelated, but their influence is
relatively insignificant. The distribution of the average
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values of the resistance to crushing of the GML-1 tablets
by particular factors is shown in Fig. 2.

The graphs in Fig. 2 make it possible for us to con-
clude that the lowest resistance of tablets to crushing
is when the disintegrant crospovidone is used, and the
highest resistance is for the compositions with sodium
starch glycolate. There was also an uneven decrease in
resistance with an increase in the amount of a disinte-
grant, as well as a lower resistance takes place for for-
mulations containing sodium stearate fumarate and a
disintegrant in the granule dust.

Factors A and B, as well as factor D, had a significant
effect on the disintegration rate, as it was expected. The
most significant effect was produced by the amount of a
disintegrant, and the next was the type of disintegrant
and the process of introducing this disintegrant into the
tablet mass.

These effects can be explained by the functional
purpose of this group of substances. The disintegration
time was also affected by interactions between the type,
amount and process of adding disintegrant at the stage
of dusting, since the total amount of disintegrant affects
the amount of disintegrant inside the granules and in
the dusting, respectively, exacerbating the influence of
this factor. Factor C had the least effect on the disinte-
gration time due to relatively low amounts of lubricating
excipients in GML-1 tablets.

Perhaps, partially due to the decrease in the tab-
let resistance, formulations with crospovidone (Fig. 3)
showed shorter disintegration times, and formulations
with sodium starch glycolate — longer. As expected, with
an increase in the amount of a disintegrant, the disinte-
gration time decreased (Fig. 3), the difference between
the compositions with 4 and 6 mg of a disintegrant is
much greater than the difference between 2 and 4 mg.
The separation of the disintegrant and its addition at
different stages of the technological process, on aver-
age, can reduce the disintegration time by 40 s. Despite
a small effect of the type of lubricating excipients, the
inclusion of stearate fumarate in the composition of so-
dium makes it possible to reduce the disintegration time
due to the hydrophilic groups in the composition of the
excipients.

The study of the factors determining the degree of
the GML-1 release in the dissolution test showed (Table
6) that a type of disintegrant affects the optimization
parameter much stronger than other factors due to the
different nature of the polymers, which, in addition to
the disintegrating effect, may have a solubilizing effect.
The effect on the GML-1 release manifested by the inter-
action of the type and amount of desitegrants, is twice
as weak. The next factors influencing the GML-1 release,
are exerted by factor B (the amount of disintegrant) and
factor D (the process of introducing a disintegrant into
the composition of the tablet).

The influence of particular factors on the resistance
of GML-1 tablets to crushing is reflected in the graphs
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of average release values (Fig. 4) from which it can be
concluded that the APl release from GML-1 tablets is the
best when crospovidone is used. The worst results were
observed with the use of sodium starch glycolate, with
the quantitative content of disintegrant 4 mg and the ad-
dition of half of the disintegrant at the stage of dusting.

Table 7 shows the values of the determination co-
efficients adjusted coefficients of determination, which
illustrate the relationship between the factors consid-
ered in this model and the parameters responses of the
analysis of variance optimization [23].

Based on the coefficients of determination for the
mathematical model shown in Table 9, a conclusion can
be made about the applicability of the presented mod-
el and a high degree of connectivity of the considered
factors with the optimization criteria. This conclusion is
based on the high values of the determination (R?) co-
efficient from 88.39 to 97.07% and the adjusted coeffi-
cient of determination (rate R?) from 83.65 to 95.87% for
all considered manufacturing characteristics. The lowest
R? values among other indicators were observed in the
analysis of the API release, since the demonstrated indi-
cator was influenced, to a greater extent, by random fac-
tors that were not included in this ANOVA model, e.g.,
the conditions of the dissolution test, the influence of
other excipients, etc.

Due to the multidirectionality of the influence of
particular factors of variance analysis and the varying
degree of these factors’ influence, the generalized de-
sirability method was used to select one of the most
rational model composition. To determine the value of
the generalized desirability in accordance with para-
graph 2.2.5. “Materials and Methods” were trans-
formed into dimensionless quantities considered in
Table 2, response values (Table 3): resistance of tablets
to crushing (N), disintegration (s), the API release (%),
The obtained response values (Y) according to these
parameters were converted into partial desirability (d),
the values of which were distributed on the desirability
curve (Fig. 5) from 0 to 1, where 1 is the best value
of the parameter, and 0 manifests absolutely unsat-
isfactory results. Then the particular desirability was
transformed into a generalized one (D) by finding the
geometric mean. The values of the optimization pa-
rameters, as well as the calculated partial and general-
ized desirability, are shown in Table 8.

Analyzing the data obtained and the of the partic-
ular and generalized desirability functions, the authors
conclude that there are no absolutely unsatisfactory
model compositions with D values less than 0.2 among
the considered ones.

Model composition No. 5 has the value of the gen-
eralized desirability function (0.736) closest to 1 and,
accordingly, is suitable for the totality of the studied
parameters. In addition, the presented composition has
the highest values of the APl GML-1 release, which is a
key optimization parameter under the conditions of a
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sparingly soluble substance. Based on the obtained re-
sults of the generalized desirability and analysis of vari-
ance, the following composition of model GML-1 tab-
lets, 1 mg, was selected (Table 9).

DISCUSSION

As a result of the analysis of variance, a conclusion
was made about the absence of one factor that most
intensively affects all manufacturing characteristics.
However, due to the low content of lubricating excipients
in the tablets, their appearance had the least effect on
the studied manufacturing characteristics, or in the case
of the APl release, it did not have a statistically significant
result. The resistance of tablets to crushing largely
determines the process of adding a disintegrant to the
GML-1 tablet mass. The duration of disintegration is
largely determined by the amount of a disintegrant, and
the degree of the API release by the type of disintegrant.
Among the particular factors of the dispersion analysis,
crospovidone should be distinguished, which most
intensively reduces the resistance of tablets to crushing,
disintegration time and increases the degree of the API
release. At the same time, the amount of disintegrant
had a non-linear effect on the degree of release, for
example, 4 mg slowed down the API release, and with
2 mg, the release was the most intensive. Besides,
the addition of half of the disintegrant during the
dusting step decreased the resistance of tablets to
crushing, disintegration time, and the API release rate.
In most cases, the interaction of factors did not have
a statistically significant effect; however, there was a
mutual influence of B and D factors on the resistance of
tablets to crushing and on disintegration. The interaction
of factors A and B had a statistically significant effect on
the process of the APl release. The use of the analysis of
variance in this development did not allow us to identify
the most optimal composition, however, a statistically

significant relationship was established between the
results obtained and the variable factors. In addition,
the available data on the predominant influence of
factors and the peculiarities of their interaction with
pharmaceutical and manufacturing characteristics
allows us to draw long-term conclusions for further
developments. The selection of the most optimal factor
is most conveniently carried out by other methods,
for example, using the function of the generalized
desirability based on the expert assessments of
researchers. In this method, each model composition,
regardless of the optimization factors, is considered
separately and the combination of its pharmaceutical
and technological characteristics determines its position
on the desirability curve.

CONCLUSION

The methods of mathematical planning used in
this work have shown their effectiveness in optimizing
the composition and manufacturing process of adding
a disintegrant to the composition of model tablets. The
analysis of variance made it possible to identify the
factors affecting the resistance of tablets to crushing,
disintegration and the API release from GML-1 tablets. It
is shown that the main number of interactions of factors
did not cause a significant change in the considered
optimization criteria. In addition, the consideration of
the influence of each factor led to conflicting results
and did not allow us to identify the most optimal
composition.

The use of the generalized desirability method made
it possible to reduce the conflicting results of the analysis
of variance to one, the most optimal composition. As a
result of using the methods of mathematical analysis,
composition No. 5 was selected: it has the most optimal
composition and technology for preparing GML-1 tablets
and meets all manufacturing requirements.
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The aim of the study is to determine antioxidant, anti-inflammatory and hypolipidemic activities of the extracts from Cosmos
bipinnatus Cav. three varieties, obtained by the extraction with 70% ethyl alcohol.

Materials and methods. The antioxidant effect was studied in vitro using a model of iron-induced lipid peroxidation in the
lecithin liposome system. The study of the anti-inflammatory activity was carried out on 30 male rats of the “Wistar” line.
Diclofenac was used as a reference drug (p. o., the dose of 13 mg/kg in terms of the weight of an adult). The substances
were administered to animals in the form of an aqueous suspension stabilized with Tween-80. To simulate the inflammatory
process, a model of “cotton granuloma” was created. A hypolipidemic activity of the extracts was studied on 36 white male
rats of the “Wistar” line. To study the hypolipidemic activity of the studied extracts, a tween model was used to create a
hyperlipidemic state in rats, the concentrations of total cholesterol and triglycerides was determined in the serum of the
experimental animals.

Results. The conducted model experiments made it possible to conclude that the alcohol extracts obtained from the dried
inflorescences of the “Dazzler”, “Rosea” and “Purity” varieties of Cosmos bipinnatus Cav. have antioxidant, anti-inflammatory
and hypolipidemic kinds of activities. It has been established that the extracts from the “Dazzler” and “Rosea” varieties (Cos-
mos bipinnatus Cav.) contribute to a better reduction in the accumulation of peroxide compounds, compared to the extract
obtained from the “Purity” variety. The data analysis on the anti-inflammatory activity shows that all the studied objects
significantly (p = 0.05) reduce the stage of exudation compared with the control group animals by 50% (the «Purity» variety),
by 52% (the «Rosea» variety) and by 40% (the “Dazzler” variety).

An experiment on the study of a hypolipidemic activity in the control group of the animals revealed a significant, in relation
to the values of the intact group, increase in the cholesterol level of the blood serum by 78%, and in the level of triglycerides
(TGCs) — by 64%.

The administration of the extracts obtained from Cosmos bipinnatus Cav. “Purity”, “Rosea”, “Dazzler” varieties to the ani-
mals, led to a decrease in cholesterol in blood serum by 44%, 47%, 50%, and triglycerides by 52%, 52% and 57%, respectively.
Both indicators reached the normal level and did not differ significantly from the values in healthy (intact) animals.
Conclusion. According to the conducted studies, it can be concluded that alcohol extracts obtained from Cosmos bipinnatus
Cav., have pronounced antioxidant, anti-inflammatory and hypolipidemic kinds of effect.

Keywords: Cosmos bipinnatus Cav.; hypolipidemic activity; cholesterol; triacylglycerides; anti-inflammatory activity; antioxi-
dant activity, TBA-active products

Abbreviations: DNA — deoxyribonucleic acid; DMSO — dimethyl sulfoxide; TGCs — triglycerides; TBA — thiobarbituric acid;
LPO - lipid peroxidation.
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Lienb. Onpenenvtb aHTMOKCMAAHTHYIO, MPOTUBOBOCMANUTENbHYIO U TMMONAUNUAEMUYECKYIO aKTUBHOCTU U3BNEYEHWI, NONY-
YeHHbIX SKCTPAKLMEN CnMpTOM 3TU0BbIM 70% Tpex BUA0B Kocmewn ABaxKabinepucToi.

Martepuanbl u metogbl. AHTMOKCUAAHTHOE AEMCTBUE U3YHaNnocCh in Vitro ¢ NpUMeHeHUeM MOALENM KeNe30-UHAYLIMPOBaHHO-
ro NepeKUCHOro OKUCNEHUA IMNUL0B B CUCTEME NELIUTUHOBBIX IMNOCOM. MccneaoBaHWe NPOTUBOBOCNANNTENbHOW aKTUBHO-
CTM npoBoauaock Ha 30-Tu Kpblcax-camuax nMHum « Wistar». B KayecTBe npenapaTta cpaBHEHWUA UCNOAb30BaNU AUKAOdEHaK
(nepopanbHo, go3a 13 Mr/Kr B nepecyeTe Ha Maccy B3pOCNOro YesoBeKa). BelecTea K1BOTHbIM BBOAUIM B BUAE BOLHOW
cycneHsuu, ctabunnsmpoBaHHon TeuH-80. [ns moaeMpoBaHMA BOCNAAUTENBHOMO MPOLLecca Co34aBaav MoAe/b «BaTHOM
rpaHynembl». TMNOANNUAEMUYECKYIO aKTUBHOCTb MCCIeAyeMblX IKCTPAKTOB UCCNe0BaNM Ha 36-TU Henbix KpblCax-camuiax
nvHun «Wistary». [Insa U3yvyeHusa runofvnuaeMmnyeckon akTMBHOCTU MCCaeayeMblX M3BeYeHUM NPUMEHAIN TBUHOBYIO MO-
Oenb AN1A CO3JaHNA TMNePANNUAEMUYECKOTO COCTOAHMA Y KPbIC, B CbIBOPOTKE NOAOMbITHBIX *KUBOTHbIX ONPEAEeNANN KOHLEHT-
pauuio obLLero xonectepuHa v TPUMNLLEPUAOB.

Pe3synbtatbl. [lpoBeaeHHble MOAENbHbIE SKCMEPUMEHTbI MO3BOIUAN CAENATb BbIBOA O TOM, YTO CMMPTOBbIE U3BAEYEHMA,
NoJly4YeHHbIe U3 BbICYLUEHHbIX COLBETUI KOCMEM ABaMKAblNepucToin coptoB «Dazzler», «Rosea» v «Purity» obnagatoTt aH-
TUOKCUAQHTHOM, NPOTUBOBOCMANINTENBHOM U TUNONUMUAEMUYECKOM BUAAMU aKTUBHOCTU. YCTaHOBNEHO, YTO MU3B/IeYEHUsA
U3 KOCMEW ABaXKAbiNepucToin coptoB «Dazzler» n «Rosea» cnocobCTBYIOT Ny4WeMy CHUMEHUIO HAaKONAEHUA NepeKUCHbIX
COeAMHEHUI NO CPABHEHUIO C M3BEYEHMEM, MOYYEHHbIM U3 copTa «Purity». AHaAN3 JaHHbIX MO MPOTUBOBOCMAIUTENbHOM
AKTMBHOCTM MOKA3bIBAET, YTO BCE UCCeayeMble 06beKTbl focToBepHO (p=0,05) CHUKAOT CTaAMIO SKCCYAALLMM NO CPABHEHUIO
C KOHTPOJIbHOM FPynmnoi *KMBOTHbIX Ha 50% (copT «Purity»), 52% (copT «Rosea») u 40% (copT «Dazzler»).

IKCNEPUMEHT MO U3YYEHUIO FTMNOAUNULEMUYECKOW aKTUBHOCTMU Y KOHTPOIbHOW FPYNMbl }KMBOTHbIX BbIABU LOCTOBEPHOE, NO
OTHOLLEHMIO K 3HAYEHUAM MHTAKTHOW rpynnbl, yBe/IMYEHNE YPOBHA XONECTEPOIA B CbIBOPOTKE KPOBU Ha 78%, a YPOBHA TpU-
rnuepupos (TPT) Ha 64%. BBeaeHvie XKMBOTHbIM U3BEYEHWI, MONYYEHHbIX U3 KOCMEW ABaXKAbINepuUCTor COPToB «Purity»,
«Rosea», «Dazzler», NpuBEN K CHUKEHUIO COAEPXKAHWUA XONECTeposia B CbiIBOPOTKE KpoBU Ha 44%, 47%, 50%, a Tpurivue-
puaoB Ha 52%, 52% n 57%, cooTsBeTcTBEHHO. Oba NoKasaTens JOCTUIIM YPOBHA HOPMbl U JOCTOBEPHO HE OT/IMYA/INCL OT
3HaYeHWU Y 340POBbIX (MIHTAKTHbIX) *KUBOTHBIX.

3akntoyeHue. CoracHo NpoBeaeHHbIM UCCAeA0BAaHUAM MOXKHO CAeNaTb BbIBOA, YTO CIMPTOBbIE U3B/IEYEHUA, MOAYYEHHbIE
13 KOCMEM ABaXKAbINepucTon, 061a4at0T BblpaXKeHHbIM aHTUOKCUAAHTHbIM, MPOTUBOBOCMANUTE/IbHLIM U TMNONUNNAEMUNYE-
CKUM OeNCTBUAMM.

KntoueBble cnoBa: Cosmos bipinnatus Cav.; Kocmes ABaxKAbliNepucTasn; rmnoannuaeM1Myeckas akTUBHOCTb; XONECTEPUH; TPU-
AuUUArANLEPUABI; MPOTUBOBOCNAIUTE/IbHAA aKTUBHOCTb; aHTUOKCUAAHTHAA aKTUBHOCTb; TEK-akTUBHbIE NPOAYKTHI

Cnucok cokpaueHmii: IHK — ne3okcmpurboHyKknenHosas kucnota; MCO — aumetuncynbdokena; TPT — Tpurnnuepuabl; TBK
— TMobapbuTypoBan knucnota; NMOJ1 — nepekUcHoOe OKUCNEHME NNMUAOB.

INTRODUCTION

The search for natural biologically active compounds
is an urgent and time-consuming task. Synthetic drugs
are pharmacologically effective, but being broad-spect-
rum drugs, they often have many serious side effects.
Preparations based on natural compounds exhibit few-
er undesirable properties and are more effective when
taken prophylactically. The use of plants as a source of
drugs is very promising from the point of view of crea-

Tom 10, Beinyck 1, 2022

ting total substances characterized by a low toxicity and
intended for a long-term use in the treatment of various
diseases [1-5].

The native range of Cosmos bipinnatus Cav. is Me-
xico; in Russia it is used as an ornamental crop (a plant
up to 1.5 meters high). Depending on the variety, it can
have white (“Purity” variety), pink (“Rosea” variety) or
purple (“Dazzler” variety) flowers, blooms from late May
till late autumn and is very resistant to sudden chang-
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es in temperature, not susceptible to various infections
(Fig. 1) [6].

In the folk medicine of South America, the plants of
the genus Cosmos Cav. are used as an antimalarial agent
[7]. Africans use them to treat headaches and indiges-
tion, as well as against bed bugs and lice, which indicates
Cosmos Cav. insecticidal properties. In oriental traditio-
nal medicine (Japan, China), Cosmos bipinnatus Cav. has
been used as a substitute for lotus, as a tonic and invi-
gorating agent [8].

In China and Mexico, in traditional medicine, this
plant is used as a hepatoprotector and a remedy for
headaches, in the treatment of jaundice, intermittent
malarial fever, splenomegaly, and flatulence [9]. The
use of plants of the genus Cosmos as anti-inflammato-
ry and antifungal agents has also been noted; its effec-
tiveness in the treatment of arthritis, stomach ulcers
and diabetes mellitus has been described [10]. There
is evidence of the ability of Cosmos bipinnatus Cav.
hydroalcoholic extracts to act as an antioxidant and
protect DNA from damage and oxidation. Various ex-
tracts from inflorescences of the genus Cosmos plants
have cytotoxic effects against cell lines of gastric and
colorectal adenocarcinoma, and have an antidiabetic
activity in vitro [9].

The chemical composition of all parts of the plant
is mainly represented by polyphenols and essential oil
components. Thus, the presence of chalcones (butein,
ocanine, lanceoletin) [11], phenolic acids (chlorogenic
and caffeic acids), anthocyanins (cosmocyanin), flavo-
noids (cosmosiin, luteolinglucuronide, trifolin, isoquer-
citrin, nelyumboside) [12], tannins [13], essential oils:
monoterpenes and sesquiterpenes (E)-B-Ocimene, ger-
macrene D, sabinine, a-cadinol, a-farnesin and terpin-
en-4-ol, B-elemen, B-caryophyllene, germacrene D and
bicyclogermacrene [8, 11] has been established.

The following triterpene alcohols have been found
out in the tubular flowers of Cosmos bipinnatus Cav.:
helianol, taraxerol, 3-amirin, cycloartenol, a-amirin, lu-
peol, 24-methylenecycloartanol. The triterpene compo-
sition of the reed flowers of the plant is slightly different:
helianol, dammaradienol, B-amirin, tirucalla-7,24-die-
nol, a-amirin, lupeol, 24-methylenecycloartanol, y-ta-
raxasterol, taraxasterol [15] (Fig. 2).

Unfortunately, there is very limited scientific infor-
mation in the literature confirming the medicinal po-
tential of Cosmos bipinnatus Cav. The present study is
devoted to the study of the biological activity of extracts
from three varieties of Cosmos bipinnatus Cav., obtained
by the extraction with 70% ethanol.

THE AIM of this study was to determine the antioxi-
dant, anti-inflammatory and hypolipidemic activity of alco-
holic extracts of three varieties of Cosmos bipinnatus Cav.

MATERIALS AND METHODS

Objects of study
For the study of a biological activity, the extracts

84

obtained from the inflorescences of three varieties of
Cosmos bipinnatus Cav. — “Purity”, “Rosea”, “Dazzler” —
were selected.

Obtaining active substances

Raw materials were collected in September 2018
in the Botanical Garden of the Pyatigorsk Medical and
Pharmaceutical Institute, a branch of the Federal State
Budgetary Educational Institution of Higher Education
“Volgograd State Medical University” of the Ministry
of Health of the Russian Federation. The raw material
was subjected to shade drying. The active substances
were obtained by an exhaustive threefold extraction of
300 grams of raw material with 70% ethyl alcohol in a
flask heated at reflux in a boiling water bath, each time
for 30 minutes. The extracts were combined and filtered,
and after short-term boiling, the filtrate was thickened
in a vacuum rotary evaporator to the state of a thick
extract, after that the residue was dried in an oven at
40-50°C to the constant weight (Fig. 3) [16, 17].

Experimental animals

Anti-inflammatory and hypolipidemic kinds of activ-
ity were determined on Wistar male rats obtained from
the Rappolovo nursery (St. Petersburg) and kept in the
PMFI vivarium, a branch of the Volgograd State Medi-
cal University. At the time of the experiment, the weight
of the experimental animals was 250-280 g. All manip-
ulations performed on the animals complied with the
“Rules of the European Convention for the Protection of
Vertebrate Animals” (Strasbourg, 1986).

During the experiment, optimal conditions were
maintained in the vivarium: the air temperature of
22+2°C, a relative air humidity of 65+5%. The ani-
mals were housed in macrolon cages (T3) equipped
with a food cavity and steel bars. For bedding, saw-
dust of any non-coniferous species was poured out
into the cages. The animals were fed according to
the standard diet and provided with a free access to
food. The tap water was supplied in standard drin-
king bowls!.

Reference drugs

When testing for an antioxidant activity, the refer-
ence drug was quercetin, a high antioxidant activity of
which is known. Quercetin (Merck, Germany) was intro-
duced into the reference sample at the concentration
of 10 pg/ml, previously dissolved in dimethyl sulfoxide
(“Vekton”, Russia).

As a reference drug in the study of an anti-inflam-
matory activity, diclofenac was used (Enteric-coated tab-
lets, 50 mg each, the manufacturer Hemofarm LLC, Ob-
ninsk, Russia, series 0291017). The reference drug was
taken in the amount of 13 mg/kg in terms of the weight

! Directive 2010/63 / EU of the European Parliament and of the Council
on the protection of animals used for scientific purposes, September
22, 2010.
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of an adult, the dose was calculated taking into account
the interspecies dose conversion factor?. The substance
was administered as an aqueous suspension stabilized
with Tween-80 (Ferak Berlin, Germany).

In tests for a hypolipidemic activity, simvastatin was
used as a reference drug, the drug was administered at
the dose of 1.7 mg/kg (film-coated tablets, 20 mg each,
the manufacturer — Ozon LLC, Zhigulevsk, Samara region,
Russia, series 090618), and the dose was calculated taking
into account the interspecies dose conversion factor?.

Statistical processing

Student’s t-test was used to assess the reliability
of the study’s results. The critical level of significance
(p) when testing statistical hypotheses in this case was
taken equal to 0.05. The sample size of the animals in
each group was n=6*.

When conducting the experiment on the study of
the anti-inflammatory activity, the obtained data were
statistically processed and presented as: M+m, where:
M is the sample mean, m is the error of the mean.

Experiment design
The study design is shown in Figure 4.

Antioxidant activity

This type of activity was studied in vitro using the
model of iron-induced lipid peroxidation (LPO) in the sys-
tem of lecithin (phosphatidylcholine) liposomes (Fig. 4).
Liposomes were obtained from lecithin (BAS MosLeci-
thin, manufacturer of the Research Institute of Biome-
dical Chemistry, Russian Academy of Medical Sciences
(Russia) at the lipid concentration of 40 mg/ml according
to the methods described in the works by I.P. Kodonidi
et al. [20]; M. Atas et al. [21]. To determine the effective-
ness of the antioxidant action, the degree of inhibition
of the lipid peroxidation intensity of lecithin liposomes
in the test samples in relation to the control samples was
studied. The absorption intensity of TBA-active products
was measured 15 min before the incubation. The reac-
tion was carried out in a water bath at 37°C with a con-
tinuous barbotage. The studied extracts were added to
the test samples in the form of solutions in DMSO. Only
the solvent was added to the control samples. The inten-
sity of TBA-active products absorption was measured on
SF-102 (SPA Akvilon, Russia) at 532 nm. The percentage
of LPO inhibition was calculated in relation to the control
sample using the formula:

ADk _ADop.
ACA =———-100%
AD, ,
AD, =D, —D{;

0
AD,, =D, — D, (1)

2 Mironov AN. Guidelines for conducting preclinical studies of drugs.
Part one. M.: Grif and K, 2013: 944 p. Russian

3 Ibid.

4 Glantz S. Medical and biological statistics. M.: Practice, 1998:
459 p. Russian
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where: AOA — antioxidant activity, %; D, and D, — are
optical densities before incubation; D, and D, — optical
density after 15 min of incubation.

Anti-inflammatory activity

To set up the experiment, aqueous suspensions of
Cosmos bipinnatus Cav. alcoholic extracts of different
varieties were used. To increase the stability of the sus-
pension, the dried extracts were preliminarily triturated
with a drop of Tween-80 (Fig. 4).

The study of the anti-inflammatory activity was
carried out on 30 male rats of the Wistar line. It is
known that the mechanism of the diclofenac action
is associated with a decrease in the rate of prosta-
glandins synthesis, and prostaglandins play one of
the leading roles in the development of inflammatory
processes [22].

White rats were anesthetized with chloral hydrate
at the dose of 350 mg/kg, then the hair was cut off in
the back area and the supposed site of the subsequent
incision was shaved. On a prepared site, in compliance
with the rules of asepsis, the skin and subcutaneous
tissue incision about 1 cm long was made with scissors.
Then, a cavity was formed in the subcutaneous tissue
through the incision with tweezers; there a pre-sterilized
cotton ball weighing up to 15 mg was placed. After the
manipulations, two or three sutures were applied to the
wound. The animals were awakened and left under the
standard conditions for a week. After 7 days, the balls
were removed along with the granular tissue that had
grown around them. The rats had been euthanized with
chloral hydrate in advance. Then the balls were weighed
and dried to constant weight at 60°C. The difference in
the mass of the ball before and after drying indicated
the size of the exudative phase of inflammation, the dif-
ference between the mass of the dried ball and its initial
weight (up to 15 mg) was telling of the size of the proli-
ferative phase.

The exudation was calculated by the formula:

m,=m,—m, (2)
where: m, — exudation, g; m, — weight of the cotton
ball immediately after the removal from the animal, g;
m, — weight of the cotton ball after drying, g
Proliferation was calculated by the formula:
m,=m,—0,015, (3)
where: m, — proliferation, g; m, — weight of the cot-
ton ball after drying, g; 0,015 — initial weight of the cot-
ton ball, g.

The suspension of the studied extracts was admin-
istered at the dose of 300 mg/kg. Both test extracts
and the reference drug were administered in equal vo-
lumes by gavage into the stomach for 7 days. The con-
trol group of the animals was injected with saline in the
same way®.

° Menshikov VV. Laboratory research methods in the clinic. M.:
Medicine. 1987. — P. 365. Russian
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Variety “Dazzler” Variety “Rosea” Variety “Purity”

Figure 1 — Appearance of Cosmos bipinnatus Cav. different varieties
Note: these photos are subject to copyright.

Figure 2 — Chemical composition of Cosmos bipinnatus Cav. and predicted pharmacological activity
of the main classes chemicals

Table 1 - Effect of the sum of biologically active substances of alcoholic extracts from the Cosmos bipinnatus Cav.
different varieties on the antioxidant activity

Final concentration % in LPO decrease, n=3
of the studied extracts, Variety «Purity», Variety «Rosea», Variety «Dazzler», Quercetin, n=3
mcg/ml n=3 n=3 n=3 (concentration 10 pg/ml)
200 —24.3+#1.29 —52.4+2.36 —-54.3+#3.23 —71+4.24

Note: n —is the number of the samples for each concentration
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+70% ethanol, t°

+70% ethanol, t°

+70% ethanol, t°

N

t° — boiling, precipitation of
macromolecular compounds,

filtration

Thickening on a vacuum rotary evaporator

Drying at 40-50°C

Figure 3 — Scheme for obtaining active substances from Cosmos bipinnatus Cav. raw materials

Figure 4 — Experiment design
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Table 2 — Results of determining the anti-inflammatory activity of the studied Cosmos bipinnatus Cav. extracts in
comparison with diclofenac

Object Exudation, mg Proliferation, mg
Control 210.0£7.1 33.0+2.9
117.7+8.9* 30.0+1.7*
Diclofenac, 13 mg/kg P.<0.005 - 44% P.>0.1
pP,>0.1
) . 105.3+26.1* 65.04£9.0*A
70f) aIc'ohoI ex'trac”t from Cosmos bipinnatus Cav. P, <0.001 - 50% P.<0.001 +97%
of “Purity» variety”, dose of 300 mg/kg P, >0.1 P, <0.001 +117%
% alcohol ; bipi 101.8+28.3* 59.0+4.1 *A
7(f) % alcoho exjcractdrom Cfosmos I/T(/nnatus Cav. P, <0.001 - 52% P. <0.001 + 79%
of «Rosea» variety, dose of 300 mg/kg P, >0.1 P, <0.001 + 97%
el ; bio 125.7+4.7* 69.014.1 *A
7?A> a co/ o extr'act rom Cofsmos /p/gnatus Cav. P, <0.001 - 40% P. <0.001 + 109%
of «Dazzler» variety, dose of 300 mg/kg P, >0.1 P, <0.001 + 130%

Note: P_— the level of significant difference in relation to the control values; P_ — the level of significant difference in relation to the diclofenac
values * —significant in relation to control; A — significant in relation to diclofenac.

Table 3 - Effect of alcohol extracts from Cosmos bipinnatus Cav. of different varieties on the parameters of lipid
metabolism in blood against the background of Tween hyperlipidemia

Animal groups and their quantities

Indicators

n=6

Serum cholesterol, mmol/I

Serum triglycerides, mmol/I

Intact group of animals 1.8+0.35 1.4+0.28
. 3.2+0.28 2.310.06

Control group of animals P <0.001;+78% P <0.001; +64%
Experimental group that received 1.8+0.25 1.1+0.34

a 70% alcohol extract of Cosmos bipinnatus Cav. P.<0.001; —44% P.<0.001; -52%
of “Purity” variety P,>0.01 P,>0.01
Experimental group that received 1.740.19 1.1£0.30

a 70% alcohol extract of Cosmos bipinnatus Cav. P.<0.001; -47% P <0.001; -52%
of “Rosea” variety P, >0.01 P,>0.01
An experimental group that received 1.6£0.35 1.0£0.36

a 70% alcohol extract of Cosmos bipinnatus Cav. P.<0.001; -50% P <0.001; -57%
of “Dazzler” variety P, >0.01 P >0.01
2.0+0.50 1.2+0.22

Comparison group treated with simvastatin P.<0.001; -38% P.<0.001; —48%
P, >0.01 P,>0.01

Note: P — the level of significant difference in relation to intact values; P .- the level of significant difference in relation to the control values;

n —number of animals in the group.

Hypolipidemic activity

The hypolipidemic activity of the extracts under
investigation was studied on 36 white male rats of the
Wistar line. The animals weighing 250-180 grams were
taken. The experimental animals were in the same con-
ditions as in the previous experiment. They were divided
into 6 groups: 1 —intact; 2 — control; 3, 4, 5 — experimen-
tal; 6 — comparison groups. The intact animals were kept
under the same conditions as the rest of the groups.
The control group animals received distilled water in the
equivalent volume of the studied suspensions. The ani-
mals from the experimental groups were injected with
the extracts obtained from different varieties of Cosmos
bipinnatus Cav. Group 3 received the extract from the
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inflorescences of Cosmos bipinnatus Cav. of the “Purity”
variety; group 4 received the extract from the inflores-
cences of Cosmos bipinnatus Cav. of the “Rosea” variety;
the 5™ group received the extract from the inflorescenc-
es of Cosmos bipinnatus Cav. of the “Dazzler” variety.
The sixth group of the animals was the control and re-
ceived the reference drug (Fig. 4).

To study the hypolipidemic activity of the studied
extracts, a Tween model was used to create a hyperlipid-
emic state in the rats: a single intraperitoneal injection of
Tween-80 in the amount of 250 mg per 100 grams of the
animal body weight [8]. The animals were administered
with the dose of 300 mg/kg, p. o., daily (for a week) by
means of probes into the stomach of the animals. The
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purpose of the suspension administration during a week
was to saturate the organs and tissues of the animals
with biologically active compounds, which are associat-
ed with lipid metabolism. On the 7t day after the start
of soldering, the animals were intraperitoneally injected
with Tween-80, and 12 hours after the injection, the an-
imals were slaughtered by decapitation. 12 hours before
the slaughter, the animals had been deprived of food

The indicators of cholesterol and triacylglycerides
were determined on an automatic biochemical analyzer
BS-380 (Mindray, China).

RESULTS AND DISCUSSION

Antioxidant activity

The antioxidant activity investigation of the plant
extracts in the models on integral multicellular microor-
ganisms, makes it possible to evaluate only the intensity
of the influence of the substances on free radical pro-
cesses and the activity of the body antioxidant system,
but it is not always possible to elucidate the mechanism
of their antioxidant action. In vitro experiments often
provide a clear understanding of the antioxidant effect
of the studied substances or their combinations [10, 26].

The method of iron-induced peroxidation is based
on the ability of oxidizing agents comprised by the stud-
ied extracts, to inhibit the formation of LPO products.
Their content is determined by the ability to form col-
ored complex compounds with thiobarbituric acid.

In this experiment, the degree of lipid peroxidation
inhibition of liposomes by extracts introduced into the
reaction was taken as the value of the antioxidant ac-
tivity. The results obtained were compared with the re-
sults of the control samples. The following extracts were
added to the test tubes — 70% extracts obtained from
Cosmos bipinnatus Cav. three varieties: “Purity”, “Ro-
sea”, and “Dazzler” in the concentration of 200 pg/ml.
Only dimethyl sulfoxide as the solvent was added to the
control samples. Based on the results obtained, the per-
centage of lipid peroxidation reduction in relation to the
control sample was calculated.

Table 1 presents the data on the effect of biologi-
cally active compounds of the studied extracts on the
accumulation of lipid peroxidation products complexes
with thiobarbituric acid (TBA-active products) in the fi-
nal concentration of 200 pg/ml. This concentration was
chosen as the most effective.

It follows from Table 1 that alcohol extracts obtained
from the Cosmos bipinnatus Cav. varieties “Dazzler” and
“Rosea” contribute to a better reduction in the accumu-
lation of peroxide compounds compared to those ob-
tained from the Cosmos bipinnatus Cav. of the”Purity”
variety. Thus, at the concentration of 200 pg/ml, the al-
cohol extracts obtained from the Cosmos bipinnatus Cav.
varieties “Dazzler” and “Rosea”, reduced the content of
malondialdehyde by 54% and 52%, respectively, and the
alcohol extract obtained from the Cosmos bipinnatus
Cav. varieties “Purity” — only by 24%. When increasing
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the dose of the studied objects to 500 ug/ml, there was
no significant decrease in lipid peroxidation. Quercetin
at the concentration of 10 ug/ml contributed to the sup-
pression of lipid peroxidation by 71% compared with the
control — DMSO.

Therefore, the conducted model experiments
showed that the studied extracts have an antioxidant
effect. The mechanism of the antioxidants action direct-
ly depends on the environment in which the oxidation
substrate and the antioxidant itself are located. In this
experiment, the mechanism of the antioxidant action
may be implemented by binding the resulting free lipid
radicals with the antioxidants or the chelate complexes
formation with ferrous ions [10, 26].

The results of the antioxidant activity study show that
the extracts obtained from the three varieties of Cosmos
bipinnatus Cav. — “Purity”, “Rosea”, “Dazzler” — show a
clear antioxidant effect. The activity against free radi-
cals and the ability to form chelate complexes with iron,
underlies blocking of the inducing ability of iron against
free radicals. Alcoholic extracts from the Cosmos bi-
pinnatus Cav. varieties “Rosea” and “Dazzler” have the
highest antiradical and antioxidant activities. Probably,
this feature is due to the richer polyphenolic composi-
tion of the extracts. The corollas of these plants’ vari-
eties are colored in bright colors (pink and purple); this
fact indicates a possible high content of anthocyanins,
known for their high antioxidant activity.

Anti-inflammatory activity

From the experimental data obtained in the study of
the anti-inflammatory activity it follows that alcohol ex-
tracts from the Cosmos bipinnatus Cav. varieties “Purity”,
“Rosea”, “Dazzler” reduced the stage of exudation by 50%;
52% and 40%, respectively, significantly in relation to the
control group of the animals. These indicators were com-
pared with the experimental groups and the control group
receiving diclofenac, no significant differences were found
out between them. In terms of limiting exudation, the alco-
hol extract from the Cosmos bipinnatus Cav. “Purity” vari-
ety does not significantly differ in the effect of the alcohol
extract from the Cosmos bipinnatus Cav. “Rosea” variety,
the extraction from the Cosmos bipinnatus Cav. “Dazzler”
variety is slightly inferior in the reduction of this indicator.
The results of the experiment are presented in Table 2.

In the course of the results analysis, it was found out
that all the studied substances significantly increased the
proliferative phase of inflammation in comparison with
the control group of the animals. The leader in terms
of this indicator was the alcohol extract from Cosmos
bipinnatus Cav. of the “Dazzler” variety.

It was established that against the background of
chronic proliferative inflammation (a cotton granuloma
model), the test substances in therapeutic and effective
doses of 300 mg/kg have significant proliferative and an-
ti-exudative activities, which can be compared with the
reference drug.
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In the experiment on the anti-inflammatory re-
search of the extracts under study, it was found out that
alcohol extracts at the dose of 200 ug/ml exhibit a dis-
tinct anti-inflammatory activity, cause a decrease in ex-
udation in the inflammatory focus, which is caused by
phlogogenic agents. The leader in terms of the anti-in-
flammatory activity is the alcohol extract from Cosmos
bipinnatus Cav. of the Dazzler variety. It is possible that
the anti-inflammatory effect of the studied extracts is
due to their ability to reduce the degree of release of
the body’s natural inflammatory mediators from mast
cells and basophils.

Hypolipidemic activity

According to the WHO, cardiovascular diseases
are currently among the top three causes of death in
the world. One of the causes and complications of car-
diovascular diseases is a violation of lipid metabolism,
accompanied by atherosclerosis. Worldwide, there
is a trend towards the rejuvenation of cardiovascular
diseases®.

Current protocols for the treatment of lipid dis-
orders are usually based on drug treatment and pre-
vention of atherosclerosis. Usually, drugs for the cor-
rection of lipid metabolism are synthetic compounds.
Currently, there are three main groups of hypolipid-
emic drugs: statins, fibrates, and fatty acid seques-
trants. The use of these groups of drugs usually leads
to a number of side effects: myopathy, asthenia, an-
orexia, etc. [26].

In the works of recent years, a hypolipidemic effect
of plants and various herbal total preparations is often
highlighted. A rather high efficiency of such drugs cou-
pled with low toxicity, has been proved [24].

To characterize the influence degree of compounds
on the blood lipid profile of animals, it is customary to
determine the concentration of total cholesterol, tria-
cylglycerides, low density lipoproteins and high density
lipoproteins. In the described study, the content of total
cholesterol and triglycerides (TGC) was determined in
blood serum. The indicators of cholesterol and triacyl-
glycerides were determined on an automatic biochemi-
cal analyzer BS-380 (TRG).

The administration of Tween-80 in experimental an-
imals once intraperitoneally, is accompanied by severe
hyperlipidemia. An increase in total serum cholesterol
by 78%, and triglycerides by 64% was established. The
concentration of total cholesterol and triglycerides in
the blood serum of the intact animals corresponded to
the norm (Table 3).

The suspension was administered to the animals at
the dose of 300 mg/kg. The administration of a suspen-
sion in such a dose led to a decrease in cholesterol in
the blood serum by 44%, 47%, 50%, when the animals

5 World Health Organization (WHO). The top 10 causes of death.
Available from: https://www.who.int/news-room/fact-sheets/detail/
the-top-10-causes-of-death.
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received the extracts obtained from the Cosmos bipin-
natus Cav. varieties “Purity”, “Rosea”, “Dazzler”, respec-
tively. From the study, it can also be concluded that the
concentration of cholesterol in the blood is complete-
ly normalized in comparison with the values in healthy
(intact) animals. The level of blood triglycerides also de-
creased by 52%, 52% and 57% in the case of the use of
the corresponding extracts obtained from the Cosmos
bipinnatus Cav. varieties “Purity”, “Rosea”, “Dazzler”, re-
spectively, and reached the normal level. The values of
these indicators were comparable with the values of the
reference drug.

When conducting the experiment to study the hy-
polipidemic activity of the extracts, it was found out that
the oral administration of the extracts to the animals for
a week led to a significant decrease in the concentra-
tion of free cholesterol in the blood and the level of tri-
glycerides. The degree of reduction in the concentration
of cholesterol and triglycerides in the blood serum of all
extracts is approximately at the same level, and exceeds
the hypolipidemic effect of the reference drug. The con-
centration of total cholesterol in the blood serum was
most intensively reduced by a 70% alcohol extract of
the Cosmos bipinnatus Cav. variety “Dazzler”, and tri-
glycerides by a 70% alcohol extract of Cosmos bipinnatus
Cav. varieties “Purity” and “Rosea”.

It is known that some triterpene alcohols (e.g., gelia-
nol), comprised by the plants of the genus Cosmos, have
an anti-inflammatory activity. [16].

Butein is chalcone, which is a part of plants of the
genus Cosmos; it is a powerful antioxidant against lipids
and low density lipoproteins (LDL), and also has an an-
ti-inflammatory activity, is able to inhibit aromatase and
cyclooxygenase [19, 20].

CONCLUSION

According to the conducted studies, it can be con-
cluded that alcohol extracts obtained from Cosmos bip-
innatus Cav. have pronounced antioxidant, anti-inflam-
matory and hypolipidemic effects.

The manifestation of the kinds of the biological ac-
tivity described above, can be associated with the chemi-
cal composition of Cosmos bipinnatus Cav. The literature
sources and the authors’ previous studies have shown
that the chemical composition of Cosmos bipinnatus Cav
includes polyphenols (catechins, anthocyanins, flavo-
noids), organic acids, amino acids and polysaccharides.
The manifestation of antioxidant, anti-inflammatory and
hypolipidemic properties of 70% alcohol extracts from
Cosmos bipinnatus Cav., can be associated with the pres-
ence of the described classes of biologically active com-
pounds in them.

The study and the data obtained in the course of it
makes it possible to recommend three varieties of Cos-
mos bipinnatus Cav.: “Purity”, “Rosea”, “Dazzler” as of
biologically active compounds with a wide range of a bi-
ological activity.
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The aim of the article is to evaluate the effectiveness of the thioctic acid preparation in the complex therapy of type 1 diabe-
tes mellitus (TIDM) in children with cardiovascular autonomic neuropathy at the preclinical stage.

Materials and methods. A design is a prospective randomized study. A clinical and instrumental examination of 64 children
with preclinical stage signs of diabetic cardiovascular autonomic neuropathy (DCAN) was carried out. The cohort was divided
into 2 groups: in the main and control groups, glycemic control was normalized by adjusting a dose of insulin therapy; in the
main group, the children additionally received thioctic acid at the dose of 600 mg/day for 3 months. To control the effective-
ness of the therapy, the technique of laser Doppler flowmetry was used.

Results. After the pharmacological intervention, there was an improvement in the disease course, normalization of carbohy-
drate and lipid metabolism, increased vasomotor mechanisms of the regulation of the tissue blood flow due to an increase in
endothelial and neurogenic kinds of activity in combination with a decrease in the intravascular tone and an increase in the
effective perfusion in tissues. An increase in the heart rate variability was detected, positive dynamics of cardiovascular tests
indicators according to D. Ewing, temporal (pNN50%, SDNN) and spectral indicators (VLF) were diagnosed. Achievement and
maintenance of the target values of glycemic control indicators, as well as the absence of glycemic variability, turned out to
be clinically significant for reducing the manifestations of neuropathy. The non-invasive technique of laser Doppler flowmetry
is informative for the early diagnosis of DCAN in TIDM children.

Conclusion. The carried out studies have demonstrated the effectiveness of the lipoic acid use at the dose of 600 mg/day for
3 months in the children with DCAN signs at the preclinical stage. The method of laser Doppler flowmetry for determining in-
dications and monitoring the effectiveness of therapy makes it possible to implement a personalized approach to prescribing
preventive treatment in TIDM children.

Keywords: diabetic cardiovascular autonomic neuropathy; a-lipoic acid; preventive treatment of complications in TIDM
children; laser Doppler flowmetry

Abbreviations: GCP — good clinical practice; HbAlc — glicated hemoglobin; LADA — Latent Autoimmune Diabetes of Adults;
MODY — maturity onset diabetes in youth; pPNN50% — the mean number of times an hour in which the change in successive
normal sinus (NN) intervals exceeds 50 ms; SDNN — standard deviation normal to normal; VLF — very low frequencies; AVA —
arteriolo-venular anastomoses; ALA — Alphalipoic acid/a-lipoic acid; DCAN — diabetic cardiovascular autonomic neuropathy;
VVR — vegetative-vascular regulation; ESPALIPON Il — an octanoic acid bridged with two sulfurs; NATHAN | — Neurological
Assessment of Thioctic Acid in Diabetic Neuropathy; LDF — Laser Doppler Flowmetry; HDLP- High-Density Lipoprotein; LDLP
— Low-Density Lipoprotein; HR — heart rate; TIDM — type 1 diabetes mellitus; TG — triglycerids; ECG — electrocardiography;
BMI —body mass index.

For citation: N.V. Malyuzhinskaya, I.N. Shishimorov, O.V. Magnitskaya, K.\V. Stepanenko, O.V. Polyakova, G.V. Klitochenko, IV. Petrova,
S.A. Emelyanova, A.P. Skiba. Pharmacotherapy possibilities of cardiovascular autonomous neuropathy in children with type 1 diabetes mellitus
at the preclinical stage. Pharmacy & Pharmacology. 2022;10(1):93-103. DOI: 10.19163/2307-9266-2022-10-1-93-103

© H.B. MantoxcuHckas, U.H. Luwumopos, O.B. MazHuykas, K.B. CmenaHeHKo, O.B. lMonskosa, I.B. KnumoyeHko, U.B. lMemposa,

C.A. EmenvbsaHosa, A.I1. Ckuba, 2022

Ana uutuposanua: H.B. MantoxunHckan, U.H. lWnwumopos, O.B. Marnuukas, K.B. CtenaHeHko, O.B. MNonakosa, .B. KnutoueHko, N.B. MNeTtposa,
C.A. EmenbsHoBa, A.M. Cknba. BoamoXHOCTM dapmaKkoTepanmm Ha NPEeKAMHUYECKON CTaaMmM KapAMOBaACKYIAPHOW aBTOHOMHOW HellponaTtum y
neten ¢ caxapHbim gnabetom 1 Tuna. dapmayusa u papmakonoaus. 2022;10(1):93-103. DOI: 10.19163/2307-9266-2022-10-1-93-103

Tom 10, Beinyck 1, 2022 93



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

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

BO3MOXXHOCTU ®APMAKOTEPAMWN HA NMPEKNMHUYECKON
CTAOUN KAPOMOBACKYNAPHOU ABTOHOMHOWN HEUPOMATUU
Y OETEW C CAXAPHbIM OUAGETOM 1 TUMNA

H.B. ManoxuHckas?, U.H. LUnwmmopos?, 0.B. MarHuukKasa?, K.B. CtenaHeHko?, O.B. Nonakosa?,
I.B. KnutoueHko?!, U.B. Netposa?, C.A. EmenbaHoBa? A.M. Ckuba’

ldepepanbHoe rocymapcteeHHoe brogxeTHoe obpa3oBaTe/ibHOE yupexaeHue Bbicllero obpasoBaHma
«BonrorpagcKkuii rocyapcTBeHHbIM MegULMHCKUI yHUBepcuTeT» MUHUCTEPCTBA 34paBOOXPAaHEHMA
Poccuiickoit ®epepaunn

400131, Poccus, 1. Bonrorpag, na. MNaswux 6opuos, 4. 1

2TocypapcTBeHHOE BIoAXKETHOE yupexaeHue 34paBooxpaHeHns «Bonrorpaackas obnactHan

[OETCKas KNMHMYecKas 60/1bHULA»

400076, Poccus, r. Bonrorpaa, yn. 3emnayku, a. 76

E-mail: kozhevnikova.kv@yandex.ru

MonyyeHa 31.08.2021 Mocne peueHsnposanma 10.12.2021 MpuHaTa K nevatn 11.01.2022

Lienb. OueHnTb 3pEKTUBHOCTb MpenapaTa TMOKTOBOW KMCNOTbI B KOMM/IEKCHOW Tepanuu caxapHoro anabeta 1 (CA 1) Tuna
Y AeTel C KapAMOBACKYNAPHOM aBTOHOMHOM HelponaTven Ha JOKAMHUYECKOM CTaauu.

Marepuanbl u metoabl. Jn3aliH — NPOCNEKTUBHOE PaHAOMU3MPOBAHHOE UccneaoBaHue. MPoBeAEHO KAMHUKO-UHCTPYMEH-
TanbHoe obcnefoBaHue 64 aetel ¢ NPU3HAKaMU LOKAMHUYECKOM CTaann AnabeTnyeckon KapamMoBacKyAAPHOM aBTOHOMHOM
Heiponatum (OKAH). KoropTa paHKMpoBaHa Ha 2 rpynmbl: B OCHOBHOMW M KOHTPO/IbHOW Fpynnax npoBoAuMiacb HOpManun3a-
LA INIMKEMUYECKOTO KOHTPOIA MYTEM KOPPEKLUM A03bl MHCYIMHOTEPANUK; B OCHOBHOM rpynne AeTW A0MNOJHUTE/bHO Moy-
Yyanu npenapar TUOKTOBOM KMUCNOTbI B fo3e 600 mr/cyTku B TeueHue 3-x mecaues. [1na KoHTponsa 3ddeKTMBHOCTM Tepanum
MCMNONb30BaNaCb METOAMKA SIa3epHOM A0NMNAEPOBCKOW GoyMeTpun.

Pesynbratbl. Mocne dapmakonormyeckolt MHTEPBEHLMN Habaoganock yayylleHne TedeHns 3aboneBaHnsa, Hopmanvsaumsa
roKasaTtesiel YIeBogHOro U IMNUAHOro 0bMeHa, ycuieHe Ba3OMOTOPHbBIX MEXaHU3MOB PErynAaLMM TKAHEBOTO KPOBOTOKA
3a CYET YBENIMYEHWNA SHAOTENNANIBHON U HEMPOreHHOM aKTUBHOCTU B COMETAHUM CO CHUMKEHWEM BHYTPUCOCYAMNCTOrO TOHYCa
1 yBenmueHmem sbdpekTuBHol nepdysnm B TKaHAX, BbIABNEHO YBeMYEHME BapuabesibHOCTM PUTMa cepALa, AUarHoCcTMpo-
BaHa MOJIOXKMUTENbHAA AMHAMUKa MOKasaTenel KapAMoBacKynapHbix TectoB no D. Ewing, BpemeHHbix (PNN50%, SDNN) u
CrneKTpanbHbix nokasatesnen (VLF). KAMHMYecKn 3HaUMMbIM AR YMEHbLUEHUA NMPOABAEHUI HEMPONAaTUKN OKa3anoch AOCTU-
KeHue 1 noaaepKaHue LieNeBbix 3Ha4YeHMI NoKasaTenel MIMKEMUYECKOro KOHTPO/IA, @ TaK¥Ke OTCYTCTBME BapnabenbHoCcTu
IIMKeMUN. HeMHBasMBHaA METOAMKA 1a3epHON AOMN/IepoBCKOM pnoymeTpumn aBasetca MHGOPMaATUBHOM AA paHHeN aua-
rHocTvku OKAH y geteit ¢ CA, Tmna 1.

3aknioueHue. poBeseHHbIe UCCNeA0BaHUA MPOAEMOHCTPUPOBAAN 3GPEKTUBHOCT MPUMEHEHMA NIUMOEBON KWUCIOTbI B
£o3e 600 Mr/cyTku B TeueHue 3-x MecAueB y AeTei ¢ npusHakamu JKAH Ha SOK/AMHWMYECKoWn ctaguun. MeTtog nasepHoi
AonnnepoBcKon GnoymeTpum AnA onpeaeneHna NoKasaHUni U KoHTpoia 3dPeKTMBHOCTU Tepanu NO3BOAET peann3oBaTb
NepcoHaIM3MPOBaHHbIV NOAXOZ A/1A Ha3HAYEHUA NPEBEHTUBHOIO IeYEHUA Y AeTel ¢ caxapHbiM gnabetom 1 Tuna.
KnioueBble cnoBa: Anabetnyeckas KapaMoBacKynspHaa aBTOHOMHAA HEMPOMATUA; Ol-MMOEBAA KUCN0TA; MPEBEHTUBHOE Ne-
YeHue ocnoxKHeHui y aeteit ¢ C[ Tvna 1; nasepHas AonnaepoBckas GoymeTpus

Cnucok cokpaleHuit: GCP — Hagnexalan KAMHUMYeckaa npakTuka; HbAlc — rnknpoBaHHbIK remornobuH; LADA — naTeHT-
HbI ayTOUMMYHHbIV anabeT B3pocabix; MODY — guabet 3penoro tuna y monogblx; pPNN50% — npoueHT (fona) nocneno-
BaTe/IbHbIX MHTEPBANOB, Pasanyne mexay KotopbiMmu npesbiwaet 50 mc; SDNN — cTaHAapTHOe OTK/I0HEHMEe BENNYNH HOP-
ManbHbIX MHTepPBanoB; VLF — oueHb HM3Ko4YacToTHble; ABA — apTepnono-BeHynApHble aHacTomosbl; AJIK — anbda-nvnoesasn
kucnota; DECAN — lepmaHCcKoe uccnefoBaHWe KapauanbHOW aBTOHOMHOM Heliponatumn; BCP — Bereto-cocyamcrasn peryns-
umns; OKAH — anabetmyeckan KapamoBacKynAapHas aBTOHOMHan HelponaTtua; ESPALIPON Il — adpdeKkTMBHOCTL NpenapaTtos
TMokToBOWM KMcnoTbl; NATHAN | — HeBponoruyeckasn oueHKa addeKTa TMOKTOBOW KMCNOTbI Npu AnabeTnyeckoi HelponaTum;
NA® — nasepHas gonnaeposckana paoymetpusa; JINBIM — AMNnonpoTenHbl BbICOKOM NAoTHOCTK; JINHI — iMnonpoTenHbl HX3-
KoM naoTHocTK; YCC — YacToTa cepaeyHbIx CoKpaleHnin; CO, 1 — caxapHbiit anabet tuna 1; TT — Tpuranuepuabl; KM — anekT-
pokapauorpadua; UMT — nHaekc maccol Tena.

INTRODUCTION dren remain unresolved [2]. One of the most formidable
Type 1 diabetes mellitus (TLDM) remains one of the  complications of type 1 diabetes mellitus in children is

most urgent problems of modern pediatrics due to the
high level of disability and mortality [1, 2]. Alongside
with the development of diabetology, an early detection
and treatment of cardiovascular complications in chil-
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diabetic cardiovascular autonomic neuropathy, which
is characterized by denervation of the autonomic ner-
vous system that regulates a vascular tone and a cardiac
activity [1, 3]. Due to the complexity of diagnosing dia-
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betic cardiovascular autonomic neuropathy (DCAN), the
data on the occurrence frequency are contradictory. The
analysis of the literature shows that this index ranges
from 20 to 60% [4, 5]. The main mechanism for the de-
velopment of DCAN is microcirculatory disorders, which
are accompanied by a decrease in the formation of ni-
tric oxide, endoneural hypoxia, leading to the ischemic
damage to nerve fibers [1, 6, 7]. Due to the development
of glucose toxicity, metabolic disorders also play an im-
portant pathogenetic role [7-9]. There is a relationship
between an increase in blood glucose levels and the se-
verity of an oxidative stress. With hyperglycemia, there
is an increase in lipid peroxidation, a violation of the
nitric oxide formation by the vascular endothelium, an
increase in the synthesis of pro-inflammatory adhesion
molecules, and an increase in the sensitivity of smooth
muscle cells of the vascular wall to vasoconstrictive sti-
muli [10-12]. The oxidative stress accompanies meta-
bolic TIDM disorders in, which result in contributing to
the development of late vascular complications.

Promising drugs for the treatment of DCAN are a-li-
poic acid preparations, which have antioxidant, neuro-
trophic and hypoglycemic effects [8, 9, 13—15]. In diabe-
tes mellitus in adult patients, the neuroprotective effect
of alpha-lipoic acid (ALA) has been proven due to a de-
crease in the formation of advanced glycation endprod-
ucts of proteins in nerve cells, endoneural hypoxia and
ischemia, as well as an increase in the concentration of
the antioxidant glutathione [16—-20]. In the DCAN study
carried out by the German Cardiac Autonomic Neuropa-
thy Research, the treatment of TIDM patients with DCAN
by thioctic acid resulted in a significant improvement in
the function of the nerve fibers of the autonomic nervous
system, which was manifested by an increase in the heart
rate variability [21]. The effectiveness of therapy in clini-
cal DCAN is 30%, while the regression of disorders during
the pharmacological intervention at the preclinical stage
of DCAN is observed in 70% of patients [22, 23]. However,
the studies on the pediatric population are singular, the
indications and regimens for prescribing the thioctic acid
preparation have not been determined, and the effective-
ness of its use at the preclinical stage of DCAN has not
been proven. One of the obstacles to the development of
pathogenetic therapy for DCAN is the lack of “a gold stan-
dard” of preclinical diagnostics, which makes it possible to
determine the indications for prescribing in this category
of patients. It has been proven that the earliest changes in
T1DM occur in the microvasculature. Therefore, an early
functional diagnosis of cardiovascular complications, their
dynamic control and the possibility of the early pathoge-
netic treatment are very important [1, 3, 10].

Currently, to assess the functional state of the mi-
crovasculature, a modern non-invasive technique of la-
ser Doppler flowmetry (LDF) is used, which determines
the tissue perfusion by measuring the Doppler frequen-
cy shift during probing and emitting a helium-neon la-
ser at the wavelength of 632.8 nm and registering this

Tom 10, Beinyck 1, 2022

radiation [9]. During the study, fluctuations in the blood
flow in the microvasculature are recorded [24-27]. The
use of LDF for the early diagnosis of DCAN opens up new
prospects for personalized approaches to the preventive
treatment of TIDM children.

THE AIM of the article is to evaluate the effective-
ness of the thioctic acid preparation in the complex the-
rapy of TIDM children with cardiovascular autonomic
neuropathy at the preclinical stage.

MATERIALS AND METHODS

Study design

The principles of World Medical Association Decla-
ration of Helsinki (WMA)*! and the Rules of Good Clinical
Practice (GCP)? of the Eurasian Economic Union served
as the basis for a prospective, randomized, simple com-
parative study in parallel groups.

The Ethics Committee of the Federal State Budget-
ary Educational Institution of Volgograd State Medical
University of the Ministry of Health of Russia (proto-
col No. 17 dated September 16, 2019) approved of the
study. Written informed consent (IC) to participate in it
was signed by all patients or their legal representatives
prior to the inclusion in the research.

94 children aged 10 to 17 years with a verified di-
agnosis of TIDM, were examined. The exclusion criteria
were: the age under 10 or over 17; T2DM, latent auto-
immune diabetes in adults (LADA) and maturity onset
diabetes in youth (MODY); the presence of primary ar-
terial hypertension and other cardiovascular pathology
not associated with TIDM; concurrent participation in
another clinical trial; lack of a signed informed consent
(IC) to participate in the study.

The withdrawal criteria were as follows: a refusal to
participate in the study at any stage; decompensation
of carbohydrate metabolism with ketoacidosis; somatic
diseases at the acute stage in combination with TIDM.

Monitored parameters

The study was conducted on the basis of the endo-
crinology department of the Volgograd Regional Chil-
dren’s Clinical Hospital. All patients underwent clinical,
anamnestic and laboratory examinations, including the
determination of fasting plasma glucose, HbAlc, total
cholesterol, TG, LDLP, HDLP. The instrumental examina-
tion included the following: 24-hour ECG monitoring us-
ing the Cardiotekhnika-04-3 hardware-software complex
(Inkart, Russia) under the conditions of free activity of

* Declaration of Helsinki by the World Medical Association (WMA).
Ethical principles for conducting medical research involving a person
as a subject. Adopted by the 18th WMA General Assembly, Helsinki,
Finland, June 1964, amended by the 64th WMA General Assembly,
Fortaleza, Brazil, October 2013. Available from: https://www.wma.
net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-
medical-research-involving-human-subjects/

2 Decision No. 79 “On Approval of the Rules of Good Clinical Practice
of the Eurasian Economic Union” dated November 03, 2016. Available
from: https://docs.cntd.ru/document/456026110
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the subject, 24-hour blood pressure monitoring (ABRM-
04 model, Meditech, Hungary); D. Ewing cardiovascular
tests were performed: a slow breathing test (6 per mi-
nute), Valsalva test, Shelong test (orthostatic test), 30:15
test, an isometric load test. The assessment of the state
of the microvasculature was carried out using the LDF
method based on a two-channel laser Doppler flowme-
ter LAKK-OP (NPP LAZMA, Russia, Moscow) according to
the attached methods for studying skin areas with arteri-
olo-venular anastomoses and without arteriolo-venular
anastomoses. The basic state of microcirculation was as-
sessed; the amplitude-frequency spectrum of perfusion
fluctuations, the endothelial and neurogenic sympathe-
tic activity, passive frequency ranges (respiratory and
cardio rhythms) were analyzed [25].

After the examination, 64 children were diagnosed
with DCAN signs of varying severity.

After the inclusion in the study, at the preclinical
stage, the DCAN patients were divided into 2 groups
by a simple randomization method. The main group
included 32 children (15 girls and 17 boys), the mean
age was 13.53%2.54 years; in the control group there
were 32 children (16 girls and 16 boys), the average
age was 13.15%2.03 years. The groups were compara-
ble in terms of the age, sex, duration of the disease,
the level of compensation for carbohydrate and lipid
metabolism (Table 1). All the patients were on bolus
insulin therapy, and the insulin therapy was adjus-
ted if necessary. According to the ESPALIPON II study
(the effectiveness of thioctic acid preparations), the
same efficacy and safety of oral and infusion forms
of thioctic acid at the dosage of 600 mg were proved.
Therefore, the patients of the main group received a
thioctic acid preparation (Lipoic acid, Marbiopharm,
Russia) at the dose of 600 mg/day within 3 months.
After 3 months, a re-examination was carried out.

Statistical processing

The Shapiro-Wilk test was used to assess the distri-
bution of quantitative indicators. In the form of mean
values (M % SD), the results of the normal distribution of
features are presented, in the non-normal distribution,
the median (Me) and quartiles (25" and 75" percentiles)
are presented. The non-parametric Wilcoxon test was
used to assess the statistically significant difference in
related quantitative traits. Contingency tables with the
two-tailed Fisher’s exact test were used to assess the
significance of the relationship between two variables.
At p<0.05, the difference was statistically significant. The
statistical package STATISTICA 10.0 (StatSoft, Tulsa, USA)
was used to process the results.

RESULTS AND DISCUSSION

For 3 months, the dose of insulin was adjusted to
the patients under control by a pediatric endocrinolo-
gist. The indicators of carbohydrate metabolism are pre-
sented in Table. 2. During the observation period, the
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indicators of carbohydrate metabolism compensation
improved in both groups. After 3 months, a decrease in
the level of glycated hemoglobin was observed in most
patients. However, in the group of the children treated
with lipoic acid, there was a more significant decrease
in the studied indicator than in the control group (7.45
[6.4; 8.2] and 7.9 [6.84; 9.1], respectively (p=0.0378).
The presence of positive dynamics in the two study
groups at once can be primarily explained by an increase
in the level of patients’ compliance during the participa-
tion in the study.

A more pronounced decrease in the level of glycated
hemoglobin in the main group may be associated with
the hypoglycemic effect of alphalipoic acid (ALA) due to
improving the utilization of glucose by peripheral tissues
and increasing insulin sensitivity (a decrease in the glu-
cose-insulin index).

The improved glucose utilization by ALC tissues
seems to be associated with phosphorylation of tyrosine
residues of insulin receptors, activation of glucose trans-
porters, and a number of other effects in insulin-depen-
dent tissues. These factors increase glucose uptake by
adipocytes and increase the activity of tyrosine kinase
and serine/threonine kinase [28].

In 1999, in a placebo-controlled study, there was
an increase in the insulin sensitivity in T2DM patients
after a month of using ALA at the dose of 600 mg/day
[29]. Ansar H. et al. [17] recorded a decrease in plasma
glucose levels on an empty stomach and 2 hours after a
meal, insulin resistance in T2DM patients while taking
ALA at the dose of 300 mg/day. In another randomized
study, in T2DM patients, taking ALA at the dose of 300
to 1200 mg/day for six months improved the glycemic
profile and reduced indicators of an oxidative stress [30].
The multicenter, double-blind, placebo-controlled study
NATHAN | (Neurological Assessment of Thioctic Acid
in Diabetic Neuropathy) showed a decrease in HbAlc
levels [31].

The systematic review and meta-analysis [13] of 20
randomized clinical trials investigating the effect of ALA
on glycemic profile in the patients with metabolic disor-
ders showed that its administration at the dose of 200-
1800 mg/day from 2 weeks to 1 year, led to a decrease
in glucose levels and fasting plasma insulin, HbAlc con-
centration and insulin resistance.

It is known that lipid profile indicators in TIDM chil-
dren and adolescents depend on glycemic control [3, 8,
9]. In addition, dyslipidemia and hyperglycemia are the
main pathogenetic factors of diabetic neuropathy, which
lead to neurodegeneration through metabolic and in-
flammatory mechanisms. In T1IDM children with lipid
metabolism disorders, changes that indicate the initial
manifestations of autonomic heart rhythm dysregula-
tion in the form of hypersympathicotonia and electrical
myocardial instability, have been identified [27].

In this study, all the groups were initially comparable
in terms of lipid metabolism (Table 3). Lipid metabolism
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Table 1 — Clinical and laboratory characteristics of the groups under study

. Main grou Control grou
Indicator (n :332) P (n= ng) P p
Disease duration 5.12+3.1 4.96+4.35 p=0.87
Debut 7.86+3.12 8.2+4.28 p=0.72
Glucose variability 7.93+3.41 7.61+4.07 p=0.73
HbA1lc level 8.2 [7.5; 9.6] 8.6[7.3;9.8] p=0.85
Average daily insulin dose 0.97 [0.7;1.01] 0.91[0.67; 1.14] p=0.82
Total cholesterol 4.34+0.86 4.22+0.94 p=0.60
Triglycerides 0.82 [0.48; 1.26] 0.79 [0.59; 1.21] p=0.71
BMI 19.89+2.68 19.26+2.96 p=0.83

Table 2 - Indicators of carbohydrate metabolism in the study groups at baseline and after 3 months
of therapy with thioctic acid

Main group Control group
. (n = 32) (n = 32)
Indicator
. After 3 months . After 3 months
Baseline Baseline

of therapy of therapy
Glucose variability 7.931£3.41 6.3413.15 7.61+4.07 6.45+2.19
HbA1c level 8.2 [7.5; 9.6] 7.45%1[6.4; 8.2] 8.4[7.3;9.8] 7.9%2%3(6.84; 9.1]

Average daily insulin dose

0.97 [0.7; 1.01]

0.99 [0.81; 1.18]

0.91[0.67; 1.14]

0.96 [0.75; 1.26]

Note: *!p=0.013 compared to baseline; *2p=0.019 compared to baseline; *3p=0.033 compared to group 1.

Table 3 - Indicators of lipid metabolism in the study groups at baseline and after 3 months of therapy
with thioctic acid

Indicator

Main group
(n=32)

Control group
(n=32)

Initially

After 3 months of
therapy

Initially

After 3 months of
therapy

Total cholesterol

4.34[3.91; 5.22]

4.07*1 [3.69; 4.51]

4.28[3.79; 5.31]

4.22*7%3[3.72; 4.98]

0.78 [0.46; 1.08]

0.79 [0.59; 1.21]

0.80 [0.58; 1.24]

2.25%4[2.07; 2.88]

2.96 [2.30; 3.11]

2.90[2.28; 3.12]

Triglycerides 0.82[0.48; 1.26]
LDLP 2.83[2.33; 3.04]
HDLP 1.75[1.26; 2.06]

1.89%5[1.34; 2.27]

1.78 [1.22; 2.14]

1.81[1.20; 2.17]

Atherogenic index 1.89+£0.82

1.78+0.71 1.87+0.78 1.89+0.97

Note: *1p=0.028 compared to baseline; *?p=0.039 compared to baseline; **p=0.031 compared to group 1; **p=0.015 compared to baseline;

*5p=0.044 compared to baseline.

disorders in 14 children in the study group (43.7%) and
in 12 children in the control group (15.6%) were mani-
fested as an increase in total cholesterol above the tar-
get values (>4.5 mmol/I). In 10 of them in the first group
and in 9 in the second, an increase in LDLP was deter-
mined (>2.5 mmol/l). At the same time, the atherogenic
index was within the normal range. In most children in
the study group, the level of TG was within the reference
values, however, in 5 children of the intervention group
(15.6%) and in 7 children of the control group (21.8%) it
was increased.

By the end of the study, the lipid levels had reached
significant differences between the groups. The analy-
sis of lipid spectrum indicators in the main and control
groups revealed a statistically significant decrease in the
level of total cholesterol (p=0.028 and p=0.039, respec-
tively). It should be notified that by the end of the obser-
vation, a decrease in total cholesterol had been notified
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only in the children of the control group with a signifi-
cant decrease in the level of glycated hemoglobin and
glycemia (21.8%; 7/32). However, in the children of the
intervention group who had been receiving lipoic acid,
this indicator was significantly lower at the end of the
study (p = 0.033).

The TG level had a pronounced downward trend
in almost all patients in the main group (25/32), but it
was not statistically significant (p = 0.22), and did not
change in the control group, while there was no signifi-
cant difference between the groups (p =0.29). However,
it turned out that the children who had been receiving
lipoic acid were significantly more likely to have a de-
crease in this indicator relative to outcomes (71.8% vs
28.1%, p = 0.024). The presence of positive changes in
blood lipids in the comparison group can be explained
by the improved control of hyperglycemia, as well as
increased adherence of patients to medical prescrip-
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Table 4 — Indicators of basic microcirculation and the amplitude-frequency spectrum of blood flow fluctuations
in TIDM children in the area without arteriolo-venular anastomoses before therapy

Main group (n = 32)

Control group (n = 32)

Indicator — —
Initially Initially p
M 6.64 [4.37; 8.71] 6.28 [4.28; 7.57] p=0.324
G 0.845 [0.7; 0.96] 0.86 [0.7; 0.97] p=0.76
Cv 12.89 [9.81; 16.34] 14.29 [10.01; 19.39] p=0.042
P 1.43[1.14;2.91] 1.51[1.33; 2.06] p=0.31
Ae 0.16 [0.12; 0.21] 0.19 [0.16; 0.27] p=0.68
ET 4.67 [3.38; 6.08] 4.28[3.21; 5.89] p=0.46
Ae/3c 7.16 [5.52; 9.95] 7.27 [5.32; 10.05] p=0.37
Ae/M 2.61[1.6;4.18] 3.41[1.4;5.11] p=0.56
An 0.21 [0.16; 0.3] 0.26 [0.21; 0.4] p=0.34
NT 3.87 [2.87; 5.29] 3.89 [2.6; 5.84] p=0.047
An/3c 8.62 [6.81; 11.67] 8.44 [6.74; 10.61] p=0.63
An/M 3.62 [1.84; 6.88] 3.04 [1.68; 7.34] p=0.52
Am 0.23[0.17; 0.34] 0.32[0.21; 0.38] p=0.08
MT 3.43[2.22; 5.09] 3.2 [2.69; 4.58] p=0.54
Am/3c 7.84 [5.97; 13.63] 8.01 [6.03; 14.28] p=0.28
Am/M 2.66 [1.95; 6.5] 3.02 [2.09; 7.86] p=0.65
Ar 0.22[0.17; 0.38] 0.28 [0,14; 0,42] p=0.39
Ar/3c 6.72 [5.16; 10.43] 6.84 [6.02; 9.89] p=0.27
Ar/M 4.89 [3.14; 6.07] 4.62 [3.23; 5.54] p=0.57
Ac 0.26 [0.24; 0.51] 0.24[0.21; 0.49] p=0.84
Ac/3c 14.02 [11.03; 18.29] 12.82 [12.43; 17.49] p=0.047
Ac/M 5.62 [3.25; 8.94] 5.17 [3.07; 7.36] p=0.778
Ac/Ar 1.7 [1.22; 2.35] 1.57 [1.17; 2.67] p=0.28
Sl 0.94 [0.88; 1.09] 0.93 [0.75; 1.12] p=0.08
IVT 0.66 [0.59; 0.85] 0.57 [0.56; 0.64] p=0.37

Note: M — mean perfusion; ¢ — standard amplitude deviation of blood flow fluctuations; Cv — coefficient of variation; P~ effective perfusion;
Ae —fluctuations of neurogenic nature; ET — endothelial tone; An — neurogenic fluctuations; NT — neurogenic tone; Am — fluctuations of myogenic
nature; MT — myogenic tone; Ar — fluctuations of respiratory nature; Ac — fluctuations of cardiac nature; A/M — amplitude of fluctuations relative
to mean perfusion; A/30 — amplitude of fluctuations relative to mean modulation of blood flow; SI — shunt index; IVT — intravascular tone.

tions, strict adherence to dietary recommendations and
lifestyle modifications during their participation in the
study.

It has been established that ALA increases the syn-
thesis of coenzyme A, promotes the transfer of fatty ac-
ids and acetate into the mitochondrial matrix, and also
has a positive lipotropic effect [3, 9, 28]. Recent studies
have shown that ALA shifts the spectrum of blood lipids
towards unsaturated fatty acids, reduces the content of
total cholesterol, and increases the HDLP fraction.

In the process of observation, in the main group of
the children treated with lipoic acid, there was a statisti-
cally significant increase in HDLP (p=0.044). There were
no significant changes in the control group, while the
indicator, in general, tended to increase (p=0.19). The
positive dynamics in LDLP was observed in the main
group. By the end of the study, the level of this indicator
had decreased (p=0.015), in the control group it had not
changed significantly in most patients, while, in gener-
al, it had also tended to decrease in the group (p=0.24).
These studies are consistent with the results obtained by
other authors for TLDM and T2DM patients and indicate
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the ability of ALA to have a direct effect on lipid metabo-
lism. So, Wollin S. et al. reported an increase in HDLP le-
vels with the use of ALA [32] . In 2009, Gianturco V. et al.
established that taking ALA at the dose of 400 mg/day
reduces the indicators of an oxidative stress and the an-
tiatherogenic fraction of cholesterol in T2DM patients
[16]. In another study, Zhang Y. et al. also found out a
decrease in cholesterol, LDLP and TG (p <0.01) with the
use of ALA [33].

Cardiovascular autonomic neuropathy is detected
at the early stages of the disease in DM patients and
can be subclinical, i.e., it is manifested only in special
tests [1, 4, 5, 22, 32]. The study of cardiovascular re-
flexes, which have a high sensitivity and a good repro-
ducibility, is “a gold standard” for the clinical DCAN de-
tection [1, 3, 5, 9]. Resting tachycardia is often an early
clinical sign of developing neuropathy. In DCAN, the
vagus nerve is the first to be affected, which leads to
an increase in sympathetic influences on the heart and
the appearance of resting tachycardia. In this study,
resting tachycardia was initially detected in 11 children
in the main group (34.4%) and in 10 children in the
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Table 5 — Indicators of basic microcirculation and amplitude-frequency spectrum of blood flow fluctuations
in TIDM children in the area without arteriolo-venular anastomoses after 3 months of therapy with thioctic acid

Indi- Main group (n = 32) Control group (n = 32)
cator Initially After 3 months p Initially After 3 months p
M 6.64 [4.37; 8.71] 6.21 [4.26; 7.68] p=0.061 6.28 [4.28; 7.57] 6.01 [4.18; 8.11]* p=0.234
s 0.845 [0.7; 0.96] 1.09 [0.82; 1.56] p=0.035 0.86 [0.7; 0.97] 0.84 [0.66; 1.07]* p=0.67
Cv 12.89[9.81; 16.34] 27.06 [14.97;28.71] p=0.0004 14.29 [10.01;19.39] 19.63 [9.72;22.12]* p=0.048
P, 1.43 [1.14; 2.91] 2.2 [1.58; 4.28] p=0.034  1.51[1.33;2.06] 1.64 [1.18; 2.94]* p=0.12
Ae 0.16 [0.12; 0.21] 0.3 [0.18; 0.42] p=0.008  0.19[0.16; 0.27] 0.21[0.19; 0.37]* p=0.07
ET 4.67 [3.38; 6.08] 4.22[3.03; 5.1] p=0.004 4.28 [3.21; 5.89] 4.18 [3.09; 4.99]* p=0.37
Ae/3s 7.16 [5.52; 9.95] 7.91[6.52; 10.99] p=0.33 7.27 [5.32; 10.0] 7.65 [6.13; 9.97]* p=0.28
Ae/M 2.61[1.6;4.18] 5.54[2.31;9.93]  p=0.019 3.41[1.4; 5.11] 3.34[1.82; 7.63]* p=0.45
An 0.21[0.16; 0.3] 0.28 [0.19; 0.6] p=0.054 0.26 [0.21; 0.4] 0.24 [0.18; 0.34]* p=0.23
NT 3.87[2.87;5.29] 3.19 [2.26; 4.37] p=0.03 3.89 [2.6; 5.84] 4.01[2.73; 6.09]* p=0.048
An/3s 8.62 [6.81; 11.67] 8.55 [5.5; 12.82] p=0.71 8.44 [6.74; 10.6] 8.69 [5.8; 11.67]* p=0.54
An/M  3.62[1.84;6.88] 5.07 [3.8; 10.72] p=0.07 3.04 [1.68; 7.34] 3.17 [1.75; 6.99]* p=0.43
Am 0.23 [0.17; 0.34] 0.4 [0.24; 0.6] p=0.09 0.32[0.21; 0.38] 0.34 [0.17; 0.34]* p=0.09
MT 3.43[2.22; 5.09] 3.29[2.19; 4.88] p=0.234 3.2 [2.69; 4.58] 3.18 [2.39; 4.46]* p=0.44
Am/3s  7.84[5.97;13.63] 9.19 [5.5; 14.96] p=0.63 8.0 [6.03; 14.28] 8.14 [6.3; 13.44]* p=0.37
Am/M  2.66[1.95; 6.5] 7.45[4.43;11.58]  p=0.02 3.02 [2.09; 7.86] 3.24[1.91; 8.03]* p=0.56
Ar 0.22 [0.17; 0.38] 0.185[0.13;0.26]  p=0.04 0.28 [0.14; 0.42] 0.26 [0.15; 0.36]* p=0.28
Ar/3s 6.72 [5.16; 10.43] 7.44 [6.57; 10.04] p=0.12 6.84 [6.02; 9.89] 7.24 [5.75; 10.0]* p=0.38
Ar/M 4.89 [3.14; 6.07] 3.3[2.98; 3.52] p=0.04 4.62 [3.23; 5.54] 4.97 [3.01; 5.87]* p=0.65
Ac 0.26 [0.24; 0.51] 0.26 [0.22; 0.5] p=0.89 0.24 [0.21; 0.49] 0.26 [0.22; 0.43]* p=0.73
Ac/3s  14.02 [11.03; 18.29] 8.5[6.72; 11.75] p=0.0003 12.82[12.43;17.49] 10.42[8.73; 15.27]** p=0.02
Ar/M 5.62 [3.25; 8.94] 6.07 [3.56; 8.64] p=0.36 5.17 [3.07; 7.36] 5.92 [3.34; 8.04]* p=0.67
Ar/Ac 1.7 [1.22; 2.35] 1.26 [1.0; 1.64] p=0.021 1.57 [1.17; 2.67] 1.63 [1.34; 2.12]* p=0.19
S| 0.94 [0.88; 1.09] 0.92 [0.65; 1.17] p=0.33 0.93 [0.75; 1.12] 0.96 [0.95; 1.28]* p=0.07
VT 0.66 [0.59; 0.85] 0.46[0.38;0.63]  p=0.003  0.57 [0.56; 0.64] 0.54 [0.48; 0.91]* p=0.28

Note: M — mean perfusion; ¢ — standard amplitude deviation of blood flow fluctuations; Cv — coefficient of variation; P

. — effective perfusion;

Ae —fluctuations of neurogenic nature; ET — endothelial tone; An — neurogenic fluctuations; NT — neurogenic tone; Am — fluctuations of myogenic
nature; MT — myogenic tone; Ar — fluctuations of respiratory nature; Ac —fluctuations of cardiac nature; A/M —amplitude of fluctuations relative to
mean perfusion; A/3c — amplitude of fluctuations relative to mean modulation of blood flow; SI — shunt index; IVT —intravascular tone; * — p<0.05

compared to the main group; ** — p>0.05 compared to the main group.

control group (31.25%). At the end of the study, resting
tachycardia was observed only in 5 children in the main
group (15.63%; p=0.08), and in 7 children in the control
group (21.88%; p=0.4).

When performing a slow breathing test in the main
group, there was an increase in the difference between
the minimum and maximum heart rates (HRs) after a
course of drug therapy with lipoic acid (initially it was
12.0445.41, after 3 months — 17.18+2.14; p<0.001).
In the control group, the increase was not statistical-
ly significant (initially — 13.14+4.75, after 3 months —
14.36%3.98; p=0.27).

During the Schelong test, there was a decrease in
the blood pressure fall in the children treated with lipoic
acid (initially it was 18.0+8.4, after 3 months—11.45+7.8;
p=0.002). According to D. Ewing, in the control group,
there were no significant changes in the results of car-
diovascular tests.

Since the largest number of parasympathetic and
sympathetic fibers are located in the sinus and atrioven-
tricular nodes of the heart conduction system, changes
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in the vegetative status significantly affect functioning of
the cardiac conduction system, contribute to the deve-
lopment of atrioventricular tachycardia and life-threa-
tening ventricular arrhythmia. The cause of a sudden
cardiac death in diabetic patients may be a neuropath-
ic prolongation of the QT interval, which is associated
with changes in sympathetic and parasympathetic func-
tions [1, 3, 4, 10, 22, 23, 33]. Therefore, the study of the
heart rate variability, the measurement of the corrected
QT interval and the dispersion of the QT interval are ne-
cessary methods in the diagnosis of autonomic neuro-
pathy. In this study, a statistically significant decrease
in the corrected QT interval in the main group was not
obtained, however, a tendency to its normalization was
revealed (initially, it was 0.452 [0.431; 0.467], after 3
months —0.446 [0.425; 0.455], p = 0.063). During the ini-
tial examination, the heart rate variability was reduced
in every third child in both groups (in the main group
n=10, 31.25%; in the control group n=11, 34.4%). After
3 months, according to the Holter ECG monitoring, the
heart rate variability was observed only in 6 children in
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the main group (18.75%; p=0.09), in the control group —
in 10 children (31.2%). After the treatment course in the
main group, there was a trend towards normalization of
temporary heart rate indicators (initially, pPNN50% was
16 [8; 23], after 3 months it was 21 [19; 36], p=0.03;
initially, SDNN was 128 [109; 166], after a month it was
164.5 [115; 172], p=0.048). In the control group, no
statistically significant change in the indicators of time
analysis was received. When assessing the spectral anal-
ysis of the heart rate variability in the children treated
with lipoic acid, an increase in slow waves was revealed
(initially, VLF were 2403 [1698; 3132], after 3 months —
3417 [2443; 4621], p = 0.01), in the control group there
was a tendency to a decrease in waves in the slow range
(initially, VLF were 2632 [1758; 3956], after 3 months —
2412 [1703; 3423], p=0.07).

Thus, the administration of lipoic acid improves a
heart parasympathetic regulation in TIDM children.
This is consistent with the results of a randomized
study of vegetative-vascular regulation (VVR) in Korea,
in which the authors found a positive trend in some
parameters of VVR in DM patients who had been tak-
ing ALA 600 mg/day p. o. for the first 12 weeks and
1200 mg/day for the next 12 weeks. The DCAN study
showed an improvement in the heart rate variability
comparedto placebo (p<0.05)in T2DM patients withim-
paired VVR who had been on ALC therapy at the dose of
800 mg/day [21].

In the groups under study, no statistically significant
changes in the sympatho-parasympathetic balance in-
dex and daily blood pressure profile were found out.

Violation of microcirculation is the cause for nerve
hypoxia, which is involved in the pathogenesis of diabet-
ic neuropathy. It has been established that in DCAN pa-
tients, blood oxygen saturation and blood flow velocity in
the vessels supplying the nerves, are reduced. These data
indicate the importance of vascular factors along with hy-
perglycemia in the pathogenesis of neuropathy [3, 4, 7-9,
33, 35]. The prospective results of this microcirculation
study are presented in Tables 4 and 5. Initially, the groups
were comparable to each other (Table 4).

In the analysis of the basic microcirculation in the
children of the studied groups, no pronounced change
in the mean perfusion was detected, while a statisti-
cally significant increase in the coefficient of variation
was observed, and in the main group, there was also an
increase in the standard deviation of the amplitude of
blood flow fluctuations (Table 5). These changes may be
associated with an improved glycemic control, accom-
panied by a decrease in the glycemic variability during a
day, which contributed to the functioning improvement
of microvasculature regulatory systems. This assump-
tion proves a significant increase in the effective perfu-
sion index during treatment with lipoic acid in the main
group (p=0.034).

When assessing fluctuations in the active to-
nus-forming range, in the children of the main group, a
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decrease in the endothelial-dependent component of
the vascular tone (p=0.0004) was revealed. It was com-
bined with an increase in the activity of fluctuations in
the endothelial tonus-forming range (p=0.008) and an
increase in the normalized amplitudes of the endothe-
lial range relative to the mean perfusion (p=0.019). In
the control group, no statistically significant difference in
the amplitudes of fluctuations in the endothelial range
was obtained, however, there was a tendency to in-
crease them after improving glycemic control (p=0.07).
In the main group, at the end of the treatment course,
a decrease in the neurogenic component of vascular
tone was observed (p=0.03), a tendency to an increase
in the amplitudes of fluctuations in the active neuroge-
nic range (p=0.54) was revealed. In the control group, an
increase in the neurogenic component of the vascular
tone was diagnosed (p=0.048), which indicates a gradu-
al progression of neuropathy against the background of
stable compensation of carbohydrate metabolism. The
results obtained are confirmed by the DCCT study (The
Diabetes Control and Complications Trial), which proved
that after achieving a stable compensation of carbohy-
drate metabolism, the regression of diabetic neuropathy
is doubtful [12].

When assessing the amplitude spectrum in the pas-
sive range against the background of therapy in the main
group, a decrease in the amplitude of fluctuations in the
respiratory range was observed (p=0.04).

The total indicator of intravascular tone on the back-
ground of the therapy in the main group significantly
decreased (p=0.003). These changes may indicate the
restoration of compensatory mechanisms due to an in-
crease in the influence of active tone-forming factors and
a decrease in intravascular tone. These trends indicate
an improvement in microcirculation due to a decrease
in the tone of metarteriols and precapillary sphincters in
the microvasculature and, as a result, an improvement
in the nutritional blood flow. Against the background of
the therapy, the total indicator of the intravascular tone
in the main group significantly decreased (p=0.003).
These changes may indicate the restoration of compen-
satory mechanisms due to an increase in the influence
of active tone-forming factors and a decrease in the in-
travascular tone. These trends indicate an improvement
in microcirculation due to the decrease in the tone of
metarteriols and precapillary sphincters in the microvas-
culature and, as a result, an improvement in the nutri-
tional blood flow.

CONCLUSION

Thus, the inclusion of lipoic acid in the complex ther-
apy of T1IDM children, leads to an improvement in the
course of the disease, contributes to the normalization
of carbohydrate and lipid metabolism. The results ob-
tained indicate the need to achieve and maintain opti-
mal glycemic control with the absence of high glycemic
variability, especially in the children with the first DCAN
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signs but this does not guarantee a complete regression
of neuropathy manifestations.

To diagnose the initial manifestations of DCAN by
studying the functional state of the microvasculature
and its reserve capabilities, it is rational to operate with
modern non-invasive LDF methods, which can be also
used to control the ongoing therapy. The use of lipo-
ic acid preparations at the daily dose of 600 mg for 3
months in the complex therapy in TIDM children with
DCAN improves glycemic control, blood lipids, and also
leads to anincrease in vasomotor mechanisms of a tissue
blood flow regulation due to an increase in endothelial
and neurogenic activities accompanied by a decrease in
intravascular tone and an increase in effective perfusion

in tissues. The observed positive dynamics of D. Ewing
cardiovascular tests, time (pNN50%, SDNN) and spectral
parameters (VLF) of the heart rate variability during lipo-
ic acid therapy can be explained, among other things, by
the antioxidant and neuroprotective effects of the drug.
The carried out study makes it possible to suggest that
the use of thioctic acid at the dose of 600 mg/day for
3 months in the complex therapy of TIDM children at
the preclinical stage of DCAN, leads to a regression of
nerve fiber damage. The use of the LDF method for an
early DCAN diagnosis and monitoring the effectiveness
of therapy makes it possible to implement a person-
alized approach to the implementation of preventive
treatment of TIDM children.
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The aim of the article is to evaluate the ABCB1 protein inhibition in the blood-brain barrier to increase the effectiveness of
neuroprotective therapy for focal and global cerebral ischemia.

Materials and methods. The work was performed on 103 male Wistar rats. In the 1 group (n=33), the neuroprotective activity
of the ABCB1 protein substrate, nimodipine (0.4 mg/kg), was analyzed in terms of reducing the area of the brain necrosis after a
1-hour occlusion of the middle cerebral artery with a 24-hour reperfusion (focal ischemia). In the 2™ group (n=60), the effective-
ness of nimodipine was analyzed by reducing the lethality of rats and the neurological deficit (ND) level against the background
of the bilateral occlusion of the common carotid arteries (global ischemia). In both groups, nimodipine was used alone or in the
combination with omeprazole, the ABCB1 protein inhibitor (17.6 mg/kg). The drugs were administered intravenously.

Results. The nimodipine administration to the 1% group led to the reduction of the necrosis focus by 28% compared with the
control series. Omeprazole did not cause a change in the area of the necrosis. The combination of drugs caused a decrease
in the area of the necrosis in relation to the control by 29%; there were no differences in comparison with the nimodipine
series. Nimodipine reduced the rats’ lethality in the 2" group against the background of the pathology (a tendency). Omepra-
zole alone did not change the mortality. The drug combination reduced the mortality compared to the control and nimodip-
ine series. The administration of omeprazole alone did not reduce the neurological deficit score relative to the control. In the
nimodipine series, ND was 88% lower than the control, after 24 hours. With the administration of the drugs combination, this
indicator decreased in relation to the control by 88%, 80%, 88%, 87% and 86% after 4, 12, 24, 48 and 72 hours, respectively,
and in relation to the nimodipine series it decreased by 60% and 67% after 4 and 48 hours.

Conclusion. The ABCB1 protein inhibition is promising for increasing the effectiveness of neuroprotective therapy for global
ischemia, but not for focal cerebral ischemia.

Keywords: ABCB1 protein; occlusion-reperfusion of the middle cerebral artery; bilateral occlusion of the common carotid
arteries; nimodipine; omeprazole

Abbreviations: BBB — blood-brain barrier; TTC — triphenyltetrazolium chloride; ATP — adenosine triphosphate; creb — cAMP
response element-binding; Akt — protein kinase B (intracellular protein kinase B enzyme); IC, — half-maximal (50%) inhibitory
concentration.
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Lenb. OueHka nHrMbnposaHma ABCB1-6enka B rematosHuedanMyeckom bapbepe C Lenbto NoBbiWeHUA 3PpPeKTUBHOCTU
HEeNpPONPOTEKTOPHOM Tepanuu GpokanbHOM 1 robanbHoOM LepebpanbHON UWEeMUN.

Martepuanbl U metogbl. PaboTa BbinonHeHa Ha 103 Kpbicax-camuax AMHMK Buctap. Ha 1-i rpynne (n=33) aHanusupoBsa-
/I HEMPOMPOTEKTOPHYIO aKTUBHOCTL cybcTpata ABCB1-6enka — HUMogunuHa (0,4 Mr/Kr) No CHUMKEHUIO NAOLAAN HEKPO-
33 rO/IOBHOrO MO3ra nocne 1-4acoBOWM OKKAO3WMW CpeaHelr MO3roBoi apTepun ¢ 24-yacoBoi penepdysvent (pokanbHan
nwemums). Ha 2-i rpynne (n=60) 3pHeKTUBHOCTb HUMOAMMMUHA aHAIM3UPOBA/IN MO CHUKEHUIO NIETAIHOCTU KPbIC U YPOBHA
HeBposiornyeckoro geduunta (HA) Ha doHe BunaTepanbHOM OKKAHO3UM OBLLMX COHHbIX apTepuit (robanbHasa uwemus).
B 06eux rpynnax HUMOAMNUH UCMNO/b30BA/ICA OTAENbHO UM B COMETAaHUU C UHIMBuTopom ABCB1-6enka — omenpaszosiom
(17,6 mr/kr). NMpenapaTbl BBOAWAUCD BHYTPUBEHHO.

Pe3synbratbl. BBegeH1e HUMOAMNUHA 1-1 rpynne npyBeso K COKPALLEHMIO o4ara HeKpo3a Ha 28% No CpaBHEHUIO C cepueit
KOHTpoAs. OMenpas3o/ He Bbl3Bas U3MEHEeHUsA NaoLWaan Hekpo3a. KombuHauma npenapaTos Bbi3Basa CHUXKEHWE NioLaam
HEKpOo3a Mo OTHOLUEHUIO K KOHTPOIO Ha 29%, B CPaBHEHWUU C cepueir HUMOAMUNUHA Pa3ninii He 6bi10. HUMOAWMMUH coKpa-
LA eTaNbHOCTb KPbIC 2-1 rpynnbl Ha ¢oHe natonorum (TeHaeHLmMa). Omenpason He U3MeHAN NeTanbHOCTb. KombuHauma
npenapaToB CHUXana NeTanbHOCTb MO CPAaBHEHUIO C CEPUAMMU KOHTPONA U HUMOAMMUHA. BBeaeHMe omenpasona He CoKpa-
Wwano 6ann HeBPONIOrMYECKOro AedULnTa OTHOCUTENIBHO KOHTPONA. B cepumn HUmoamnuHa HA 6bin HUMKe KOHTpONA Yyepes
24 4. Ha 88%. lNpwu BBEAEHUN KOMOMHALLMM NPENapaToB AaHHbIN NOKa3aTe/lb CHUMKA/ICA NO OTHOLUEHUIO K KOHTPO/IO Yepes
4,12,24,48 n 72 4. Ha 88%, 80%, 88%, 87% 1 86%, a MO OTHOLLEHUIO K CepUM HUMOAMMNNHA Yepe3 4 1 48 4y — Ha 60% n 67%.
3akntoueHue. MHrimbnposaHue ABCB1-6enka ABNAETCA NEPCNEKTUBHbBIM A5 NOBbIWEeHUA 3PPEKTUBHOCTU HEMNPOMNPOTEKTOP-
HOW Tepanuu robanbHOM Nwemmm, Ho He GOKaNbHOW ULLIEMUN MO3Ta.

KntoueBble cnoBa: ABCB1-6en10K; oKkKkAto3uA-penepdy3nsa cpesHein Mo3roson aptepum; bunatepasbHan OKKNO3UA 06LMX
COHHbIX apTepUii; HUMOAMMMUH; OMENpPason

CnUCOK coKpalleHuii: I35 — remaTtosHuepanmueckuii bapbep; TTX — TpudeHunTetTpasonma xnopua; AT — ageHo3nHTpudoc-
¢dat; CREB — 6enok, cBAsbiBatowwmiica ¢ LAM®-3aBucmbiM anemeHTom; AKT — BHYTPUK/IETOYHbIN pepPMEHT NPOTENHKMHA3DI
B; IC,, — KOHL,EHTPaLWA NONYMAaKCMMaNbHOMO MHIMBMPOBaHHA.

INTRODUCTION

P-glycoprotein (ABCB1-protein, Pgp) is a product of
the MDR1 gene expression, as well as a membrane efflux
ATP-dependent transporter protein with a wide range
of substrates different in their chemical structure. In
significant amounts, it is localized on the biliary surface of
hepatocytes, in the proximal tubules of the renal nephrons,
in the enterocytes of the small intestine and in the
endotheliocytes of the histohematic barriers. One of the
leading functions of the ABCB1 protein in the blood-brain
barrier (BBB) is to prevent the penetration of lipophilic
endogenous and exogenous substrate substances from the
blood into the brain. It should be notified that the functional
activity of the ABCB1 protein can vary significantly against
the background of various influences, i.e., the inflammatory
process, oxygen deficiency, oxidative stress, food intake,
and a lot of drugs [1].

By far, a stroke is the leading cause of disability in
the adult population and the second leading cause of
death in the world. In 85% of cases, an ischemic type
of stroke occurs. At the same time, the use of a tissue
plasminogen activator, which is one of the few approved
drugs for restoring a blood flow, is limited by a narrow
“therapeutic window” (4.5 hours). Thus, the preferred
therapeutic strategy for a stroke is neuroprotection, e.
i. maintaining the viability of neurons in the penumbra
zone [2].

Among the ABCB1 protein substrates, there is a
numberofdrugswithaprovenorpotentialneuroprotective
activity: nimodipine, acetylcholinesterase inhibitors
rivastigmine, donepezil, galanthamine, the antipsychotic

Tom 10, Beinyck 1, 2022

drug paliperidone, and a number of others [3-5]. The
substances inefficiency of this pharmacological group
in clinical trials, demonstrated by foreign researchers
[6], may be due to their insufficient transport through
the BBB [7], for example, due to ABCB1-protein efflux.
The indirect evidence of such a theory is the activity
induction and expression of the transporter against the
background of oxygen deficiency, the main pathogenetic
link in cerebral ischemia, which was revealed in in vitro
and in vivo experiments [8, 9]. Due to the wide spread
of ischemic stroke and chronic cerebral ischemia in the
world and, in particular, in Russia [10], the study of such
pathogenetic mechanisms and an attempt to overcome
them is beyond doubt.

The analysis of the available scientific data
suggested the prospect of pharmacological inhibition of
the ABCB1 protein in the BBB against the background
of cerebral ischemia in order to intensify the delivery
of neuroprotectors to the brain and enhance their
central effects. The selectivity of reducing the local
ABCB1 protein activity in the barrier will minimize the
number of pharmacokinetic and pharmacodynamic
complications associated with the important functions
of the transporter in controlling not only penetration
into the brain, but also the enteral absorption and
excretion of the drug substrates [1].

THE AIM of the article is to evaluate the ABCB1
protein inhibition in the blood-brain barrier, to
increase the effectiveness of pharmacotherapy for
the consequences of focal and global kinds of cerebral
ischemia in the in vivo experiment.
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MATERIALS AND METHODS

Laboratory animals

The work was performed on 103 male Wistar
rats weighing 200-280 g. The animal manipulations
were carried out in accordance with the rules of good
laboratory practice (Order of the Ministry of Health of
the Russian Federation dated April 1,2016, No. 199n, and
also with international standards (Guide for the Care and
Use of Laboratory Animals: VIl ed.) under the operating
conditions of a conventional vivarium, and approved by
the Commission for the Control of the Maintenance and
Use of Laboratory Animals (Protocol No. 7 dated April
3, 2018) of Ryazan State Medical University. The surgical
interventions were carried out against the background
of the intraperitoneal administration of Zoletil® 50 (INN
— tiletamine, zolazepam; Virbac, France) to the rats at
the dose of 10 mg/kg. The intravenous administration of
the drugs was carried out in the rats’ tail vein.

Experiment design

The experimental animals were divided into 2
groups.

In the first group (n=33), the possibility of the ABCB1
protein pharmacological inhibition was analyzed in or-
der to increase the treatment effectiveness of the fo-
cal cerebral ischemia transporter with neuroprotective
drugs — substrates. That kind of ischemia was an exper-
imental analogue of an ischemic stroke in humans [11].
A neuroprotective activity was assessed by a decrease in
the area of the necrosis focus against the background of
the brain ischemia-reperfusion. It had been modeled by
a 60-minute endovascular occlusion of the middle cere-
bral artery with a polypropylene thread with a diameter
of 4-0 (0.15-0.199 mm) together with a permanent li-
gation of the common and external carotid arteries fol-
lowed by recanalization. During the surgical procedures
and for 2 hours after them, the animals were warmed up
with lamps to maintain the rectal temperature at 37°C.
The animals were withdrawn from the experiment 24
hours after the reperfusion by the overdose of Zoletil
(30 mg/kg). A similar model is widely used in scientif-
ic studies [12, 13]. The rats with a lethal outcome were
not included in the study and not reflected in the total
number.

The animals of the first group were divided into 4 se-
ries, each of 7 animals: Series 1 — the animals with isch-
emia-reperfusion with a saline intravenous administra-
tion (1 ml/kg) at the time of the middle cerebral artery
reperfusion. The rats of the 2nd series were subjected to
the ischemia-reperfusion with an intravenous injection
of the ABCB1 protein substrate, a cerebral vasodilator
with a neuroprotective activity, nimodipine (Nimotop,
Russia), at the dose of 0.4 mg/kg of the animal body
weight (the solution 0.4 mg/ml - 1 ml/kg) [14] at the
time of reperfusion. The neuroprotective activity of ni-
modipine, regardless of the cell type, had been shown
in numerous studies both in vitro and in vivo. Accord-
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ing to the latest data, the main role is assigned to the
prevention of a stress-induced apoptosis by reducing
the activity of caspase-3 and 7, as well as by activating
the transcription factor, the protein that binds to the
cAMP-responsible element (creb) and the intracellular
enzyme protein kinase B (Akt) of signaling pathways
[15]. The animals of the 3rd experimental series were
the rats with ischemia-reperfusion with an intravenous
injection of the ABCB1 protein inhibitor in the BBB,
omeprazole (Omez, Russia) at the dose of 17.6 mg/kg
of body weight (the solution 17.6 mg/ml — 1 ml/kg) [16,
17] at the time of reperfusion. The 4th series were the
animals with ischemia-reperfusion with the introduction
of nimodipine in combination with an intravenous in-
jection of omeprazole at the time of recanalization (the
drugs were administered sequentially without any inter-
ruption).

The dose and scheme of the neuroprotective sub-
strate ABCB1 protein (nimodipine) administration used
in this work, is explained by the revealed efficiency in
reducing the volume of necrosis in the experiment [14].
Typical neuroprotective drugs (piracetam, etc.) were not
used in the work due to the absence of the drugs — sub-
strates of the ABCB1 protein —among them.

The proton pump blocker omeprazole was chosen as
a transporter inhibitor. The drugs of this pharmacologi-
cal group, such as omeprazole, pantoprazole and lanso-
prazole, demonstrated an inhibitory activity against the
ABCB1 protein on Caco-2 and L-MDRI cell cultures with
a half-maximal inhibition concentration (IC, ) of 17.7,
17.9 and 62.8, respectively. uM, which was revealed by
the degree of translocation of the transporter substrate,
digoxin [17]. When omeprazole is administered to rats
intravenously at the dose of 3.45 mg/kg, its maximum
plasma concentration is about 3.5 uM [16]. To obtain
17.7 uM (IC,, in relation to the ABCB1 protein for this
substance), it must be administered by 5.1 times more,
i.e. 17.6 mg/kg. This is confirmed by the linearity of the
pharmacokinetics of omeprazole with its single adminis-
tration [18].

Despite the fact that omeprazole slightly reduces
the activity of microsomal liver enzymes in vitro [19], its
administration to the rats at the indicated dose cannot
affect the intensity of nimodipine biotransformation,
due to the fact that only the CYP3A isoform is involved in
the metabolism of the latter [20].

In addition, 5 animals underwent “a sham opera-
tion” with opening the skin and soft tissues of the neck
without any direct occlusion-reperfusion of the arteries
to confirm the absence of the influence of experimental
manipulations on the results of the study.

To assess the brain necrosis zone in the animals
of all the series, the brain was removed, washed in an
isotonic sodium chloride solution, followed by freezing
and cutting in the frontal plane into sections 2 mm thick.
Next, the sections were placed in a Petri dish, 10 ml of
phosphate buffer with pH=7.4 was added to them, then
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2 ml of a 2% solution of triphenyltetrazolium chloride
(TTC) was added and then 2 ml of a 2% solution of sodi-
um succinate was added. The sections were kept in the
indicated mixture in the thermostat at 38°C for 1 h, then
at room temperature in 10% neutral formalin for also 1
h. Subsequently, the sections were photographed with
a Canon Power Shot G5 digital camera. The percentage
ratio of the sum of the TTX-negative zones areas to the
sum of the total brain area was estimated [21].

Additionally, to explain the results obtained in the
first group of the animals, the integrity of the BBB was
studied against the background of the occlusion-reperfu-
sion of the middle cerebral artery. Herewith, the degree
of the Evans blue dye accumulation (Evans blue, Sigma,
USA) in the brain tissue by the intravenous administra-
tion of a 2% isotonic solution in the volume dose of 0.4
ml at 100 g in the tail vein at the time of reperfusion
was analyzed. Under the deep anesthesia, immediate-
ly before decapitation, the rats underwent transcardial
perfusion with 100 ml of an isotonic solution to remove
the intravascular dye. Then the animals were withdrawn
from the experiment with the extraction of the cerebral
cortex (the side supplied by the occluded artery) and its
grinding with scissors. The dye was extracted by homog-
enizing the tissue in dimethylformamide (1 ml at 100 mg
of the tissue) at 26,000 rpm for 1 min and followed by in-
cubating at 60°C for a day in a thermostat. The resulting
suspension was centrifuged for 5 min at 1750 g.

The Evans blue concentration was determined spec-
trophotometrically (Bio-Rad spectrophotometer, USA)
at 620 nm. The quantitative determination was carried
out by the method of an external standard in a similar
solvent [22]. The experiment was repeated on 5 rats, 5
rats were used as control, which reproduced “the sham
operation”.

In the second group of rats (n=60), the prospects of
the ABCB1 protein pharmacological inhibition were eval-
uated in order to increase the effectiveness of treatment
with neuroprotective drugs that are substrates of the
global cerebral ischemia transporter, an experimental
pathology similar in pathogenesis to cerebral hypoper-
fusion in humans [23]. The neuroprotective potential
was analyzed by the decrease in the percentage of the
animals’ deaths and the severity of a neurological deficit
according to the McGrow Stroke-index scale modified
by LV. Gannushkina against the background of a bilateral
ligation of the common carotid arteries lasting 4, 12, 24,
48, and 72 hours. In each series, a number of rats with
mild (0.5-2.5 points), moderate (2.5-5.5 points), and se-
vere (5.5-10 points) neurological deficits was assessed.
This scale is recommended for assessing the neurologi-
cal status of animals in preclinical studies.

The animals of the second group were divided into
5 series: the 1% (n=6) were sham-operated animals (a

* Mironov AN. Rukovodstvo po provedeniyu doklinicheskih issledovanij
lekarstvennyh sredstv [Guidelines for conducting preclinical studies of
drugs]. Part 1. Moscow: Grif and K. 2012. — 944 p. Russian
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control series), the 2" (n=14) were the rats that were
simulated cerebral ischemia by the bilateral occlusion of
the common carotid arteries intravenously administrat-
ed with physiological saline (1 ml/kg) 30 minutes before
pathology (the pathology control). Group 3 (n=13) were
the animals that were intravenously injected with the
neuroprotector nimodipine, a substrate of the ABCB1
protein, at the dose of 0.4 mg/kg 30 min before the ar-
terial ligation. The 4" group (n=11) were the rats that
were intravenously injected with a transporter inhibitor
omeprazole at the dose of 17.6 mg/kg body weight 30
min before the pathology. The 5th group (n=16) were
the animals with cerebral ischemia, intravenously injec-
ted with a combination of nimodipine and omeprazole
in the similar doses 30 min before pathology modeling.

Statistical processing of results

The results of the study were processed using
the Statistica 13.0 program. The nature of the data
distribution was assessed by the Shapiro-Wilk test.
To compare the size of the necrosis zone, the ANOVA
analysis of variance and the Newman-Keuls test for a
pairwise comparison were used. The comparison of the
animals’ neurological deficit level was performed using
the Kruskal-Wallis test (an analogue of the analysis
of variance for the data distributed in a non-normal
way), pairwise comparisons — the Mann-Whitney test
with the Bonferroni correction, which allows analyzing
samples of different sizes. The animals’ survival in the
postoperative period was assessed by constructing
Kaplan-Meier survival curves. The survival comparison
was assessed by the Cox F-test. The differences were
considered significant at the confidence level more
than 95%.

RESULTS

In the first group, the lethality of the animals after
modeling the occlusion-reperfusion of the middle
cerebral artery was 22.7+1.1% and did not differ in the
groups (p>0.05). There was no mortality in the group of
“sham-operated” animals.

Fig. 1 shows the brain sections of the experimental
animals’ samples in various series.

In all the experimental series, in percent, the sizes of
the necrosis foci are shown in Table 1 (arithmetic mean
+ standard deviation).

A 60-minute occlusion of the middle cerebral artery
followed by recanalization for 24 hours, led to the for-
mation of a necrosis focus in the control rats’ brain with
a relative area of 32.2+7.1%. The similar results corre-
spond to the literature data [24].

An isolated administration of the L-type calcium
channel blocker neuroprotector nimodipine to the an-
imals at the time of the middle cerebral artery reper-
fusion led to a significant decrease in the size of the
necrotic lesion by 27.7% compared with the pathology
control group (p<0.05).
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Figure 1 — Samples of rats’ brain sections after the occlusion-reperfusion of the middle cerebral artery
Note: 1 — sham operation; 2 — pathology control; 3 — omeprazole; 4 — nimodipine; 5 — combination of nimodipine and omeprazole;
arrows indicate the area of brain necrosis.
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Figure 2 — Graph of cumulative proportion of survived animals according to Kaplan-Meier in different
experimental series

Table 1 — Relative area of the rats’ brain necrosis zone against the background of occlusion-reperfusion
of the middle cerebral artery

Experiment series

Relative area of necrosis, %

Sham operation 0

Control 32.2+7.1
Omeprazole 34.4+7.6
Nimodipine 23.3+4.7*#
Nimodipine + omeprazole 23.0+2.8*#

Note: * —significant differences with the parameter of the pathology control series; # — significant differences with the omeprazole series.

Table 2 — The content of Evans blue dye in the rats’ brain against the background of occlusion-reperfusion
of the middle cerebral artery

Experiment Series

Dye level, pg/g brain

Sham operation, n=5

2.39+0.85

Occlusion-reperfusion of the middle cerebral artery, n=5

11.55+8.40
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Table 3 — The degree of neurological deficit according to McGrow in the modification by L.V. Gannushkina against
the background of bilateral occlusion of the common carotid arteries

Series Degree of neurological deficit, points
4 hr 12 hr 24 hr 48 hr 72 hr
Sham operation, 0.5+0.11 0 0 0 0
Pathology control 4.5 (2.0;5.5) 5.0 (2.0; 10.0) 8.5 (1.5; 10.0) 7.5 (1.5; 10.0) 7.0 (2.0; 10.0)
Nimodipine 2.5 (2.5; 2.5) 3.0 (1.0; 4.0) 1.0 (1.0; 2.5)*# 3.0 (2.0; 3.0)# 1.5 (1.0; 2.0)#
Omeprazole 2.5 (2.5;3.5) 3.5 (2.0; 5.0) 3.5 (3.0; 10.0)" 10.0 (3.5; 10.0)"  10.0 (4.5; 10.0)"
Combination 1.0 (0.0; 1.0)*#" 2.0 (1.0; 5.0)* 1.0 (1.0; 3.0)*# 1.0 (0.0; 3.0)*#" 1.0 (1.0; 3.0)*#

Note: * — significant differences with the pathology control group (p<0.05); # — significant differences with the omeprazole group (p<0.05);
“ — significant differences with the nimodipine group (p<0.05). Data are presented as median, lower and upper quartiles.

An isolated administration of the ABCB1 protein in-
hibitor omeprazole to the animals did not cause a statis-
tically significant change in the area of the necrosis focus
(p>0.05).

A combined administration of nimodipine and ome-
prazole to the rats caused a decrease in the area of
necrosis compared to the pathology control by 28.8%
(p<0.05), and in relation to the omeprazole group — by
33.2% (p<0.05). However, no statistically significant
changes between the groups of the drugs combination
and an isolated administration of nimodipine have been
revealed (p>0.05).

The occlusion-reperfusion of the rats’ middle cere-
bral artery led to the impaired BBB permeability, which
was confirmed by the accumulation of Evans blue diazo
dye in the ischemic brain tissue of the animals. Normally,
it does not penetrate into the brain due to the strong
bonds with blood plasma albumins [22]. Against the
background of the ischemia-reperfusion, the level of the
dye in the brain exceeded that of the sham-operated an-
imals by 4.83 times (p<0.05) (Table 2).

The appearance of the dye in the non-ischemic brain
of sham-operated rats is probably due to its adsorption
on the vessel wall after the perfusion procedure.

Fig. 2 shows a graph of the survived animals’ cu-
mulative proportion in the second group according
to Kaplan-Meier. None of the sham-operated animals
died during the entire observation period. The animals’
deaths in the pathology control group was observed 4
hours after the operation; by the end of the first day,
57.1% of the rats died.

The injection of nimodipine before cerebral
ischemia led to a decrease in the number of dead
animals compared with the pathology control series at
the tendency level (0.05<p<0.1). The administration of
omeprazole before ischemia did not cause significant
changes in the lethality of the animals compared with
ischemia control. The combination of nimodipine
and omeprazole resulted in the lower mortality in the
both pathology control series and in the nimodipine
administration series (p<0.05).

The severity and manifestations of ischemia
were clinically analyzed by assessing neurological
abnormalities according to the McGrow scale modified
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by LV. Gannushkina (Table 3). The sham-operated
animals showed no signs of neurological deficit (with
the exception of minor changes after 4 hours, probably
associated with the recovery from anesthesia). After the
bilateral occlusion of the common carotid arteries, the
survived of animals showed such symptoms as lethargy,
unilateral and bilateral blepharoptosis, general tremor,
circling behavior, paresis of the extremities. The score
of neurological deficit in the pathology control group
increased until the end of the first day after the surgery,
then decreased, but at all the periods, except 4 hours, it
was classified as severe.

Thus, the permanent occlusion of the common
carotid arteries of the rats was accompanied by a high
mortality of the animals and the development of a
severe neuropsychiatric deficit.

The omeprazole injection to the rats 30 min before
pathology did not lead to a significant reduction in the
neurological deficit score compared to the pathology
control at any of the observed periods (p>0.05). In the
animals treated with nimodipine, the score of neurolog-
ical deficit after the surgery was lower than in the con-
trol animals: after 24 hours — by 88.2% (p<0.05); after
4 and 72 hours — by 44.4% and 16.0%, respectively, at
the trend level (0.05<p<0.1). The administration of ni-
modipine also led to a decrease in the level of neuro-
logical deficit compared to the omeprazole group: after
24 hours — by 71.4% (p<0.05), after 48 hours — by 70.0%
(p<0.05) and after 72 hours — by 85.0% (p<0.05).

The administration of a substrate and the ABCB1
protein inhibitor combination to the rats resulted in a
decrease in the neurological deficit score compared to
all the experimental series. In relation to the patholo-
gy control, the level of neurological deficit was lower
after 4, 12, 24, 48 and 72 hours by 87.5% (p<0.05),
80.0% (at the level of a pronounced trend, p=0.05),
88.2% (p<0.05), 86.7% (p<0.05) and 85.7% (p<0.05),
respectively. In comparison with the group of the
omeprazole administration, after 4, 24, 48 and 72
hours it was lower by 60.0% (p<0.05), 71.4% (p<0.05),
90.0% (p<0 .05) and 90.5% (p<0.05), respectively; and
compared with the nimodipine series, after 4 hours
it was lower by 60.0% (p<0.05), after 48 hours — by
66.7% (p<0.05).
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DISCUSSION

The study analyzed the feasibility of the local
pharmacological inhibition of the ABCB1 protein in
the BBB as a way to increase the effectiveness of
neuroprotectors in cerebral ischemia. Moreover, two
pathological models were chosen: global ischemia, which
causes damage to the white matter of the brain, similar
to that in chronic cerebral hypoperfusion in humans
[23], and focal ischemia, an experimental analogue
of an ischemic stroke [11]. Rats were chosen as a test
system for analyzing the ABCB1 protein functioning
against the background of cerebral ischemia, due to the
demonstrated 93% similarity of the substrates and the
modulators spectrum of the transporter activity in these
animals and humans [25].

To date, the attempts to reduce the activity of the
ABCB1 protein transporter to intensify the delivery
of cytotoxic agents to tumor cells and overcome the
phenomenon of multidrug resistance (in the formation
of which the hyperfunction of the ABCB1 protein
plays an important role) have not been successful
due to a significant number of pharmacokinetic and
pharmacodynamic limitations. On the other hand, the
strategy of the ABCB1 protein inhibition in the BBB in
the experiments to increase the delivery of drugs, in
particular neuroprotective drugs, to the brain, is being
successfully developed. Thus, in nonhuman primates,
the efficiency of reducing the activity of the transporter
in the BBB by infusion of the specific inhibitor elacridar
in order to increase the cerebral penetration of the
ABCB1 protein substrate, erlotinib was found [26]. It
was also established by positron emission tomography
that the permeability of the baboon barrier for the
labeled radioactive substrate ABCB1-protein [(11)C]-
N-desmethyl-loperamide against the background of an
intravenous administration of a therapeutic dose (15
mg/kg/h) of cyclosporine (a transporter inhibitor), was
significantly increased [27].

The results of the carried out work indicate that a
local decrease in the activity of the ABCB1 protein in
the BBB during focal cerebral ischemia is not justified. A
decrease in the activity of the transporter at the system
level, which is more easily achievable in practice, is
dangerous due to the changes in the pharmacokinetics
of its substrates and the possibility of their relative
overdose. A probable reason for the obtained results
is an increase in the permeability of the BBB against
the background of the occlusion-reperfusion of the
middle cerebral artery, which is a typical consequence
of cerebral ischemia. In addition, in a previous work,
the authors even found a decrease in the functional
activity of the ABCB1 protein in the BBB when modeling
the occlusion-reperfusion of the middle cerebral artery.
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That had been revealed by the accumulation degree
of the transporter marker substrate, fexofenadine,
in the brain [28], despite an increase in the amount
of ABCB1-protein against the background of focal
cerebral ischemia. In this regard, the inefficiency of a
combined use of the neuroprotective substrate ABCB1
protein with the inhibitor of the transporter functional
activity, is probably a consequence of a large area of
the brain damage in which the structure of the BBB is
disturbed, and its permeability is already maximum. This
assumption was confirmed by the authors’ analysis of
the Evans blue dye accumulation in the brain against
the background of the applied experimental pathology.
At the same time, the ABCB1 protein, most likely, is no
longer an obstacle to the penetration of nimodipine into
the brain tissue, so the drug has the same maximum
therapeutic effect as when administered in isolation.

Other dynamics was obtained by the authors
using the model of global cerebral ischemia. In this
kind of ischemia, such a pronounced violation of the
BBB integrity probably does not occur. The ABCB1
protein pharmacological inhibition in the barrier
led to a more significant cerebroprotective effect of
nimodipine, manifested by a decrease in mortality
and the severity of neurological deficit in the animals
against the background of the bilateral occlusion of
their common carotid arteries. This is probably due to
the penetration intensification of the neuroprotector
into the brain due to a decrease in the efflux activity
of the transporter. Thus, the authors believe, they can
speak about the expediency of reducing the functional
activity of the ABCB1 protein in neurological diseases,
the pathogenesis of which includes global cerebral
ischemia.

CONCLUSION
The combination of the inhibitor and the ABCB1
protein substrate, omeprazole and nimodipine,

respectively, does not increase the neuroprotective
potential of the latter (the necrosis zone does not
significantly decrease), and the ABCB1 protein
inhibition cannot be considered as a promising aim
to increase the effectiveness of pharmacotherapy in
a focal cerebrovascular accident. This phenomenon is
probably associated with a violation of the BBB integrity,
in which the barrier functions of the transporter
no longer play a significant role in the control of its
substrates cerebral accumulation. However, such a
tactic is justified in global cerebral ischemia, which is
confirmed by a significant decrease in mortality and
the level of neurological deficit in the animals with this
pathology against the background of the combined use
of these agents.
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Research in the development of new therapeutic agents with a wide spectrum of the antiviral activity and a low ability to
develop resistance remains the main dimension in combating the global threat to public health. The need for a parenteral
form of favipiravir was dictated by the necessity to increase the efficacy of therapy in COVID-19 inpatients. This dosage form
has expanded the possibilities of drug therapy in the inpatients, for whom a therapeutic effect acceleration and a high safety
profile of the drugs used are especially important.

The aim of the article is the evaluation of the efficacy and safety of a medicinal product containing favipiravir for the paren-
teral administration against the background of pathogenetic and symptomatic therapy, in comparison with standard therapy
in hospitalized COVID-19 patients.

Materials and methods. An open, randomized, multicenter comparative study was conducted in 6 research centers in the
Russian Federation to evaluate the efficacy and safety of favipiravir, a lyophilisate for the preparation of a concentrate for the
infusion solution administrated to the patients hospitalized with COVID-19. Screening procedures and randomization were
completed in 217 patients, 209 of which had completed the study in accordance with the protocol.

Results. Between the study groups, statistically significant differences have been found out, making it possible to consider
the hypothesis of the drug Areplivir (favipiravir) superiority for the parenteral administration over the standard therapy,
which included favipiravir (p. 0.) and remdesivir. A comparative analysis has shown that a course of therapy with the paren-

For citation: L.A. Balykova, K.Ya. Zaslavskaya, V.F. Pavelkina, N.A. Pyataev, N.M. Selezneva, N.V. Kirichenko, A.Yu. Ivanova, G.V. Rodoman,
K.B. Kolontareyv, K.S. Skrupsky, E.N. Simakina, O.A. Mubarakshina, A.V. Taganov, D.Yu. Pushkar. Effectiveness and safety of favipiravir infusion in
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teral favipiravir drug leads to a significant improvement in the condition of patients with COVID-19, significant benefits in
terms of the speed and frequency of improvement in the clinical status of patients, as well as a reduction in the hospital stay
length. It has been proven that therapy with a drug containing favipiravir for the parenteral administration does not adversely
affect the parameters of clinical and biochemical blood tests, urinalysis, coagulograms, vital signs and ECG, which indicates
the therapy safety. The study drug is characterized by a high safety profile and tolerability.

Conclusion. The versatility and resistance to mutations of RNA-dependent RNA polymerase make it possible to consider it as
the main target for combating the most common RNA viruses that cause ARVI, that determines the need further studies of
favipiravir to expand the range of its indications.

Keywords: favipiravir; COVID-19; SARS-CoV-2; novel coronavirus infection; areplivir

Abbreviations: COVID-19 — novel coronavirus infection (Coronavirus disease 2019); AV — Artificial ventilation; GIT — gastroin-
testinal tract; ECMO — Extracorporeal membrane oxygenation; ITT — population of all included (Intent-to-treat) patients; PP
—the population of patients who completed the study according to the protocol (Per protocol); NAATs — nucleic acid amplifi-
cation techtiques; NYHA — New York Heart Association; e-IRK — electronic individual registration card; ARDS — Acute Respira-
tory Distress Syndrome; CRP — c-reactive protein; ESR — erythrocyte sedimentation rate; NAATs — Nucleic Acid Amplification
Techniques; GIT — gastrointestinal tract; HR — heart rate; AspAT — aspartate transaminase; ALT — alanine aminotransferase;
ULN — upper limit of normal; UDE — undesirable effects; IGs — Interim Guidelines; NSAIDs — non-steroidal anti-inflammatory
drugs; GGT — gamma-glutamyl transpeptidase; CK — creatine kinase.
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OCHOBHbIM HanpasieHvem no 6opbbe ¢ robanbHON Yrpo30l 340POBbI HACE/IEHUA OCTAlOTCA UCC/eA0BaHUA B obnactu
CO3/aHNA HOBbIX TEPAMNEBTUYECKUX CPEACTB C LUMPOKUM CNEKTPOM NPOTUBOBUPYCHOM aKTUBHOCTM U HU3KOWM CNOCOBHOCTbIO K
pa3BUTUIO pe3ncTeHTHOCTU. MoTpebHOCTL B NapeHTepanbHol dopme paBunupasmupa boiaa NpoauKToBaHa HEOBXOAMMOCTbIO
noBblWeHUA 3PPEKTUBHOCTM Tepanum y CTaLMoHapHbIX 60abHbIX ¢ COVID-19. [laHHaa nekapcTBeHHana dopma paclmpuia
BO3MOXXHOCTY MEAMKAMEHTO3HOW TEpPanuM y CTaLLMOHAPHbIX NMaLMEHTOB, 415 KOTOPbIX OCOBEHHO BaXKHO YCKOPEHWE HaCTyM-
JNIeHUA TepaneBTUYeCcKoro addekTa 1 BbICOKUI Npoduab 6e30NacCHOCTM NPUMEHSIEMbIX NMPenapaTos.

Lienb. OueHKa apeKTUBHOCTU M HE30MaCHOCTU MPUMEHEHUA IEKApPCTBEHHOTO NPenapaTa, cogepKallero pasmunupasup gaa
napeHTepasibHOro BBeAEHUA Ha GOHe NaToreHeTUYeCKoM U CUMNTOMATUYECKOW TePANUKN B CPABHEHMMU CO CTaHAAPTHOW Te-
panuein y naumeHToB, rocnuTaamMsnpoBaHHbix ¢ COVID-19.

Martepuanbl U metogbl. B 6 nccneagoBaTenbCkux LEHTPaxX Ha Tepputopumn Poccum npoBeAeHO OTKPbITOE PaHAOMU3UPOBaH-
HOe MHOTOLEHTPOBOE CPABHUTE/IbHOE UCCEA0BAaHUE MO OLUEeHKe 3bPEeKTUBHOCTU U 6e30MacHOCTU NpPUMEHEeHUA daBunu-
paBupa, MModpuan3aT A7 NPUrOTOBEHNA KOHLLEHTPaTa A1A NPUrOTOBAEHUA PacTBopa ANA UHOY3UIA y NaLMeHTOB, rOCMu-
TannsupoBaHHbIx ¢ COVID-19. lMNpoueaypbl CKPUHMHIA U PaHAOMM3aLMK Npowan 217 naymeHToB, n3 HMx 209 3aBepLuimam
nccnenoBaHne NoIHOCTbIO B COOTBETCTBUM C MPOTOKO/IOM.

Pe3ynbratbl. BbifiBNEHbI CTAaTUCTUYECKM 3HAYMMbIE PA3IMYUA MeXAy MccaedyeMbiMU Fpynnamu, no3BOAsAKOWME CYUTATb
[0Ka3aHHOM rMnoTesy NpeBocxoacTBa npenapata Apenavsup (GaBunupasup) NS NapeHTepPaNbHOro BBEAEHWUA HAZ CTaH-
[apTHOM Tepanuel, KoTopas BKAYana dbasunupasmp (NepopanbHo) U pemaecnsnp. CpaBHUTENbHbIN aHaU3 MOKasasl, YTo
KypC Tepanuun 1ekapcTBeHHbIM NpenapaTtom GbaBunMpaBmp A8 NapeHTepasbHOro NpUMeHEHUA NPUBOAUT K CYLLECTBEHHOMY
yNy4ylweHuto coctoaHMA nauneHTos ¢ COVID-19, 3HauMmbIM NpenMmMyLLecTBam B OTHOLLUEHWUW CKOPOCTU U YacTOTbl YyYLUEeHNA
KAMHWYECKOro cTaTyca NaLMEeHTOB, @ TaKKe COKPALLEHWIO AINTENbHOCTM NpebbiBaHNUA B CTaLMOHape. [Joka3aHo, YTo Tepanmsa
/IeKapCTBEHHbIM NPenapaTom, cogepKalum baBunupasup 419 NapeHTepasbHOro BBeAeHWA, He OKa3blBaeT HeraTMBHOMO
B/IMAHUA Ha MOKA3aTeNn KAMHUYECKOro U BMOXMMMYECKOro aHaM3a KPoBM, O6LLEro aHain3a MoYM, Koarynorpammbl, Ha
NOKa3aTe/In }KU3HEHHO BaKHbIX GyHKLMI 1 IKT, 4To cBUAETENLCTBYET O 6E30MacHOCTM NPOBOANMON Tepanuun. Uccaegyembiit
npenapaT XapaKkTepu3yeTca BbICOKMM npoduiem 6€30nacHOCTU U XOpOoLLEN NEPEHOCUMOCTbIO.

3akntoueHune. YHMBepcaabHOCTb M YCTOMYMBOCTb K MyTaumam PHK-3aBrucMmon-PHK-noanmepasbl no3BoOASOT paccMmaTpmBaTh
€e KaK OCHOBHYIO MULLIEeHb A 6opbbbl ¢ Hanbonee pacnpoctpaHeHHbIMW PHK-Bupycamu — Bo3byautenamm OPBU, uto onpe-
nenset HeobXxoAMMOCTb MPOBEAEHNA Aa/IbHEMLLNX UcCaes0BaHUIN GaBUNMpPaBUpa 414 PACLUMPEHUA CNIEKTPA ero NoKasaHum.
Kntouesbie cnosa: dasunupasup; COVID-19; SARS-CoV-2; HoBaA KOpOHaBUpPYCHasa UHbEeKUUA; Apenansup

CnuncokK cokpalueHuii: COVID-19 — HoBas KopoHaBMpycHas MHdeKUmMsA; UBJ1 — UCKycCTBEHHAA BEHTUAALMA Nerkux; KT —xe-
NYA0UHO-KULWEYHbIW TpakT; IKMO — aKcTpakoprnopasbHaa MeMbpaHHaa oKkcureHaums; ITT — nonynaumna Bcex BKAKOYEHHbIX
nauueHToB; PP — nonynauma naumMeHToB, 3aBepLUMBLIAA UcCaef0BaHMe corlacHo npoTokony; MAHK — meTtog amnavduka-
LMK HYKNenHoBbIX Kncnot; NYHA — Hblo-MopKeKas accoumauma Kapamonoros; 3-MPK — a/1eKTPOHHAA MHAMBUAYabHAA pe-
rMcTpaumnoHHas Kapta; OPAC — ocTpbiii pecnupaTopHbIi anctpecc-cuHApom; CPB — c-peakTuBHbIN 6enok; CO3 — ckopocTb
ocenaHua sputpountos; MAHK — meToabl amnandukaumm HyknenHoBbix KMcnoT; KT — kenyaouHo-KuweyHbln TpakT; YCC
— 4acToTa cepAeYHbIX coKpalieHnn; ACT — acnaptaTtamuHoTpaHcdepasa; A/l anaHnHamuHoTpaHchepasa; BIH — BepxHaA
rpaHuLa Hopmbl; HA — HexenatenbHoe ABneHue; BMP — BpemeHHble meToauyeckme pekomeHaaunu; HIMBI — Hectepona-
Hble MPOTUBOBOCNAIUTE/IbHbIE Npenapatsl; [T — ramma-rnyTamuntpaHcnentnaasa; KOK — kpeatnHkmHasza.

INTRODUCTION

Coronavirus infection (SARS-CoV-2), first recorded
in December 2019 in Wuhan (China), is currently the
cause of the ongoing COVID-19 pandemic. This disease
is characterized by damage to the lungs tissue, the
development of acute respiratory distress syndrome,
kidney damage, the formation of thromboembolic
complications, the development of multiple organ
failure, septic shock, and deaths [1]. Most patients have
a mild or moderate severity of the disease, however, in
5-10% of patients, COVID-19 acquires a severe and even
life-threatening course [2, 3]. Since December 2019,
SARS-CoV-2 has infected hundreds of millions of people
around the world, claiming millions of lives. Thus,
according to the published data of Worldometers.info!
as of February 8, 2022, 398,671,423 cases of SARS-CoV-2
infection were registered in 225 countries of the world,

! Worldometer — real time world statistics. Available from: https://
www.worldometers.info/coronavirus/#countries.
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5,771,021 of which were fatal. As for Russia, on February
8, 2022, 13,147,666 cases of coronavirus infection were
registered, and the number of deaths reached 336,721.

A new disease is putting an unprecedented loading
on the global health system, leading to massive increases
in hospitalizations. In November 2021, a new strain of
Omicron was first identified in southern Africa, becoming
the dominant variant of SARS-CoV-2 in most parts of the
world, including Russia. It has been notified that the
protection of modern vaccines in relation to the new
strain is significantly reduced [4-6]. In addition, there is
a huge pool of immunocompromised patients in whom
vaccination is not effective enough [7, 8]. According to
the Interim Guidelines of the Ministry of Health of the
Russian Federation for the Prevention, Diagnosis and
Treatment of the Novel Coronavirus Infection, regardless
of their version, the main approach to the treatment of
COVID-19 should be preemptive before the development
of a full symptom complex of life-threatening conditions,
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i. e. pneumonia, ARDS, sepsis?. The international medical
community agrees that an early control of the viral RNA
replication and the use of targeted antiviral therapy is
the most important element in improving the prognosis
of the disease by reducing the increasing viral load and
preventing the development of complications [9—-11]. At
the same time, the data from the observational studies
confirm that during bronchoscopy in critically ill and/or
ventilated patients, a high level of SARS-CoV-2 viral load is
determined; in these patients, this is the main predictor
of death from COVID-19. The authors conclude that in
order to improve the prognosis of patients hospitalized
with COVID-19, the priority should be the therapy aimed
at reducing a virus replication [12].

A number of antiviral drugs are currently under
investigation and have not been approved for the
treatment of COVID-19. Therefore, today it is obvious
that the further development and study of specific
antiviral therapy is of paramount importance for the
treatment and prevention of a new coronavirus infection
[13].

One of the promising drugs used for antiviral therapy
of coronavirus infection is favipiravir, a selective RNA
polymerase inhibitor, a synthetic antiviral drug that is
active against a wide range of different RNA-containing
viruses. The active form of the drug (favipiravir-RTF) acts
on the RNA-dependent RNA polymerase of the virus.
The first mechanism of action of the drug on the virus
is the inclusion in the viral RNA chain or binding to the
preserved polymerase domains, which leads to the
prevention of the viral RNA replication and ultimately
leads to the disappearance of the viral genome, as well
as a decrease in the infection transmission. The second
is the inclusion of favipiravir-RTF into the replicating
viral RNA, which leads to lethal mutagenesis, which
accelerates the elimination of the viral agent [14]. Thus,
we can say that favipiravir has a targeted effect on the life
processes of the virus in the body, and this explains the
versatility of its application in the treatment of various
diseases caused by RNA-containing viruses, including
influenza and coronavirus infection.

The possibility of using favipiravir for the treatment
of COVID-19 was proposed in February 2020. Currently,
it is the most studied molecule for the targeted antiviral
COVID-19 therapy with proven efficacy and a high safety
profile. Analyzing the publication activity of scientific
articles indexed in PubMed and ScienceDirect, mentions
of the favipiravir molecule are the most frequent,
which may indicate a high interest in this molecule
from the medical community, especially in the context
of the COVID-19 pandemic. On the multidisciplinary
platform ScienceDirect (Elsevier publishing house) on
request (INN + COVID-19, period 2020-2022), indexed
publications: Oseltamivir — 203, Favipiravir — 686,

2 Interim guidelines “Prevention, diagnosis and treatment of a new
coronavirus infection COVID-19 (version 13.1. dated 11/17/2021,
version 14 dated 12/28/2021
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Molnupiravir — 129, Remdesevir — 85. In the database
of medical and biological publications PubMed, on
request (INN+COVID-19, period 2020-2022), indexed
publications: Oseltamivir — 197, Favipiravir — 672,
Molnupiravir — 113, Remdesevir-13. The keywords
for the search were INNs and “COVID-19”. The search
was carried out during the period from 2020 to 2022.
As a result, the following numbers of publications
were indexed on the ScienceDirect multidisciplinary
platform (Elsevier publishing house)®: Oseltamivir —
203, Favipiravir — 686, Molnupiravir — 129, Remdesevir
— 85. In the PubMed database?, the numbers of the
indexed publications were as follows: Oseltamivir — 197,
Favipiravir — 672, Molnupiravir — 113, Remdesevir — 13.

At the moment, clinical studies have proven the ef-
ficacy and safety of using the tablet form of favipiravir
for the SARS-CoV-2 treatment and prevention [14-19].
Moreover, according to the latest data, Omicron strains
are sensitive to favipiravir [20].

One of the ways to increase the treatment efficacy is
to increase the bioavailability of the drug, which affects
the efficacy and safety profile. In COVID-19, lesions of
the gastrointestinal tract such as an increase in the activ-
ity of gastrointestinal enzymes, are known in more than
20% of patients. The development of pseudomembra-
nous colitis against the background of the disease, the
violation of the intestinal microflora when using combi-
nations of antibiotics, lead to a change in the pharma-
cokinetic parameters of oral drugs, and hence, reducing
their effectiveness [21]. The international medical com-
munity has recognized the need to develop and use in-
travenous favipiravir to improve the therapy efficacy of
the hospitalized COVID-19 patients [22, 23].

The first drug containing favipiravir and registered in
the Russian Federation, the molecule with a proven ac-
tivity against SARS-CoV-2, was Areplivir® (the oral form).
Later, in 2020, the world’s first original Areplivir® was de-
veloped and registered in the Russian Federation in the
form of a dosage form for the parenteral administration
(RU LP-007598).

Phase 1 clinical® studies have shown that favipiravir
for the parenteral administration has improved pharma-
cokinetic parameters compared to the oral form, i.e., it
provides achieving a 100% bioavailability, a faster and
uniform penetration and distribution of the drug in the
cells. A decrease in the “Time to reach maximum con-
centration” indicator, combined with an increase in the
area under the pharmacokinetic curve, indicates a lon-

3ScienceDirectSearchResults—Keywords (favipiravircovid-19).Available
from: https://www.sciencedirect.com/search?qs=favipiravir%20
covid-19.

4 Favipiravir, covid 19 —Search Results. Available from: https://pubmed.
ncbi.nIm.nih.gov/?term=Favipiravir%2C+covid+19.

 An open non-randomized clinical study to assess the safety, tolerability
and pharmacokinetic parameters of various doses of AREPLIVIR,
a lyophilisate for the preparation of a concentrate for solution for
infusion (OO0 PROMOMED RUS, Russia) in healthy volunteers. RCT
No. 226 dated April 26, 2021 Protocol No. FAV-012021. Available from:
https://grlsbase.ru/clinicaltrails/clintrail/11428.
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ger maintenance of a therapeutic concentration in the
body while reducing the toxicological load due to the ab-
sence of favipiravir peak concentrations, which increa-
ses the safety profile of the drug. It should be notified
that favipiravir for the parenteral administration is con-
venient for patients with gastrointestinal symptoms of
COVID-19 (nausea, vomiting), as well as with difficulties
in swallowing or in a stable prone position.

Parenteral therapy has advantages over the oral
route of the drug delivery. It can be used in the situations
where a patient is in a serious condition or unconscious,
has a difficulty in swallowing or might be in conditions
that prevent it (this can be important for gastrointestinal
symptoms of COVID-19) and other situations where an
oral administration is difficult (incl. ALV, ECMO, etc.). An
intravenous route of the drug administration is used for
a quick and pronounced result, since the drug immedi-
ately enters the bloodstream, the bioavailability is faster
and more predictable, and there is no interaction with
food or digestive enzymes [24-26].

THE AIM of the article is the evaluation of the effi-
cacy and safety of favipiravir for the intravenous admin-
istration in COVID-19 inpatients.

MATERIALS AND METHODS

In accordance with the Recommendation of the
Council of the Eurasian Economic Commission dated
July 17, 2018 No.11 “On guidelines for general issues of
clinical trials”, the rules of Good Clinical Practice of the
International Conference on Harmonization (ICH GCP),
the ethical principles set forth in the Helsinki Declara-
tion of the World Medical Association (Fortaleza, 2013)
and the requirements of the Russian legislation (Federal
Law No. 61-FZ dated April 12, 2010 “On the Circulation
of Medicines”), a phase Il clinical trial was conducted.
It comprised the following: “An open randomized mul-
ticenter comparative study to evaluate the efficacy and
safety of Areplivir®, a lyophilisate for the preparation of
a concentrate for the preparation of an infusion solution
(LLC Promomed RUS, Russia) in the patients hospitalized
with COVID-19. The study was approved by the Min-
istry of Health of the Russian Federation RCT No. 440
(08/11/2021) FAV052021, and was also peer-reviewed
in the international registry of clinical trials clinicaltrials.
gov (NCT05185284)5.

1. The research took place from 08/11/2021 to
12/15/2021 on the basis of six research centers
in the Russian Federation:

2. Smolensk Clinical Hospital No. 1, Smolensk,
Russia;

3. Ivanovo Clinical Hospital n. a. the Kuvaevs”,
Ivanovo, Russia;

4. Regional Clinical Hospital, Ryazan, Russia;

6 Randomized Multicenter Study on the Efficacy and Safety of
Favipiravir for Parenteral Administration Compared to Standard of Care
in Hospitalized Patients With COVID-19. Promomed, LLC. 11 Jan 2022.
Available from: https://clinicaltrials.gov/ct2/show/NCT05185284.
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5. Municipal Clinical Hospital No. 24”, Moscow
City Health Department, Russia;

6. Moscow State Medical and Dental University n.
a. A.l. Evdokimov Moscow, Russia;

7. National Research Mordovian State University
n. a. N.P. Ogareyv, Saransk, Russia.

The inclusion criteria for this study were: male
and female patients aged 18 to 80 years hospitalized
with moderate COVID-19; the COVID-19 diagnosis was
confirmed by NAATs; obligatory clinical signs were
changes at CT, typical for a viral lesion (the volume of
the lesion was minimum or medium; CT was 1-2). An
additional clinical sign was compliance with 1 of the
following criteria: body temperature > 38°C; RR > 22/
min; breath shortness during physical exertion; Sp02 <
95%; Serum CRP > 10 mg/I; consent of the patient to use
reliable methods of contraception (sexual rest, use of
a condom in combination with spermicide) throughout
the study and for 1 month for women and 3 months for
men after its completion; for men (optional): consent to
avoid sexual contact with pregnant women throughout
the study and for 3 months after its completion; the
women who are unable to bear children, as well as men
with infertility or a history of vasectomy.

The criteria for exclusion from the study were:
hypersensitivity to favipiravir, remdesivir and/or other
components of the study drug; the impossibility of
performing a CT procedure; the vaccination history
against COVID-19; the presence of a previous probable
or confirmed case of COVID-19 of a moderate, severe
and extremely severe course; the use of favipiravir or
remdesivir within 10 days prior to screening; the need
to use the drugs from the list of prohibited therapies;
the presence of criteria for severe and extremely severe
courses of the disease; the need for treatment in the
intensive care unit; abnormal liver function (AST and /
or ALT > 2 ULN and / or total bilirubin > 1.5 ULN) at the
time of screening; the impaired renal function (GFR < 60
ml/min) at the time of screening; gout in past medical
history; a positive test for HIV, syphilis, hepatitis B and
/ or C; chronic heart failure (IlI-IV FC) according to the
NYHA functional classification; a history of malignant
neoplasms; history of alcohol, pharmacological and/or
drug dependence at the time of screening and/or in past
medical history; schizophrenia, schizoaffective disorder,
bipolar disorder, or other psychiatric disorder in past
medical history or suspicion of their presence at the
time of screening; severe, decompensated or unstable
somatic diseases; any history data that, in the opinion
of the investigator, may complicate the interpretation of
the results of the study or create an additional risk for
the patient as a result of his participation in the study;
unwillingness or inability of the patient to comply with
the procedures of the Protocol (in the opinion of the
investigator); pregnant or lactating women, or women
planning a pregnancy; participation in another clinical
trial within 3 months prior to the enrollment in the study;
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other conditions that, in the opinion of the investigator,
prevent the inclusion of the patient in the study.

If any diseases or conditions appeared during the
study that worsened the patient’s prognosis, made it
impossible for the patient to continue participating in
the clinical trial, and if it was necessary to prescribe
prohibited concomitant therapy/procedures, the patient
was excluded from the study.

Study design

The evaluation of the efficacy and safety of the drug
was carried out in comparison with the standard therapy
provided by the IGs, version 11 dated 05/07/2021 or
valid at the time of the study, i.e. the drugs containing
favipiravir in the tablet form, the drug containing
remdesivir in the form of a lIyophilisate for the
preparation of a concentrate for an infusion solution.

Patients were randomized using an interactive on-
line system (Interactive web randomization system —
IWRS) built into the e-RCI. The population of all included
patients (Intent-to-treat) — ITT in the study was 214
(106 patients in the study drug favipiravir group + 108
patients in the standard therapy group). The population
of patients who completed the study according to the
protocol (Per protocol) — PP was 209 (102 patients in
the study drug favipiravir group + 107 patients in the
standard therapy group). This met the requirements for
the minimum number of patients required for a clinical
study — 200 patients (100 patients per group). The
groups were comparable in anthropometric, laboratory
and clinical baseline parameters (Table 1).

The most common comorbidities were arterial hy-
pertension and other cardiovascular diseases, obesity,
type 2 diabetes mellitus, gastrointestinal diseases, etc.
Thus, the study included the patients with a high risk of
developing life-threatening conditions and worsening
prognosis. A comparative analysis of comorbidities and
the general condition of patients also did not reveal in-
tergroup differences.

The 1% group received the study drug Areplivir® (fa-
vipiravir) for the parenteral administration against the
background of pathogenetic and symptomatic therapy
presented in the 1Gs, version 11 (07.05.2021) or valid at
the time of the study.

Pharmacotherapy was carried out in hospital ac-
cording to the following scheme: the 1 day — 1600 mg
twice a day; the 2"-10% days — 800 mg twice a day. The
administration of the drug was carried out intravenously
by drop infusion for 2 hours.

The 2™ group received standard therapy in accor-
dance with the IGs, version 11 (05/07/2021. (Table 2) or
valid at the time of the study.

Discharge from the hospital was carried out in ac-
cordance with the local practice of the research center
in compliance with the current sanitary and epidemio-
logical regime.

The patients in the study drug group could not
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additionally receive other etiotropic drugs, as well as
monoclonal antibodies with a virus-neutralizing effect
(bamlanivimab in monotherapy or in combination with
etsevimab, casirivimab in combination with imdevimab),
or anti-covid plasma.

The study consisted of the following stages: screen-
ing — no more than 24 hours; randomization — not more
than 1 day; therapy — 10 days; post-observation — not
more than 19 days.

The total duration of each patient’s study for was
not more than 30 days. The patient’s condition was
monitored during 6 visits to the research center.

In case of the development of acute respiratory dis-
tress syndrome and the need to transfer the patient to
the artificial lung ventilation, the use of the study drug
was canceled, the patient was not excluded from the
study. The patient was followed up to Visit 6, and the
data obtained were taken into account to evaluate the
efficacy in the ITT population.

Parameters under study

Among the studied parameters there were: a
clinical status of patients on the categorial ordinal scale
of clinical improvement, the degree of lung damage
according to CT, virus elimination, inflammatory markers
(CRP, ESR). The presented approach is consistent with
the FDA Guidelines on the Development of Drugs for
the Treatment and Prevention of COVID-197 and the
Guidelines of the WHO Working Group on the Clinical
Characterization and Treatment of COVID-19 Infection
[27].

The primary points for evaluating efficacy were:
the frequency of improvement in clinical status on a
categorial ordinal scale of clinical improvement by 2 or
more categories after 10 days of therapy, as well as the
time (in days) to the improvement in clinical status on a
categorial ordinal scale of clinical improvement (Table 3).

Additionally, the clinical status at each study visit,
the proportion of patients who had achieved clinical sta-
tus 0 / 1 at the study visits, the degree of lung damage
(according to the CT data, according to the “empirical”
scale), the rate of the virus elimination (a negative re-
sult of a laboratory test for the presence of SARS-CoV-2
RNA by NAATs), Sp02, clinical (hemoglobin, hematocrit,
erythrocytes, leukocytes, platelets, ESR, leukocyte for-
mula) and biochemical (AST, ALT, GGT, CPK, triglycerides,
total protein, creatinine, urea, uric acid, total bilirubin,
glucose, CRP, ferritin, lactate) blood parameters, were
assessed. The degree of lung damage was assessed in
accordance with the IGs of the Ministry of Health of the
Russian Federation for the prevention, diagnosis and
treatment of a new coronavirus infection using the scale
presented in Table 4.

7 COVID-19: Developing Drugs and Biological Products for Treatment
or Prevention. Available from: https://www.fda.gov/regulatory-
information/search-fda-guidance-documents/covid-19-developing-
drugs-and-biological-products-treatment-or-prevention.
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Table 1 — Initial indices

Indices Favipiravir drug group Standard therapy group
Average age of patients 48.56+12.25 years (from 24 to 76 years) 48.70+13.21 years (from 22 to 74 years)
Average body weight 80.57+15.84 kg (from 50 to 120 kg) 81.03+16.73 kg (from 54 to 153 kg)
Average height 170.3747.93 cm (from 153 to 194 cm) 170.85+8.38 cm (from 149 to 190 cm)
Comorbidities (95 patients) 47.17% 46,67%

Note: among the randomized patients, there were 113 female patients (52.80%) and 101 male patients (47.20%). The groups were also comparable
in terms of gender composition.

Table 2 - Recommended treatment regimens according to IGs, version 11 (07.05.2021)

No. Drug Dosing regimen

Scheme1 1 Favipiravir For patients weighing <75 kg:
1600 mg twice daily on the 1% day and then 600 mg twice daily from the 2" to the 10*" days.

For patients weighing 75 kg or more:
1800 mg twice daily on the 1% day, then 800 mg twice daily from the 2" to the 10*" days.

2 Baricitinib 4 mg once daily for 7-14 days
or

Tofacitinib 10 mg twice daily for 7-14 days
or

Netakimab 120 mg in the form of two subcutaneous injections of 1 ml (60 mg) each.
Administered once a week on weeks 0, 1 and 2.

3 Anticoagulant drug for parenteral administration

4 NSAIDs according to indications
Scheme2 1 Remdesivir  Day 1: 200 mg (in a 0.9% sodium chloride solution) given as a single dose, intravenously.
From the 2" day: 100 mg intravenously once daily.
The general course is no more than 10 days.
2 Baricitinib 4 mg once daily for 7-14 days
or
Netakimab 120 mgin the form of two subcutaneous injections of 1 ml (60 mg) each.
Administered once a week on weeks 0, 1 and 2.
3 Anticoagulant drug for parenteral administration
NSAIDs according to indications
Scheme3 1 Favipiravir For patients weighing <75 kg:
1600 mg twice daily on the 1% day and then 600 mg twice daily from the 2" to the 10t
days.
For patients weighing 75 kg or more:
1800 mg twice daily on the 1% day, then 800 mg twice daily from the 2" to the 10*" days.
2 Olokizumab 160 mg/ml — 0.4 ml subcutaneously / 0.8 ml as a single dose, intravenously.
or
Levilimab 324 mg (two pre-filled syringes of 162 mg/0.9 ml each) subcutaneously/as a single dose,
intravenously.
3 Anticoagulant drug for parenteral administration
4 NSAIDs according to indications
Scheme 4 1 Remdesivir  Day 1: 200 mg (in a 0.9% sodium chloride solution) as a single dose, intravenously.
From the 2nd day: 100 mg daily as a single dose, intravenously.
The general course is no more than 10 days.
2 Olokizumab 160 mg/ml— 0.4 ml subcutaneously / 0.8 ml as a single dose, intravenously.
or
Levilimab 324 mg (two pre-filled syringes of 162 mg/0.9 ml each) subcutaneously/as a single dose,
intravenously.
3 Anticoagulant drug for parenteral administration
NSAIDs according to indications
5 In fever (t > 38°C) for longer than 3 days in a moderate course, antibiotic therapy is prescribed according

to indications
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Table 4 — “Empirical” visual scale for assessing the degree of lung damage according to CT data
in accordance with the IGs of the Ministry of Health of the Russian Federation for the diagnosis and treatment
of COVID-19, version 11 (05/07/2021)

Description Value
1. Absence of characteristic manifestations KT-0
2. Minimum volume/prevalence < 25% lung volume KT-1
3. Average volume/prevalence 25-50% of lung volume KT-2
4, Significant volume/prevalence 50-75% of lung volume KT-3
5. Critical volume/extent > 75% lung volume KT-4
Table 3 — Categorial scale for determining patients’ clinical condition
Patient’s condition Description Category
Uninfected No clinical / virological signs of infection 0
Outpatient No activity restrictions 1
Activity restrictions 2
Hospitalized: Hospitalized, no oxygen therapy 3
— mild course of the disease  Oxygenation with mask or nasal cannula 4
— severe disease Non-invasive ventilation or high-flow oxygen therapy 5
Intubation or mechanical ventilation 6
Ventilation + additional organ support — vasopressors, renal replacement 7
therapy, extracorporeal membrane oxygenation (ECMO)
Deceased Death 8

m Areplivir Standard therapy

58.1 62.1
50
I 29.7 30.2 I 25

<7 days (ITT) < 7 days (PP) >7 days (ITT = PP)

Figure 1 — Frequency (% of patients) of improvement in clinical status by 2 points or more with duration
of symptoms before therapy < than 7 days and 2 than 7 days

H Areplivir Standard therapy

207 73.5
48.1 48.6
27.4 28.4

Meet all discharge criteria at  Stable improvement in the Meet all discharge criteria at  Stable improvement in the
the end of therapy (ITT) clinical picture (ITT) the end of therapy (PP) clinical picture (PP)

Figure 2 — Comparative analysis of patients’ frequency meeting discharge criteria for current IGs
at the end of therapy
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To determine the clinical condition of the patient,
the characteristics of the infection course and the safety
of the therapy prescribed for all patients, the informa-
tion on complaints and symptoms was collected daily.
The vital signs (body temperature, saturation, blood
pressure, heart rate, respiratory rate) were measured at
screening, then on the 5" and on the 11 days; clinical
and laboratory studies (clinical and biochemical blood
tests, coagulogram, urinalysis) and ECG monitoring were
performed. ECG diagnostics, clinical and laboratory ana-
lyzes were performed at screening, then on the 5" and
11t days. In addition, the frequency and severity of ad-
verse events (AEs) and serious AEs, as well as the fre-
quency of any AEs that led to the discontinuation of the
study drugs, the frequency of significant changes in vital
signs and clinical and laboratory parameters, the need
for non-invasive oxygen support or mechanical ventila-
tion, as well as the incidence of deaths were assessed.

Statistical processing of results

A statistical analysis was carried out in accordance
with the requirements of ICH 9, the Rules of Good Clin-
ical Practice approved by the Eurasian Economic Com-
mission and other applicable requirements and laws.
Statistical processing of the data at the end of the study
was carried out by the employees not associated with
the management of patients participating in the study
in order to create conditions for an independent assess-
ment of the results obtained. For the statistical analysis,
certified statistical software with validated algorithms
for performing statistical analyzes and proper documen-
tation was used Statistica version 13 (TIBCO Software
Inc.). Checking for the normality of the distribution was
carried out by one of the generally accepted methods
(Shapiro-Wilk test). In case of a non-Gaussian distribu-
tion, non-parametric evaluation methods were used
to compare efficacy and safety indicators. Significance
levels and confidence intervals were calculated as two-
tailed; the statistical significance of differences is two-
tailed by default and refers to a significance level of 0.05
(unless otherwise indicated).

To analyze the parameter “frequency of improve-
ment in clinical status on a categorial ordinal scale of
clinical improvement by 2 or more categories at Visit 3,
an intergroup comparison of shares was used with the
help of a two-tailed version of Fisher’s exact test (or a
two-tailed version of the x? («chi-square») test, in case
all the expected values in the cells of the contingency
table for this analysis were 5 or more). The difference
in proportions between treatment groups and a 95%
two-sided confidence interval for the difference in pro-
portions were calculated using the Newcomb-Wilson
method.

Student’s t-test for independent samples was used
to compare the efficacy between the groups in terms of
“time (in days) till the improvement in clinical status on
a categorial ordinal scale of clinical improvement”. For
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a comparative assessment of the time (in days) till the
improvement in the clinical status of the patient be-
tween the study groups, the Gehan-Wilcoxon test, the
Cox-Mentel test, or the Log-rank test were used. The pri-
mary efficacy analyzes were performed in the ITT pop-
ulation (the primary analysis) and in the PP population
(the additional analysis).

RESULTS

Efficacy evaluation

The efficacy evaluation of the studied drug was
based on a statistical analysis of primary and secondary
endpoints.

The rate of improvement in the clinical status on
a categorial ordinal scale of clinical improvement by 2
or more categories in the ITT population in the Arepli-
vir® (favipiravir) parenteral group was 54.72%, and in
the standard therapy group it was 27.78% (p=0.0001).
The difference in proportions between the favipiravir
drug group and the standard therapy group (pa-pb)
was 0.2694 (26.94%), 95% Cl [0.1313; 0.3942]. In the
PP population, in the favipiravir group, the proportion
of patients with an improvement in the clinical status
by 2 or more categories was 56.86%, in the standard
therapy group it was 28.04 (p<0.0001). The difference
in proportions between the favipiravir group and the
standard therapy group (pa-pb) was 0.2883 (28.83%),
95% Cl [0.1480;0.4139] ([14.80%;41.39%]). There were
statistically significant differences in the proportions of
patients between the study groups in both the ITT pop-
ulation (p=0.0001) and the PP population (p<0.0001).
Compared with the group receiving only standard the-
rapy for COVID-19, in the group of injectable favipiravir,
almost twice more patients were recorded with an im-
provement in the clinical status by 2 or more points on a
categorial ordinal scale.

The median time (in days) till the improvement in
clinical status (in the ITT and PP populations) was 5 days
in the favipiravir group and 7 days in the standard thera-
py group (p=0.0184 and p=0.0048, respectively).

Thus, by both primary endpoints established by the
study protocol, Areplivir® showed an advantage in terms
of efficacy compared with standard therapy.

Additionally, for both ITT and PP populations, a com-
parative analysis was performed taking into account the
duration of the symptoms presence before the start of
therapy (< than 7 days and >7 days) (Fig. 1).

The proportion of patients with an improvement in
the clinical status by 2 or more points in the ITT popu-
lation in the Areplivir® group was 58% (< than 7 days)
and 50% (=7 days), which was twice higher than in the
standard therapy group (29.7% — < than 7 days and 25%
— 27 days). A similar trend is observed in the PP pop-
ulation. Statistically significant differences in the pro-
portions of ITT patients are: p=0.0013, PP: p=0.0004 (<
than 7 days) and p=0.0154 (>7 days). The data obtained
confirm a high efficacy of the parenteral etiotropic drug
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and the expediency of prescribing it even in a delayed
start of treatment. Moreover, the efficacy of the therapy
under consideration was analyzed in patients depending
on the presence of risk factors for a severe course of a
coronavirus infection (the age over 60 years, the pres-
ence of concomitant diseases, such as obesity, type 2 di-
abetes, etc.). As a result of a comparative analysis of the
improvement cases frequency in clinical status by 2 or
more categories, statistically significant differences were
revealed between the study groups (p=0.0027). Thus, in
the Areplivir® group, every second patient with risk fac-
tors for complications after a course of therapy achieved
an improvement in clinical status by 2 points or more.

The rate of improvement in clinical status and the
possibility of reducing the patients’ stay length of in
hospital is an important factor in assessing the appropri-
ateness of a particular therapy, given the enormous eco-
nomic burden of coronavirus infection. The study showed
that in the favipiravir group, the proportion of patients
with a clinical status of < than 4 which corresponds to
the status of “outpatient” after a course of therapy, was
66.04% (70/106). There were statistically significant dif-
ferences between the study groups (p=0.0121) for this
indicator. Moreover, in the study drug group, one in four
patients (25.47%) achieved a clinical status of 0 and 1
on a categorial ordinal scale, corresponding to complete
recovery. In the standard therapy group, this figure was
only 6.48%.

The presence of positive dynamics in the disease
course in the form of a decrease in the degree of lung
damage in the favipiravir group according to CT data, is
evidenced by the results of an intragroup analysis. Thus,
a statistically significant difference was found between
Visits 1 (beginning of the therapy) and 4 (Day 14 of the
observation) (ITT: p=0.0191, PP: p=0.0004). Howev-
er, there was no statistically significant difference be-
tween Visits 1 and 4 in the standard therapy group (ITT:
p=0.1025, PP: p=0.0733). It is also worth noting that by
the end of therapy, 75.47% of the patients in the favip-
iravir group in the ITT population and 77.45% of patients
in the PP population, had achieved improvement in the
lungs condition (the degree of the lungs involvement
was CT-1 and CT-0), up to complete disappearance of the
disease symptoms.

An analysis of the patients’ frequency with the SARS-
CoV-2 virus elimination (a negative laboratory test for
the presence of SARS-CoV-2 RNA by the NAATs method)
showed that in the group of patients who were receiving
the study drug favipiravir, the elimination of the virus
occurred earlier than in the standard therapy group. On
the 5th day of therapy, the elimination of the virus was
observed in 73.58% of patients in the main group.

An improvement in the clinical picture is an efficacy
marker of etiotropic therapy, since even in the absence
of a pathogen in the oropharynx, progression of
pneumonia and worsening of the general condition may
occur. Against the background of the therapy, there was
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a pronounced positive trend in the parameters of the
biochemical blood test, including such important markers
of inflammation as CRP (45.5 mg/| at the screening visit,
11.3 mg/I after 5 days of therapy and 7.1 mg/| after
the course of therapy); CPK (146.7 u/| at the screening
visit and 78.8 u/| after the course of therapy) and ESR
(20.9 mm/h at the screening visit and 9.99 mm/h after
10 days of therapy). There was normalization of body
temperature and the level of blood oxygen saturation
already on the 3-5th days of treatment, which indicates
a decrease in the risk of developing complications of the
disease and an improvement in its prognosis.

A comparative analysis of the patients frequency
meeting discharge criteria on the basis of active IGs at
the end of therapy showed that in the ITT population,
the number of patients receiving favipiravir (27.36%)
was twice the percentage of the standard therapy pa-
tients (14.81%) who had met all the discharge criteria
by the end of therapy. In the favipiravir group, a stable
improvement in the clinical picture was observed in
70.75%, in the standard therapy group it was 48.15%. A
similar trend was observed in the PP population (Fig. 2).

A significant advantage over standard therapy in
terms of achieving such “surrogate” endpoints as a fast-
er onset of clinical improvement, shorter time to hos-
pital discharge, and faster recovery indicates not only
the clinical but also the pharmacoeconomic efficacy of
Areplivir for parenteral administration and the feasibility
of the chosen drug therapy in patients hospitalized with
COVID-19.

Safety assessment

In this study, the analysis of all safety parameters
was performed in a safety population that coincided
with the ITT population of 214 patients (106 patients
in the favipiravir group + 108 patients in the standard
therapy group). The frequency of patients in the group
of the drug favipiravir for the parenteral administration
with reported cases of UDEs was 26.42%. A total of 46
UDEs was notified in 28 patients in the favipiravir group.
The frequency of patients in the standard therapy group
with reported cases of UDEs was 23.15%. There were no
significant intergroup differences in the frequency and
severity of UDEs.

Among the main UDEs, one can distinguish: an
increase in ALT (39.22% in the main group, 45.45% in
the comparison group), an increase in AST (15.69% in
the main group, 20.45% in the comparison group), an
increase in gamma-GTT (7.84% in the main group, 4.55%
in the comparison group), bradycardia (3.95% and 4.95%
in the main and control groups, respectively). Dizziness,
hyperglycemia, and pyrexia can be distinguished out of
the single UDEs, the frequency of which did not exceed
1%.

Among the reported UDEs in the favipiravir group
patients, 93.48% were mild, 4.35% were moderate; in
patients of the standard group therapy, 82.93% were
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mild, 17.07% — moderate. According to the physicians’
study, the causal relationship with the study drug therapy
was assessed as “not related” in 6.52%, “possible” in
63.04%, “doubtful” in 21.74%, “probable” — in 6.52%,
“conditional” — in 2.17% of cases; a causal relationship
with standard therapy was assessed as “not related”
in 2.44%, “possible” in 73.17%, “doubtful” in 14.63%,
“probable” in 9.76% of cases.

The analysis of the frequency of UDEs outcomes
in patients showed that in the group of the study drug
favipiravir, significantly more UDEs ended in “recovery
without consequences” (p=0.096) and “improvement”
(p=0.049). In the study drug group, most UDEs were
transient, and no treatment discontinuation or dose
changes due to UDEs were reported in the study drug
group. There were no ventilator requirements, deaths,
or serious adverse events associated with the study
medication, consistent with the predictable high
safety profile of parenteral favipiravir in patients with
coronavirus infection.

It has been shown that favipiravir therapy does
not adversely affect the parameters of clinical and
biochemical blood tests, urinalysis, coagulograms, vital
signs and ECG. The study physicians assessed that the
study drug was well tolerated by the patients. It should
be emphasized that the parenteral administration of
favipiravir does not have a local irritating effect on the
gastrointestinal tract, which is especially important
for COVID-19 patients, taking into account both the
negative impact of the virus itself and the polypharmacy
characteristic of this disease treatment [28].

DISCUSSION

Compared to the group receiving only standard
therapy for COVID-19, in the parenteral favipiravir
group, almost 2 twice more people were recorded with
an improvement in clinical status by 2 or more points
on a categorial ordinal scale, which indicates a high ef-
ficacy and the feasibility of the therapy. The revealed
statistically significant differences in the proportions of
patients between the study groups in both the ITT popu-
lation (p=0.0001) and the PP population (p<0.0001)
prove the hypothesis of the Areplivir® superiority over
standard therapy.

A comparative analysis of the patients’ frequency
with a clinical status of 0 and 1 on a categorial ordinal
scale of clinical improvement in both populations (ITT,
PP), both at Visit 3 (the end of therapy) and at Visit 4
(Day 14 of follow-up), showed statistically significant dif-
ferences (Pearson’s Chi-square, p=0.0001) in favor of the
Areplivir® drug group.

The median time (in days) till the improvement in
clinical status (in the ITT and PP populations) was 5 days
in the favipiravir group and 7 days in the standard ther-
apy group (p=0.0184 and p=0.0048, respectively). The
revealed statistically significant differences in the time
till improvement of the patients’ clinical status prove the

Tom 10, Beinyck 1, 2022

hypothesis of the superiority of the drug faviparavir over
standard therapy.

Even with a delayed start of treatment, therapy with
parenteral favipiravir is effective and reasonable. These
data prove the efficacy of parenteral favipiravir in terms
of increasing the rate and frequency of a pronounced
improvement in the clinical status in the vast majority
of patients hospitalized with COVID-19: statistically sig-
nificant differences in the proportions of patients ITT:
p=0.0013, PP: p=0 .0004 (< than 7 days) and p=0.0154
(=7 days).

In the group of patients who received the study drug
favipiravir, the elimination of the virus occurred earlier
than in the standard therapy group. Already by Visit 2,
virus clearance had been observed in 73.58% of patients
in the ITT population and in 76.47% of patients in the PP
population. The data obtained indicate a more rapid de-
crease in the viral load when using the parenteral form
of the drug favipiravir, which helps to reduce the risks
of aggravating the condition and improve the prognosis.

In the ITT population, the number of patients treat-
ed with favipiravir (27.36%) was twice the percentage of
the patients on standard therapy (14.81%) who met all
discharge criteria at the end of therapy. The comparative
analysis revealed statistically significant differences be-
tween the study groups in terms of the frequency of pa-
tients meeting all discharge criteria at the end of therapy
(ITT: p=0.0244, PP: p=0.0178), as well as the achieve-
ment of a stable improvement in the clinical picture (ITT:
p=0.0008, PP: p=0.0002).

Therapy with the study drug favipiravir is accompa-
nied by a significant improvement in the condition of the
lungs according to CT, up to the complete disappearance
of the disease symptoms.

Based on the statistical analysis of the data ob-
tained, it can be argued that therapy with favipiravir for
the parenteral administration significantly improves the
condition of patients, accelerates recovery and reduces
the time of hospital stay compared to standard therapy.

The analysis of the UDEs outcomes frequency in
patients showed that in the group of the study drug
favipiravir, significantly more UDEs ended in “recovery
without consequences” (p=0.096) and “improvement”
(p=0.049). In the study drug group, most UDEs were
transient, and no treatment discontinuation or dose
changes due to UDEs were reported in the study drug
group. No UDEs or deaths associated with the use of fa-
vipiravir have been reported.

It has been shown that favipiravir therapy does not
adversely affect laboratory parameters such as clinical
and biochemical blood tests, urinalysis, coagulogram, vi-
tal signs and ECG, which indicates the safety of the thera-
py. During the study, the tpatients treated with the study
drug showed positive changes in laboratory parameters,
such as C-reactive protein, D-dimer, CPK, as well as a
smaller increase in ALT and AST levels, which indicates
a decrease in the intensity of inflammatory processes in
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the body and the onset of a convalescence period. The
study physicians assessed that the study drug was well
tolerated by the patients.

CONCLUSION

The results of a comparative assessment of the
parenteral favipiravir therapy efficacy in COVID-19
patients compared with standard therapy, made it
possible to establish significant advantages of using
the drug in terms of the speed and frequency of a
pronounced improvement onset in clinical parameters.
That contributed to a faster transfer of patients from
hospital to the outpatient stage of observation or
achieving complete clinical recovery (4 times more
patients in the main group than in the comparison
group). It has been shown that the use of favipiravir
in the form for the parenteral administration, due to
favorable pharmacokinetic parameters, makes a faster
and more pronounced therapeutic effect mediated by
achieving complete elimination of the virus, possible.

That determines the reduction in the risk of developing
a severe course and entering the ICU, and also helps
to speed up the discharge of patients and improve the
prognosis.

It can be argued that therapy with Areplivir® for the
parenteral administration is characterized by a favorable
safety profile, comparable, and in some cases, superior
to that of standard therapy.

Taking into account the established reliable clinical
benefits and data on the favipiravir effectiveness, re-
gardless of a new coronavirus infection strain, the new
original development of Areplivir® for the parenteral ad-
ministration opens up additional opportunities to com-
bat complicated forms of the disease and reduce the
clinical and economic burden of COVID-19. The versati-
lity and resistance to mutations of RNA-dependent RNA
polymerase make it possible to consider it as the main
target for combating the most common RNA viruses that
cause ARVI, that determines the need further studies of
favipiravir to expand the range of its indications.
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nepebix CUMNMomMo8 3abosnesaHus!**
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UHOOPMALINA I’IPE}lHA3HAqEHA 113 CNELIMATACTOB SHPABOOXPAHEHVIH
AMEIOTCA NPOTUBONOKASAHUA 03HAKOMBTECH C UHCTPYKLINEN





