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Abstract. The capacity of SARS CoV-2 for immune evasion can be considered universally recognized. Coronavirus and
human protein homology may be one of the mechanisms of immune evasion. Delta variant necessarily has structural features
that explain its specific qualities. The aim of our study is to find out whether mutations in the structural proteins of Delta
variant change its homology with proteins present in the human body, i.e. human, bacterial and dietary. Using bioinformatics
tools we detected homology on the heptamer level between Delta variant structural proteins and human proteins as well as
some opportunistic bacteria proteins of the upper respiratory tract, lung and gut. Delta variant spike (S) and membrane (M)
proteins have a large number of similarities (homologous correspondences) with the listed proteins, with the S:A156,157;R158G
mutation having the greatest amount. The reason why SARS CoV-2 Delta variant has specific characteristics, most importantly
increased lethality, is most likely to be found in a mutation at positions 156—158 of spike protein.

Keywords: SARS CoV-2, Delta variant, spike protein, opportunistic bacteria, homology
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MocTtynuna: 15.02.2024 Opobpexa: 04.04.2024 MpwuuaTa k nevatu: 20.05.2024

Pe3tome. CnocobHocTb SARS CoV-2 yKnoHATLCS OT UMMYHHOTO 0TBETa MOXHO cYuTaTh 06LenpusHaHHol. fomono-
rns 6enkoB KOpOHaBMpYCa W YerioBeka MOXeT ObITb O4HUM U3 MEXAHW3MOB UMMYHHOIO YKNOHEHUs. [lensTa-BapuaHT
06s3aTenbHO UMEET CTPYKTYPHBLIE 0COBEHHOCTH, KOTOPbIe OBBACHSAIOT ero cnelmnduyeckme cBoncTBa. Lienbto Hawero
nccnepoBaHus BbI10 BbIICHUTL, U3MEHSAIOT N MyTaLuK, NPOU3OLLEALLNE B CTPYKTYPHbIX 6enkax fensTa-BapuaHTa,
ero romosioruio ¢ 6enkamu, NpUCyTCTBYIOLWMMI B OPraHU3mMe YenoBeka, To ecTb COOCTBEHHO YenoBeyeckumm, bak-
TepuanbHbIMU U NULLEBLIMUA. Mcnonb3ys MHCTPYMEHTLI BUOMHGOPMATHKK, Mbl OBHAPYKUMU TOMOMNOTMI0 Ha YPOBHE
rentamepoB Mexay CTPYKTYpHbIMK Genkamn aenbra-BapuaHTa u benkamm yenoseka, a Takxe 6enkamm HEKOTOPbIX
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YCIOBHO-NATOrEeHHbIX 6aKTepuin BEpXHUX AbIXaTemNbHbIX MyTe, Nerkux u kKuweyHuka. benku wunosbin (S) n Membpan-
HbI (M) oenbra-BapuaHTa uMetoT BorbLIOe KOMMYECTBO CXOACTB (FOMOSTOTMYHbBIX COOTBETCTBMUM) C NEPEYNCIEHHBIMM
Benkamu, npuyem HanbonbLLee KonnyecTso — B cryyae MyTauum S:A156,157;R158G. MNMpuumnHa, no koTopon AensTa-
BapuaHT SARS CoV-2 obnagaet cneunduyecknmi xapakTepucTkami, 1 npexae BCEro NOBbILEHHON NeTanbHOCTbHO,
ckopee BCero, kpoeTcs B MyTaLuu B nonoxeHusx 156—158 wunosoro 6enka.

KntoueBble cnoBa: SARS CoV-2, fenbTta-BapuaHT, LWMNOBUAHBIA BENoK, ONNopTyHUCTMYeckue bakTepui, roMonorus

INTRODUCTION

After a series of brilliant discoveries from Pasteur to
Fleming and Waxman, mankind has learned to control most
bacterial infections. Humans were able to create megalo-
polises with huge population densities. In response, nature
had to put forward other limiting mechanisms less humanly
controllable. The COVID-19 pandemic has become and will
remain one of humanity’s major concerns for the near fu-
ture. The very important question is why and how this CoV
could cause a pandemic [1]. Some mutation-induced struc-
tural substitutions in the N-terminal domain (NTD) of the
SARS-CoV-2 S-protein lead to more efficient first contact
and interaction with the upper airway epithelium [2].

The extraordinary virulence of Omicron variant
(B.1.1.529) is now the main focus of researchers [3]. Ne-
vertheless, it seems to us that in order to understand the
causes of SARS CoV-2 lethality, the peculiarities of Delta
variant (B.1.617.2) must be studied.

Using 3D models, the researchers can determine how the
spike (S) protein binds to the ACE2 receptor [4]. The pecu-
liarity of our approach is that we seek an explanation for the
properties of coronavirus in the homology (commonality of
short motifs) of virus proteins with human proteins. Recently
we described dozens of homologous motifs in the primary
structure of SARS CoV-2 and human proteins including pro-
teins of olfactory and taste receptors [5]. Through mutations,
the virus finds a way to avoid an immune response [6].

Molecular mimicry is considered a strategy used by
many viruses to subvert and regulate antiviral immunity.
For example, human cytomegalovirus has hijacked or de-
veloped a number of homologous sites that mimic immu-
nomodulatory proteins encoded by the human body. These
homologues encoded by the virus can contribute to the vi-
rus’ evasion of immune clearance [7].

Following Joshua Lederberg’s principle [8], we took into
account not only proteins synthesized by the human body, but
also those that originate from other genotypes and are con-
stantly present in the macroorganism. These are the proteins
of commensal and opportunistic bacteria of the upper respi-
ratory tract, lung, oral cavity, and Gl tract. We also analyzed
the most common dietary proteins that are almost constantly

present in the gut, namely those of the six world’s most im-
portant cereal crops, i.e., Asian rice Oryza sativa, common
wheat Triticum aestivum, maize Zea mays, common bean
Phaseolus vulgaris, barley Hordeum vulgare, and sorghum
Sorghum bicolor. We believed that the homology of the virus
proteins with those of the named bacteria and cereals helps
coronavirus to avoid or reduce the primary immune response.

THE AIM OF OUR STUDY

The aim of our study is to find out whether mutations in
the structural proteins of SARS CoV-2 Delta variant change
its homology with proteins present in the human body, i.e.
human, bacterial and dietary.

RESULTS

Spike glycoprotein

Wuhan-Hu spike glycoprotein (S protein) molecule con-
sists of 1273 amino acid residues. In Delta variant, as a re-
sult of two deletions (E,5A and F,5;A), S protein consists of
1271 amino acid residues and contains seven substitutions
in nine positions, namely T,gR, G;4,D, Ry5G, LysoR, Ty7gK,
PgsiH, and DgsoN, numeration as in Wuhan-Hu variant [9].

S protein Delta variant, 1271 aa

MFVFLVLLPLVSSQCVNLRTRTQLPPAYTNSFTRGVYYP
DKVFRSSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGT
KRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQ
SLLIVNNATNVVIKVCEFQFCNDPFLDVYYHKNNKSWMES
GVYSSANNCTFEYVSQPFLMDLEGKQGNFKNLREF
VFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINI
TRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRT
FLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSN
F

NFNGLTGTGVLTESNKKFLPFQQF
GRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPGTNTSNQ
VAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGC
LIGAEHVNNSYECDIPIGAGICASYQTQTNSRRRARSVAS
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QSIIAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTK
TSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQD
KNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRS
FIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFN
GLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAA
LQIPFAMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIG
KIQDSLSSTASALGKLQNVVNQNAQALNTLVKQLSS
NFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSL
QTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRVDF
CGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAI
CHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNT
FVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKN
HTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNES
LIDLQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCC
MTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHYT

Hereinafter, motifs homologous with human proteins [5]
are highlighted in red font. Amino acid residues substitu-
ted as a result of mutations are highlighted in large letters.
The N-terminal domain (NTD,,,5) is highlighted in green.
Receptor-binding domain (RBD,,;.530) is in gray italics. Re-
ceptor-binding motif RBMy34 506 is underlined. Heptapeptide
repeat sequence 1 (HR1g40.95,) is highlighted in blue. As a
result of the double deletion A4 457, starting from G,g, the
numbering of positions in Delta variant does not correspond
to the numbering in Wuhan-Hu.

Delta variant, as mentioned above, has a mutation
S:PgeiH. The S protein motif SPRRARS g, ¢55 homologous
with a human protein has been replaced by a heptamer
SHRRARS;;4. 654, Which has no homologues in mammals
(Table 1).

Table 1
Homology of a SARS CoV-2 S protein to a human protein
Mutation Wuhan-Hu Delta
PesiH’ S protein heptamer | Species Homologous protein S protein heptamer Species Homologous
heptamer protein heptamer
SPRRARS 40,456 Homo | Hermansky-Pudlak syndrome SHRRARS 175 cs No homological heptamers
’ sapiens 1 proteinyeg e, ’ in commensal

*In Wuhan-Hu and Delta variants, the position numbering differs after position 156 as a result of the A156,157 deletions.

The heptamers of S protein that are homologous with the proteins of some commensal and opportunistic bacteria are listed

in Table 2.
Table 2
The heptamers of S protein homologous with the proteins of some commensal and opportunistic bacteria
Wuhan-Hu Delta
Mutation S protein Species Homologous Localization S protein Species Homologous Localization
heptamer protein in the human heptamer protein heptamer in the hu-
heptamer body man body
T19R VNLTTRT16_22 Escherichia coli 'Uncharalcte- gut VNLRTRT16_22 'S’treptococcus Slte-slpeuflc re- nasopha-
BCEO11_MS-01 | rized protein,s , mitis SK697 TnpX; | combinase,;s yg rynx, oral
Streptococcus cavity,
salivarius (strain throat
CCHSS3)
,\”_'|'-|-R-|-Qw_23 Enteroco?cus Helicase, gut NLRTRTQMS Subdolqura‘nulum Putative hydro- gut
faecalis RecD/TraA variabile lases; 40
family;ss 761
G0’ NDPFLGme No homological hept.ar.ners in Cf)mmensal NDPFLDVm_m Past'eurella Releqse factor lung
or opportunistic bacteria multocida subsp. glutamine methyl-
multocida str transferase, g
A15§, EFRVYSSWsﬁ_m No homological heptlar.ners in cgmmensal ESGVYSSMM Lachnospir’a- Unchargcterized gut
157, or opportunistic bacteria ceae bacterium protein;yg.13
R158G 7_1_58FAA
Escherichia coli Valine-tRNA gut
UMEA 3609-1 ligasesyp.a06
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Endind of the table 2
Wuhan-Hu Delta
Mutation S protein Species Homologous Localization S protein Species Homologous Localization
heptamer protein in the human heptamer protein heptamer in the hu-
heptamer body man body
FRVYSS A No homological heptamers in commensal SGVYSSA Fusobacterium sp. Hep/Hag repeat oral cavity
157183 or opportunistic bacteria "1 oral taxon 370 str protein (Frag-
F0437 ment),;.s3
Rvyssan Bifidobacterium Fibronectin- gut GVYSS AN Bacillus sp. NRRL | Methylmalonyl-CoA ?
1 animalis subsp. binding 15162 B-14911 mutasesgs 574
lactis CNCM proteings_1g7
1-2494
Lactobacillus far- | D-alanyl-D-alanine gut
raginis JCM 14108 carboxypepti-
dase yg.155
Fusobacterium Uncharacterized oral cavity
nucleatum subsp. proteins, o4
polymorphum
F0401
Prevotella saccha- Carbohydrate oral cav-
rolytica F0055 binding domain ity, upper
protein; s 7,1 respiratory
tract, gut
human gut metage- | Glycoside hydro- gut
nome lase, family 25
(Fragment)sgs 401
452 No homological heptamers in commensal or opportunistic bacteria
478 No homological heptamers in commensal or opportunistic bacteria
Pes:H’ NSPRRAR No homological heptamers in commensal or op- NSHRRARﬁ Clostridium Uncharacterized gut
67985 portunistic bacteria e clostridioforme proteing.1p,
DgsoN KLQDWN Prevotella Peptidase M16 | oral cavity, KLQNWN Leptotrichia buc- GCN5-related oral cavity
T3\ salivae F0493 | inactive domain gut S calis (strain ATCC N-acetyltrans-
proteingg_gps 14201/DSM 1135 ferase;s.1
/JCM 12969 /
NCTC 10249)
DWNQN A No homological heptamers in commensal or op- NWNQN A, Prevotella Anaerobic oral cavity,
950-956 portunistic bacteria 5 | multisaccharivorax | ribonucleoside- gut
DSM 17128 triphosphate
reductases.1o
*The same mutation has occurred in Omicron variant.
The heptamers of S protein that are homologous with the most common cereal proteins are listed in Table 3.
Table 3
The heptamers of S protein homologous with the most common cereal proteins
Wuhan-Hu Delta
Mutation S protein heptamer Species Homologous protein S protein heptamer Species Homologous protein
heptamer heptamer
T . o .
R SQCVNLT13_19 Oryza sativa Leucmg Rich Repeat family SQCVNLng No most common cereal sample
protein, expressedsyg.sys
Oryza sativa Uncharacterized No most common cereal sample
WNLTTRT,,., BCEO011_MS-01 protein,; g WLRTRT..,
LTTRTQL18_24 Tr/tlgum Unchargcterlzed LRTRTQL18_24 No most common cereal sample
aestivum proteinggg gos
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Endind of the table 3
Wuhan-Hu Delta
Mutation S protein heptamer Species Homologous protein S protein heptamer Species Homologous protein
heptamer heptamer
LysR Oryza sativa Putative uncharacterized No most common cereal sample
LYRUFRK.go. subsp. indica protein;s;.ie; RYRUFRK.g0.
Zea mays Putative NAC domain tran-
scription factor superfamily
protein (Fragment),;.106
TyeK STPCNGV477_433 No most common cereal sample SKPCNGVMM& Phaseo(us Unchargcterized
vulgaris proteingg g5
SPRR ARS Oryza sativa 0s0290817400 protein SHRR ARS Oryza sativa Expressed protein,gg 30,
oe0ese subsp. japonica (Fragment), oreess subsp. japonica
Zea mays Uncharacterized pro- Oryza sativa Uncharacterized
teinsg e subsp. japonica proteingg.22
Hordeum Predicted protein
vulgare (Fragment) 4.9,
PRRARSVW_W Oryza‘ sat/v:ja Putative unpharacterlzed HRRARSV679_685 No most common cereal sample
subsp. japonica protein ;g4
Zea mays Uncharacterized proteing, (oo
DgsoN ALGKLQDBM_%O Hordeum yulgare Unchargctenzed pro- ALGKLQNW_W No most commoncereal sample
var. distichum tein .12
LGKLQDV Hordeum vulgare | Uncharacterized proteing o, | | gk qNv. No most common cereal sample
saeot var. distichum a9
Oryza sativa Uncharacterized pro-
subsp. indica tein,ug.054
Zea mays Protein lap4,35.530
Golgi SNAP receptor com-
plex member 1,54
GKLQDVV Zea mays Uncharacterized pro- GKLQNVV No most common cereal sample
946-952 tein388_394 844-850
*The same mutation has occurred in Omicron variant.
The heptamers of S protein that are homologous with some virus proteins are listed in Table 4.
Table 4
The heptamers of S protein homologous with some virus proteins
Wuhan-Hu Delta Comment
Mutation S protein Other virus Homologous protein S protein hep- Other viruses Homologous
heptamer heptamer tamer protein hep-
tamer
PegiH QTQTNSPg;5.651 Human Protease (Fragment), ; QTQTNSHg73.67 No virus proteins homology Homology with
immunodefi- HIV-1 has disap-
ciency virus 1 peared
DygsoN” LQDVVNQgg.654 No virus proteins homology LQNVVNQg46.05 Human im- Envelope Homology with HIV-1
munodeficiency glycoprotein has appeared
virus 1 (Fragment); .7

* The same mutation has occurred in Omicron variant.

Membrane protein

There are four mutations known in the membrane (M)
protein Delta variant, namely A,S, Fygl, V;,L, and Ig, T [10].

M protein Delta variant, 222 aa

MSDSNGTITVEELKKLLEQWNLVIGFLLLTWICLLQFAYANR
NRFLYIIKLIFLWLLWPVTLACFVLAALYRINWITGGIATAMACLV
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GLMWLSYFIASFRLFARTRSMWSFNPETNILLNVPLHGTILTRP
LLESELVIGAVILRGHLRIAGHHLGRCDIKDLPKEITVATSRTLSYY
KLGASQRVAGDSGFAAYSRYRIGNYKLNTDHSSSSDNIALLVQ

The heptamers of M protein that are homologous with
the proteins of the commensal and opportunistic bacteria
are listed in Table 5.

Table 5
The heptamers of M protein homologous with the proteins of the commensal and opportunistic bacteria
Wuhan-Hu Delta
Mutation M protein . Homologous lLocallzatlon M protein ) Homologous protein lLocallzatlon
heptamer Spedes rotein heptamer in the human heptamer Spedes heptamer in the human
P P P body P P body
AS No homological heptamers in commensal or opportunistic bacteria No homological heptamers in commensal
MADSNGT,, MSDSNGT,, or opportunistic bacteria
Lachnospiraceae Uncharacterized gut
ADSNGTI” bacterium proteings, s SDSNGTIZ-B
7_1_58FAA
Foel Enterococcus Putative ferrichrome gut LVIGFLL,,. Eubacterium Putative K(+)-stimulated gut
® LVIGFL F22-25 faecalis R508 transport system ® ventriosum ATCC pyrophosphate-
permease protein 27560 energized sodium
UG203-206 PUMPs73.579
Enterococcus caccae | Uncharacterized protein gut
ATCC BAA-1240 10110
Faecalibacterium sp. Binding-protein- gut
CAG:74 dependent
transport systems
inner membrane
componentgg o)
Prevotella histicola | Uncharacterized protein gut
Fo411 1521
Lachnospiraceae Uncharacterized gut
bacterium 2_1_58FAA proteings 74
Escherichia coliISC11 | Putative cell envelope gut
opacity-associated
protein Ay, 45
Enterococcus Uncharacterized gut Prevotella sp. oral Uncharacterized gut
VIGFLFLM" flavescens ATCC protein, og.1s4 VIGFLLng taxon 472 str. F0295 protein,zg (a4
49996
Lachnospiraceae MATE efflux family gut Lactobacillus brevis Potassium uptake gut
bacterium COE1 protein112-118 ATCC 14869=DSM protein, TrkH
20054 family,sq 045
Lactobacillus antri Transporter, major gut
DSM 16041 facilitator family
protein, 45
Enterobacter cloacae Putative multidrug gut
subsp. cloacae (strain resistance protein
ATCC 13047/DSM D 5.19
30054/ NBRC 13535/
NCDC 279-56)
Lachnospiraceae Uncharacterized gut
bacterium 28-4 proteing o4
Lachnospiraceae Transporter, gut Lactobacillus paracasei | Oligopeptide transport | oral cavity
lGFLFLTZ“—SO bacterium oA IGFLLLT24-30 subsp. paracasei system permease
CAG:215 Lpp126 protein oppBy 15
Eubacterium nodatum | TIGR02185 family oral cavity
ATCC 33099 protein,s 49
Bacteroides uniformis Uncharacterized gut
dnLKV2 protein;sz 743
Escherichia coli Uncharacterized gut
2645650 protein;s 1o
Prevotella sp. Putative thiol:disulfide gut
CAG:1320 interchange protein
DsbDg 14
Enterococcus faecalis Putative gut
06-MB-DW-09 transmembrane
permease MsmF 5 5,
GFLFLTWZW No homological heptamers in commensal or opportunistic bacteria GFLLLTWM No homological heptamers in commensal or opportunistic bacteria
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Endind of the table 5
Wuhan-Hu Delta
Mutation M protein . Homologous lLocallzatlon M protein ! Homologous protein lLocallzatlon
heptamer Spedies rotein heptamer in the human heptamer Spedies heptamer in the human
P P P body P P body
FLFLTWIMZ No homological heptamers in commensal or opportunistic bacteria FLLLTWIZW No homological heptamers in commensal or opportunistic bacteria
No homological heptamers in commensal or opportunistic bacteria Peptoniphilus sp. oral Na+/H+ antiporter gut
LFLTWIC27-33 LLLTW|CZ7-33 taxon 375 str. FO436 family protein; 5.,
FLTWICLQ No homological heptamers in commensal or opportunistic bacteria LLTWICL No homological heptamers in commensal or opportunistic bacteria
8-34 28-34
VoL Enterobacter sp. Ag1 Formate qut No homological heptamers in commensal or opportunistic bacteria
I CFVLAAVWO dehydrogenase-O subunit CFVLAALWO
gammay, 3
No homological heptamers in commensal or opportunistic bacteria Bacteroides dorei HAD hydrolase, family qut
ALAAV Y, T P
No homological heptamers in commensal or opportunistic bacteria Bifidobacterium Putative ABC ut
VLAAVYRWZ o VLAALYRWZ longum subsp. infantis | transporter permease g
ra/nAT 15609I\Zf component; o1
1222/NCTC 11817
/812)
Haemophilus ABC transporter, upper
parainfluenzae ATCC | permease protein,,,.,; | respiratory
33392 tract, lung
Lachnospiraceae Uncharacterized qut Acinetobacter sp. CIP Uncharacterized oral cavity
LAAVYRlﬁm bacterium protein,g s LAALYRI67-73 101966 proteing »,
3_1_57FAA_CT1
Lautropia mirabilis Selenide, water oral cavi Prevotella Hydrolase, NUDIX upper
AAVYRINGW ATC?C 51599 dikinasess ¢, up| erty AALYRINGW melaninogenica (Strain g family, g, res[)raratory
resgaratory ATCC 25845/DSM
7089/JCM 6325
/VIPI 2381/B282
GN=HMPREF0659_
A647
Lachnospiraceae iguanylate cyclase gut Lactobacillus ruminis | Conserved hypothetical gut
bacterium JC7 GD F) domain- (strain ATCC 27782 YitT family protein
contalnlng S)roteln /RF3)
(Precursor), 159 . " .
Bacteroides nordii Uncharacterized gut
CL02T12C05 protein; 7o
AVYRINWS% No homological heptamers in commensal or opportunistic bacteria ALYRINWGM No homological heptamers in commensal or opportunistic bacteria
VYRINWIWS No homological heptamers in commensal or opportunistic bacteria LYRINWI70_76 No homological heptamers in commensal or opportunistic bacteria
lgp T Ruminococcus lon channel, 45 gut Enterococcus faecalis Dephospho-CoA gut
” T68ALwe | oppumATed 20774 o MGGAT s, kinase,
Bacteroides sp. Putative gut Clostriclium ABC transporter, gut
3119 uncharacterized asparagiforme DSM permease
protein,gg 164 15981 proteinygg o4
No homological heptamers in commensal or opportunistic Veillonella sp. oral PrpF protein,,. oral cavity
TGGIAIA77-83 bacteria TGGlATA77-83 taxon 780 str. F0422 sz
Enterobacteriaceae Uncharacterized gut No homological heptamers in commensal or opportunistic
GGl A, bacterium proteinyzo o7s GOIAT Al bacteria
9 2 54FAA
Eubacterium sulci | Peptidase, M20/M25/ gut
ATCC 35585 family, 55140
Lactobacillus Transporter, major gut
brevis subAs - facmttator family
ravesensis rotein,
g 7505 p 421407
Lachnospiraceae Uncharacterized gut Enterobacter Uncharacterized gut
GIAIAMAMS bacterium 10-1 protein 4g.1s4 GlATAMAMfS aerogenes UCI 48 proteingyg.ss
No homological heptamers in commensal or opportunistic No homological heptamers in commensal or opportunistic
IAlAMAC%%‘ bacteria lATAMAC%% bacteria
No homological heptamers in commensal or opportunistic Lactobacillus Class Il aldolase/ oral cavity,
AlAMACL81~37 bacteria ATAMACLW? paracasei subsp. adducin family gut
paracasei CNCM protein;g;_1o7
1-4649
No homological heptamers in commensal or opportunistic No homological heptamers in commensal or opportunistic
lAMACLVﬂ?% bacteria TAMACLVSZ%S bacteria

*The same mutation has occurred in Omicron variant.
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Membrane protein
There are four mutations known in the membrane (M)
protein Delta variant, namely A,S, Fygl, V;,L, and Ig, T [10].
M protein Delta variant, 222 aa
MSDSNGTITVEELKKLLEQWNLVIGFLLLTWICLLQFAYANRN
RFLYIIKLIFLWLLWPVTLACFVLAALYRINWITGGIATAMACL
VGLMWLSYFIASFRLFARTRSMWSFNPETNILLNVPLHGTILT

RPLLESELVIGAVILRGHLRIAGHHLGRCDIKDLPKEITVATSR
TLSYYKLGASQRVAGDSGFAAYSRYRIGNYKLNTDHSSSSD
NIALLVQ

The heptamers of M protein that are homologous with
the proteins of the commensal and opportunistic bacteria
are listed in Table 6.

Table 6
The heptamers of M protein homologous with the proteins of the commensal and opportunistic bacteria
Wuhan-Hu Delta
MUt protei Homol te o M protei Homol ein | fonnie
tion protein Species lomologous protein in the protein Species omologous protein ion in the
heptamer heptamer human heptamer heptamer human
body body
A,S No homological heptamers in commensal No homological heptamers in commensal
? MADSNGT1-7 or%pporturr)wistic bacteria MSDSNGT1-7 or%pportu%istic bacteria
Lachnospira- Uncharacterized ut
ADSNGT|2-8 ceae bacterium protein,sy.osg g SDSNGTIZ-S
7_1_58FAA
Fol Enterococcus Putative ferrichrome ut Eubacterium ventriosum | Putative K(+)-stimulated ut
® LVIGFLFZHS faecalis R508 transport system g LVIGFLLZZ»ZS ATCC 27560 pyrophpsprgage-energized g
permease protein sodium puMps73.579
huGz03.26 Enterococcus caccae Uncharacterized gut
ATCC BAA-1240 protein ;o414
Faecalibacterium sp. Binding-protein-depen- gut
CAG:74 _dent transgort systems
inner membrane compo-
nentge oy
Prevotella histicola Uncharacterized protein gut
F0411 1521
Lachnospiraceae bacte- Uncharacterized gut
rium 2_1_58FAA proteings. 7
Escherichia coli ISC11 |  Putative cell envelope qut
opacity-associated pro-
tein Ayyug
Enterococcus Uncharacterized ut Prevotella sp. oral taxon Uncharacterized ut
VIGFLFL23-29 flavescens ATCC protein g 134 g VIGFLLLB-ZB 472 str.pF0295 protein,zg (g g
49996
Lachnospiraceae | MATE efflux family gut Lactobacillus brevis Potassium uptake gut
bacterium COE1 protein112-118 ATCC 14869 = DSM protein, TrkH
20054 family,so.045
Lactobacillus antri DSM Transg)or’_ter, major facili- gut
16041 tator family protein,, g
Enterobacter cloacae | Putative multidrug resis- gut
sub.séy. cloacae (strain | tance protein MdiD g5 g
ATCC 13047 /DSM
30054 /NBRC 13535/
NCDC 279-56)
Lachnospiraceae bacte- |  Uncharacterized pro- gut
rium 28-4 teing.oy
Lachnospira- Transporter g ut[9 Lactobacillus paraca- Oligopeptide transport | oral cavit
IGFLFLT24-30 ceae bacterium soeane g IGFLLLT24-30 sei subsp. paracasei systgm permease protein Y
AG:215 Lpp126 0ppBy.5
Eubacterium nodatum TIGR02185 family oral cavity
ATCC 33099 protein,s 4
Bacteroides uniformis Uncharacterized gut
dnLKV2 proteinys; 745
Escherichia coli Uncharacterized gut
2845650 protein,s 4
Prevotella sp. Putative thiol:disulfide gut
CAG:132 interchan%e protein
DsbDg 14
Enterococcus faecalis | Putative transmembrane gut
06-MB-DW-09 permease MsmF; ,,
GFLFLTWZW No homological heprt]eils[{}grgaigtgﬁ;nmensal or opportu- GFLLLTWzW No homological heptamers in commensal or opportunistic bacteria
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Endind of the table 6
Wuhan-Hu Delta
Loca .
Muta- M protein Homologous protein lization M protein Homologous protein tli_c?r(l: ?rlllfﬁ;}
tion i i i
I heptamer Species heptamer r:ﬂr;h:n heptamer Species heptamer human
body
body
No homological heptamers in commensal No homological heptamers in commensal or opportunistic bacteria
FLFLTWIZMZ or%pportu%istic bacteria FLLLTW'ZG-az 9 P PP
No homological heptamers in commensal Peptoniphilus sp. oral | Na+/H+ antiporter family gut
LFLTW|CZ7'33 or opportunistic bacteria LLLTWIC”‘” taxon 375 str. F0436 protein, gs 111
FLTWICLZW No homological heptamers in commensal |_|_-|-W|(--;|_28_311 No homological heptamers in commensal or opportunistic bacteria
or opportunistic bacteria
Vool Enterobacter sp. Formate dehydro- gut No homological heptamers in commensal or opportunistic bacteria
" CFVLAAVG‘”O Ag1 genase-O subunit CFVLAALG””
9amma,,.5
No homological heptamers in commensal Bacteroides dorei HAD hydrolase, family gut
FVLAAVY“‘” or opportunistic bacteria FVLAALYGS’” CL03T12C01 344350
VL AAVYRGB_n No homological heptamers in commensal VL AALYRSW Bifidobacterium longum | Putative ABC transporter gut
or opportunistic bacteria subsp. infantis (strain permease
ATCC 15697 / DSM component, .41
20088/ JCM 1222/
NCTC 11817/ S12)
Haemophilus parainflu- ABC transporter, upper
enzae ATCC 33392 permease protein,.,; | respiratory
tract, lung
Lachnospira- Uncharacterized gut Acinetobacter sp. CIP Uncharacterized oral cavity
LAAVYRI‘”‘” 3ce13e5 l;ngrig% protein zg.1a LAALYRI‘”‘” 101966 protein g
Lautropia mirabilis Selenide, oral ca- Prevotella melaninogenica Hydrolase, NUDIX upper
AAVYRlNGB'” ATCC 51599 water dikinasesgg, | Vity, upper AALYRINSS‘” (strain ATCC 25845/ familys, ¢ respiratory
respira- DSM 7089/ JCM 6325 tract
tory tract /VPI 2381/B282)
GN=HMPREF0659_
A647
Lachnospiraceae | Diguanylate cyclase gut Lactobacillus ruminis | Conserved hypothetical gut
bacterium JC7 (GGDEF) domain- (strain ATCC 27782/ YitT family protein
containing protein RF3)
(Precursor) 4 12 Bacteroides nordii Uncharacterized gut
CL02T12C05 protein;g. 76
No homological heptamers in commensal No homological heptamers in commensal or opportunistic bacteria
AVYRINW59'75 or opportunistic bacteria ALYRlNW69'75
VYRINWI7O_76 No homological heptamers in commensal LYRINWImS No homological heptamers in commensal or opportunistic bacteria
or opportunistic bacteria
lgoT Ruminococcus lon channel, ;. qut Enterococcus faecalis Dephospho-CoA gut
al | MGG, | e e TGGIAT s, kinase, .
29174
Bacteroides sp. | Putative uncharacte- gut Clostridium asparagi- ABC transporter, gut
rized protein,gg 164 forme DSM 15981 permease proteinygg o7,
No homological heptamers in commensal Veillonella sp. oral taxon PrpF protein,,. oral cavity
TGGlAlA"'“ or opportunistic bacteria TGGlATA"'“ 780 str. F0422 e
Enterobacte- Uncharacterized gut No homological heptamers in commensal
GGIAIAMM“ riaceae bacterium proteinyzg oz GGIATAM”'S“ or opportunistic bacteria
9 2 54FAA
Eubacterium sulci | Peptidase, M20/M25/ gut
ATCC 35585 M40 family, 5514,
Lactobacillus Transporter, major gut
brevis subsp. facilitator family
gravesze;;(l)'% ATCC proteinyq 457
Lachnospiraceae Uncharacterized gut Enterobacter aerogenes Uncharacterized gut
GlAlAMA79'85 bacterium 10-1 protein g 1s4 GlATAMA79'35 proteingyg 50
| A| AMAC,.56 No homological heptamers in commensal | AT AMAC5.55 No homological heptamers in commensal or opportunistic bacteria
or opportunistic bacteria
No homological heptamers in commensal Lactobacillus paracasei | Class |l aldolase/adducin | oral cavity,
AlAMACL&*'m or opportunistic bacteria ATAMACL“'” subsp. paracasei CNCM | family protein g;.1o7 gut
1-4649
|am ACLV6 No homological heptamers in commensal Tam ACLVp No homological heptamers in commensal or opportunistic bacteria

or opportunistic bacteria
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Nucleocapsid protein

Two mutations are known in the Delta variant nucleo-
capsid (N) protein, namely R,;sM and Dy, Y [11].
N protein Delta variant 419 aa

MSDNGPQNQRNAPRITFGGPSDSTGSNQNGERSGARSKQR
RPQGLPNNTASWFTALTQHGKEDLKFPRGQGVPINTNS
SPDDQIGYYRRATRRIRGGDGKMKDLSPRWYFYYLGTG
PEAGLPYGANKDGIIWVATEGALNTPKDHIGTRNPANNA
AIVLQLPQGTTLPKGFYAEGSRGGSQASSRSSSRSRNS

SRNSTPGSSMGTSPARMAGNGGDAALALLLLDRLNQL
ESKMSGKGQQQQGQTVTKKSAAEASKKPRQKRTATKA
YNVTQAFGRRGPEQTQGNFGDQELIRQGTDYKHWPQI
AQFAPSASAFFGMSRIGMEVTPSGTWLTYTGAIKLDDK
DPNFKDQVILLNKHIDAYKTFPPTEPKKDKKKKAYETQA
LPQRQKKQQTVTLLPAADLDDFSKQLQQSMSSADSTQA

The heptamers of N protein homologous with the proteins
of some opportunistic bacteria and the most common cereals
are listed in Table 7.

Table 7
The heptamers of N protein homologous with the proteins of some opportunistic bacteria and the most common cereals
Wuhan-Hu Delta
Mutation . ) Localization . Localization
N protein Species Homologous protein in the human N protein Species Homologous in the hu-
heptamer heptamer heptamer protein heptamer
body man body
RopsM STPGSSR Prevotella NHL repeat oral cavity STPGSSM No bacterial or cereal sample
191208 1 puccalis ATCC proteinggg 51 197208
35310
TPGSSRG No bacterial or cereal sample TPGSSM G Bacteroides Uncharacterized gut
196204 1824\ uniformis CAG:3 protein g 15
PGSS RGT Zea mays Putative WRKY gut PGSSMGT Oryza sativa Putative gut
190:208 DNA-binding domain 19205 1 subsp. indica uncharacterized
superfamily proteingss ses
protein g g,
Sorghum bicolor | Putative unchar- gut
acterized protein
Sb079002490,; 5
GSSRGTS Sorghum bicolor | Putative unchar- gut GSSMGTS Fusobacterium Permease family oral cavity
200206 acterized protein 200208 sp. CM21 proteinyg a0
Sb089014350, 7.1
SSRGTSP Hordeum Uncharacterized pro- gut SSMGTSP No bacterial or cereal sample
21071 yulgare var. teiNye; 73 w201
distichum
Oryza sativa Expressed pro- gut
subsp. japonica teinyg.000
No bacterial or cereal sample No bacterial or cereal sample
SRGTSPA, 50 ' P SMGTSPA, 105 ' P
RGTSPAR Oryza sativa 050690523800 gut MGTSPAR No bacterial or cereal sample
25209 | subsp. japonica protein.g 1p 205209
Dy;7Y DKKKKAD Prevotella sp. Pseudouridine oral cavity DKKKKAY Lachnospiraceae | Oligoendopeptidase gut
ST oral taxon 473 synthase, RIUA 3T bacterium 3-1 Fiso.415
str. FO040 familygs 301
KKKKADE Prevotella sp. Pseudouridine oral cavity KKKKAYE Oryza sativa Putative gut
1281\ oral taxon 473 synthase, RIUA 281 subsp. indica uncharacterized
str. F0040 family,ge.300 protein,geo.1096
Enterococcus | Uncharacterized pro- gut
faecalis teingge.400
KKKADET No significant sample KKKAYET Bacillus infantis GntR family ?
sre318 S1831% | NRRL B-14911 | transcriptional regu-
lator, &
KK ADETQ374_380 No bacterial or cereal sample KK AYETQm-sao No bacterial or cereal sample
KADETQ Ay so Homo sapiens Myopalladingg ¢ ? KAYETQ Ays s No bacterial or cereal sample
ADETQ AL Oryza Uncharacterized gut AYETQ AL Lachnospiraceae | Uncharacterized gut
S6382 | glaberrima protein (Frag- ST6382 | bacterium M18-1 proteinyy, o5
Ment)sza.4g0
Detaalp No bacterial or cereal sample YETQALP Lachnospiraceae | Uncharacterized gut
QALPyrraas QALPsm5 | pacterium M16-1 proteinyys os:
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As shown above, some of the mutations that occurred
in the Delta variant increased the homology of its structural
proteins with those of the opportunistic and some other
bacteria. These data are summarized in Table 8.

Information about the effects that mutations in SARS
CoV-2 Delta variant have on the homology between its
structural proteins and human opportunistic bacteria
proteins are summarized in Figure 1.

DISCUSSION

In Wunan-Hu variant, the S protein molecule contains
dozens of heptamers homologous to human proteins. Their total
length is 169 amino acid residues, or 13.3% of the S protein
molecule total length [5]. For the sake of brevity, we suggest
calling homologous motifs homots. For example, a SARS CoV-2 S
protein human homot means a motif common for the S protein
and any human protein. The same way “in SARS CoV-2 S
protein, the motif SPRRARS is a human homot” means that
motif SPRRARS is present in the S protein of coronavirus as
well as in some human protein. The term mimics, proposed by
Damoiseaux et al. [12], is close in meaning but less specific.

We assumed that the reason for the special qualities of
SARS CoV-2 Delta variant should be sought in the greater
homology of its proteins with those of the human body. However,
we did not find any significant differences between Wuhan-Hu
variant and Delta variant in their homology to human proteins.

Delta variant stays on the nasal mucosal surface signifi-
cantly longer than Wuhan-Hu variant (14 vs. 8 days) [13].

R203M T10R Fasl
D337Y Gi42D DoseN V7ol
A1s6,157 R158G Tg2T

1

1 1
( HOMOLOGY WITH
OPF’ORTUNISTIC)
BACTERIA

Bypassing the immunity?

Fig.1. The effect of mutations in SARS CoV-2 Delta variant

structural proteins S, M, and N on their homology with
human opportunistic bacteria. The most important
mutation, in our opinion, is highlighted in red font

As hasbeen already mentioned, we considered the human
proteome in general as a set of proteins synthesized by the
macroorganism itself, proteins of commensal and oppor-
tunistic bacteria, and the most common digestive proteins,
therefore studying the homology of SARS CoV-2 Delta vari-
ant with all the listed types of proteins.

Table 8

Mutational changes of homology SARS CoV-2 structural proteins with proteins of opportunistic bacteria
and some other functionally significant proteins

Increases homology with proteins Increases homology with proteins
Protein Mutation of commensal or opportunistic bacteria, |  of gut commensal or opportunistic Increases homology
inhabitants of the oral cavity, upper bacteria and/or the most with some other proteins
respiratory tract or lung common cereals

S (Table 2) TR + +
GiyD' + -

A 5157, RiseG ++ +++ Homology with a protein of Bacillus

sp. NRRL B-14911 that can provoke

autoimmune damage to the heart

LisR - -
TizeK - -
PegiH - -

DgsoN’ + + Homology with a protein of Human

immunodeficiency virus 1 (Table 4)
M (Table 6) A,S - -
Foel + ++
VoL ++ ++
g, T + -
N (Table 7) RgaM - -
DazY - +

*The same mutation has occurred in Omicron variant.
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In S protein, mutations at the positions 19, 142, 156-
158, and 950 created a number of heptamers homologous
to proteins of bacteria, that are always present in the human
nasopharynx, mouth, throat, upper respiratory tract, and
lung (Table 2). It is possible that the presence of such ho-
mologous motifs allows Delta to bypass the innate immunity
protection more successfully.

Mutations S:G,,,D and S:DgsN are also found in Omi-
cron variant, while the mutations S:T,gR and S:A 55 157,R56G
are only present in Delta variant. These exclusive Delta
variant mutations especially the ones at the positions 156-
158 may be the reason for its specific qualities.

The L,5,R and T,;¢K mutations did not affect the homology
of S protein with proteins of opportunistic bacteria (Table 2).

In Delta variant, the positions where the most significant in-
crease in homology occurred — S:A 4 457,R5G — are located
in the N-terminus domain (NTD,,_55). So far, researchers have
paid less attention to this domain than to the Receptor-binding
domain (RBD4.559)- It is logically consistent to assume that in
the S protein molecule one domain is responsible for binding
to the receptor and other for structural mimicry and evasion.

The delta variant differs from the other SARS COV-2 vari-
ants in 14 positions. According to our data (Fig. 1), six of these
alterations involved in the increase in the homology of coro-
navirus proteins with those of opportunistic bacteria. None of
these six alterations are common to the Delta and non-VOC
variants. This suggests that the increase in homology with pro-
teins of opportunistic infections is specific to the Delta variant.

We are not yet able to analyze homology data for SARS
CoV-2 S protein and the HIV-1 C protein (Table 4).

In M protein, the F,lL, V;,L, and Ig,T mutations resulted
in the emergence of heptamers homologous to proteins of
numerous commensal and opportunistic upper respiratory
and gut bacteria (Table 6). M protein is located on the outer
side of the virion envelope [5], and these heptamers can
participate in immune evasion.

In N protein (Table 7), the mutation N:R,j;M resulted in
the motif GSSMGTS,; 506 Which is homologous to the Per-
mease family protein,g, 5o, Of FUSObacterium nucleatum, an
opportunistic periodontal pathogen of the oral cavity [14]. The
mutation M:D,,,Y caused the following effects: (a) disappea-
rance of the heptamer KADETQA;5 551, homologous to the
human protein Myopalladin (MYPNg;g), Which is involved
in communication between the sarcomere and the nucleus
in cardiac and skeletal muscles [15]; and (b) emergence of
KKKAYET,;3.370, homologous to the heptamer GntR family
transcriptional regulator, ¢ Bacillus infantis, which is involved
in the provocation of immune myocardial disorder [16].

A recent review of the available evidence for immune
mechanisms of cardiovascular damage COVID-19 has
been presented [17]. N protein, located inside of the virion,

should act at the later stages of the infectious process, for
example, provoking an autoimmune response.

Of all the Delta variant mutations we studied, none
caused an increase in the homology of the SARS CoV-2 S
protein with proteins with the most common cereals (Table 3).

Natural selection fixes some substitutions in the primary
structure of the protein molecules of viruses and eliminates
others. One of the “aims” of selection might be immune eva-
sion. A virus can achieve this by making the most functionally
important parts of the protein molecule as similar as possible
to the proteins permanently present in the host. Microorga-
nisms, due to their genetic diversity and the huge size of their
combined genome, provide more opportunities for viral mimic-
ry than the macroorganism itself. Delta variant has increased
homology of S and M proteins with proteins already familiar to
human immunity, namely with opportunistic bacteria proteins.

The capacity of SARS CoV-2 for immune evasion can be
considered universally acknowledged [3]. Coronavirus and
human protein homology may be one of the mechanisms of
immune evasion [5]. Delta variant necessarily has structural
features that explain its specific qualities. Perhaps the reason
is the homology of its proteins with those of commensal bac-
teria and opportunistic infections of the upper respiratory tract
and lung. In this case, the S:A,5 157:R5,G mutation deserves
special attention. The reason why SARS CoV-2 Delta variant
has these specific qualities, most importantly increased lethali-
ty, is most likely to be found in a mutation at positions 156-158
of spike protein. It has not yet been concluded whether the
homology of Delta variant proteins with gut bacteria proteins
and dietary protein is of any significance.

We hope that this preliminary study will open the door
to further research into the immunology and bioinformatics.

METHODS

We used our original way of presenting the text search.
The data were obtained from the Uniprot open-access protein
database, in which the amino acid sequences of proteins are
encoded by a one-letter code. We cut the primary structures
of the coronavirus proteins into heptamers using the frame-
shift method and searched a separate database of 75777
molecules of human proteins [18]. This number is about three
times the real number of all human proteins because of re-
petition and minor differences in the records. We looked for a full
match of the 7-mer amino acid sequences in SARS CoV-2 proteins
[19] with proteins of other organisms throughout the taxono-
mic range of evolution from bacteria and plants to humans.
Heptamers were chosen as a criterion for homology because
of the lack of matches in octamers and tens of thousands of
matches in hexamers. In the case of matching heptamers, an
alignment was performed on the matching site.
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AONONMHUTENBHAA UHOOPMALINA

Bknag asTtopos. A.T. MapbsHosuy n [1.K. Kopmuney
Hanucanu ocHoBHoW TekcT pykonucu. A.T. MapbsHoBuY W
[.K. Kopmuney nogrotoBunu aHanus gaHHbIX. ABTOpbI Npo-
unu 1 ogobpunu brHanbHy BepCuio nepe nybnukaumen.

KoHhnukT mHTepecoB. ABTOPbI AeKnapupytoT OTCyT-
CTBME SIBHbIX W MOTEHUMaNbHbIX KOH(IMKTOB MHTEPECOB,
CBSI3aHHbIX C Nybnnkaunen HacTosILLEeN cTaTbi.

UcTouHuk douHaHcupoBaHms. [laHHOe uccneaoBaHmue
npeAcTaBnset coboit MHULWNATUBHBIA NPOEKT aBTOPOB, (K-
HaHCMPYEMbIA UCKOYUTENBHO U3 UX MIMYHBIX UCTOYHWKOB.

3asBneHne O AOCTYMHOCTU AaHHbIX. WCTOYHMKOM
6a3bl AaHHbIX N0 75 777 cTpokam GenkoB YenoBeka sBIs-
etcs [18]. MicTouHuk 6asbl AaHHbIX 06BEMOM OK. 33 MIH HU-
Ten Bcex BuaoB 6enkos [19].

Unnioctpauun. [ns cosgaHus Hawux unnoctpayui
Mbl ucnonb3osanu GIMP (Bepcus 2.10.22). PucyHok non-
HOCTbIO OPUTMHATBHBIA U HUTAe He nyBrkoBancs.

ADDITIONAL INFORMATION

Author contributions. A.T. Maryanovich and D.Yu. Kor-
milets wrote the main manuscript text. A.T. Maryanovich and
D.Yu. Kormilets prepared data analysis. The authors read
and approved the final version before publication.

Competing interests. The authors declare that they
have no competing interests.

Funding: This research is an authors’ initiative project
funded exclusively from their personal sources.

Funding source. This study was not supported by any
external sources of funding.

Data Availability Statement: The source of database of
75777 strings of human proteins is [18]. The source of data-
base of approx. 33 min strings of all species proteins is [19].

Artwork. We used GIMP (Version 2.10.22) to create our
artwork. The figure is completely original and have not been
published anywhere.

NUTEPATYPA | REFERENCES

1. Elrashdy F., Redwan E.M. & Uversky V.N. Why COVID-19 Trans-
mission Is More Efficient and Aggressive Than Viral Transmission
in Previous Coronavirus Epidemics? Biomolecules. 2020;10:1312.
DOI: 10.3390/biom10091312.

2. Seyran M. et al. The structural basis of accelerated host cell entry by
SARS-CoV-2. FEBS J. 2021;288:5010-5020. DOI: 10.1111/febs.15651.

3. Fang F.F. & Shi P.Y. Omicron a drug developer’s perspective. Emerg Mi-
crobes Infect. 2022;11:208-211. DOI: 10.1080/22221751.2021.2023330.

4. Beaudoin C.A. et al. Predicted structural mimicry of spike receptor-
binding motifs from highly pathogenic human coronaviruses. Com-

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

put Struct Biotechnol. J. 2021;19:3938-3953. DOI: 10.1016/.
¢shj.2021.06.041.

Khavinson V. et al. Homology between SARS CoV-2 and human pro-
teins. Sci Rep. 2021;11:17199. DOI: 10.1038/s41598-021-96233-7.
Kwarteng A. et al. Molecular characterization of interactions be-
tween the D614G variant of SARS-CoV-2 S-protein and neutra-
lizing antibodies, A computational approach. Infect. Genet Evol.
2021;91:104815. DOI: 10.1016/j.meegid.2021.104815.

McSharry B.P., Avdic S. & Slobedman B. Human cytomegalovirus
encoded homologs of cytokines, chemokines and their receptors,
roles in immunomodulation. Viruses. 2012;4:2448-2470. DOI:
10.3390/v4112448.

Lederberg J. Infectious history. Science. 2000;288:287-293.
Planas D. et al. Reduced sensitivity of SARS-CoV-2 variant Delta to
antibody neutralization. Nature. 2021;596:276-280. DOI: 10.1038/
s41586-021-03777-9.

Shen L. et al. Emerging variants of concern in SARS-CoV-2 mem-
brane protein, a highly conserved target with potential pathological
and therapeutic implications. Emerg Microbes Infect. 2021;10:885-
893. DOI: 10.1080/22221751.2021.1922097.

Perez-Gomez R. The Development of SARS-CoV-2 Variants, The Gene
Makes the Disease. J Dev Biol. 2021;9:58. DOI: 10.3390/jdb9040058.
Damoiseaux J. et al. Autoantibodies and SARS-CoV2 infection,
The spectrum from association to clinical implication, Report of
the 15th Dresden Symposium on Autoantibodies. Autoimmun Rev.
2021;21:103012. DOI: j.autrev.2021.103012.

Wang Y. et al. Transmission, viral kinetics and clinical characteristics
of the emergent SARS-CoV-2 Delta VOC in Guangzhou. China Ecli-
nical Medicine. 2021;40:101129. DOI: 10.1016/j.eclinm.2021.101129.
Dessi A., Bosco A., Pintus R., Orru G. & Fanos V. Fusobacte-
rium nucleatum and alteration of the oral microbiome, from preg-
nancy to SARS-COV-2 infection. Eur Rev Med Pharmacol Sci.
2021;25:4579-4596. DOI: 10.26355/eurrev_202107_26251.
Filomena M. C. et al. Myopalladin knockout mice develop cardiac
dilation and show a maladaptive response to mechanical pressure
overload. Elife. 2021;24:¢58313. DOI: 10.7554/eLife.58313.
Massilamany C. et al. Whole genomic sequence analysis of, de-
fining the genetic blueprint of strain NRRL B-14911, an emerging
cardiopathogenic microbe. BMC Genomics. 2016;17(Suppl 7):511.
DOI: 10.1186/s12864-016-2900-2.

Laino M. E. et al. Advanced Imaging Supports the Mechanistic
Role of Autoimmunity and Plaque Rupture in COVID-19 Heart In-
volvement. Clin Rev Allergy Immunol. 2022;28:1-15. DOI: 10.1007/
§12016-022-08925-1.

Proteomes — Homo sapiens (Human). URL: https //www.uniprot.
org/proteomes/UP000005640 Homo sapiens, last change, 03 Sept
2020. (access: 24.04.2024)

Proteomes — Severe acute respiratory syndrome coronavirus 2
(2019-nCoV) (SARS-CoV-2). URL: https//www.uniprot.org/pro-
teomes/UP000464024 SARS-COV-2, last change, 20 Aug 2020.
(access: 24.04.2024)

@ POCCHIICKIE BUOMETMIIMHCKIE HCCTEIOBAHIAL  TOM 9 No2 2024

eISSN 2658-6576




18 ORIGINAL PAPERS

DOI: 10.56871/RBR.2024.77.65.002
UDC 612.64+618.2/.3+616-053.3+612.394.2+613.953.1+577.151

DIFFERENCES IN THE ACTIVITY OF AMYLASE, PEPSINOGEN
AND LIPASE IN BIOLOGICAL FLUIDS IN PREGNANT WOMEN,
DEPENDING ON THE TIMING OF DELIVERY

© Elena V. Kolodkina" 2, Sergey A. Lytaev', Michael M. Galagudza?

' Saint Petersburg State Pediatric Medical University. 2 Lithuania, Saint Petersburg 194100 Russian Federation
2 Almazov National Medical Research Center. 2 Akkuratova str., Saint Petersburg 197341 Russian Federation

Contact information: Elena V. Kolodkina — Candidate of Medical Sciences, Associate Professor of the Department of Normal Physiology
SPbSPMU, Associate Professor of the Department of Pathological Physiology Almazov National Medical Research Centre.
E-mail: 922-666-2045@mail.ru ORCID: https://orcid.org/0009-0001-6304-8680 SPIN: 9082-3341

For citation: Kolodkina EV, Lytaev SA, Galagudza MM. Differences in the activity of amylase, pepsinogen and lipase in biological fluids in pregnant
women, depending on the timing of delivery. Russian Biomedical Research. 2024;9(2):18--24. DOI: https://doi.org/10.56871/RBR.2024.77.65.002

Received: 02.02.2024 Revised: 25.03.2024 Accepted: 20.05.2024

Abstract. Introduction. The issues of enzyme increment of digestive glands have been studied since the sixties of the
last century to the present. Enzymes induce the functional activity of secretory glands and prepare the digestive tract of
an infant for definitive nutrition through a period of mixed nutrition. The purpose of the work — to study the sources
of enzyme supply of hematrophic, amniotrophic and lactotrophic nutrition of the fetus, the origin of enzymes of amniotic
fluid, colostrum and breast milk and their participation in the autolysis of fetal and newborn nutrients. Materials and
methods. The material for the study was taken from non-pregnant and pregnant women. The dynamics of changes
in the activity of hydrolases in biological fluids was studied. Results. The participation of enzymes secreted in the
mother’s body in trophosystems during pregnancy and in the postnatal period has been shown. Conclusions. During
pregnancy, three systems are distinguished: hematrophic, amniotrophic and lactotrophic with autolytic digestion by
increted enzymes.
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Pestome. BeedeHue. Bonpochl MHKpeLmn hepMeHTOB NULLEBapUTENbHbIX Xene3 U3yyanuch ¢ LWecTUaecaTbIX rogoB
MPOLLIOro CTONETUS 1 NO HacTosiLee BpeMmsi. DepMeHTbl MHAYLMPYIOT (YHKLMOHANbHYI0 aKTUBHOCTb CEKPETOPHbIX
enes3 1 NoAroTaBnMBatOT NULLEBAPUTENbHbIN TPAKT rPyAHOro pebeHka K AeUHUTUBHOMY NUTAHMIO Yepes nepnos
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CMeLLaHHOro NuTaHus. Lesib uccnedoeaHust — N3y4nTb UCTOYHUKM (hepMEHTHOro obecneyeHuns reMaTpogHOro,
aMHUOTPOGHOTO U NaKTOTPOMHOTO NUTAHMS NNOAA, NPOUCXOXAEHNE PEPMEHTOB aMHUOTUYECKON XNAKOCTH, MONO-
311Ba M rPYAHOTO MOJIOKa U MX yYacTie B ayTONM3€e HYTPUEHTOB Noaa U HOBOPOXAeHHoro. Mamepuansi u MemodhbI.
Matepuan ans uccnefosaHus Gpancs y HebepeMeHHbIX U GepeMeHHbIX XEHLMH. M3yyanack AMHaMuUKa U3MEHEHMS
aKTUBHOCTM r1aponas B GUONOrNYECKUX XNAKOCTAX. Peaynbmamsl. [10ka3aHo yyacTie MHKPETUPYEMbIX B OpraHu3-
Me MaTepu hepMeHToB B TpodocucTeMax npu GEPEMEHHOCTM 1 B NOCTHATanbHbIN nepuoa. Beieodsl. Bo Bpems
BepeMEHHOCTY BbIAENAKTCS TPU CUCTEMBI: TeMaTpodHass, aMHUOTPOMHAs 1 NAKTOTPOMHAS C ayTONUTNYECKUM

nuiuiesapeHnem MHKpeTupyembiMmn 3H3INMaMN.

KnioueBble cnoBa: hepMeHTbl, MHKpeLWs, pekpeuns, 6epeMeHHOCTb, Tpodocuctema

INTRODUCTION

The incretion of digestive glands’ enzymes has been
studying in the laboratory of Professor G.F. Korotko since
the sixties of the last century [6-8]. A biological significance
of homeostasis of hydrolases (zymogens and enzymes) in
blood was resolved. The diverse role of hydrolases was re-
vealed, including anabolic, regulatory, informational, trans-
port and other functions of pepsinogen, amylase, lipase,
alkaline phosphatase in the human body [6, 11, 15].

Experiments on animals have established the nature of
the distribution of parenterally administered radiolabeled
(J125) enzymes in a mother’s body and fetus. Uteroplacental
permeability to pepsinogen and amylase, as well as the hyd-
rolytic activity of amniotic fluid, were also studied [3, 13, 14].

In researches on biological fluids, activity of digestive
enzymes was studied in blood plasma, urine, and amniotic
fluid in women during different stages of pregnancy [1, 6, 7].
After birth, such activity was studied in colostrum and breast
milk until the end of breastfeeding [1, 8, 12, 15].

AIM

To study the sources of enzyme support for amniotrophic
and lactotrophic nutrition of a fetus. To prove that enzymes
are re-secreted in colostrum and breast milk, and that en-
zymes are used for autolysis of nutrients and induced to
their own digestion in gastrointestinal tract of the fetus and
newborn.

MATERIALS AND METHODS

Materials for the study were taken from non-pregnant
(n=45) and pregnant (n=151) women — women gave birth
at different weeks of pregnancy (full-term birth — 86, prema-
ture birth — 34, post-term birth — 31).

The dynamics of changes in enzyme activity (pepsino-
gen, amylase and lipase) in biological fluids (blood, saliva,
urine and coprofiltrate, umbilical cord blood and amniotic

fluid) were studied at the end of pregnancy, and colostrum
and breast milk were studied in the postpartum period.

Determination of proteolytic, amylolytic and lipolytic ac-
tivities was carried out in blood plasma, saliva, urine and
coprofiltrate both in non-pregnant women and pregnant
women at the end of pregnancy.

Determination of total proteolytic activity was carried out
at pH values of 1.5-2.0 using the spectrophotometric (tyro-
sine) method of Kunitz—Northrop in modification. Amylolytic
activity was determined using Caraway’s amyloclastic me-
thod. Lipolytic activity was determined using a unified me-
thod with olive oil as a substrate [12].

Statistical processing of the obtained data was carried
out in Microsoft Excel 2003, Primer of biostatistics 4.03 and
SPSS 11.0 programs.

RESULTS

The process of enzyme incretion by digestive glands
is reflected in indicators of enzymes’ activity in blood and
urine, as well as ratios between them [14, 15].

Amylolytic activity in blood plasma of pregnant women is
naturally higher than in non-pregnant women, regardless of
the timing of delivery (Table 1).

In case of full-term birth, the activity of amylase in urine
is almost the same as the control values. In case of pre-
term and post-term birth, it is reduced, which indicates the
retention of the enzyme in the body of pregnant women.

The activity of pepsinogen in blood plasma is more stab-
le than activity of amylase, but excretion of pepsinogen in
urine of pregnant women is 2.1 times (p <0.001) higher than
in urine of non-pregnant women, indicating the degree of
proteolytic enzyme incretion.

Lipolytic activity of blood and urine during pregnancy is
increased compared to controls, especially in women with
full-term birth.

An example of the re-secreted origin of proteolytic en-
zymes in saliva is the detection of pepsinogen activity there
(Table 2).
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Table 1

Indicators of the activity of digestive enzymes in the blood and urine of control group individuals and women
at the end of pregnancy with different delivery dates)

Tabnuuya 1

MokasaTenu akTMBHOCTM NULEBapUTENbHLIX (DePMEHTOB B KPOBM M MOYE Y L, KOHTPOJILHOM FpynnbI

¥ JKEHIUMH B KOHLie 6epeMeHHOCTM C PasfMyHbIMU CPOKaMU PoAopaspeLleHms

Mokasatenu /

KoHTponbHas rpynna /

CpouHble poabl /

MpexaeBpemMeHHble poabl /

3anosgansle poapl /

Lipase (units/ml)

Indicators Control group (n=45) Urgent delivery (n=86) Premature birth (n=34) Delayed delivery (n=31)
Kpoes / Blood
1. Amunasa (eg/mn) / 13,5+0,8 25,0+1,3* 22,4+1 3% 20,1+1 4*
Amylase (units/ml)
2. MencuHoreH (Tup. ea/mn) / 58,1+1,1 48,2+2,6%* 62,3+4,2 60,3144
Pepsinogen (tyr. units/ml)
3. Nvnasa (en/mn) / 18,1£0,7 32,1+1,8* 37,1£1,8* 24114
Lipase (units/ml)
Movya / Urine
1. Amunasa (ea/mn) / 64,1+1,6 67,2421 36,2+1,1* 44 3+2 1**
Amylase (units/ml)
2. MencwHoreH (Tvp. ea/mn) / 4520,3+212,0 9650,1+211,5% 10422,1£231,5* 9309,3+211,5*
Pepsinogen (tyr. units/ml)
3. Jlunasa (ea/mn) / 20,6+0,8 41,2+1 9% 30,8+1,9** 31,1+1,7*

Note: the reliability of differences with the indicators of the control group: * — p <0,001; ** — p<0,05.

MpumeyaHue: [OCTOBEPHOCTb Pa3Nnynin ¢ NokasaTensamu KoHTponbHo| rpynnbl: * — p <0,001; ** — p <0,05.

Table 2

Indicators of the activity of digestive enzymes in saliva and coprofiltrate of control group individuals and women
at the end of pregnancy with different delivery dates

Tabnuua 2

lMoka3aTenu akTUBHOCTM NULLEBAPUTENBHBLIX PEPMEHTOB B CNHOHE W KONPOUNbTpaTe y NUL KOHTPONLHOW FpynnbI

M XEHLUMH B KOHLe 6epeMeH|-|ocw| C pa3fnyHbIMU CPOKaMK poaopaspeLleHns

Mokasatenu /
Indicators

KoHTponbHas rpynna /
Control group (n=45)

CpouHble poabl /
Urgent delivery (n=86)

MpexaeBpemMeHHble poabl /
Premature birth (n=34)

3anosgansle poasl /
Delayed delivery (n=31)

CnioHa / Saliva

Lipase (units/ml)

1. Amunasa (eg/mn) / 2385,3+264,7 4781,6+423,8* 3717,3+223,8** 4702,9+323,8*
Amylase (units/ml)
2. MencwHoreH (Tvp. ea/mn) / 1520,9+247,6 2612,9+218,1* 2443 5+218,1** 2253,7+118,1**
Pepsinogen (tyr. units/ml)
3. Jlunasa (eg/mn) / 64,8+7,0 124,1+11,6* 176,5+11,6* 74,5+3,4**
Lipase (units/ml)
KonpochunbTpar / Coprofiltrate
1. Amunasa (eg/mn) / 19,540,8 44,4+3,9 35,2+2,1* 36,2+1,8*
Amylase (units/ml)
2. NMencuHoreH (Tup. eg/mn) / 442,2+20,5 153,8+10,9* 174,7+16,2* 122,4+8,2*
Pepsinogen (tyr. units/ml)
3. Jlunasa (eg/mn) / 320,8+12,6 34444172 475,3+21,8** 375,3£20,8**

Note: the reliability of differences with the indicators of the control group: * — p <0,001; ** — p <0,05.

lMpumeyaHue: [OCTOBEPHOCTb Pa3NNYNiA C MOKa3aTeNsMn KOHTPONbHON rpynnbl: * — p <0,001; ** — p <0,05.
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Pepsinogen secreted in stomach is released into saliva
from blood, and in pregnant women it is 1.5 times (p<0.001)
higher than in non-pregnant women, thereby ensuring the
participation of salivary glands in secretion of the enzyme.

The excretory-re-secretory origin of the hydrolytic ac-
tivity of coprofiltrates is explained by the fact of amylase,
pepsinogen and lipase detection in feces [3, 6, 11].

During pregnancy, amylolytic and lipolytic activities in-
crease, and pepsinogen activity decreases almost 3 times
(p <0.001). These relationships are inversely dependent on
the level of pepsinogen excretion in urine, which generally
affects the pepsinogen content in blood of pregnant women.

Another trophic system is associated with fetal am-
niotrophic nutrition and autolytic digestion due to the ab-
sorption of amniotic fluid, which contains both nutrients and
enzymes corresponding to substrates — hydrolases of ma-
ternal origin [2-4].

This is proven by the presence of amylase, pepsinogen
and lipase in amniotic fluid, which has the property of accu-
mulating enzymes used by a fetus for hydrolytic processes in
gastrointestinal tract when digestion is still imperfect (Table 3).

Of particular interest are data on the activity of enzymes
secreted into colostrum and breast milk of women depen-
ding on the delivery time (Table 4).

Colostrum is more active in enzymes than breast
milk. General proteolytic (4 times; p <0.001) and lipolytic
(3 times; p <0.001) activities differ especially from mature

breast milk, while the amylolytic activity of these biological
fluids differs by less than 2 times (p <0.05) with a decrease
during the transition to mature breast milk. This proves the
role of colostrum and breast milk enzymes in colostrum-lac-
totrophic nutrition.

DISCUSSION

Maternal blood plasma, being the nutrient medium of a fe-
tus, ensures hydrolytic processes and plays a role in anabolic
processes [3, 6, 12, 14, 15].

The conducted studies revealed an increase in the acti-
vity of amylase and lipase in blood serum of all women at the
end of pregnancy, regardless of the time of delivery. Multidi-
rectional changes in this fluid were observed in pepsinogen: a
decrease in enzyme activity in women with full-term birth and
an increase in post-term and premature birth.

The amylase excretion in urine of pregnant women with
full-term birth corresponded to indicators of the control group,
and in premature and post-term birth the enzyme activity de-
creased, which indicates the retention of amylase in the body
of pregnant women [1, 3, 6]. The activity of pepsinogen and
lipase in urine is increased in port-term pregnancy compared
to controls, especially in full-term labour.

Amylolytic activity of saliva is caused not only by the se-
cretion of a-amylase synthesized by the salivary glands, but
also by the secreted pancreatic a-amylase. In this regard, the

Table 3

Indicators of the activity of digestive enzymes in amniotic fluid and umbilical cord blood in pregnant women,
depending on the timing of delivery

Tabnuua 3

MokazaTenu akTMBHOCTU NULLEBAPUTENbHBIX (DEPMEHTOB B aMHUOTUYECKOM XUAKOCTH U NYNOBUHHON KPOBM
y GepeMeHHbIX B 3aBUCMMOCTM OT CPOKOB POAOpaspeLLeHus

Buonoruyeckas xugkocTs / ®epmeHTb! / CpouHble poabl / MpexaeBpemMeHHble poabl / 3anoagansle poapl /
Biological fluid Enzymes Urgent delivery (n=86) Premature birth (n=34) Delayed delivery (n=31)
AMHKOTHYeCKas XNAKOCTb / Awvwunasa (eg/mn) / 16,3+0,7 27,7+0,9* 25,8+0,9*
Amniotic fluid Amylase (units/ml)
MencuHoreH (Tup. ea/mn) / 5664,5+225,1 5840,8+204,3 6387,0+249,4*
Pepsinogen (tyr. units/ml)
Nvna3a (eg/mn) / 228,7+18,4 201,4+15,3 234,2+16,2
Lipase (units/ml)
[TynoBuHHas KpoBb / Awmuna3a (eg/mn) / 35,3+1,2 10,9+0,8* 15,1+1,1*
Umbilical cord blood Amylase (units/ml)
MencuHoreH (Tup. ea/mn) / 1041,6+88,5 1214,4+97,3* 873,0+65,4
Pepsinogen (tyr. units/ml)
Nunasa (eg/mn) / 164,9+11,2 190,4+13,4 61,2+4,5*
Lipase (units/ml)

Note: the reliability of differences with the indicators of the control group: * — p <0,001; ** —

p <0,05.

lMpumeyaHue: [OCTOBEPHOCTb Pa3NNynil C NokasaTenamn y 6epemMeHHbIX XEHLLMH, poanBLLKX B cpok: * — p <0,001; ** — p <0,05.
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Table 4

Indicators of the activity of digestive enzymes in colostrum and breast milk in lactating women, depending
on the timing of their delivery

Tabnuya 4

Moka3aTenu akTMBHOCTH nuuieBapuTeNbHbIX CbepMeHTOB B MOJ1O31MBE U rPyAHOM MOJIOKe Y KOPMALIUX XXEeHLIUH
B 3aBUCUMOCTU OT CPOKOB UX poaopaspeLueHus

Buonoruyeckas xuakocTb / ®epmeHTb! / CpouHble poabl / MpexaeBpemeHHble poabl / 3anosgansie poap! /
Biological fluid Enzymes Urgent delivery (n=86) Premature birth (n=34) Delayed delivery (n=31)
Mono3auso / Colostrum Amunasa (ea/mn) / 401,3+£21,7 511,9+£32,5** 440,9+20,3
Amylase (units/ml)
MencwHoreH (Tvp. eg/mn) / 609,5+26,3 532,4+18,1 581,1+29,4*
Pepsinogen (tyr. units/ml)
Nvnasa (ea/mn) / 634,1+28,5 523,2+25,3** 562,9+23,6*
Lipase (units/ml)
I'pypHoe mMonoko / Amunasa (eg/mn) / 215,3+19,6 267,8+14,5** 233,4+156
Breast milk Amylase (units/ml)
lMencuHoreH (Tup. ea/mn) / 152,9+12,1 124,2+10,2 179,1+11,6**
Pepsinogen (tyr. units/ml)
Nvnasa (ea/mn) / 222,2+17,2 285,4+14, 7 230,2+12,7
Lipase (units/ml)

Note: the reliability of differences with the indicators of the control group: * — p <0,001; ** — p <0,05.
MpumeyaHue: [OCTOBEPHOCTb Pa3nnynil ¢ NokasaTensmi y 6epeMeHHbIX XEHLLMH, pPoAMBLLMX B cpok: * — p <0,001; ** — p <0,05.

increased amylolytic activity in pregnant women may be due
to both amylases [4, 5, 7-10, 13, 14].

All pregnant women showed an increase in the amylase,
pepsinogen and lipase activity in saliva, which indicates the
released (secreted in saliva) origin of these enzymes.

If the salivary glands do not experience hydrostatic resis-
tance, then in the pancreatic ducts of pregnant women this is
greater than in non-pregnant women [1, 3, 6]. Accordingly, the
lipolytic activity of saliva also changes, especially in premature
birth, which is associated with an increased lipase activity in
blood.

By the end of pregnancy, amylolytic and lipolytic activi-
ties of the coprofiltrate increased with the greatest changes
in women with full-term and premature births. At the same
time, there was a decrease in the pepsinogen activity in all
studied groups of pregnant women compared with controls.

The amnio-placental barrier is involved in the selective
accumulation of digestive enzymes in amniotic fluid, in
which enzymes’ content is quite significant [2, 3, 12, 15].
Umbilical cord blood is rich in proteolytic and lipolytic enzy-
mes, especially in women with premature birth.

In the postnatal period, a child switches to a colos-
trum-lactotrophic type of nutrition [1, 3, 12]. In this regard,
we found the highest levels of hydrolase activity in colos-
trum, with a subsequent decrease in its activity in breast
milk on the fifth day of life. Incretion, releasing and excretion
of enzymes are interrelated, maintaining the constancy of

their blood content for the implementation of anabolic and
regulatory processes in a fetus [13, 14, 16].

Thus, the data obtained on enzyme homeostasis in the
“mother-fetus-newborn” system serve as additional material
on trophic systems with their autolytic type of digestion. In
the antenatal period, histotrophic, hematotrophic (transpla-
cental) and amniotrophic nutritions are organized, and in the
postnatal period, there is a lactotrophic nutrition. Enzymes
induce the functional activity of the secretory glands and
prepare the infant’s digestive system for definitive nutrition
through a period of mixed feeding.

CONCLUSION

1. Amylolytic activity of blood serum, urine and saliva
in pregnant women is naturally higher than in non-pregnant
women, regardless of the time of delivery.

2. The activity of pepsinogen and lipase in blood, urine
and saliva during pregnancy is increased compared to the
controls, especially in women with full-term delivery.

3. In coprofiltrate, an increase in amylase and lipase
activity was observed, but a decrease in pepsinogen was
observed in all pregnant women studied by the end of preg-
nancy.

4. Amniotic fluid and umbilical cord blood are rich in
proteolytic and lipolytic enzymes with the greatest changes
in women with premature and post-term birththe the.

& RUSSIAN BIOMEDICAL RESEARCH

VOLY N2 2024

ISSN 2658-6584




OPUTMHAJIBHBIE CTATBI

23

5. Hydrolytic activity of colostrum is significantly higher
than that of breast milk on the fifth day of life

6. Enzymes participate in autolytic digestion and induce
the infant’s own digestion in the body.
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AONONMHUTENBHAA UHOOPMALINA

Bknap aBTopoB. Bce aBTOpbI BHECIN CYLUECTBEHHbIN
BKNapg B pa3paboTky KOHLENuuW, NpoBeAeHue uccneosa-
HWS 1 MOArOTOBKY CTaTbM, NPOYI M 0f0BpUNN hUHaNbHYHO
Bepcuto nepen nybnvkayuen.

KoHdnukT uHTepecoB. ABTOpbI [LeknapupyT OTCyT-
CTBME SBHbIX W MOTEHUWANbHbLIX KOH(IIMKTOB WHTEPECOB,
CBS3aHHbIX C NybrmKaumen HacTosILEN CTaTbi.

WUcTouHuk chmHaHcMpoBaHMA. ABTOpbI 3asBRsOT 00
OTCYTCTBUM BHELUHEr0 (PUHAHCMPOBAHUSA NPU NPOBELEHUM
uccnenoBaHms.

WHdopmupoBaHHoe cornacue Ha nybnukauumio. As-
TOPbI MOMYYUNN NMUCbMEHHOE COornacKe NauueHToB Ha My-
Brmkaumo MeANLIMHCKNX AaHHbIX.
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Abstract. The level of bimanual coordination in men and women is represented by different effectiveness, which is
explained by the peculiarities of the organization of the sensorimotor sphere in women and men. The processes of
excitation and inhibition are complementary and contribute to the effective construction of the motor system. The aim
of the study is to study the sexual characteristics of cortical activation in the delta range and to identify intersystem
cortical relationships in the implementation of complexly coordinated bimanual movements. The level of brain activity
was assessed by recording the delta rhythm during electroencephalography, and the results of the coordination
index using the method of supportmetry. Significant differences in the inhibitory activity of the cerebral cortex and
the functional relationships of its centers have been revealed, which causes differences in the resulting effectiveness
of motor programs. In the female group, high activity in the delta range of the left frontal associative cortex and a
pronounced connection between the occipital and premotor regions on the right are of leading importance in the
formation of the motor program. In men, hemispheric asymmetry with inhibition of the right hemisphere contributes
to a more perfect result.

Keywords: voluntary motor activity, electroencephalography, bimanual coordination, cortical activity
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Pestome. YpoBeHb G1iMaHyanbHOM KOOPAUHALWK Y UL, MYXCKOTFO M XEHCKOro MOMOB NPeACTaBIeH pa3Hon pe-
3yNbTaTUBHOCTbLI, YTO 0O BACHAETCSH 0COBEHHOCTAMM OpraHn3aLn CEHCOMOTOPHON CAPepbl Y KEHLLMH 1 MYXKYMH.
Mpouecchl BO30YXAEHNS 1 TOPMOXEHNS SBNSIOTCA B3aMMOAOMNOSHAIOWMUMN U CNOCOBCTBYIOT 3P PEKTUBHOMY
NOCTPOEHMIO ABUraTeNbHON cucTeMbI. Lienblo nccnegoBaHus SBnseTcs n3yyeHne nonoBbix 0cobeHHOCTeln ak-
TMBAL MM KOpPbI B AenbTa-ananasoHe v BbISBNEHNE BHYTPUCUCTEMHBIX KOPKOBbIX B3aMOCBSA3e Npu peanu3aLnm
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CNOXHOCKOOPANHUPOBAHHBIX GUMaHyanbHbIX ABUKEHWUA. YPOBEHb aKTUBHOCTW MO3ra OLeHUBANCs peructpaumen
AenbTa-puTMa npu NpoBeaeHun dnekTposHuedanorpadum, a pesynsTathl nokasaTens KOOpAUHALMM — C MOMOLLbH
MeTofa CynnopTMETPUM. BbisiBrieHbl AOCTOBEPHbIE Pa3ninyus B TOPMO3HON aKTUBHOCTY KOPbI BOMbLUNX NONyLWapwii
M (hyHKLNOHAMbHBIX B3aWMOCBS3SIX €€ LIEHTPOB, YTO 00YCIIOBAMBAET Pasnnyns pesynbTupyloLLel 3hhekTUBHOCTY
BbIMOSTHEHMSt MOTOPHBIX MPOrpamm. B keHckol rpynne Befyllee 3HauyeHne B (hopMUPOBAHNUM MOTOPHOIA MPOrpaMMbi
NMEET BblCOKasi akTUBHOCTb B ieNbTa-ananasoHe NeBoii poHTanbHOM acCoLMaTUBHON KOpbI W BbIpaXeHHas CBA3b
3aTbINIOYHOI U NPEMOTOPHOI 06NacTy cnpasa. Y MyX4uH MexXmnornylapHas acuMMeTpusi C TOPMOXEHWUEM NPaBoro
nonywapus cnocobcTeyeT Gonee COBEpLIEHHOMY pesynbTaTy.

KntoueBhble cnoBa: npoun3BoribHas ABuratenbHad akTMBHOCTb, 3neKTp03Hu,e¢)anorpad)Mﬂ, 6mmaHyaanaﬂ KoopAnHauna,

KOpKoBas aKTUBHOCTb

INTRODUCTION

Sex differences in motor functioning do not cause doubts
among modern researchers [1, 5, 8, 11, 15], but the nature
of these differences is still insufficiently studied. Rhythmic
bimanual movements are represented in the central ner-
vous system as a motor program of their tact, within which a
strategy of locomotion execution is formed [10, 12]. Activity
of various centers of cerebral hemispheric cortex and their
interrelation are a leading factor in initiating and correcting
engrams of movements [3, 5, 7, 15]. Excitation and inhibi-
tion processes are complementary and contribute to effec-
tive construction of a motor system [1, 9, 16]. A commonly
accepted technique for recording the electrical activity of
the brain — electroencephalography — makes it possible to
record slow waves in a delta-band and assess inhibition of
cortical areas of large hemispheres [4].

AIM

The aim is to examine sex-specific features of cortical
activation in the delta band and to identify intrasystem cor-
tical interconnections in realizing coordinated complex bi-
manual movements.

MATERIALS AND METHODS

The research was conducted in the laboratory of phy-
siology of motor activity of the Research Institute of Phy-
siology, united with the single-profile department of the
Federal State Budgetary Educational Institution of Higher
Professional Education “Kursk State Medical University” of
the Ministry of Health of Russia.

53 men and 51 women aged 18 to 24 years took part
in the experiment on the basis of informed voluntary con-
sent. Participants had to undergo an assessment of bi-
manual coordination by means of suportmetry [10]. As part
of this method, participants had to perform four tasks of

varying difficulty; the results were used to evaluate time
required to perform a task, number of errors, time spent
in and out of the task contour, as well as to calculate an
integral index of coordination. Then, after completing the
tasks, electroencephalogram was recorded for 2 minutes.
A «10-20» international system of electrodes was used for
recording, within which activity from 21 calyx electrodes
was recorded. The data obtained from electrodes Fp1-A1,
Fp2-A2, C4-A2, C3-A1, T3-A1, T4-A2, 01-A1, 02-A2 were
used, since these electrodes reflect activity of main corti-
cal areas responsible for movements.

Electrode impedance did not exceed 20 kOhm, sen-
sitivity was established at 7 pV/mm. Further computer
processing of a signal was carried out by the fast Fourier
transform method, with no fewer than 30 epochs of 2 s
averaging [4, 6].

An electroencephalograph-analyzer EEGA-21/26
“Encephalan-131-03" (Taganrog, Russia) was used in
the experiment. Statistical processing was performed
by comparing mean values of a power spectrum in two
groups. Quantitative indices were evaluated for conformity
to normal distribution using the Kolmogorov-Smirnov cri-
terion (when the number of subjects was more than 50).
If there was no normal distribution, quantitative data were
described using median (Me), lower and upper quartiles
(Q1-Q3). Categorical data were described with absolute
values and percentages [2].

RESULTS

The lowest values were recorded in C3-A1 leads when
comparing the parameters in delta range (Table 1) in wo-
men. Values in T3-A1 were higher by 13%, in Fp1-A1 by
29%, in T4-A2 by 51%, in O2-A2 by 67%, and in Fp2-A2 by
79%. Mean values in O1-A1 are 9% higher than the median
in C3-A1 and 63% higher in C4-A2. The highest value is in
Fp2-A2. The lowest value of the power spectrum in men
was registered in C3-A1. The values in T3-A1 are higher by
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Table 1
The average values of the EEG power spectrum in the delta range in women
and men when performing arbitrary bimanual purposeful movements
Tabnuya 1
CpepHue nokasatenu cnektpa mowHoctn 3l B AenbTa-AnanasoHe y XKeHLWMH U MyX4YUH
Npy BbINOMHEHUN NPOM3BONbHbIX GMMaHyanbHbIX LeneHanpaBrieHHbIX ABUKEHUN
OteepneHue aHueanorpammsl / Electroencephalogram leads
'pynna / Group
Fp1-A1 Fp2-A2 C3-A1 C4-A2 01-A1 02-A2 T3-A1 T4-A2
KeHuwwHbl / Women 8,31 (Me) | 11,56 (Me) | 6,45(Me) | 10,4949,73 | 7,03+3,93 | 10,80 (Me) | 7,28 (Me) 9,72 (Me)
(M£SD) (M£SD)
Mysumhbl / Men 9,43 (Me) | 11,83 (Me) | 8,62 (Me) | 11,36+7,54 | 10,85+6,46 | 13,58 (Me) | 8,68 (Me) | 9,95 (Me)
(M+SD) (M£SD)

Note: M — the average value; SD — the standard deviation; Me — the median.

lMpumeyaHue: M — cpefHee 3HaveHve; SD— CTaHOapTHOe OTKMOHeHWe; Me — MeaumaHa.
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0
Fp1 A Fp2A2 C3A1 C4A2 O1A1 02A2 T3A1
m [enbTa-anana3oH, My>4uHsl / Delta range, men
m [lenbTta-AnanasoH, xeHLuHbl / Delta range, women
Fig.1. Comparative characteristics of the average values of the
EEG power spectrum in the delta range in women and
men when performing arbitrary bimanual purposeful
movements
Puc.1. CpaBHuTenbHasi XapakTepucTUKa CpegHUX MokasaTtenew

cnekTpa MowHocT A B AenbTa-guanasoHe Y KeHWMH
M MYXYWH NPYU BbINOSHEHNUN NPON3BONbLHbLIX GUMaHyasb-
HbIX LeSieHanpaBneHHbIX ABUKEHUI

1%, by 9% in Fp1-A1, by 15% in T4-A2, by 37% in Fp2-A2,
and by 56% in 02-A2. Mean value in C4-A2 is 26% higher
than median in O1-A1, and 32% higher in C3-A1. The maxi-
mum value was detected in 02-A2, indicating high delta ac-
tivity in the occipital lobe on the right side.

Comparative analysis of mean values female and male
groups (Fig. 1) showed that Fp1-A1 reflects left frontal lobe
activity. Values in the male study group were 13% (p <0.001)
higher than in the female group. Fp2-A2, showing functio-
ning of the right frontal lobe, were 2% (p <0.001) higher

JKeHLWHbI MyxunHbl
Fig. 2.  Correlation pleiades of the power spectrum of female and
male subjects in the delta range when performing arbitrary
bimanual purposeful movements
Puc. 2. KoppensiuvoHHble nnesiabl CNEKTPa MOWHOCTU UCMbITYye-

MbIX XX€HCKOro n My>XCKoro nona B AenbTa-guMana3oHe npu
BbIMOJIHEHUN NPOU3BOJIbHbIX 6uma|-|yanb|-|b|x ueneHa-
npaBneHHbIX ABWXKEHWN

in males. C3-A1 (projection of the central premotor cortex
on the left) is 34% higher (p <0.001). C4-A2 which is the
projection of the central premotor cortex on the right, is 8%
higher (p <0.001). O1-A1 shows functioning of the left oc-
cipital region, and appears to be higher by 54% (p <0.001).
02-A2 (the right occipital region) is higher by 26%, T3-A1,
the left temporal region projection, is higher by 19%, and
T4-A2, the right temporal region projection, is higher by 2%
(p <0.001). Comparative analysis of a power spectrum in
delta-band revealed predominance of brain activity in all
areas in males compared to females.

When conducting correlation analysis between brain ac-
tivity indices in delta-band of a power spectrum in males, the
absence of interconnections between left and right hemi-
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spheres is observed (Fig. 2). At the same time, the density
of connections is higher in right brain areas. In women, the
connection between the right and left hemispheres is pro-
vided by interaction between the left frontal cortex on the
left and the central premotor cortex on the right. At the same
time, the connection strength in male group in Fp2-A2 —
C4-A2 is 15% higher (p <0.001), in T4-A2 — 02-A2 is
17% higher (p <0.001), in Fp1-A1 — C3-A1 is 34% higher
(p <0.001), in Fp2-A2 — T4-A2 is 34% higher (p <0.001).
C4-A2 — 02-A2 was 14% higher in women (p <0.001).
The central premotor area on the right side is the multipolar
center, it has the highest value of a total correlation coeffi-
cient in women. Similarly, it has bilateral correlations of high
density together with the occipital region on the right side.
Central premotor cortex on the right is also the area of high
correlation with the maximum value of a total coefficient
in men. However, correlations of high density are located
between the frontal associative cortex on the right and the
right temporal area.

DISCUSSION

The delta rhythm has a thalamocortical nature [4], and
indicates inhibitory activity of specific thalamic nuclei due to
mirror neurons located in the cortex [9], reflecting processes
of memory consolidation and cognitive activity [7, 15, 17].
Since motor activity is a combination of excitation and inhi-
bition processes, this rhythm will have a significant effect on
implementing motor programs [1, 9, 16]. Maximum activity
in the left frontal lobe in women can indicate deep inhibition
processes of tertiary motor fields of the associative cortex on
the left. At the same time, a bridge between the left and right
hemispheres, which is located between the left frontal lobe
and the central premotor cortex, may account for lower indi-
cators of bimanual coordination in women compared to men.
The pronounced association between occipital and central
premotor areas on the right may have an inhibitory effect on
retrieval processes of existing engrams from memory.

The male group is characterized by higher delta-band
activity in all electrodes, indicating a deeper inhibition of
structures. Mapping of functional connections in this group
allows us to suggest the absence of mutual influences be-
tween the hemispheres and a pronounced right-sided asym-
metry of activity. The bilateral connection of high density
between frontal and temporal lobes on the right can speak
about mutual inhibition of tertiary motor fields of frontal as-
sociative cortex and vestibular centers on the right. Thus,
under the conditions of suportmetry tasks performance, it
has a positive influence on a better result.

Bimanual coordination indices have significant diffe-
rences in women and men, thus confirming previously

obtained data [11, 13]. Results differ due to distinctions in
tactics during task performance. Thus, there are differences
in initiation and correction of motor programs in cortex [12,
14]. Registration of delta brain activity allows us to evalu-
ate inhibition of centers involved in movement. The female
group is characterized by active inhibition of the left frontal
associative cortex, the presence of a “bridge” linking the
hemispheres in the left frontal and right central premotor
areas, and pronounced connections between the central
premotor and occipital cortex on the right side, which to-
gether shows a less effective strategy for performing a mo-
tor act compared to men. Delta activity is more pronounced
in men and indicates deeper inhibition in all cortical centers.
The absence of connections between hemispheres with
pronounced right-sided asymmetry of activity and mutual
suppression of temporal and frontal areas on the right re-
flects a more efficient process of bimanual coordination.

CONCLUSION

1. Women and men revealed different strategies for per-
forming arbitrary bimanual goal-directed movements.

2. Females have high activity in the delta-band of the
left frontal associative cortex and pronounced association
of the occipital and premotor areas on the right side which
influences the formation of motor programs.

3. Interhemispheric asymmetry in men inhibits the right
hemisphere and contributes to a better motor functioning.
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AONONMHUTENBbHAA UHOOPMALINA

Bknap aBTopoB. Bce aBTOpbI BHECN CYLUECTBEHHbIN
BKNapj B pa3paboTky KOHLEeNnuuu, NpoBeAeHue uccnenosa-
HWS 1 MOArOTOBKY CTaTbM, NPOYY M 0f0BpUNN UHaNbHYHO
Bepcuto nepeq nybnvkayuen.
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KoHnukT mHTepecoB. ABTOpPbI 4EeKNapupytT OTCyT-
CTBME SBHbIX W MOTEHLMANbHbIX KOH(IIMKTOB UHTEPECOB,
CBS3aHHbIX C Nybrmkaumen HacTosLWEN CTaTby.

WUcTouHuk chmHaHcupoBaHmMA. ABTOpbI 3asBnstoT 06
OTCYTCTBUM BHELUHEro PUHAHCMPOBAHUSA NpU MPOBeLeHUM
uccnenoBaHms.

WUHhopMmupoBaHHOe cornacue Ha ny6nukaumio. As-
TOpbI MOSTYYUNN NUCbMEHHOE cOrnacue nauueHToB Ha ny-
Brmkaumio MeAULIMHCKNX JaHHbIX.
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Abstract. Introduction. The main risk factors for adverse outcomes in patients with COVID-19 pneumonia are age
and comorbidities. For accurate risk stratification, a comprehensive dynamic assessment of clinical, laboratory, and
hemodynamic factors of patients is important. The aim of the study was to assess the risk factors for the development
of a lethal outcome in patients with COVID-19 pneumonia with comorbid diseases based on the analysis of time trends
in clinical and laboratory characteristics. Materials and methods. A retrospective observational, multicenter study of
125 patients aged 18 to 75 years with laboratory-confirmed COVID-19 and/or ICD-10 U07.1 hospitalized with acute
respiratory failure was conducted from March 2020 to May 2022. Demographic, clinical, and laboratory data of patients
were recorded at the time of hospitalization and during the first 5 days of treatment. Results. In the analysis of operational
characteristics and Kaplan—-Meier survival curves, the age of patients >71 years, body mass index >29.8 kg/m?, and D-dimer
levels >1600 ng/mL and procalcitonin >3.4 ng/mL were statistically significantly associated with the risk of death. For two
parameters (D-dimer and procalcitonin levels), the prognostic value of the temporal trend was statistically significantly
higher compared to their daily values. Conclusion. The increased risk of death in patients with COVID-19 pneumonia
and comorbid diseases is associated with older age and high body mass index, but not with comorbid diseases. Temporal
trends in D-dimer and procalcitonin have a greater predictive value compared to their daily values.

Keywords: COVID-19, pneumonia, comorbid diseases, risk of death, temporal trends

®AKTOPbI PUCKA HEBJIATOMPUATHBLIX UCXOAOB COVID-19 MHEBMOHUU
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Pe3slome. BeedeHue. OCHOBHbIMI (hakTopamu pucka HebnaronpusiTHbix McxogoBs y nauueHtos ¢ COVID-19 nHes-
MOHMEN SBNAKTCS BO3PACT U KoMOpOuaHble 3aboneBanuns. [ns TOYHOM cTpaTMdUKaLMM pUcka BaxHa KOMMIeKCHas
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AMHaMUYeckas OLEHKa KIIMHUYECKUX, TabopaTopHbIX 1 reMogMHaMnyecknx hakTopoB naumeHToB. Lesb uccne-
doeaHusi — oLeHKa (PakTOpPOB pUcKa pasBuUTMSA NeTanbHOro ucxoaa y nauyneHtoB ¢ COVID-nHEBMOHMEN ¢ KOMOp-
OnaHbiMK 3ab0neBaHMsaMN Ha OCHOBE aHann3a BPEMEHHbIX TPEHAOB KNMHWUKO-NabopaTopHbIX XapaKTeEPUCTUK.
Mamepuanbi u Memodsbi. PeTpocnekTnBHoe 06cepBaLMOHHOE MYNbTULEHTPOBOE ccneaoBanne 125 naymeHTos
B Bo3pacTe oT 18 go 75 net ¢ nabopatopHo noaTeepxaeHHbIM COVID-19 uivnu ¢ guartosom U07.1 no MKB-10, ro-
CMUTANN3MPOBAHHbIX C OCTPOMN AbIXaTerlbHOM HeAOCTATOYHOCTHIO, ObINo NpoBeaeHo ¢ MapTa 2020 r. no mait 2022 .
Kputepuin HeBKNOYEHNS — pedpaKkTepHbIli cenTuyeckui Wok. [lemorpadmyeckne, KnuHuyeckue n nabopaTopHble
JaHHble nauneHToB ObiNK 3anucaHbl Ha MOMEHT FroCnMTanu3aLny 1 B Nepebie 5 CYyTOK NeveHuns. Pe3ynbmamail.
Mpy aHanu3e onepawMOoHHbIX XapakTEPUCTUK U KpUBbIX BblknBaeMocTu KannaHa—Meinepa Bo3pacT nauneHToB
>71 ropa, MHAEKC Macchl Tena >29,8 kr/m? u yposHu D-gumepa >1600 Hr/Mn 1 NpokanbLUTOHWUHA >3,4 HI/MN Gbinu
CTaTUCTUYECKM 3HAUNMO CBS3aHbI C pUCKOM cMepTu. [ins ABYX napameTpoB (ypoBHM D-aumepa v npokanbLMTOHWHA)
NPOrHOCTMYECKAs BeIMYMHA BPEMEHHOIO TpeHaa Obina CTaTUCTUYECKM 3HAYMMO BhILLE B CPABHEHUM C UX CYTOYHbI-
MU 3Ha4YeHMaMU. 3akroyeHue. YBenuyerne pucka cmeptu naumentos ¢ COVID-19 nHeBMOHWENR N KOMOPOMAHBIMM
3aboneBaHNsMM CBA3aHO C NOXWIbIM BO3PACTOM W BbICOKMM UHAEKCOM Macchl Tena, Ho He ¢ KoMopbuaHbIMu 3abo-
nesaHusmMu. BpemeHHble TpeHabl D-auMepa v npokanbLMToHWHa 061aaatoT 6onbLuei MPOrHOCTUYECKOMN LLEHHOCTbIO
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B CpaBHEHUU C NX CYTOYHbIMWN 3HAYEHUAMMU.

KntoueBble cnosa: COVID-19, nHeBMOHMS, KoMopBuaHble 3aboneBaHns, pUck CMEPTU, BPEMEHHbIE TPEHAbI

INTRODUCTION

MATERIALS AND METHODS

Main factors that contribute to risks of severe morbidity
and mortality in patients with COVID-19 and COVID-19-in-
duced pneumonia, in addition to age, are comorbid diseases
such as arterial hypertension, diabetes mellitus, overweight
and others [1-3, 6-9, 20].

Several large multicenter trials have examined clinical
and laboratory characteristics of patients when they were
admitted to an intensive care unit (ICU), where several
serum biomarkers predicted adverse outcome, including
elevated levels of interleukin-6, ferritin, C-reactive pro-
tein, lactate dehydrogenase, D-dimer, and fibrinogen, as
well as reduced levels of antithrombin and lymphopenia
[1, 5,10, 12, 20]. A comprehensive dynamic assessment
of patients’ clinical, laboratory, and hemodynamic fac-
tors is important for risk stratification when implementing
COVID-19 pneumonia treatment protocols. Since patients
with COVID-19 pneumonia and comorbid diseases re-
quire prolonged respiratory support in ICU, the use of
time trends of clinical and laboratory characteristics has
been proposed to estimate survival prognosis more accu-
rately [14].

AIM

The aim of was to evaluate risk factors for lethal out-
come in ICU patients with COVID-19 pneumonia with co-
morbid diseases based on time trend analysis of clinical and
laboratory characteristics.

Design — a retrospective observational multicenter re-
search was conducted on the basis of the Republican Cli-
nical Infectious Diseases Hospital and Clinical Emergency
Hospital (Ufa, Republic of Bashkortostan) from March 2020
to May 2022. The trial consecutively enrolled 130 patients
aged 18 to 75 years with laboratory-confirmed COVID-19
and/or a diagnosis of U07.1 (ICD-10 (highly suspected on
clinical grounds and/or confirmed by a positive real-time
polymerase chain reaction with reverse transcriptase (PCR
test) in nasal and pharyngeal swabs or lower respiratory
tract aspirate), hospitalized in ICU with acute respiratory
failure (blood oxygen saturation (SpO,) <90% with room
air or <95% with inhalation of 2 L of oxygen through nasal
cannulas) for respiratory support. Criteria for non-inclusion
were refractory septic shock, defined as requiring a dose
of norepinephrine or equivalent above >0.1 mcg/kg per mi-
nute or the use of two or more vasopressors.

Patients’ clinical data (respiratory support parameters:
high-flow oxygen therapy, non-invasive and artificial lung
ventilation (NIV and ALV); respiratory parameters: fraction
of inhaled oxygen (FiO,), SpO,/FiO, ratio; medications: an-
tiviral, immunomodulatory and vasoactive drugs, antibiotics,
corticosteroids) were recorded in the ProMed medical infor-
mation system at the time of hospitalization and then daily
during the first 5 days of treatment. Patients were treated
according to temporary methodological recommendations
of the Russian Ministry of Health that were relevant for the
period of hospitalization.
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Patients who died in the first 24 hours after admission
were excluded (n=5), thus 125 patients were included in
the final analysis. 110 (88.0%) patients had positive PCR
test results. Comorbid disease characteristics of patients
with COVID-19 pneumonia are summarized in Table 1. At
least 1 disease was reported in 29 patients, most com-
monly obesity (44.8%) or arterial hypertension (24.1%).
The remaining patients had 2 to 7 (total 217) diseases,
with an average of 2.26 diseases per patient. Arterial
hypertension was the most common comorbid disease
(54.4%), followed by heart disease (34.4%), obesity
(35.2%), and diabetes mellitus (21.6%). Arterial hyperten-
sion was associated with the highest number of comorbid
conditions, most commonly heart disease (33.6%), obe-
sity, and diabetes mellitus (equally 18.1% each). Heart
disease was legitimately most often accompanied by obe-
sity (15.5%) and cardiac arrhythmia (14.6%). Obesity and
diabetes mellitus were found in 9.5% of cases of comor-
bid diseases.

Statistical data processing was performed by using Med-
Calc software package (v 11.3.1.0, Belgium) in accordance
with recommendations for processing results of biomedical
studies. Continuous variables were presented as median
and 25-75% interquartile range, categorized variables were
presented as absolute values and relative frequency. Com-
parison of results between patient groups was performed
using the Mann-Whitney U-test for nonparametric variables
and Pearson’s ? test or Fisher’s exact test for correspon-
ding categorized variables. Kaplan-Meier survival estimates
were calculated and a log-rank test was used to compare
groups by survival.

RESULTS

Main vital signs and treatment modalities were moni-
tored at the onset of the disease (Table 2).

Median duration of fever in surviving patients was 12.6
(7.8-14.5) days, and cough persisted for 17.9 (13.0-25.6)
days (Figure 1). The median time from disease onset to
onset of dyspnea was similar in surviving and deceased
patients, with a median duration of 14.2 (8.6-17.6) days in
surviving patients. Median time from onset to tracheal in-
tubation and ventilator was 17.5 (11.9-21.0) days. Median
time from dyspnea to ventilator was 7.0 (3.0-9.5) days. Me-
dian duration of respiratory support was 5 (3—19) days ran-
ging from 1 to 70 days. Median duration of hospitalization in
ICU was 7.5 (3.5-15.6) days for deceased patients and 9.4
(4.7-24.0) days for surviving patients, ranging from 3 to 73
days. Median length of hospitalization was 19.5 (10.8-44.5)
days with a range of 1 to 96 days. Median time from on-
set to hospital discharge was 25.6 (15.2-36.0) days, and
median time to death was 19.6 (9.1-30.1) days. Cumula-
tive follow-up time from hospitalization to transfer from ICU
or death was 2655 days with a median of 22.1 (11.3-32.9
days) patient-days with a range of 4 to 50 days.

A comparative analysis of main symptoms of the disease
course and treatment tactics in surviving and deceased pa-
tients is presented in Figure 1.

At the time of admission to ICU, the SpO,/FiO, ratio
was 118.0% (63.1-172.8), and all patients required respi-
ratory support. 65.6% of patients required high-flow oxygen
therapy or NILV. Among 46 patients who required ventila-
tor support, 38 patients eventually died. Patients initially

Table 1
Comorbid diseases of patients with COVID-19 pneumonia
Tabnuua 1
Komop6uaHbie 3adoneBaHus naumeHToB ¢ COVID-19 nHeBMOHMeN
Xapaktepuctuku / Characteristics 3HaveHns / Values
ApTepuanbHas runepTeHans / Arterial hypertension, n (%) 68 (54,4)
CaxapHblit gnabet / Diabetes mellitus, n (%) 27 (21,6)
Oxwupenue / Obesity, n (%) 44 (35,2)
Ceppeunas aputmus / Cardiac arrhythmia, n (%) 18 (14,4)
3abonesanus cepaua / Heart diseases, n (%) 43 (34,4)
3abonesanus nerkux / Lung diseases, n (%) 20 (16,0)
3abonesanus noyek / Kidney diseases, n (%)/ 9(7,2)
3aboneanus neyenn / Liver diseases, n (%) 12 (9,6)
3nokavecTBeHHble HoBooGpa3oBaHus / Malignant neoplasms, n (%) 8 (6,4)
WHoekc YapnbcoHa, 6annsl / Charleson Index, points 3,1(1,6-4,8)
WHoekc YapnbcoHa >3 6annos / Charleson Index >3 points, n (%) 45 (36,0)
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Table 2
Demographic and clinical characteristics of stratified groups of patients with COVID-19 pneumonia
Tabnuya 2
Demorpadmyeckue n KNMHMYECKME XapaKTePUCTUKN cTpaTUdMLMpoBaHHbIX rpynn naumeHToB ¢ COVID-19 nHeBMOHMeN
Xapaktepuctukn / Characteristics BbikuBLume / Survival (n=55) Ymepume / Dead (n=70) p
MaumenTsl / Patients, n 55 70 -
Boaspacr, net / Age, years 63,0 (48,7-76,4) 72,1 (57,7-81,4) 0,001
MyxumHbl / Men, n (%) 27 (49,1) 37 (52,9) Hn /Ud
WMT «kr/m? / BMI, kg/m? 29,1 (23,4-34,8) 27,1 (22,2-32,0) 0,037
Opbiwka / Dyspnea, n (%) 52 (94,5) 65 (92,8) Ho /Ud
Kawenb / Cough, n (%) 52 (94,5) 67 (95,7) Ho/Ud
TINuxopagka / Fever, n (%) 50 (90,9) 67 (95,7) Hpn / Ud
lnowaab nopaxeHus nerkux HavanoHas / 39,3 (19,3-59,3) 46,8 (21,8-71,8) Hp / Ud
Initial area of lung damage, %
lnowaab nopaxexus nerkux / 64,9 (47,1-82,7) 62,0 (41,7-82,3) Hp / Ud
Final area of lung damage, %
MonoxwtenbHblit NMLIP-TecT / Positive PCR test, n (%) 52 (94,5) 58 (82,9) 0,048
Medukamenmsi / Medicines, n (%)
MpoTuBoBUpYyCHble / Antiviral 47 (85,5) 54 (77,1) Hpa / Ud
MoHoknoHanbHble aHTuTena / Monoclonal antibodies 13 (23,6) 20 (26,7) Hpa / Ud
['ntokokopTukocTepouabl / Glucocorticosteroids 55(100,0) 62 (88,6) 0,010
MoueroHHble / Diuretics 31(56,4) 40 (57,1) Ha / Ud
AHTukoarynsHTbl / Anticoagulants 51(92,7) 67 (89,3) Hpn / Ud
I'mnoTeHauBHble / Hypotensive 32 (58,2) 45 (64,3) Hpn / Ud
AHTOMOTHKM / Antibiotics 55(100,0) 61(87,1) 0,006
lleye6Hbie meponpusimusi, n (%)
PecnupatopHas nognepxka / Respiratory support 47 (85,4) 35 (50,0) 0,001
nBn/Mmv 8 (14,5) 35 (50,0) 0,001
BasonpeccopHas noaaepxka / Vasopressor support 19 (34,5) 21(28,0) Ha /Ud
HyTtputusHas nogaepxka / Nutritional support 31 (56,4) 52 (69,3) Hao/Ud

Note: Ud — unreliable differences; BMI — body mass index; MV — mechanical ventilation; PCR — polymerase chain reaction.
lMpumeyarue: VIBJ1 — nckyccTBeHHas BeHTUNALMS nerkux; UIMT — uHgekc macchl Tena; Ha — HegocToBepHble oTnuung; MLUP — nonumepasHas LenHas peakyus.

receiving respiratory support in the form of non-invasive
lung ventilation had a statistically significant lower risk of
death than patients initially receiving ventilator support: re-
lative risk (RR) 0.82; 95% CI 0.72-0.95; p=0.010. Patients
who initially received respiratory support by NILV followed
by a switch to ventilator had a statistically significant hig-
her risk of death compared to patients whose respiratory
support was limited to NILV: OR 1.49; 95% CI 1.23-1.78;
p=0.010. The mortality of patients with subsequent ventila-
tor support was similar to patients who received ventilator
support from the beginning of hospitalization: OR 1.18; 95%
Cl1 0.75-1.33; p=0.120. 80.8% of patients received antiviral

drugs, 92.8% of patients received antibiotic therapy, 26.4%
of patients received monoclonal antibodies, and 93.6% of
patients received corticosteroids. Time median from onset
of illness to treatment was 9.9 (82-17.4) days for surviving
patients receiving antiviral drugs.

Table 3 presents time trends consisting of 23 parame-
ters over the course of hospitalization in stratified patient
groups.

Baseline lymphocyte levels were roughly equal in sur-
viving and deceased patients at onset; surviving patients
had the lowest lymphocyte levels on day 7-8 after onset
and returned to normal during hospitalization, whereas
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Time trends of the vital characteristics of stratified groups of patients with COVID-19 pneumonia

Table 3

Tabnuua 3

BpemeHHbIe TpeHAbI XU3HEHHO BaXHbIX XapaKTePUCTMK Y CTPaTMhULMPOBaHHbIX rpynn nauueHToB ¢ COVID-19 nHeBMOHMel

BbnkuBLuve / Survival (n=55) Ymepuve / Dead (n=70)
Mokasatenu / Mepesog
Indicators locruranmsaLys / 8 OPUT / Havano MBI/ | Focnutanmsauns / | Mepesoa B OPUT /| Havano VBT / p
Hospitalization Start MV Hospitalization ICU transfer Start MV
ICU transfer
CAL, mm pt.cT. / MAP, 95,0 (83,7- 93,8 87,8 (72,1- 95,1 (85,1- 96,2 (83,6-108,8) | 89,6 (71,8-107,4) | Ha/Ud
mm Hg 106,3) (74,8-112,8) 103,5) 105,1)
YCC, muH / RR, min 89,7 (75,2- 86,2 92,6 (72,5~ |87,4(76,0-98,8) | 84,4(70,3-98,5) | 85,9 (69,7-102,1) | Ha/Ud
104,2) (72,8-99,6) 112,7)
YOO, MuH / HR, min 23,4 (20,9- 25,2 28,1(23,0- |23,3(20,3-26,3) | 23,8(20,6-27,0) | 25,4(20,8-30,0) | Ha/Ud
25,9) (22,6-27,8) 33,2)
Temnepatypa Tena / 37,4 (36,7- 36,9 36,9 (36,2- |37,3(36,6-38,0)| 36,9 (36,5-37,3) | 36,6 (35,9-37,3) | Ha/Ud
Body temperature, °C 38,1) (36,3-37.,5) 37,6)
SpO,/FiO, 177,4 (164,1- 115,2 90,4 (76,3- 174,8 (158,4- |120,8 (58,7-182,9)| 90,0 (76,7-103,3) | Ha/Ud
190,4) (67,6-162,8) 104,5) 191,2)
F'emorno6u, r/n / 125,8 (100,4- 119,8 115,0 124,2 (96,8 [123,4(99,9-157,0) | 114,1 (87,9-140,3) | Ha/Ud
Hemoglobin, g/l 151,2) (93,7-145,9) | (89,5-140,5) 151,2)
OpuUTpoLNTBI, X 42(3,3-51) | 3,9(3,1-4,7) | 3,9(3,0-4,7) 4,2 (3,4-5,0) 4,1(3,3-4,9) 3,9(3,0-4,8) Hpn / Ud
108/mkn / Erythrocyte,
x108/vcl
NeitkouuTsl, x103mkn / | 8,4 (4,2-12,6) 11,6 14,7 (6,1-23,3) | 8,9 (3,3-14,5) 12,5 (5,1-19,9) 15,5 (4,2-26,8) Ha / Ud
Leukocyte, x103/vcl (5,6-17,6)
NumcpouuTbl, x10%mkn / 1,15 (0,35- 0,83 0,90 (0,15~ [1,03(0,37-1,69) | 0,66 (0,06-1,24) | 0,68 (0,14-1,22) | Ha/Ud
Lymphocyte, x10%/mcl 1,95) (0,20-1,46) 1,65)
Heitrpodouribl, x10%mkn / | 8,4 (7,4-9,3) | 8,8(7,9-9,7) | 8,5(7,3-9,7) 8,1(6,8-9,4) 8,4 (7,5-9,4) 8,6 (7,6-9,6) Hp / Ud
Neutrophils, x10%/mcl
TpomGoumTel, x103/mkn /| 194,1 (100,5- 216,2 193,6 202,4 (112,2- 2147 (111,2- | 206,0 (94,5-317,5)| Ha/Ud
Platelets, x10%/mcl 187,7) (103,1-329,3) | (78,5-308,7) 292,6) 318,2)
COJ, mmMyac / 37,8 (21,9- 42,6 31,9(9,9-53,9) | 33,4 (14,2-52,6) | 31,9 (15,7-48,1) 27,4 (9,3-45,5) Hp / Ud
ESR, Imm/h 53,7) (11,4-73,8)
lniokosa, mmons/n/ | 9,1(3,7-14,5) | 9,3 (4,6-14,0) | 10,2 (6,7-15,7) | 8,4 (4,8-12,0) 8,2 (4,4-12,0) 10,2 (2,1-18,3) Hpa / Ud
Glucose, mmol/l
Hatpwit, Mmonb/n / 139,2 (131,4- 139,8 143,2 (132,7- | 138,1 (131,7- 138,5 (133,1- 141,6 (133,5- Hp / Ud
Sodium, mmol/l 147,0) (132,4-209,6) 153,7) 144,5) 143,9) 149,7)
Kanuin, mmons/n / 44 (3,3-55) | 4,3(3,6-5,0) | 4,7(3,4-6,0) 4,6 (3,4-5,8) 4,2 (3,3-51) 4,7 (3,2-6,2) Ha / Ud
Potassium, mmol/l
KpeaTuHuH, Mkmons/n / 107,5 101,1 118,5 87,9 (42,6- 82,7 (32,7-147,6) | 101,0 (58,0-198,0) | Ha/Ud
Creatinine, mcmol/l (29,7-185,3) | (32,6-209,6) | (60,7-220,2) 133,2)
Bunupy6uH, mkmons/n /| 8,9 (3,2-15,0) 10,6 12,4 (7,0-25,5) | 12,5(3,2-32,2) | 10,4 (6,0-24,8) 8,6 (3,9-14,3) 0,004
Bilirubin, mcmol/l (4,9-26,3)
ANT, Ea/n/ 35,3 (16,5— 39,0 42,7 (10,3- [33,4(17,1-59,7) | 39,8 (12,7-66,9) | 52,9 (13,8-102,0) | Ha/Ud
ALT, un/I 54,1) (12,8-65,2) 85,2)
ACT, En/n/ 53,6 (17,8 54,1 64,1 (18,5~ |54,7(10,2-99,2) | 63,9 (13,9-150,0) | 62,9 (11,7-107,2) | Hg/Ud
AST, un/l 89,4) (12,5-105,7) 99,7)
MHO / INR 1,1(0,9-1,3) | 1,2(1,0-1,4) | 1,3(0,9-1,7) 1,2 (0,8-1,6) 1,2 (0,9-1,5) 1,3 (0,7-1,9) Ha / Ud
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Ending of the table 3/ OkonyaHue mabn. 3

BbikuBLume / Survival (n=55) Ymepuwme / Dead (n=70)
Mokasatenu / Mepesoa
Indicators locnuTanmsaLys / 8 OPUT / Hauano VBN/ | Focnuranusaumsa/ | Mepesoa 8 OPUT /| Havano UBJT/ p
Hospitalization Start MV Hospitalization ICU transfer Start MV
ICU transfer
AYTB, cek / 33,9 (25,1- 33,8 36,5 (19,7- | 32,6 (24,1-41,1) | 34,4 (18,6-50,2) | 33,7 (20,2-47,2) | Ha/Ud
APTT, sec 42,7) (25,3-42,3) 53,3)
OubpuHoreH, r/n / 52(4,1-6,3) | 48(34-6,2) | 4,1(2,8-54) 4,7 (3,5-5,9) 4,7 (3,1-6,3) 3,5(2,2-4,8) Ho / Ud
Fibrinogen, g/l
D-gumep, Hr/mn / 1409 (365- 1506 1532 (1249- 2453 (773~ 1850 (424-3274) | 3031 (1759-4303) | 0,001
D-dimer, ng/ml 3154) (419-2993) 2782) 4133)
Bernok, r/n/ 62,6 (50,4— 57,3 50,9 (43,2- |66,3(59,0-73,6) | 59,0 (50,4-67,6) | 54,0 (45,3-62,7) | Ha/Ud
Protein, g/l 74,8) (68,4-66,2) 58,6)
AnbBymuH, r/n/ 32,5 (26,4 28,6 26,2 (20,4- |32,8(26,1-39,5) | 30,5(24,4-36,6) | 29,4 (24,8-34,0) | Hgn/Ud
Albumen, g/l 38,6) (24,0-33,2) 32,0
lMpokanbuutoHuH, Hiimn /| 2,7 (0,7-8,1) | 1,7 (0,9-5,5) | 2,8(0,8-8,8) 2,8 (0,8-6,7) 5,6 (2,2-17,9) 11,2 (4,5-17,9) Hp / Ud
Procalcitonin, ng/ml
CPB, mr/n / 101,7 98,9 97,3 (24,3- 123,5(23,2- |106,9 (17,6-196,2) | 118,1 (12,2-234,0) | Ha/Ud
CRP, mg/l (15,1-188,3) | (14,4-193,4) 153,9) 245,9)

Note: ALT — alanine aminotransferase; AST — aspartate aminotransferase; APTT — activated partial thromboplastin time; CRP — C-reactive protein; ESR — erythrocyte
sedimentation rate; HR — heart rate; ICU — intensive care unit; INR — international normalized ratio; MAP — mean arterial pressure; MV — Mechanical ventilation;
RR — respiratory rate; ud — unreliable differences; FiO, — fraction of inspired oxygen; SpO, — blood oxygen saturation.
MpumeyaHue: AIIT — anaHuHamuHoTpaHcdepasa; ACT — acnaptatamuHoTpaHcdepasa; AYTB — akTBMpoBaHHOE YacTuyHoe TpombonnactuHosoe Bpems; UBMT —
CKyCCTBEHHas BeHTUnAUmMs nerkux; MHO — mexayHapogHoe HOpManu3oBaHHOE OTHOLIEHME; HLL — HepoCcToBepHble otnnuus; OPUT — oTaeneHue peaHnmavum
1 nHTeHcuBHoi Tepanuu; CALl — cpenHee apTepuarnbHoe faeneHne; CO3 — ckopocTb ocefanust aputpountos; CPB — C-peaktusHblit 6enok; YA — vactoTa

AblxaTenbHbix ABuxermit; YCC — yacToTa cepaeyHbIX cokpalyeHnin; FiO, — dpakums Basixaemoro kucnopoaa; SpO, — caTypauus KpoBu KUCIOPOLOM.

lymphopenia without dynamics was observed in de-
ceased patients. D-dimer levels were clearly elevated in
deceased compared to surviving patients throughout the
clinical course and increased as the course of the di-
sease worsened. In deceased patients, procalcitonin le-
vels increased rapidly from day 7-8 after disease onset,
whereas CRP levels decreased from day 12 of illness in
surviving patients. Daily values of three parameters (re-
spiratory rate, erythrocyte sedimentation rate, and total
bilirubin) were statistically significantly associated with
a lower risk of death. The prognostic value of time trend
was statistically significantly higher for two parameters
(D-dimer and procalcitonin levels) compared with their
daily values.

ROC-analysis of multiple clinical and laboratory para-
meters of heart, lung, kidney, liver and blood coagulation
system at the time of hospitalization was performed. Only age
>71 years, BMI >29.8 kg/m?, D-dimer levels >1600 ng/mL and
procalcitonin levels >3.4 ng/mL were strongly associated
with the risk of death (Table 4). At the same time, the de-
gree of comorbidity severity (Charlson index) almost did not
determine the outcome of the disease.

Assessment of Kaplan-Meier survival curves showed
statistically significantly lower survival in elderly patients

with higher BMI. Moreover, they had higher levels of bio-
markers (Table 5).

DISCUSSION

Clinical and laboratory parameters, as well as out-
comes of consecutively hospitalized patients with comor-
bid diseases who had severe acute respiratory failure as-
sociated with COVID-19 pneumonia were described in the
research. In order to identify risk factors for death, daily
values and time trends of 23 clinical and laboratory para-
meters associated with acute organ dysfunction, blood co-
agulation disorders, and inflammatory response during the
first 5 days of treatment and their relationship with mor-
tality were analyzed. The majority of patients were hospi-
talized in ICU due to acute hypoxemic respiratory failure,
which required respiratory support ranging from high-flow
oxygen therapy to ventilator support. Overall mortality
amounted to 56.0%, reaching 81.4% in patients on ALV.
34.4% of patients required ALV, which was consistent with
previously published data ranging from 15 to 71%. The
rate of NIVL use was 65.6% which appeared to be higher
than previously cited rates varying from 14 to 62% [8, 12,
15, 18, 20].
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Table 4
Operational characteristics of ROC-analysis
Tabnuua 4
OnepaunoHHble xapaktepucTuku ROC-aHanm3sa
XapaKTepI/l(.)TI/.IKVI/ Touka pasaeneHys /| NMnowaab nog ROC-kpusoit / 95% U1/ CI b
Characteristics Cut of point AUG ROC
Bospacr, net / Age, year 71 0,69 0,61-0,78 0,001
WMT, kr/m? / BMI, kg/m? 29,8 0,61 0,51-0,69 0,047
WHpeke YapnbcoHa, 6annbl / Charleson Index, points 3 0,57 0,48-0,66 0,154
KopTukoctepougpl, CyTku HasHayeHms / 8 0,80 0,69-0,85 0,001
Corticosteroids, daily prescription
D-pumep, Hr/mn / D-dimer, ng/ml 1600 0,62 0,53-0,70 0,023
lMpokanbLMTOHWH, Hr/Mn / procalcitonin, ng/ml 3,4 0,57 0,48-0,66 0,099
Note: Cl — confidence interval; IBM — body mass index.
MpumeyaHue: I — noseputenbHbli nHTepBan; MMT — nHgekc macckl Tena.
Table 5
Comparison of Kaplan-Meier survival curves
Tabnuua 5
CpaBHeHue KpuBbIX BbixuBaemocTn KannaHa—Meiiepa
Xapaktepuctuku / Characteristics OP/OR | 95% W /Cl | BenuuuHa p / Magnitude p
Bospact >71 ropa / Age >71 years 2,83 1,75-4,58 0,001
WMT >29,8 kr/m? / BMI >29.8 kg/m? 1,60 1,07-2,66 0,044
WHpexc YapnbctoHa >3 6annos / Charleson Index >3 points 1,35 0,69-2,64 0,310
KopTtukoctepomabl >8 cyTok HasHaueHus / Corticosteroids >8 days of prescription 3,67 2,24-6,00 0,001
[-nuvep >1600 Hr/mn / D-dimer >1600 ng/ml 2,09 1,16-3,78 0,010
MpokanbuuToHWH >3,4 Hr/mn / Procalcitonin >3.4 ng/ml 219 1,24-3,89 0,003

Note: Cl — confidence interval; IBM — body mass index; OR — odds ratio.

Mpumeyanue: AN — poseputenbHbin uHTepsan; UMT — nHgekc maccsl Tena; OP — OTHOLLEHWe puCKOB.

Our cohort trial identified several clear adverse out-
come factors in patients with COVID-19 pneumonia and
comorbid conditions. Among them there were age older
than 71 years, BMI greater than 29.8 kg/m?, levels of D-di-
mer greater than 1600 ng/mL and procalcitonin greater
than 3.4 ng/mL. These factors were associated with higher
risks of in-hospital mortality. It has been previously repor-
ted that older age is an important independent predictor of
mortality in SARS and MERS [4, 11]. Our findings confirm
that patient mortality was particularly high among elderly
males. The median age of patients hospitalized in ICU was
69.0 (59.7-79.2) years, indicating that older age is a risk
factor.

Two parameters of risk factors for death showed a
statistically significant greater difference in time trends
between surviving and deceased patients than their daily
value. Thus, it confirms the data that changes in clinical
parameters during the first days of treatment differ be-

tween surviving and deceased patients and that the dy-
namics of variables during treatment are more relevant
than their daily value at the time of patient hospitalization
[13, 16, 17, 19]. A strong association between the risk of
death and a biomarker of coagulation system dysfunction
was found.

The influence of D-dimer time trend levels in relation to
the risk of death exceeded the daily value of this parameter
on any day of measurement. Many clinical and laboratory
parameters of organ failure and inflammatory response,
which were recorded at the time of hospitalization of pa-
tients, were greater in deceased patients, and these diffe-
rences increased in the course of treatment. Thus, early
and timely detection of the time trend of the most threa-
tening parameters at the time of hospitalization may help
to reduce organ damage and optimize treatment. At the
same time, there was no relationship between the degree
of comorbidity severity and the risk of developing lethal
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outcome. There are several limitations in the study. Data
on pre-existing comorbid conditions were obtained from the
medical information system, hence their severity was not
assessed. Considering a difficult study period, not all labo-
ratory tests were performed in all patients, including lactate
dehydrogenase and serum ferritin, so their role in predicting
unfavorable outcome may be underestimated. Interpretation
of results may be limited by a small sample of patients. A
larger sample may help to determine prognostic values of
predictors of adverse outcomes such as hospitalization in
ICU, ALV or death.

CONCLUSION

1. Increased risk of death in patients with COVID-19
pneumonia and comorbid diseases was associated with
older age (OR 2.83; 95% CI 1.75-4.58; p=0.001) and high
BMI (OR 1.60; 95% CI 1.07-2.66; p=0.044), but not with
comorbid diseases.

2. Time trends of clinical and laboratory parameters as-
sociated with acute organ dysfunction or systemic inflam-
mation such as high levels of D-dimer (OR 2.09; 95% CI
1.16-3.78; p=0.010) and procalcitonin (OR 2.19; 95% CI
1.24-3.89; p=0.003), have greater prognostic value com-
pared to their daily single rates.
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AOMNOJIHUTENIbHAA UHOOPMALIUA

Bknag aBTOpOB. BCce aBTOPbI BHECIU CYLLECTBEHHDIN
BKNag B pa3paboTKy KOHLENuuu, NpoBeAeHue uccnenosa-
HWS 1 MOArOTOBKY CTaTbM, MPOYIM M 0f400pUNM UHANBHYIO
Bepcuio nepep nybnukauyuen.

KoHnukT mHTepecoB. ABTOpPbI JEKNapupyT OTCyT-
CTBME SBHbIX W MOTEHUMANbHbIX KOH(IMKTOB WHTEPECOB,
CBS3aHHbIX C Nybrmkaumen HacTosLEN CTaTbi.

WUcTouHuK chmHaHcMpoBaHuA. ABTOpbI 3asBRsOT 06
OTCYTCTBWW BHELIHEro (hMHaHCMPOBaHWUS NP MPOBEAEHUM
“ccnegoBaHus.

WUHhopmupoBaHHOe cornacue Ha ny6nukaumio. As-
TOPbI MOMYYMAN NUCbMEHHOE COornacKe NauMeHTOB Ha ny-
Brmkaumio MeAULIMHCKNX SaHHBbIX.
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Abstract. The study of the role of the neuroendocrine system in the modulation of pain remains relevant. The
analgesic properties of arginine vasopressin (AVP) are known, but the mechanisms underlying these effects
are poorly understood. The aim of the study was to evaluate the effect of vasopressin receptor agonist type
2, 1-deamino-8-D-arginine-vasopressin, DDAVP, on pain sensitivity and the content of norepinephrine (NE),
serotonin (5-HT), dopamine (DA) and brain neurotrophic factor (BDNF) in the parietal cortex and spinal cord
in the test of thermal immersion of the tail in rats. The study was conducted on male Wistar rats. The animals
were divided into 4 groups: group 1 — intact rats; group 2 — received saline solution; Group 3 — received
DDAVP in a single dose of 2 ng and a cumulative dose of 10 ng; group 4 — received DDAVP in a single dose
of 2 ug and a cumulative dose of 10 ug. DDAVP was administered intranasally once a day for 5 days. The
saline solution was administered according to the peptide application scheme. The content of corticosterone
in blood serum was determined by enzyme immunoassay. The content of NE, 5-HT, DA and their metabolites
in the brain was assessed using high-performance liquid chromatography. BDNF levels were assessed
using enzyme immunoassay. DDAVP in different doses reduced pain sensitivity in rats. When DDAVP was
administered in small doses, the content of NE decreased in the parietal cortex; NE levels increased and
5-HT content decreased in the spinal cord. After administration of the peptide in large doses, the content of
NE decreased in the parietal cortex, and the levels of 5-HT decreased in the spinal cord. DDAVP in different
doses increased the content of BDNF in the parietal cortex and spinal cord. Thus, it was found that DDAVP-
induced analgesia is associated with the modulatory effect of the peptide on the exchange of NE, 5-HT and
BDNF at the supraspinal and spinal levels.

Keywords: vasopressin, pain, corticosterone, norepinephrine, serotonin, dopamine, brain neurotrophic factor
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Pe3stome. CoxpaHsieT CBOK aKTyanbHOCTb M3YYEHUE PONM HEMPOIHAOKPUHHON CMCTEMBI B MoAynsauum 6onu. M3secT-

Hbl @aHanreTUYeckne CBONCTBA apruHuH-BasonpecchHa (ABIT), HO MexaHU3MbI, Nexallne B OCHOBE 3THX 9Gh(eKTOB,
n3y4yeHbl Mano. Lienbto nccnenosanns bbina oueHka BIUSHWS aroHUCTa peLenTopoB Bas3onpeccuHa 2-ro tuna,

1-pe3amnHo-8-D-apruHuH-BasonpeccuHa (AJABI) Ha 6oneByto YyBCTBUTENBHOCTb W COAEPXaHNE HOpaapeHannHa

(NE), cepoTtoHunHa (5-HT), nodamuna (DA), HelrpoTpoduyeckoro aktopa mosra (BDNF) B TemeHHOI Kope U CMIMHHOM

MO3re B TeCTe TEeMoBoi UMMepcum XBocTa Y Kpbic. ccnenoBaHne NpoBeAeHo Ha camuax Kpbic nuHumn Buctap. Xu-

BOTHbIX pa3fgenunu Ha 4 rpynnbl: 1-9 rpynna — WHTaKTHbIE KPbIChI; 2-9 — NONyYMBLIME (PU3NONOTMYECKUIA pacTBOp;

3-9 — nonyuuslumne ALABI B ogHOKpaTHOM J03€ 2 HF 1 KymynsaTueHon fo3se 10 Hr; 4-9 — nonyymswue JOABI B
OAHOKpPATHON Jo3e 2 MK 1 KymynsatusHon fose 10 mkr. JOABIT BBOAMAN MHTpaHa3anbHo 1 pa3 B AeHb B TeYeHMe
5 gHen. ®usnonormyeckuin pacTeop BBOAUIM NO CXEME NMpUMeHeHnst nentuga. CogepxaHue KOPTUKOCTEPOHA B
CbIBOPOTKE KPOBM OMPEAENSNMN C MOMOLLbI0 MMMYHOEPMEHTHOTO aHann3a. OueHnsanu cogepxanne NE, 5-HT, DA

1 UX MeTabonmMTOB B MO3re C UCMONb30BaHMEM BbICOKO3(EKTUBHON KMAKOCTHON XpomaTorpadum; yposH BDNF —
C NpUMeHeHnem MMyHodhepMeHTHoro aHanusa. [ABI B pasHbix fo3ax cHuxan 60neByto YyBCTBUTENBHOCTb Y KPbIC.

Mpwv BBeaeHnn JABI B Manbix 4o3ax B TEMEHHOM KOpe CHU3MOCh cogepxanue NE; B CnHHOM MO3re NoBbICUANCH
ypoBHU NE, cHuaunock cogepxanue 5-HT. Mocne BBegeHns nentuaa B 60nbLUKMX JO3aX B TEMEHHOM KOpe YMEHbLUK-
nocb cogepxanune NE, B cnnHHom mosre — yposuu 5-HT. J[LABIT B pa3Hbix fo3ax yBenuyusan cogepxarune BDNF B

TEMEHHOM KOpe M CNIMHHOM Mo3re. Takum 06pa3om, 6610 yecTaHoBMEHO, YTO BhidBaHHas [[JABI1 aHanre3us cBsizaHa
C MOZYNATOPHbIM BNusiHueM nentuaa Ha o6meH NE, 5-HT n BDNF Ha cynpacnnHansHOM v CMHAINbHOM YPOBHSIX.

KntoueBble cnoBa: Ba3onpeccuH, 6omb, KOPTUKOCTEPOH, HOpaapeHanuH, CEPOTOHUH, AothaMUH, HEMPOTPODUYECKIIA

akTop mo3ra

INTRODUCTION

Exploring mechanisms that cause pain and searching
for new ways of its reduction remains actual. Recently,
there has been considerable interest in analogs of endoge-
nous neuropeptides, especially through their intranasal ad-
ministration in clinical practice. One of such substances is
arginine vasopressin (AVP), which exhibits peripheral and
central properties [3, 4, 9]. AVP realizes its effects by ac-
tivation of three types of receptors: V1aR, V1bR and V2R
[9]. The involvement of V1aR in pain modulation has been
established [4, 20]. The role of V2R in this process is poorly
understood. The neurochemical mechanisms of the analge-
sic effects of AVPs are practically unknown.

It was previously shown that AVP and the V2R agonist,
1-desamino-8-D-arginine-vasopressin  (DDAVP), caused
analgesia in rats in models of acute and chronic pain, under
different types of exposure (thermal, mechanical, chemi-
cal), and during central and peripheral administration of the
peptide [4]. It is known that AVP is involved in modulating

stress-responsiveness, and stress can induce analgesia [6,
17]. Clinical trials have shown that DDAVP reduced the se-
verity of tension headaches, renal colic, and pain caused by
orthopedic interventions and degenerative-dystrophic spine
diseases when administered intranasally [1, 11, 24, 25].
The involvement of noradrenergic, serotoninergic and
dopaminergic systems, brain-derived neurotrophic factor
(BDNF) in pain modulation is well known [4, 13, 16]. Ac-
cording to the literature, administration of AVP and DDAVP
caused changes in the levels of norepinephrine (NE), se-
rotonin (5-NT), dopamine (DA), and BDNF in brain and
blood in rats [2, 4, 30]. There are no data on the effect of
DDAVP on pain sensitivity, BDNF content and monoamine
neurotransmitters in the model of acute thermal pain in rats.

AIM

The aim of the research was to evaluate the effect of
1-desamino-8-D-arginine-vasopressin  when administered
intranasally. Pain sensitivity and brain content of norepi-
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nephrine, serotonin, dopamine and their metabolites, brain
neurotrophic factor were examined using the thermal tail im-
mersion test in rats.

MATERIALS AND METHODS

30 sexually mature male Wistar rats were analyzed
(Rappolovo nursery, initial body weight 22025 g), all rats
were kept under standard vivarium conditions. All animals
were divided into 4 groups by the method of block rando-
mization: Group 1 included 8 intact rats (control group, CG);
Group 2 — 7 animals that received saline solution; Group
3 — 7 rats that received DDAVP in a single dose of 2 ng
and cumulative dose of 10 ng; Group 4 — 8 animals that re-
ceived DDAVP in a single dose of 2 ug and cumulative dose
of 10 pg. Rats were injected with synthetic analog of AVP,
water solution of DDAVP, Ferring s.p.a., Italy, intranasally
once a day for 5 days. Saline solution was administered
according to the scheme of DDAVP administration.

Thermal irritation of tail skin was performed by immers-
ing it in a container with water heated to a temperature of
52.0+£0.1 °C [5]. To determine the nociceptive response
threshold (NRT), tail retraction time in seconds was re-
corded. Mean NRP values were determined in each animal
using 6-fold measurements. The percentage of analgesia
(% A) was calculated using the formula:

A= (P-D)/(15-D) - 100%,

where A is the percentage of analgesia or the percentage of
maximum possible effect; P is the latent period of reaction
in seconds after administration of DDAVP or saline solution;
D is the latent period before drug administration; 15 s is the
maximum time of heat exposure in seconds [20].

Following the last latency measurement, all animals
were euthanized by decapitation, mixed arteriovenous
blood was obtained, and the brain and spinal cord with Ls—
S, spinal roots were extracted. After blood was collected, a
tube was placed in a thermostat (37°C) and incubated for
30 min until clot formation, then the clot was gently sepa-
rated from the tube walls, the sample was centrifuged for
10 min at 200 g and the supernatant (serum) was collected.
Blood corticosterone content was estimated in the serum
collected after euthanasia using a commercial reagent kit
by Enzo Ne ADI-900-097 ELISA kit. All manipulations were
performed in exact accordance with the instructions.

In order to determine the content of neurotransmitters and
their metabolites, brain tissue samples were homogenized in
0.1 H perchloric acid, centrifuged for 30 min at 10,000 g and
4 °C, and the supernatant was collected. The levels of NE,
5-HT, DA and their metabolites (3,4-dihydroxyphenylacetic
acid (DOPAC), homovanillic acid (HVA), 5-hydroxyindoleacetic

acid (5HIAA)) were determined by using high-performance
liquid chromatography according to the technique [31].

To determine BDNF content, brain tissue samples
were homogenized with a hand homogenizer in lysis buf-
fer (20 mM Tris, 150 mM NaCl, 0.1% Triton X-100, 5 mM
EDTA, 1 mM FMSF, pH 7.6). Then the samples were centri-
fuged for 20 min at 4 °C, 5000 g and the supernatant was
collected. The samples were stored at —70 °C. The concen-
tration of BDNF in tissue homogenates was determined by
enzyme-linked immunosorbent assay using a commercial
reagent kit Rat BDNF ELISA Kit (ab213899); the procedure
was performed according to the manufacturer’s instructions.

Statistical analysis was performed using STATISTICA
8.0 program (StatSoft, USA). Normality of distribution was
checked by the Shapiro-Wilk test. All data were expressed
as mean values + standard deviation. Statistical differences
were tested using Student’s criterion for independent sam-
ples or analysis of variance (for dependent or independent
samples) followed by Tukey’s post-hoc test. p <0.05 was
regarded as statistically significant.

RESULTS

There were no differences in pain sensitivity in the CG
and the rest of the groups before administration of saline and
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0 Kowrpons/  Owa.p-p/  [ABM NOABN
Control Saline 2 Hr/cyT, 2 mkr/cyT,
10 Hr/ikypc /10 mkr/kypc /
DDAVP DDAVP
2 ng/day, 2 ug/day,
10 ng/corse 10 ug/course
[]Ho [I] Nocne
Fig.1. Effect of DDAVP on pain sensitivity in the tail heat
immersion test in rats (M£SEM, s). * — difference from
control group at p <0.05; # — difference before and after
administration of DDAVP at p <0.05
Puc.1. Bnusaxue [JABI Ha GoneByto Y4yBCTBUTENbLHOCTL B TeCTe

TEennoBoi MMMepcum xaocTa y kpbic (MESEM, c). * — otnu-
yme ot K npu p <0,05; # — oTnuume o n nocne BBeAEHUA
O0ABI npu p <0,05
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Table 1

Serum corticosterone content in rats after administration
of DDAVP (M+SEM, ng/ml) in the tail heat immersion test in rats

Tabnuya 1

CopepxaHue KOPTMKOCTEPOHA B CLIBOPOTKE Y KPbIC
nocne seeaeHus AOABI (M*SEM, Hr/mn) B TecTe
TENnoBoW MMMEPCUM XBOCTA Y KpbIC

[pynnbl XMBOTHbIX /
Groups of animals

Copepxanue
KOPTUKOCTEPOHa, Hr/mn /
Corticosterone content, ng/ml

KoHTponbHas rpynna /
Control group (n=8)

256%23

®uanonornyeckuii pactaop /
Saline (n=7)

269+23

OOABM (2 wr/cyT, 10 Hr/kypc; n=7)/
DDAVP (2 ng/day, 10 ng/course; n=7)

325+40

OOABI (2 mkr/cyT,
10 mkr/kypc; n=8) /

DDAVP (2 ng/day,
10 pg/course; n=8)

355+34

80 =
* *®
60 = _ —_
<C
=2
40 =
20 =
0 T T T
du3. p-p/ [OABN OOABN
Saline 2 HrlcyT, 2 MKr/cyT,
10 Hr/kypc /10 mkr/kypc /
DDAVP DDAVP
2 ng/day, 2 ug/day,
10 ng/corse 10 ug/course
Fig. 2.  Percentage of analgesia upon administration of DDAVP in
the tail heat immersion test in rats. * — difference from the
introduction of saline solution at p <0.05
Puc. 2. TMpoueHT ananresuu npu BBegeHuu [OABI B TecTe Tenno-

BOW MMMEPCUM XBOCTa Y KPbIC. * — OTANYME OT BBEAEHMA
¢usnonoruyeckoro pactsopa npu p <0,05

Table 2
Effect of DDAVP on the content of BDNF, neurotransmitters and their metabolites in the parietal cortex of rats
Tabnuua 2
Bnusaxue OOABIM Ha cogepxaHue BDNF, HeiipomeanaTopoB U X MeTabonuToB B TEMEHHOI KOpe Y KpbIC
O0ABM / DDAVP
[MokasaTtens / KoHtponb / ®unanonornyeckuii pactaop /
Indication Control (n=5) Saline (n=7) 2 urleyT, 10 Hr/kype / 2 mkr/cyT, 10 mkr/kypc /
2 ng/day, 10 ng/course (n=7) | 2 ug/day, 10 pg/course (n=7)
BDNF, nr/mr / 20,6+1,62 25,60+1,69 39,8046,58* 29,63+4,28*
BDNF, pg/mg
NE, Hr/mr 6enka / 2,42+0,64 1,80+1,18 0,32+0,20* 0,26+0,14*
NE, ng/mg protein
DA, Hr/mr 6enka / 0,29+0,20 0,30+0,17 0,74+0,23 0,46+0,21
DA, ng/mg protein
DOPAGC, Hr/mr berka / 0,33+0,17 0,30+0,18 0,3240,13 0,4740,14
DOPAC, ng/mg protein
HVA, Hr/mr 6enka / 0,26+0,16 0,16+0,09 0,23+0,13 0,26+0,10
HVA, ng/mg protein
5-HT, Hr/mr 6enka / 0,27+0,18 1,78+1,10 1,43+0,54 1,36+1,12
HVA, ng/mg protein
5-HIAA, Hr/mr Genka / 2,98+1,26 3,9141,52 1,7840,51 3,19+0,81
5-HIAA, ng/mg protein

Note: * — differences compared to control group at p <0.05
MpumeyaHue: * — OTNMYMS NO CPABHEHMIO C KOHTPONbHOI rpynnoit npu p <0,05.
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Table 3
Effect of DDAVP on the content of BDNF, neurotransmitters and their metabolites in the spinal cord of rats (M£SEM, units)
Tabnuua 3
Brnmsnue OAABI Ha cogepxanue BDNF, HelipomeauaTopoB 1 Ux MeTaboMToB B CMIMHHOM Mo3re Y Kpbic (MESEM, eanHuubi)
NOABI / DDAVP
Mokasatenb / KonTponb / duanonornyeckmin pactaeop /
Indication Control (n=5) Saline (n=7) 2 Hr/cyt, 10 mkr/kypc / 2 mkr/eyt, 10 mkr/kypc /
2 ng/day, 10 pgl/course (n=7) | 2 ug/day, 10 ug/course (n=7)
BDNF, nr/mr / BDNF, pg/mg 17,716 25,8+1,36 29,0+1,87* 40,6+3,3"%
NE, Hr/mr 6enka / 0,68+0,07 0,9+0,56 1,60+0,28* 0,43+0,12
NE, ng/mg protein
DA, Hr/mr 6enka / 0,46+0,1 0,67+0,19 0,64+0,13 0,57+0,09
DA, ng/mg protein
DOPAC, Hr/mr 6ernka / 0,32+0,10 0,56+0,05 0,50%0,11 0,43+0,16
DOPAC, ng/mg protein
HVA, Hr/mr 6ernka / 0,10+0,07 0,05+0,05 0,13+0,05 0,09+0,04
HVA, ng/mg protein
5-HT, Hr/mr Genka / 5,07+1,53 4,35+0,59 2,86+0,56% 1,97+0,46*
HVA, ng/mg protein
5-HIAA, Hr/mr 6enka / 1,57+0,64 1,25+0,34 0,66+0,12 1,19+0,23
5-HIAA, ng/mg protein

Note: * — differences compared to the control group at p <0.05; * — difference compared to the introduction of saline at p <0.05;  — differences when administering

small and large doses of the peptide.

Mpumeyanue: * — OTNNYNS MO CPABHEHMIO C KOHTPOMBHOM rpynnoi npu p <0,05; # — oTnuume Mo cpasHeHMIO C BBeAEHNEM ranonornyeckoro pactsopa npu p <0,05;

& — otnnums npw BBEAEHUN ManblX U Gonblunx o3 nentuaa.

DDAVP at different doses (Fig. 1). DDAVP at low and high
doses increased PNR in rats (Tukey’s criterion, p=0.00001,
p=0.00001, respectively) (Fig. 1). PNRs were higher after
administration of low- and high-dose DDAVP compared with
CG (F(3,26)=12.95, p=0.00002; Tukey's criterion, p=0.01,
p=0.04, respectively).

When DDAVP was administered, % A amounted to
45.3+12.0% at low doses and 45.5+11.4% at high do-
ses, which was higher compared to saline administration
(F(2,19)=4.6, p=0.023, Tukey’s criterion, p=0.04, p=0.03,
respectively) (Figure 2), it did not affect serum corticoste-
rone content in different doses (Table 1).

After low-dose DDAVP administration, NE levels de-
creased in parietal cortex compared to CG (F(3,21)=3.78;
p=0.02; Tukey’s criterion, p=0.04); BDNF levels increased
(F(3,21)=3.78; p=0.02; Tukey's criterion, p=0.04) (Tab-
le 2). Low-dose DDAVP in the spinal cord decreased 5-NT
levels (F(3,21)=3.58; p=0.03); increased BDNF levels
(F(3,16)=28.47, p=0.0001; Tukey’s criterion, p=0.01) (Table 3).

After high-dose DDAVP administration, NE levels de-
creased in parietal cortex compared to CG (F(3,21)=3.78;
p=0.02; Tukey’s criterion, p=0.04); BDNF levels increased
(F(3,16)=3.89; p=0.029; Tukey’s criterion, p=0.04) (Table 2).
High-dose DDAVP in the spinal cord decreased 5-NT levels
(F(3,21)=3.45; p=0.03); increased BDNF levels compared
to CG, saline and low-dose peptide administration com-

pared to CG (F(3,19)=14.78, p=0.00003; Tukey’s criterion,
p=0.0001; p=0.0002; p=0.0004, respectively) (Table 3).
Thus, DDAVP reduced pain sensitivity in the thermal
tail immersion test in rats, when administered intranasally
at different doses. Analgesia was associated with similar
changes in NE, 5-NT and BDNF content in the brain regard-
less of administered doses of DDAVP. Low-dose dDAVP de-
creased NE content in parietal cortex, increased NE levels,
and decreased 5-NT content in the spinal cord. DDAVP at
high doses decreased NE content in parietal cortex and de-
creased 5-NT levels in the spinal cord. DDAVP at different
doses increased BDNF content in cortex and spinal cord.

DISCUSSION

This work revealed an analgesic effect of V2R agonist,
DDAVP, when administered intranasally in the tail heat im-
mersion test in rats for the first time. The obtained results
are comparable to the data acquired with intraventricular
administration of AVP [14].

To date, the exact mechanisms of peptide penetration
into the brain during intranasal administration remain poorly
understood. At the same time, it is believed that under these
conditions the central and peripheral effects of AVPs are
due to both its direct penetration into the central nervous
system and its non-direct penetration through the systemic
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bloodstream [28]. The research showed that different do-
ses of DDAVP did not affect the content of corticosterone in
blood, hence, did not cause stress-induced analgesia.

It is known that AVP induces analgesia by activating main-
ly its own receptors. According to the literature, AVP-induced
analgesia at the supraspinal level is caused by activation of
V1aR and V2R in the brain nuclei [26, 27, 29]; whereas the
spinal cord and spinal ganglia are affected by V1aR [19].

Bnepsble nokasaHo y4acTue HOpaZpeHeprnyeckon u
cepotDDAVP was proved to exercise analgesic effects on
noradrenergic and serotoninergic systems, as well as BDNF
for the first time. It is known that the tail thermal immersion
test is accomplished at the spinal level through supraspinal in-
fluences [15]. Analgesia induced by administration of DDAVP
at different doses was induced by changes in NE content at
supraspinal and spinal levels, 5-HT — at the spinal level. It is
known that conductors containing NE and 5-HT at the supra-
spinal level constitute the descending antinociceptive system
[7, 10, 12, 18]. At the spinal level, NE-induced analgesia is
caused by activation of a2-adrenoreceptors; 5-HT-related anal-
gesia is caused by 5-NT1A and 5-HT3 receptors [7, 17, 18].

BDNF content in parietal cortex and spinal cord increased
after peptide administration at different doses. According to
the literature, BDNF-induced analgesia at the supraspinal
level is associated with increased activity of the serotonin-
ergic system and release of endogenous opioid peptides
[21-23]. At the spinal level, it is associated with increased
GABA- and glycinergic transmission in neurons of the pos-
terior horns of the spinal cord [8]. There is reason to believe
that the identified analgesic effects of DDAVP associated with
NE, 5-HT and BDNF could be caused by different molecular
mechanisms at different levels of the nervous system.

CONCLUSION
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AONONMHUTENBbHAA UHOOPMALINA
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Bepcuto nepep nybnukauuen.
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WUcTouHnk ¢uHaHcupoBanua. Pabota BbinonHeHa B
pamkax (pyHOAMEHTanbHbIX Hay4HbIX WUCCNEeLOBaHWA Mo
locynapctBeHHoMy 3apanuto HAP Ne FGWG-2022-00012.

Bce npoueaypbl COOTBETCTBOBANN 3TUHECKUM CTaH-
papTaMm, YTBepXXAeHHbIM NpaBoBbIMU akTamu PO, mexay-
HapogHbiMu npasunamn (Qupektuson 2010/63/EU Espo-
nenckoro napnameHTa 1 Coseta EBponenckoro cotsa oT
22 ceHTs0ps 2010 roga no oxpaHe XUBOTHbIX, UCMOMb3ye-
MbIX B HAY4HbIX LieNsX), peKoMeHaaumam komuteta no 6uo-
atnke ®FBHY «OM» (npoTokon Ne 6/20 ot 21.10.2020 r).

REFERENCES

1. The V2R agonist, 1-desamino-8-D-arginine-vasopressin,
DDAVP, reduced pain sensitivity in rats in the tail thermal im-
mersion test when administered intranasally at different doses.

2. Analgesia induced by DDAVP at different doses was
associated with the involvement of noradrenergic system and
BDNF at supraspinal and spinal levels, as well as with the
involvement of serotoninergic system at the spinal cord level.

ADDITIONAL INFORMATION

Author contribution. Thereby, all authors made a sub-
stantial contribution to the conception of the study, acqui-
sition, analysis, interpretation of data for the work, drafting
and revising the article, final approval of the version to be
published and agree to be accountable for all aspects of the
study.

1. Belokoskova C.G., Tsikunov S.G. Effektivnost’ selektivnogo agonista
V2 receptorov vazopressina, 1-dezamino-8-D-arginin-vazopressina,
DDAVP, v lechenii bolevogo sindroma u bol'nyh s degenerativno-
distroficheskimi zabolevaniyami pozvonochnika. [The effectiveness of
the selective agonist of vasopressin V2 receptor, 1-desamino-8-D-ar-
ginine vasopressin, DDAVP, in the treatment of pain in patients with
degenerative-dystrophic diseases of the spine]. Obzory po klinich
farmakol i lekarstv terapii. 2016;14(3):58-65. (in Russian).

2. Belokoskova S.G., Krickaya D.V., Beznin G.V. i dr. 1-dezami-
no-8-D-arginin-vazopressin uvelichivaet soderzhanie nejrotrofi-
cheskogo faktora mozga (BDNF) v plazme krovi u krys v modeli
posttravmaticheskogo  stressovogo  rasstrojstva.  [1-desami-
no-8-D-arginin-vasopressin, DDAVP, increases content of brain-de-
rived neurotrophic factor (BDNF) in blood plasma of rats in model of
post-traumatic stress disorder]. Med akad zhurnal. 2020;20(4):27-
34. (in Russian).

@ POCCHIICKIE BUOMETMIIMHCKIE HCCTEIOBAHIAL  TOM 9 No2 2024

eISSN 2658-6576




48 ORIGINAL PAPERS
3. Belokoskova S.G., Tsikunov S.G. Nejrotroficheskie, nejroprotek- 19. Qiu F., Hu W.P.,, Yang Z.F. Enhancement of GABA-activated cur-

tivnye, mitogennye, antioksidantnye, antiapoptoticheskie svojstva rents by arginine vasopressin in rat dorsal root ganglion neurons.

vazopressina. [Neurotrophic, Neuroprotective, Mitogenic, Antioxi- Sheng Li Xue Bao. 2014;66(6):647-657.

dant, Antiapoptotic Properties of Vasopressin]. Uspekhi fiziol. nauk.  20. Schorscher-Petcu A., Sotocinal S., Ciura S. et al. Oxytocin-induced

2022;53(4):50-61. DOI:10.31857/S0301179822030055. (in Russian). analgesia and scratching are mediated by the vasopressin-1A re-
4. Belokoskova S.G., Tsikunov S.G. Vazopressin v regulyacii funkcij ceptor in the mouse. J Neurosci. 2010;30(24):8274-8284. DOI:

mozga v norme i pri patologii. Sankt-Peterburg: Art-ekspress Publ.; 10.1523/JNEUROSCI.1594-10.2010.

2020. (in Russian). 21. Siuciak J.A., Altar C.A., Wiegand S.J., Lindsay R.M. Antinociceptive
5. Gmiro V.E., Serdyuk S.E. Comparative study of analgesic effect of effect of brain-derived neurotrophic factor and neurotrophin-3. Brain

N-decyltropine (IEM-1556), adenosine and mecamylamine. [Com- Res. 1994;633(1-2):326-30. DOI: 10.1016/0006-8993(94)91556-3).

parative study of analgetic effect of n-decyltropine (IEM-1556), ade-  22. Siuciak J.A., Clark M.S., Rind H.B. et al. BDNF induction of

nosine and mecamylamine]. Ros. fiziol. zhurn. im. .M. Sechenova. tryptophan hydroxylase mRNA levels in the rat brain. J Neu-

2017;103(10):1106-1113. (in Russian). rosci Res. 1998;52(2):149-58. DOI:  10.1002/(SICI)1097-
6.  Yarushkina N.I. Stress-vyzvannaya anal'geziya: rol’ gormonov gipota- 4547(19980415)52:2<149::AID-JNR3>3.0.CO;2-A.

lamo-gipofizarno-adrenokortikal’noj sistemy. [Stress-induced analge-  23. Siuciak J.A., Wong V., Pearsall D. et al. BDNF produces analgesia

sia: the role of hormones of the hypothalamic-pituitary-adrenocortical in the formalin test and modifies neuropeptide levels in rat brain

system]. Integrativnaya fiziologiya. 2020:1(1):23-31. (in Russian). and spinal cord areas associated with nociception. Eur J Neurosci.
7. Bannister K., Dickenson A.H. The plasticity of descending controls 1995;7(4):663-70. DOI: 10.1111/j.1460-9568.1995.tb00670.x.

in pain: translational probing. J Physiol. 2017;595(13):4159-4166.  24. Yang F.J., Ma L., Yang J. et al. Intranasal Vasopressin Relieves

DOI: 10.1113/JP274165. Orthopedic Pain After Surgery. Pain Manag Nurs. 2019;20(2):126-
8.  Bardoni R., Ghirri A., Salio C. et al. BDNF-mediated modulation of 132. DOI: 10.1016/j.pmn.2018.06.001.

GABA and glycine release in dorsal horn lamina Il from postnatal rats.  25. Yang J., Lu L., Wang H.C., et al. Effect of intranasal arginine vaso-

Dev Neurobiol. 2007;67(7):960-975. DOI: 10.1002/dneu.20401. pressin on human headache. Peptides. 2012;38(1):100-104. DOI:
9.  Cid-Jofré V., Moreno M., Reyes-Parada M. et al. Role of Oxytocin 10.1016/j.peptides.2012.07.029.

and Vasopressin in Neuropsychiatric Disorders: Therapeutic Poten-  26. Yang J., Yang Y., Chen J.M. et al. Periaqueductal gray knockdown

tial of Agonists and Antagonists. Int J Mol Sci. 2021;22(21):12077. of V2R, not V1aR and V1bR receptor influences nociception in

DOI: 10.3390/ijms222112077. the rat. Neurosci Res. 2007;57(1):104-111. http://doi: 10.1016/.
10. Cortes-Altamirano J.L., Olmos-Hernandez A., Jaime H.B. et al. Review: neures.2006.09.011.

5-HT1, 5-HT2, 5-HT3 and 5-HT7 receptors and their role in the modula-  27. Yang J., Yuan H., Chu J. et al. Arginine vasopressin antinocicep-

tion of pain response in the central nervous system. Curr Neuropharma- tion in the rat nucleus raphe magnus is involved in the endogenous

col. 2018;16(2):210-221. DOI: 10.2174/1570159X15666170911121027. opiate peptide and serotonin system. Peptides. 2009;30(7):1355-
11. Heydari F., Azizkhani R., Majidinejad S. et al. A comparative study 1361. DOI: 10.1016/j.peptides.2009.03.014.

of intranasal desmopressin and intranasal ketamine for pain mana-  28. Yao S., Kendrick K.M. Effects of Intranasal Administration of Oxy-

gement in renal colic patients: A randomized double-blind clinical tocin and Vasopressin on Social Cognition and Potential Routes

trial. Clin Exp Emerg Med. 2023. DOI: 10.15441/ceem.23.059. and Mechanisms of Action. Pharmaceutics. 2022;14(2):323. DOI:
12. Jacob S.N., Nienborg H. Monoaminergic Neuromodulation of Sen- 10.3390/pharmaceutics14020323.

sory Processing. Front Neural Circuits. 2018;12:51. DOI: 10.3389/  29. You Z.D., Song C.Y., Wang C.H. et al. Role of locus coeruleus in

fncir.2018.00051. analgesia caused by stimulation of supraoptic nucleus. Sheng Li
13. Jinushi K., Kushikata T., Kudo T. et al. Central noradrenergic activity Xue Bao. 1995;47(4):320-326.

affects analgesic effect of Neuropeptide S. J Anesth. 2018;32(1):48—  30. ZhouA.W., Li W.X., Guo J. et al. Facilitation of AVP(4-8) on gene expres-

53. DOI: 10.1007/s00540-017-2427-y. sion of BDNF and NGF in rat brain. Peptides. 1997;18(8):1179-1187.
14. Kordower J.H., Bodnar R.J. Vasopressin analgesia: Specificity of ~ 31. Zubov A.S., Ivleva I.S., Pestereva N.S. et al. Glibenclamide alters

action and n,m-opioid effects. Peptides. 1984;5(4):747-756. serotonin and dopamine levels in the rat striatum and hippocam-
15. Le Bars D., Gozariu M., Cadden S.W. Animal models of nociception. pus, reducing cognitive impairment. Psychopharmacology (Berl).

Pharmacol Rev. 2001;53(4):597-652. 2022;239(9):2787-2798. DOI: 10.1007/s00213-022-06159-9
16.  Merighi A., Salio C., Ghirri A. et al. BDNF as a pain modulator. Prog.

Neurobiol. 2008;85:297-317. DOI: 10.1016/j.pneurobio.2008.04.004. JIATEPATYPA
17. Millan M.J. Descending control of pain. Prog Neurobiol.

2002;66(6):355-474. DOI: 10.1016/s0301-0082(02)00009-6. 1. Benokockosa C.I., LukyHoB C.I'. OdppeKkTMBHOCTL CEneKkTUBHOTO
18. Obata H. Analgesic Mechanisms of Antidepressants for Neuropathic aroHucTa V2 peLienTtopoB BasonpeccuHa, 1-aesamnHo-8-D-apruint-

Pain. Int J Mol Sci. 2017;18(11):2483. DOI: 10.3390/ijms18112483.

BasonpeccuHa, AOABI, B neyenun 6onesoro cuHapoma y 6ombHbIX

& RUSSIAN BIOMEDICAL RESEARCH

VOLY N2 2024

ISSN 2658-6584




OPUTMHAJIBHBIE CTATBI

49

10.

1.

12.

13.

14.

15.

16.

C [lereHepaT1BHO-AMCTPOGNYECKAMM 3aD0NEBAHNSMM NO3BOHOYHMKA.
0630pb! MO KNuHUY thapmakon 1 nekapcTs Tepaniu. 2016;14(3):58-65.
Benokockosa C.I., Kpuukas [.B., besnwn I.B. n gp. 1-pesamm-
HO-8-D-apriH1H-Ba3oNpeCCMH yBENUYMBAET COLEpXKaHne Hempo-
Tpodmyeckoro chaktopa mosra (BDNF) B nnasme KpoBu y KpbiC B
MOZEenM NocTTPaBMaTU4ECKOro CTPECCOBOro paccTpoiicTsa. Mep.
akag. xypHan. 2020;20(4):27-34. DOl.org/10.17816/MAJ46393.
Benokockosa C.I'., LukyHos C.I' HelpoTpodbuyeckue, Heitponpo-
TEKTUBHbIE, MUTOTEHHbIE, aHTUOKCULAHTHbIE, aHTUANONTOTUYECKME
CBOICTBA Ba3onpeccuHa. Ycnexu cusuon. Hayk. 2022;53(4):50-61.
DOI: 10.31857/S0301179822030055.

Benokockosa C.I"., LinkyHos C.I. BasonpeccuH B perynsuun gyHk-
Lni mosra B Hopme v npu natonorin. Cr6.: Apt-akcnpecc; 2020.
Ivupo B.E., Cepatok C.E. CpaBHuTenbHoe nccnefoBaHne aHan-
resvpytowjero aencteus N-geuuntponuHa (MOM-1556), apeHo-
31Ha U MekamunamuHa. Poc. dmanon. xypH. um. .M. CeyeHosa.
2017;103(10):1106-1113.

ApywkuHa H.U. CTpecc-Bbi3aBaHHas aHanbresus: ponib ropMOHOB
rnoTanamo-runocdn3apHo-aApeHOKOPTUKANbHON CUCTEMBI. VHTer-
patvBHast duanonorus. 2020;1:23-31. DOI: 10.33910/2687-1270-
2020-1-1-23-31.

Bannister K., Dickenson A.H. The plasticity of descending controls
in pain: translational probing. J Physiol. 2017;595(13):4159-4166.
DOI: 10.1113/JP274165.

Bardoni R., Ghirri A., Salio C. et al. BDNF-mediated modulation of
GABA and glycine release in dorsal horn lamina Il from postnatal
rats. Dev Neurobiol. 2007;67(7):960-975. DOI: 10.1002/dneu.20401.
Cid-Jofré V., Moreno M., Reyes-Parada M. et al. Role of Oxytocin
and Vasopressin in Neuropsychiatric Disorders: Therapeutic Poten-
tial of Agonists and Antagonists. Int J Mol Sci. 2021;22(21):12077.
DOI: 10.3390/ijms222112077.

Cortes-Altamirano J.L., Olmos-Hernandez A., Jaime H.B. et al. Review:
5-HT1, 5-HT2, 5-HT3 and 5-HT7 receptors and their role in the modula-
tion of pain response in the central nervous system. Curr Neuropharma-
col. 2018;16(2):210-221. DOI: 10.2174/1570159X15666170911121027.
Heydari F., Azizkhani R., Majidinejad S. et al. A comparative study
of intranasal desmopressin and intranasal ketamine for pain ma-
nagement in renal colic patients: A randomized double-blind clinical
trial. Clin Exp Emerg Med. 2023. DOI: 10.15441/ceem.23.059.
Jacob S.N., Nienborg H. Monoaminergic Neuromodulation of Sen-
sory Processing. Front Neural Circuits. 2018;12:51. DOI: 10.3389/
fncir.2018.00051.

Jinushi K., Kushikata T., Kudo T. et al. Central noradrenergic activity
affects analgesic effect of Neuropeptide S. J Anesth. 2018;32(1):48-
53. DOI: 10.1007/s00540-017-2427-y.

Kordower J.H., Bodnar R.J. Vasopressin analgesia: Specificity of
action and n,m-opioid effects. Peptides. 1984;5(4):747-756.

Le Bars D., Gozariu M., Cadden S.W. Animal models of nociception.
Pharmacol Rev. 2001;53(4):597-652.

Merighi A., Salio C., Ghirri A. et al. BDNF as a pain modulator. Prog.
Neurobiol. 2008;85:297-317. DOI: 10.1016/j.pneurobio.2008.04.004.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Millan M.J. Descending control of pain. Prog Neurobiol.
2002;66(6):355-474. DOI: 10.1016/s0301-0082(02)00009-6.
Obata H. Analgesic Mechanisms of Antidepressants for Neu-
ropathic Pain. Int J Mol Sci. 2017;18(11):2483. DOI: 10.3390/
ijms18112483.

Qiu F.,, Hu W.P,, Yang Z.F. Enhancement of GABA-activated cur-
rents by arginine vasopressin in rat dorsal root ganglion neurons.
Sheng Li Xue Bao. 2014;66(6):647-657.

Schorscher-Petcu A., Sotocinal S., Ciura S. et al. Oxytocin-induced
analgesia and scratching are mediated by the vasopressin-1A re-
ceptor in the mouse. J Neurosci. 2010;30(24):8274-8284. DOI:
10.1523/JNEUROSCI.1594-10.2010.

Siuciak J.A., Altar C.A., Wiegand S.J., Lindsay R.M. Antinociceptive
effect of brain-derived neurotrophic factor and neurotrophin-3. Brain
Res. 1994;633(1-2):326-30. DOI: 10.1016/0006-8993(94)91556-3).
Siuciak J.A., Clark M.S., Rind H.B. et al. BDNF induction of
tryptophan hydroxylase mRNA levels in the rat brain. J Neu-
rosci Res. 1998;52(2):149-58. DOI:  10.1002/(SICI)1097-
4547(19980415)52:2<149::AID-JNR3>3.0.CO;2-A.

Siuciak J.A., Wong V., Pearsall D. et al. BDNF produces analgesia
in the formalin test and modifies neuropeptide levels in rat brain
and spinal cord areas associated with nociception. Eur J Neurosci.
1995;7(4):663-70. DOI: 10.1111/j.1460-9568.1995.tb00670.x.
Yang F.J., Ma L., Yang J. et al. Intranasal Vasopressin Relieves
Orthopedic Pain After Surgery. Pain Manag Nurs. 2019;20(2):126-
132. DOI: 10.1016/j.pmn.2018.06.001.

Yang J., Lu L., Wang H.C., et al. Effect of intranasal arginine vaso-
pressin on human headache. Peptides. 2012;38(1):100-104. DOI:
10.1016/j.peptides.2012.07.029.

Yang J., Yang Y., Chen J.M. et al. Periaqueductal gray knockdown
of V2R, not V1aR and V1bR receptor influences nociception in
the rat. Neurosci Res. 2007;57(1):104-111. http://doi: 10.1016/.
neures.2006.09.011.

Yang J., Yuan H., Chu J. et al. Arginine vasopressin antinocicep-
tion in the rat nucleus raphe magnus is involved in the endogenous
opiate peptide and serotonin system. Peptides. 2009;30(7):1355-
1361. DOI: 10.1016/j.peptides.2009.03.014.

Yao S., Kendrick K.M. Effects of Intranasal Administration of Oxy-
tocin and Vasopressin on Social Cognition and Potential Routes
and Mechanisms of Action. Pharmaceutics. 2022;14(2):323. DOI:
10.3390/pharmaceutics14020323.

You Z.D., Song C.Y., Wang C.H. et al. Role of locus coeruleus in
analgesia caused by stimulation of supraoptic nucleus. Sheng Li
Xue Bao. 1995;47(4):320-326.

Zhou A.W., Li W.X., Guo J. et al. Facilitation of AVP(4-8) on gene ex-
pression of BDNF and NGF in rat brain. Peptides. 1997;18(8):1179-
1187.

Zubov A.S., Ivleva |.S., Pestereva N.S. et al. Glibenclamide alters
serotonin and dopamine levels in the rat striatum and hippocam-
pus, reducing cognitive impairment. Psychopharmacology (Berl).
2022;239(9):2787-2798. DOI: 10.1007/s00213-022-06159-9..

@ POCCHIICKIE BUOMETMIIMHCKIE HCCTEIOBAHIAL  TOM 9 No2 2024

eISSN 2658-6576




50 ORIGINAL PAPERS

DOI: 10.56871/RBR.2024.50.12.006
UDC 617.587-005.4-073-089+616-002.4

COMPARISON OF CLINICAL OUTCOME OF BYPASS SURGERY
VERSUS BELOW-THE-KNEE ANGIOPLASTY AND STENTING
IN INFRAPOPLITEAL LESIONS THAT RESULTS IN ULCER OR TOE GANGRENE

© Arshed A. Kuchay' 3, Alexander N. Lipin? 3, Nikita N. Gruzdev3, Aleksey G. Borisov?,
llyas S. Kashapov*, Kirill A. Atmadzas?®, Anton G. Orlov®, Hudayberdi A. Muhamedov®

"Med2 clinic. 11 Vosstaniya str., Saint Petersburg 191036 Russian Federation

2Military Medical Academy named after S.M. Kirov. 6 Akademician Lebedev str., Saint Petersburg 194044 Russian Federation
3 City Hospital No. 14, Limb Salvage Center. 19/9 Kosinov str., Saint Petersburg 198099 Russian Federation

4 Saint Petersburg City Polyclinic No. 120. 4/1 Lenskaya str., Saint Petersburg 195426 Russian Federation

5 Belgorod State National Research University. 85 Pobeda str., Belgorod 308015 Russian Federation

Contact information: Arshed A. Kuchay — Cardiovascular Surgeon, Clinical Researcher of the City Limb Salvage Center.
E-mail: drarshedcvs@gmail.com ORCID: https://orcid.org/0000-0002-7974-9369 SPIN: 5455-9033

For citation: Kuchay AA, Lipin AN, Gruzdev NN, Borisov AG, Kashapov IS, Atmadzas KA, Orlov AG, Muhammedov HA. Comparison of clinical
outcome of bypass surgery versus below-the-knee angioplasty and stenting in infrapopliteal lesions that results in ulcer or toe gangrene. Russian
Biomedical Research. 2024;9(2):50-56. DOI: https://doi.org/10.56871/RBR.2024.50.12.006

Received: 19.02.2024 Revised: 01.04.2024 Accepted: 20.05.2024

Abstract. Introduction. Chronic limb-threatening Ischaemia (CLTI) is a manifestation of peripheral arterial disease
(PAD) that includes chronic ischemic rest pain or Ischaemic skin lesions, ulcers, or gangrene for longer than two
weeks. Although infrapopliteal angioplasty may salvage the majority of limbs under threat of amputation. Endovascular
interventions in the infrapopliteal vasculature may improve symptoms in patients with CLTI by re-establishing in-line
blood flow to the foot. The optimal revascularization strategy for patients with severe leg ischemia remains uncertain.
The purpose of this study was to compare outcomes of bypass surgery and angioplasty in isolated below-the-knee
lesions. Materails and methods. Patients with ulcers or toe gangrenes, undergone below-the-knee bypass surgery
or angioplasty and stenting from 2022 to 2023, were included in the study. Amputation-free survival (AFS) and overall
survival (OS) were assessed using the Kaplan—Meier and Cox regression tests. Results. Three hundred ten (310)
patients were included in this study, of which 259 patients underwent balloon angioplasty and popliteal artery stenting,
51 patients underwent bypass surgery. The mean age in the bypass group was 73.1 (£7.1) years and 73.9 (£7.2)
years in the angioplasty and stenting group. There were no significant differences in gender, diabetes, hypertension,
history of smoking, history of stroke, and renal insufficiency between the three groups. AFS was 43.4 (+8.5) months
in the bypass group and 39.8 (+8.9) months in the angioplasty and stenting group which was significantly better in the
bypass group (p=0.05). OS was 49.6 (£10.6) months in the bypass group and 46.2 (+11.7) months in the angioplasty
and stenting group but did not differ statistically significant (p=0.32). Conclusion. AFS was significantly higher in the
bypass group. Thus, bypass surgery seems preferable to angioplasty for all patients with severe leg ischemia except
those with multiple comorbidities and those whose vein is not adequate for bypass.

Keywords: below-the-knee angioplasty, below-the-knee bypass, lower limb ischemia, toe gangrene

CPABHEHUE KINNUHUYECKUX PE3YJ'|bTATOB WYHTUPOBAHUA

MO CPABHEHWUKO C AHTUOMMACTUKOU U CTEHTVIPOBAHVIEM

HWXE KOJIEHA NMPU NOPAXEHUN NHOPAMOMJIIUTEATIBHOU APTEPUMU,
NMPUBOOALLEM K A3BE NN TAHTPEHE CTOIMbI

© Apuwen Axmap Kyyait" 3, Anekcanap Hukonaesud Nlunun? 3, Hukuta Hukonaesud Mpysaes®,

Anekceit lfeHHaabesny Bopucos?, Unbsac Canasatosuy Kaiwanos*, Kupunn Anekcanaposuy Atmaasac?,
AnTOH leopruesny Opnos®, Xynaiibepabl AsaTkynnesiny Myxamenos®

& RUSSIAN BIOMEDICAL RESEARCH VOLY N2 2024 ISSN 2658-6584




OPUTMHAJIBHBIE CTATBI

ol

" Knunuka Meg2. 191036, r. CankT-MeTepbypr, yn. Bocctanus, 11

2 BoeHHo-MeauumHckas akafemust um. C.M. Kuposa. 194044, r. Cankt-MNeTep6ypr, yn. Akagemuka JleGeaesa, 6

*Topopckas 6onbHuua Ne 14, LienTp cnacenust koHeuHocteit. 198099, r. CankT-MeTepbypr, yn. KocuHosa, 19/9

4CN6 rbY3 «lopoackas nonuknuHrka Ne 120x. 195426, r. CaHkT-MeTepBypr, yn. NleHckas, 4/1

5 Benropoackuil rocyaapCTBEHHbII HaLMOHabHbIN NccieaoBaTenbckuit yunsepcutet. 308015, 1. benropog, yn. Mobeasl, 85

KoHTakTHas nHopmaums: Apwen Axmag Kyyail — Bpay cepaeyHo-CoCyamncTbIi XUPYPT, KIIMHUYECKWIA MccneaoBaTenb fopoackoro LeHTpa
cnacenus koHewHocTei. E-mail: drarshedcvs@gmail.com ORCID: https://orcid.org/0000-0002-7974-9369 SPIN: 5455-9033

Ansa yumuposarus: Kyyain A.A., Jiunun AH., Tpysges H.H., bopucos A.T., Kawanos W1.C., Armagsac KA., Opnos A.l., Myxameos X.A. CpaBHeHue

KINUHNYECKNX pe3ynbTaToB WYHTUPOBAHMA NO CPABHEHWUIO C aHrMonnacTuKom u CTEHTUPOBAHMEM HUXE KONIeHa NpK NopaXxeHnu VIH(bpaI'IOI'IJ'IVITeaJ'IbHOIZ

apTepuu, NpUBOASILLEM K S3Be UMK raHrpeHe cTonbl // Poccuitckne 6GuomeanumHckme nccnegosanms. 2024, T. 9. Ne 2. C. 50-56. DOI: https:/idoi.
0rg/10.56871/RBR.2024.50.12.006

Moctynuna: 19.02.2024 OpoGpeHa: 01.04.2024

MpunsTa k nevatu: 20.05.2024

Pe3tome. BeedeHue. XpoHnyeckas uwemus, yrpoxatowias notepen koneuHocten (XUYTIK), npeacrasnset coboi
KOHeYHyto cTaamio 3abonesaHus nepudepunyeckux aptepui (3r1A), KOTOpoe BKIHOYAET XPOHUYECKYIO ULLEMMNYECKYHO
Borb B NOKOE WM MLLIEMUYECKUE NOPAKEHUS KOXM, A3Bbl UMW FAHTPEHY NPOAOIIKUTENBHOCTLI0 Bonee AByX Hefenb.
XoTa MHpanonneTManbHas aHrmonnacTka MOXeT cnacTi BONbLINHCTBO KOHEYHOCTE! NPy yrpo3e aMmnyTaLmm, SHA0-
BaCKynspHble BMELIATENbCTBA Ha MHGPaNoNMTeanbHOM COCYAMCTOM pycne MOryT Yiy4LlnTb CUMNTOMbI Y NaLUUeHTOB
¢ XMYTIK 3a cyeT BoCCTaHOBNEHMS MarncTpanbHOro KpoBOTOKa B ctone. OnTumManbHas cTpaterus peBackynsapusaimm
Yy NAUWEHTOB C TSHXKENOW UeMinen Hor 0CTaeTCst HeonpeaeneHHoN. Ljenibro faHHOro uccnefoBaHus 6b1no cpaBHeHWe
pe3ynbTaToB LYHTUPOBAHUS U @HTMONMACTUKM NPU M30NNPOBAHHbIX NOPaXEHUsX HUXe KoneHa. Mamepuanbi u me-
modsl. B nccnegoBanue Obinv BKIHOYEHbI NALMEHTBI C 13BaMU UMM FAHTPEHON NanbLEB HOT, NEPEeHeCLLNe OnepaLmio
LWYHTMPOBAHMS HKE KOTNEHA UMW aHrMonnacTuky n cteHtupoBaHue B 2022-2023 rr. BenknBaemocTb 6e3 amnyTaumi
(BBA) 1 obwas BbikmBaemocTb (OB) oueHMBannCh C UCMOMNb30BaHNEM PErPECCUOHHBIX TeCTOB KannaHa—Meiepa u
Kokca. Pesynsmamsl. B nccneposanue bbinu BkntoyeHsl 310 naumeHTos, 13 HUX 259 nayueHTam bbina BbinonHeHa
BannoHHas aHrmonnacTuka 1 CTeHTUpoBanue noakonexHon aptepuu (MkA), 51 nauneHTy — wyHTMposaHue. CpeaHui
BO3pacT B rpynne WyHTMpoBaHua coctasun 73,1 (£7,1) roaa, a B rpynne aHrMonnacTuky 1 CTeHTUpoBaHns — 73,9
(£7,2) ropa. Mexay AByms rpynnamu He GbIno CyLLECTBEHHbIX pasnnyui no nony, AnabeTty, rmnepTeH3nu, KypeHuio,
WHCYNBTY 1 NOYEYHOIN HEAOCTAaTOMHOCTM B aHamHe3se. BBA coctasuna 43,4 (£8,5) mecsua B rpynne WyHTMPOBaHUS 1
39,8 (£8,9) Mmecsua B rpynmne aHrmonnacTuKu 1 CTEHTUPOBAHKS, YTO BbINO JOCTOBEPHO MNyuLLe B rpynne WyHTUPOBaHNS
(p=0,05). Obwas BbxuBaemocTb (OB) cocTasuna 49,6 (£10,6) mecsLua B rpynne WwyHTMpoBaHus 1 46,2 (£11,7) mecsaua
B rpynne aHr1onnacTukn 1 CTEHTUPOBAHMS, HO CTATUCTUYECKM 3HAYMMO He oTnnyanacs (p=0,32). 3aknryeHue. BBA
Bbina 3HauMTENbHO BhILLE B rpynne WyHTUpoBaHuUs. TakuMm 0bpasom, onepaums WyHTUPOBAHUSA NpeacTaBnseTcs
npesnoYTUTENbHEE aHTMONNACTUKK 48 BCEX NALMEHTOB C TAXENOW UWEMMEN HOT, 33 UCKNIOYEHNEM NaLUEHTOB C
MHOXeCTBEHHbIMM COMYTCTBYOLMMI 3a60NEBaHMAMM 1 TEX, Ybsi BEHA HE MOAXOAMUT ANS WYHTUPOBAHUS.

KntoyeBble cnoBa: aHrMonnacTuka Huxe KoseHa, LWWYHTUPOBaHNE HMXE KOJ1IeHa, UWEeMNA HUXKXHNX KOHEeYHocCTe#,

raHrpeHa nanbLa cTonbl

INTRODUCTION

Atherosclerosis is the most common cause of peri-
pheral arterial disease (PAD) of the lower extremities. Acute
ischemic limb is an advanced stage of peripheral vascular
disease, which is characterized by pain during rest and
night pain (requiring opioid analgesics), for >2 weeks. This
condition results in ulcers and gangrene in the limbs, and
if left untreated, it will cause permanent disability, even am-
putation, and mortality in patients. It also imposes a heavy
burden on the society and health system [1]. This condition

is now cured using various revascularization technics [2].
Although surgical bypass is regarded as the gold standard
due to better anatomical and clinical durability relative to the
other revascularization methods for critical lower limb ische-
mia (CLI) [14-16], percutaneous transluminal angioplasty
(PTA) in peripheral vascular disease (PVD) is a feasible
method of treating CLI, and has similar outcomes to those
of bypass surgery [17, 18, 23-30] (Fig. 2).

Several studies have been published about the out-
comes of surgical and endovascular interventions all around
the world, presenting various views on these two approa-
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ches. Although both surgery and angioplasty methods are
suggested for these patients, there are still significant con-
troversies regarding the best one [1, 3-9].

Infrapopliteal bypass is one of the major methods in lower
limbs, which targets to reestablish blood flow to the tibial, pe-
roneal, or pedal arteries. The primary indication for this method
is critical limb ischemia (CLI) due to atherosclerotic events [3].
In general, venous grafts, regardless of the target site, are pre-
ferred over artificial grafts in all below-the-knee bypasses. The
large saphenous vein is most commonly used; however, small
saphenous vein, superficial femoral vein, and venous parts of
the upper limbs can also be used [4, 8, 23-30].

Endovascular treatment is often the first choice in the
treatment of peripheral vascular diseases of the lower ex-
tremities [2]. New advances in endovascular treatments
have made it possible to treat complicated vascular le-
sions. Patients with multiple underlying illnesses or those
who do not have proper veins for the surgery will benefit
most from endovascular therapies [2, 6].

Despite extensive studies for determining the best way
to treat these patients, there is no consensus on which sur-
gical or angioplasty is preferred (Fig. 3).

THE AIM OF THE STUDY

This study aimed to compare the results of bypass and
angioplasty in patients with lesions below the knee due

to ischemia, to determine which method gives better out-
comes.

MATERIALS AND METHODS

In this retrospective cohort study, 310 patients who were
treated by bypass surgery or angioplasty or stenting from
2022 to 2023 were included in the study. The criteria for
entering the study were having obstruction or stenosis of
distal to popliteal artery confirmed by duplex or triplex ul-
trasonography and computed tomography angiography. The
exclusion criteria of patients were being unable to walk due
to advanced underlying disease or due to severe deformi-
ties in the knee or ankle joints.

The patients were interviewed and examined to collect
their demographic, pre and post-medical history information,
including gender, age, smoking status, background illnesses,
having ulcers, gangrene, or pain during rest, level of ampu-
tation, glycated hemoglobin level, and type of their surgeries
(Fig. 1). Confidence interval in this study was 95%.

RESULTS

A total number of 310 patients who were undergone be-
low-the-knee bypass surgery or angioplasty or stenting of
PopA during the years of 2022-2023 because of foot ulcers
or gangrene were enrolled in this study. The mean age in

Possibility of PAD

Medical history, Risk factors of atherosclerosis,

Arterial pulse palpitation, Vascular bruit, ABI

:

Foot evaluation (WIfi classification) Toe pressure, SSP,TcPO2, CRP, WBC, Bacterial culture

| grade

W grade

Fi grade

Grade 3 with rest pain

w3

Fi2,3

Grade 2 with tissue loss

Deep infection evaluation

Deep infection evaluation

Diagnosis as CLI

Systemic evaluation

Vascular evaluation

Differential diagnosis of disease etiology

Cardiac function, coronary circulation

Anatomy of arterial lesions

Buerger’s disease

Cerebral and neck arteries

Hemodynamics (duplex)

Other vasculitis

Lung, kidney, liver function

Vein material evaluation

Collagen disease

Coagulation and fibrinolysis system

Limb function evaluation
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Fig. 1.
ischemia
Puc. 1.

Diagnostic steps for patients with rest pain or chronic wounds of foot: PAD — peripheral arterial disease; CLI — critical limb
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Table 1
Demographic and descriptive statistics about age, amputation-free survival, and overall survival of patients groups
Tabnuuya 1
Hemorpadmyeckas u onucatenbHas cTaTMCTUKa O Bo3pacTe, 63 amnyTaLUOHHOI BbKMBAeMOCTH
1 00Lei BbIXKUBAaEMOCTH FPyNni NaLMeHToB
Variable Groups N Mean SD SEM
Age Angioplasty+stenting 259 73.95 7.22 1.07
Bypass 51 73.11 7.10 1.08
AFS Angioplasty+stenting 259 39.82 8.98 1.33
Bypass 51 43.44 8.57 1.30
0S Angioplasty+stenting 259 46.28 11.76 1.75
Bypass 51 49.67 10.68 1.62
Note: AFS — amputation-free survival; OS — overall survival: SD — standard deviation: SEM — standard error of mean.
Table 2
Tabnuua 2

Knaccudomkauma A.B. Mokposckoro
A.V. Pokrovsky classification

Stage Symptoms
| Asymptomatic or pain in calf muscles (>1 km)
A Intermittent claudication (>200 meters)
1B Intermittent claudication (<200 meters)
1l Intermittent claudication, rest pain
v Ulceration or gangrene

the bypass group was 73.1 (£7.1) years, and in the angio-
plasty group was 73.9 (£7.2) years. Amputation-free survival
(AFS) in the bypass group was 43.5 (£8.5) months and 39.8
(£8.9) months in the angioplasty group. AFS was significant-
ly higher in the bypass group compared to the angioplasty
group (p=0.05) (Table 1). In addition, the AFS survival survey
showed that in the bypass group, the predicted survival rate
was 45.1+4.29 (42.87-47.95) months, and in the angioplasty
group was 41.1£7.27 (39.24-44.25) months, which showed
a significant difference between the two groups (p=0.05).
Patients’ overall survival (OS) was 49.6+10.6 and 46.2+11.7
months in the bypass and angioplasty groups, respective-
ly. There was no significant difference between the groups
(p=0.32) (Table 1). The OS survey of patients indicated that
the average predicted survival in the bypass group was
54.1£6.7 months (51.13-58.09) and in the angioplasty group
was 52.2+2 months (48.3-56.1). Despite >4 months diffe-
rence, it was not statistically significant (p=0.3).

DISCUSSION

Choosing the best type of treatment for patients with
lower limb ischemia is still a question. According to the By-

pass versus Angioplasty in Severe Ischemia of the Leg’s
(BASIL's) randomized controlled trial (RCT), there was no
significant difference between the results of surgical bypass
and angioplasty up to 2 years. However, patients who lived
>2 years benefited from bypass surgery. To the best of our
knowledge, BASIL's RCT is the only one that its results are
available in this regard [1]. Although BASIL 2, and BEST-
CLI studies are in progress, their results have not been
released yet. Therefore, considering that there is still no
certainty about treatment selection, the current study aimed
to collect, analyze, and report the results of both bypass
and angioplasty patients with lower limb ischemia. The main
goal was to answer the question of which method is better
for below-the-knee lesions. Although the definition of “bet-
ter” is not easy, we chose AFS as the main criterion, which
is also the US Food and Drug Administration’s criterion for
such studies. The reason for not considering other criteria
such as vascular patency and arterial pressure in the ankle
(ankle pressure) was that we wanted to compare two thera-
peutic strategies, not just comparing bypass and angioplasty
techniques. Morbidity was not evaluated in this study due to
the controvert results reported in various studies pertaining to
morbidity. For example, an article published by Siracuse et al.
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Occlusion of the PopA, crural arteries on the right: a —initial angiogram; b-d — after transluminal balloon angioplasty with
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Fig. 3.
of the PopA and lower leg arteries
Puc. 3.

e/d

Occlusion of the PopA, crural arteries on the left: a — initial angiogram; b-d — after transluminal balloon angioplasty with stenting

OkKno3ua noakoneHHoii aptepum (MkA), apTepuit roneHmn cneBa: a — UCXOAHAsA aHrMorpaMma; 6-2 — nocre TPaHCNHMUHANbHOM

6annoHHoO aHrMONNacTMKN CO CTeHTMpoBaHKUeM [MKA 1 apTepuii roneHun

indicated endovascular procedures had been associated
with lower 30-day mortality rate and 3-year worse survival
compared to surgical bypass [10]. In another study by Tsai
et al., no significant difference was reported between these
two methods regarding the 30-day mortality [11]. Moreover,
studies often suggest that mortality and morbidity of the en-
dovascular method are reduced within short-term periods.
Thus, they are less indicative to determine the effectiveness
of these methods, especially in long-term periods [12, 13].

The examinations showed that all of the patients,
who participated in this study, had normal aortic, iliac,
and femoral vessels or had no significant lesions. To the
best of our knowledge, most of the previous studies ana-
lyzed the lesions under the groin area, while the current
study for the first time compared these two methods in
lesions below the knee. AFS in the bypass group was
43.5+8.5 and in the angioplasty group, it was 39.8+8.9
months, which showed a significant difference with p=0.05
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(Table 1). In addition, OS in bypass patients was 49.6+10.6
months and 46.2+11.7 months in the angioplasty patients.
There was no significant difference between the two groups
regarding OS (p=0.32). Regarding the fact that the mean
and frequency of demographic variables such as age and
gender in the two groups did not differ significantly. Thus,
it cannot be hypothesized that the patients in the bypass
group had better physical status. Indeed, the effects of the
demographic factors were minimized. Due to the increa-
sing prevalence of diabetes, high blood pressure, and to-
bacco consumption, limb ischemia appears to be one of the
major problems in health systems, both in developed and
developing countries.

Currently, most studies emphasizing vascular recon-
struction for patients with severe lower limb ischemia are re-
porting very good results. However, a significant percentage
of these patients undergo medical treatments. Although AFS
was a clear and relevant measure in this study, it did not
provide much information about the quality of life of patients
after vascular reconstruction. It is quite acceptable that
sometimes amputation in the early phase of the disease
improves the patient’s quality of life, but on the other hand,
chronic pain, and wound care reduce the quality of life of
the patients. As a result, this issue should be taken into at-
tention by vascular surgeons and intervention specialists, to
not only consider vascular lesions in the treatment of these
patients but also patients’ needs and expectations.

Although bypass surgery using outflow vessels below
the ankle should be considered the standard treatment in
patients with CLI due to infrapopliteal arterial disease [20],
this requires a good vein conduit and at least one open
foot artery and is associated with considerable periope-
rative mortality, postoperative complications, myocardial
infarction, and early reoperation for graft thrombosis [21].
Recanalization temporarily increases blood flow to the foot
and has a positive effect in eradicating infection and healing
ulcers and surgical wounds. Because foot tissue healing re-
duces oxygen demand, less blood flow is generally required
to maintain tissue integrity and keep the limb asymptomatic
[19, 22].

CONCLUSION

The main finding of this study was that the surgical by-
pass procedure had a significantly higher AFS compared to
angioplasty in the two examined groups during the follow-up
period. Therefore, it is recommended for all patients with be-
low-the-knee ischemic lesions to have surgical bypass proce-
dures, except for patients with multiple underlying diseases,
who have a high-risk condition for surgery, as well as for pa-
tients with veins not suitable for bypass.

AONONMHUTENBHAA UHOOPMALINA

Bknap aBTOpoOB. Bce aBTOPbI BHECIN CYLLECTBEHHbIN
BKNag B pa3paboTKy KOHLEeNnuuu, npoBeAeHne uccnegosa-
HWS 1 MOArOTOBKY CTaTbM, MPOYY M 0f406pUNN UHANBHYHO
Bepcuto nepep nybnukauyuen.

KoHhnukT mHTepecoB. ABTOPbI AeKnapupytoT OTCyT-
CTBME SBHbIX W MOTEHUWANbHbIX KOH(IIMKTOB WHTEPECOB,
CBSI3aHHbIX C NybnnkaLnen HacTosLLen cTaTbi.

WUcToununk ¢hmHaHcupoBaHuA. ABTOpbI 3asBnAT 06
OTCYTCTBUW BHELIHEro (hMHAHCUMPOBaHWUS NP NPOBEAEHUM
“ccnegoBaHus.

WUHdopmupoBaHHoe cornacue Ha nybnukauumio. As-
TOPbI MOMYYUNN NUCbMEHHOE COornacKe NauMeHTOB Ha ny-
BrivkaLnio MEANLMHCKUX LaHHbIX.
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Abstract. This review provides a summary of data on the role of neurotransmitter synthesis abnormalities in the
pathophysiology of diabetic encephalopathy (DE). It covers the key neurotransmitters that could be involved in the
pathogenesis of DE: gamma-aminobutyric acid, glutamate, dopamine, acetylcholine and serotonin. The article describes
the main pathophysiological mechanisms that may play a role in the development and progression of DE in the
course of diabetes mellitus in a patient with disrupted release of key neurotransmitters. It provides data confirming the
hyperreactivity of the GABAergic, glutamatergic and dopaminergic systems, along with the hypoactivity of the cholinergic
and serotoninergic systems, as part of the pathophysiology of DE. Also provided are results of preclinical and clinical
studies confirming that patients with type 1 and 2 DM have abnormalities in the synthesis of neurotransmitters, which
could serve as early diagnostic markers of DE.

Keywords: diabetic encephalopathy, gamma-aminobutyric acid, glutamate, dopamine, acetylcholine, serotonin
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Pestome. B 0630pe 0606LeHbI JaHHbIE 0 HApYLUEeHKsIX BbIpabOoTKK HellpOMeanaTopoB B natodmanonoriy guabe-
Tuyeckom sHuedanonatum ([3). PaccmoTpeHbl OCHOBHbIE HENPOMEANATOPbI, KOTOPbIE MOTYT BbITh 3a4€/ICTBOBAHDI
B naToreHese [13: raMma-okcumacnsHas kucnorta, rnytamat, oaMuH, aLeTUnXonuH, CEpOTOHMH. MpeacTaBneHbl
OCHOBHbI€ NaToU3NONOrNYeCKMe MexaH3Mbl, KOTOPble MOTYT ObITb 3a4eICTBOBaHbI B (POPMUPOBAHNN U NPO-
rpeccupoBaHun 13 no xogy TeyeHns caxapHoro anabeta (CLl) npu HapyweHun B BbipabOTKE OCHOBHbIX HEPO-
meguaTopoB. O6ocHoBaHa runeppeakTBHocTb FAMK-3pruveckoi, rnytamatepruyeckon (qanee — rnotamar)
1 [OhaMUHEPrNYECKON CUCTEM, a TakXe rMNOakTUBHOCTb XONTMHEPTMYECKON U CEPOTOHMHEPTMYECKON CUCTEM
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HapylweHne Bpra60TKI/1 HeIZpOMe,U,MaTOpOB npun Cﬂ, 1-ro v 2-ro TMNOB, KOTOpPbI€ MOTYT CNYXWUTb PaHHUMU MapKe-

pamu B guarHoctuke 3.

KnioueBble cnopa: ,EI.VIa6eTVI‘-IeCKaFI 3HLl|e¢)aJ'IOI'IaTVIFI, ramma-okCumMacisdaHaa KncnoTa, rnytamMar, ,D,O(*)aMVIH,

aueTUnXxosnunH, CeEpoTOHMH

INTRODUCTION

Diabetes mellitus (DM) is a chronic endocrine disease
characterized by elevated glucose levels and insufficient in-
sulin production or activity [1]. This endocrinopathy is asso-
ciated with well-described and studied macrovascular and
microvascular complications including diabetic retinopathy,
nephropathy, cardiomyopathy and peripheral neuropathy
[14]. Current scientific evidence suggests that DM can also
have a negative impact on the central nervous system (CNS),
causing a number of neurochemical, neurophysiological and
structural disorders. Collectively, these disorders contribute
to the formation of a specific complication and clinical symp-
tom complex known as diabetic encephalopathy (DE) [2,
3, 12, 41]. In this regard, studying DE is an urgent area of
modern endocrinology [1, 46]. It is well known that DE can
manifest as cognitive dysfunction, amnestic disorders, de-
creased learning ability and speed of information processing
in clinical practice [1, 41, 46]. However, pathogenesis of this
complication in DM remains incompletely understood [46].
At present, there are a few contestants considered as possi-
ble triggers for DE development: decreased insulin secretion
or activity, impaired regulation of glucose homeostasis, in-
creased glucocorticoid levels, development of neuroinflam-
mation, impaired neurotransmission, oxidative stress (OS),
and mitochondrial dysfunction [29, 41].

At the same time, there is a concern that preventive mea-
sures and therapies for DE should be initiated as soon as
possible in order to be most effective [46]. Until now, most
cognitive disorders in DM have been clinically diagnosed by
physical and neurological examinations using standard neu-
ropsychological and cognitive tests [4]. However, it is known
that DE progresses rather slowly over the course of DM,
over several years, before the first obvious clinical symp-
toms appear [35]. Thus, early diagnosis of DE remains a
major challenge during the long period of progression [46].

Evidence suggests that disorders in a neurotransmitter sys-
tem may be the most early pathophysiological signs of cogni-
tive dysfunction in DM, and several neurotransmitter systems
can be used as early diagnostic markers of DE [23, 32]. It is
believed that neurotransmission abnormalities on the back-
ground of DM occur much earlier than structural and functional
changes in the brain on the background of DM [34]. However,

there is still insufficient information on neurotransmitter disor-
ders and their pathophysiologic role in the progression of DE
[46]. Therefore, the aim of this review was to highlight possible
mechanisms of impaired production of key neurotransmitters
and to describe their possible use as early markers of DE. Due
to the limited scope of this review, only key neurotransmitters
that may play a key role in the pathophysiology of DE are
considered: gamma-oxybutyric acid (GABA); glutamate (GT),
dopamine (DA), acetylcholine (ACh), and serotonin (ST).

GABA

The GABAergic system is a major inhibitory neurotrans-
mitter in the brain [40]. Numerous studies support the con-
cept of cognitive function inhibition due to the activated
GABAergic system [40]. Physiologic function of the GABA-
ergic system is impaired in DM, and dysfunction of this sys-
tem may be involved in the pathophysiology of DE [33, 45].
Dysfunction of the GABAergic system plays an important
role in diabetic cognitive failure and CNS damage, impaired
brain energy homeostasis, and enhanced oxidative stress
[45]. An imbalance between excitation and inhibition due
to dysfunction of GABAergic neurons has been shown to
dramatically increase glucose toxicity in the brain [41]. Pre-
clinical studies showed that GABA levels were significantly
elevated in the hippocampus of rats with type 2 DM [16].
Elevated GABA levels have been reported in plasma from
patients with type 2 DM, which correlated with the level of
hyperglycemia and cognitive impairment [25]. Another study
showed that patients with type 2 DM had marked insulin
resistance and cognitive dysfunction, as well as increased
concentration of GABA in the medial prefrontal cortex [37].
Van Bassel et al. showed that patients with type 2 DM ex-
hibit higher concentrations of GABA in the occipital lobe of
the brain, which was associated with poorer cognitive abi-
lities [39]. It is no coincidence that drugs that modulate the
GABAergic system have a positive effect on memory and
cognitive abilities [9]. For example, GABA antagonists and
some steroids that inhibit GABA, such as pregnenolone sul-
fate, show significant improvement in learning and memory
[1]. Thus, it can be concluded that DE is characterized by
hyperactivation of the GABAergic system, and high GABA
levels may serve as early biomarkers of this complication.
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GLUTAMATE

GT is one of the most important excitatory neurotrans-
mitters in the brain [19]. Namely, low concentration of GT in
neurons is necessary for optimal and physiological neuronal
function [10]. Although GT is an important neurotransmitter,
its pathologic accumulation causes this amino acid to be-
come a potent neurotoxin [8]. This is mainly due to the acti-
vation of glutamatergic receptors, which leads to increased
calcium entry into neurons and the formation of exitotoxicity
processes [8, 27, 38]. In turn, excitotoxicity leads to dege-
neration and death of brain neurons [21, 30].

The excitotoxic cascade in DE begins with a marked
disruption of oxidative metabolism, which leads to ischemia
and depolarization of brain neurons [6]. This process dis-
ables neurotransmitter reuptake pumps, including GT, re-
sulting in the activation of anaerobic metabolism processes
in the brain [6]. As a result, GT begins to work extrasynap-
tically, stimulating opening of glutamatergic receptor chan-
nels, which leads to an excessive intake of sodium and cal-
cium into brain neurons [6]. Against the background of high
calcium concentration in neurons, endoplasmic reticulum is
stressed. Mitochondrial dysfunction and OS activation oc-
cur, which are considered to be the leading pathophysio-
logical mechanisms of DE formation on the background of
excitotoxicity and excessive GT [31].

In addition, it has been shown that excitotoxic production
of reactive oxygen species increases the activity of protein
kinase C, which may contribute to the death of neurons on
the background of DE [31]. Regarding clinical studies, the
levels of GT in the brain were higher in patients with type
1 DM compared to controls, which suggests a potential role
of GT as an early marker of cerebral complications caused by
hyperglycemia in type 1 DM [43]. Consequently, activation of
the glutamatergic system will occur in DE, and elevated GT
levels may be considered as markers of cognitive impairment.

DOPHAMINE

DA is an important neurotransmitter of the CNS. It per-
forms a number of important physiologic functions primarily
related to cerebral activity (emotion processing, cognition
formation, motor activity, and cognitive abilities) [36]. Alte-
rations in dopaminergic signaling involve neurodegene-
rative diseases and encephalopathy of various genesis [5,
22]. Increased DA levels constitute a major factor in develo-
ping diabetic complications in type 2 DM. One of the most
dangerous complications in DM is CNS damage, and the
involvement of dopaminergic system dysfunction is no lon-
ger in doubt [26]. Insulin resistance in the brain may lead
to changes in mitochondrial function, increased monoamine

oxidase levels and increased DA clearance [18]. Thus, DA
may represent a potential biomarker of cerebral insufficien-
cy in DM on the background of dopaminergic system hyper-
activation [13].

ACETYLCHOLINE

The cholinergic system is an important modulating neu-
rotransmitter involved in cognitive processes. ACh itself
plays a leading role in learning and memory [15, 28]. It was
shown that synthesis and release of ACh were significant-
ly reduced against the background of DM decompensation
[42]. Decreased level of nicotinic acetylcholine receptors
and increased apoptosis in the hippocampus was found in
patients with type 2 DM [44]. It has also been reported that
dysfunction of the cholinergic system is directly related to
altered activity of crucial brain enzymes such as acetylcho-
linesterase (AChE), which may be one of the reasons for
cognitive deficits in animals with DE [20, 24]. Notably, the
same trend was observed in the serum of animals with DE,
hence serum AChE can be used as an important biomarker
to detect DE in the initial stages of DM [46].

SEROTONIN

In recent years, ST levels have been considered as
powerful biomarkers of DM, including DE [17]. It has been
shown that blood levels of ST were lower in patients with DM
compared to controls [17]. Preclinical studies demonstrated
that intranasal administration of ST reduces body weight in
rats with DM and improves glucose tolerance and lipid me-
tabolism [11]. In addition, ST restores hormonal modulation
of adenylate cyclase activity in the hypothalamus and nor-
malizes adenylate cyclase activation, which may improve
cerebral activity [7]. Increasing ST content in the brain can
be considered as an effective treatment for type 2 diabetes
mellitus and its complications [11].

CONCLUSION

The pathophysiological aspects of DE are still far from
being completely clear, and impaired neurotransmitter pro-
duction can be considered as one of the possible hypothe-
ses for the formation of this complication on the background
of DM. DE will result in hyperactivation of the GABAergic,
glutamatergic and dopaminergic systems, while the choliner-
gic and serotoninergic systems will be in a hypoactive state.
Consequently, abnormally high values of such neurotrans-
mitters as GABA, GT and DA, as well as low concentrations
of other neurotransmitters, such as ACh and ST, may be
early markers of DE formation, even at the preclinical stage
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of DM. That is why the earliest possible diagnosis of DE
by testing certain neurotransmitters will improve therapeutic
approaches to manage this complication and improve the
quality of life of patients with diabetes.
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AONONHUTENBbHAA UHOOPMALINA

ABTOp npounTan u ogobpun guHanbHyl BEpCUo ne-
peq nybnukaumen.

WUcTouHnk ¢hmHaHcupoBaHuA. ABTOp 3asBnseT 06
OTCYTCTBUM BHELUHEro MHaHCUPOBaHUS NpW NPOBeAEeHNN
nccnegoBaHus.
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Abstract. Introduction. One of the key components of active labor management is effective pain management. Various
methods of neuraxial analgesia (spinal, epidural anesthesia and their modifications) are widely used for analgesic purposes
in obstetric practice. So, the question of choosing subsequent anesthetic tactics arises, if woman in labor with an epidural
catheter already installed for analgesia purposes needs cesarean section for emergency indications. Conversion of
epidural analgesia to anesthesia is one of the options for further anesthetic management. Goal of study: to determine
the optimal method of converting epidural analgesia to anesthesia during emergency surgical delivery, based on scientific
literature analysis. Those studies are discussed, in which various options of neuraxial anesthesia for labor pain relief and
conversion of epidural analgesia to anesthesia when surgical delivery is necessary are used. Materials and methods.
Inclusion criteria: original works published in peer-reviewed journals, availability of publication’s full text. Exclusion
criteria: lack of publication’s full text, clinical cases, editorial articles, lack of data necessary for analysis. Conversion of
labor epidural analgesia to anesthesia for caesarean section is a common procedure. For this, various local anesthetics
(lidocaine, bupivacaine, ropivacaine, levobupivacaine, prilocaine, etc.) and adjuvants (adrenaline, sodium bicarbonate,
etc.) are used. The time of sensory block onset, duration of motor block, speed of woman'’s recovery, hemodynamic
stability and long-term obstetric and neonatal outcomes are used as efficiency criteria of successful conversion. But
no single local anesthetic or combination of local anesthetics has shown clear superior benefits. The following are
recognized as risk factors for unsuccessful conversion with varying levels of reliability: age of woman in labor, woman’s
height over 167 cm, gestational age (the higher it is, the greater is the likelihood of failure), lack of effective pain relief
during labor, presence of breakthrough pain episodes, number of local anesthetic additional boluses, duration of labor
analgesia, degree of caesarean section urgency and provision of anesthesia by a “non-obstetric” anesthesiologist. The
risk of unsuccessful transition from epidural labor analgesia to anesthesia increases with the number of local anesthetic
boluses administered during labor, degree of cesarean section urgency, duration of labor analgesia, and the provision of
anesthesia by a “non-obstetric” anesthesiologist. Conclusion. To determine the optimal method of epidural analgesia
conversion, choice of local anesthetic, its dosage, concentration and combinations of different drugs that do not have
negative effect on the intrauterine state of fetus and newborn, further research is needed.

Keywords: epidural analgesia, conversion of epidural analgesia to anesthesia, cesarean section
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Pestome. BeedeHue. OgHUM 13 KITIOYEBbLIX KOMMOHEHTOB aKTUBHOTO BeeHUs poaoB saBnsetcs ahhekTMBHOE
obesbonusanue. C aHanbreTMYeCcKom Lenbto B akyLEPCKON NPaKTUKE LUMPOKO NPUMEHSIIOT pasfinyHble METOAMKM
HempoakcuanbHON aHanre3un (CnHanbHas, anuaypanbHas aHecTeans u ux Moaudukayum). Ecnun poxeHuue
C yXe YCTaHOBMEHHbIM ANA aHanre3un anuaypanbHbiM KaTeTEPOM MO KCTPEHHbIM NoKa3aHusM Heobxoanmo
KecapeBO CeyeHue, 0CTPO BCTaeT BONPOC 0 Bbibope nocnegytoLlen aHeCcTe3anonornyeckon Taktukn. OgHum u3
BapuaHTOB [JanbHeNLWero aHeCcTe3nonornieckoro obecneveHns ABnsSeTca KOHBEPCUS aNUAYpanbHON aHanresny B
aHecTte3uio. Lenb uccnedosaHus: Ha OCHOBE aHan13a Hay4YHON NUTepaTypbl ONPEAENUTb ONTUMANbHbLIA METOA
KOHBEpCUW aNUAypanbHOW aHanresnu B aHeCTe3mno Npu 3KCTPEHHOM onepaTuBHOM pogopaspelieHun. Obey-
KOAKTCA NCCnefoBaHNs, B KOTOPLIX MCMNOMb30BaHbl pa3finyHble BapuaHTbl HEMpOaKcUanbHON aHeCcTe3nn 4ns
o6e3bonmBaHus poaoB, NPUMEHEHNEe KOHBEPCUM dNUAYPANbHOWM aHanre3uy B aHeCTe3no Npu Heob6Xo4MMOCTM
onepaTUBHOro popopaspeleHns. Mamepuanbi u MemoOdbl. Kputepuu BKOYEHNS paboT: opuriHanbHble paboTbl,
onybrnumKkoBaHHbIe B PELieH3MPYEMbIX XypHanax, Hanu4ue nonHoro Tekcta nybnukaumn. Kputepum HEBKTIOYEHNS:
OTCYTCTBME NOMHOrO TEKCTA UCCNeLOBaHNS, KITMHUYECKNE CryYvan, pefaKLyMOHHbIEe CTaTbW, OTCYTCTBME AaHHbIX,
HeobXxoanMbIX Ans aHanu3a. KoHBepcus poLoBOW 3aNUAYpanbHOM aHanreany B aHeCTe3no Npy KECapeBOM CEYEHUM
ABNAETCS PacnpoCTpaHeHHO! npoLeaypon. [ins aToro UCNomb3yoTCs pasnuyHble MECTHble aHECTETUKM (NMMLOKaWH,
OynuBakauH, ponuBakauH, neBobynuBakanH, NpUNOKauH U 4p.) U agbloBaHTbl (@apeHanuH, bukapboHaT HaTpus 1
ap.). B kauecTBe KpuTepmes 3PHEKTUBHOCTY YAAYHON KOHBEPCUN NPUMEHSIOTCS BPEMS HACTYNIIEHNSI CEHCOPHOIO
Brnoka, AnMTEenbHOCTb MOTOPHOTO B110Ka, CKOPOCTb BOCCTAHOBIIEHUS XEHLLUWNHbI, CTAaOUIBHOCTb FEMOANHAMUKN W
oTAaneHHble akyLepckue 1 HeoHaTanbHble ucxodbl. HO HA OAWH U3 MECTHBIX aHECTETUKOB UIK UX KOMBUHALMS He
NPOLEMOHCTPUPOBan OAHO3HAYHbIE HENPEeB3OAEHHbIE NpenMyLecTBa. B kayecTBe (hakTOpoB pucka HeygauyHoro
BbINOMHEHMS KOHBEPCUN C Pa3HbIM YPOBHEM AOCTOBEPHOCTYU NMPU3HaHbI: BO3PACT POXEHMLbI, POCT KEHLLMUHbI 60-
nee 167 cM, cpok 6EPEMEHHOCTM (Yem OH BbILLE, TEM BEPOSTHOCTb Heyaaun bonbLue), oTCyTCTBME 3P DEKTUBHOIO
obes3bonnBaHnsg poaoB, Hannune aNM3040B NPOPbLIBHON 601K, KOMYECTBO AONONHUTENbHBIX 6OMIOCOB MECTHOTO
aHecTeTnKa, NPOAOMKMTENbHOCTL 06e360N1BaHNSA POAOB, CTENEHb CPOYHOCTH KecapeBa CeveHus, a Takxe obec-
neyeHne aHeCTE3NN «HeaKyLIEPCKUM» aHeCTE3MONOroM. PUCK Heyfa4yHOro nepexoga ot anuaypanbHon aHanresum
POLOB K aHECTE3MW BO3paCTaeT C yBENNYEHNEM KoninyecTBa 60M0COB MECTHOTO aHECTETUKA, BBOAUMbIX BO BPEMS
POAOB, CTENEHbI CPOYHOCTH KECapeBa CEYEeHUs, MPOLOMKNTENBHOCTLI0 06€360M1BaHNsA POLOB M OKa3aHuem
NOMOLLW «HeaKyLlepCKUM» aHeCcTe3nonorom. 3akaryeHue. [Ins onpegeneHns onTuManbHoro Metoaa KOHBEPCUm
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anuaypanbHoN aHanresum, BbIGopa MECTHOTO aHECTeTUKa, ero A03MPOBKM, KOHLEHTpaLMU U KOMOUHALNA pasHbIX
npenapaToB, He OKa3blBaOLMX OTPULLATENBHOTO BAMSHUS HA BHYTPUYTPOOGHOE COCTOSIHWE NNoAa U HOBOPOXKAEH-

HOTO, HeO6XO,U,I/IMbI AanbHenlwmne nccneaoBaHus.

KntoueBble cnoBa: anuaypanbHas aHanreaus, KOHBepCUs aNnaypanbHO aHanresnn B aHECTE3NH0, KECapeBo CeyeHne

INTRODUCTION

Despite availability of numerous methods and sche-
mes of analgesia and anesthesia in labor and abdomi-
nal delivery, the search for the safest one is still ongoing
[1, 4, 11]. The last two decades were marked by an in-
creased interest in neuraxial anesthesia methods (spinal,
epidural anesthesia and their modifications), which, ac-
cording to many authors, have a number of advantages
and are optimal in obstetric practice [2, 14, 16, 19, 21,
21, 30, 33, 82].

From 2017 to 2018, 21% of more than 100,000 cesa-
rean sections performed in England were carried out under
epidural anesthesia [35]. Epidural analgesia is recommen-
ded by the World Health Organization as the primary me-
thod of labor pain relief, and 30% of women laboring in the
UK and 60% in the US receive epidural analgesia [46].

The advantages of epidural analgesia are high analgesic
efficacy, low complication rates, the possibility of adequate
analgesic effect in the postpartum period, and conversion to
epidural anesthesia when cesarean section is necessary [3,
5,13, 36, 57, 65, 65, 92, 98].

When epidural analgesia is used during natural child-
birth and situations require operative delivery (for both ma-
ternal and fetal indications), the anesthesiologist faces an
issue of choosing an appropriate method of anesthesia.
This issue depends on various factors, including urgency,
mother’s and fetus’s health, since anesthesia may cause
deterioration of uteroplacental and fetal blood flow, which
predetermines the outcome of labor and affects a newborn
in the early neonatal period [6, 49, 50, 68, 88].

It is known that different local anesthetics administered
epidurally, as well as their combination in different concen-
trations have various effects both in labor and in the post-
partum period. Thus, injection of lidocaine into epidural
space is accompanied by the fastest development of motor
block. Ropivacaine has a relative anesthetic efficacy of 0.6
compared to bupivacaine, is less cardiotoxic/neurotoxic and
causes less pronounced motor blockade. Meanwhile, bupi-
vacaine and levobupivacaine have almost the same anes-
thetic effect and cause dose-dependent motor block [8, 27,
46, 52, 78, 85].

The efficacy of epidural anesthesia for cesarean sec-
tion does not depend on body mass index, but it can be

influenced by height, the number of boluses of anesthetic
administered during labor, duration of anesthesia, previous
catheterization of epidural space, and other factors [31, 99].

Currently, there are no clear recommendations on con-
verting epidural analgesia during labor to epidural anes-
thesia for emergency cesarean section. Various variants
of neuraxial analgesia and primarily epidural analgesia are
widely used worldwide to anesthetize natural childbirth. In
the USA, more than 70% of women in labor prefer adequate
anesthesia for labor [56].

Disputes about analgesia and its outcomes are probably
the most acute issue in the history of obstetric anesthesio-
logy. However, providing effective analgesia is one of the
key components of active labor management, and its use is
recommended in modern protocols [7, 9, 56].

A population-based study of 575,524 women who under-
went their first delivery through natural labor in New York
City obstetrics facilities from 2010 to 2017 was conducted.
The use of neuraxial analgesia reduced the risk of severe
maternal complications by 14%, mainly by reducing post-
partum hemorrhage, and the number of these complications
was independent of premorbid background and race or eth-
nicity [44].

Efficiency of analgesia, among other factors, is influ-
enced by the method of anesthetic delivery. Currently, bo-
lus, continuous infusion, patient-controlled epidural analge-
sia (PCEA) and computer integrated patient-controlled epi-
dural analgesia (CIPCEA), as well as various combinations
of these delivery modes are widely used [18, 46, 63, 86].
Each has its own pros and cons [39, 67, 95].

Although epidural analgesia is the most effective method
of anesthesia [53, 97], there is a problem described in ear-
lier studies. They showed that epidural analgesia increased
the likelihood of operative delivery by caesarean section
[37, 83]. However, the 2005 Cochrane Review, which com-
pared epidural analgesia with other methods of analgesia or
labor without analgesia, showed no impact of epidural anal-
gesia (EA) on the incidence of cesarean section [20]. It has
been demonstrated that 28% of women who were anesthe-
tized with epidural analgesia delivered by cesarean section
compared to 31.7% of women who were not anesthetized
[53]. Later work has shown a lower cesarean section rate
of 4-14% when epidural analgesia is used to anesthetize
labor [56].
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Neuraxial analgesia in natural childbirth is not a univer-
sal procedure, so the techniques used for its implementa-
tion may vary in different countries and institutions, which,
in turn, may affect the influence of EA on a cesarean section
rate [51].

When cesarean section is indicated, the presence of
an epidural catheter placed for analgesia may be used for
further anesthesia. In this situation, choosing a method of
anesthetic support is based on urgency of surgery, anesthe-
siologist’s experience and personal preference.

When it is necessary to convert epidural analgesia to
anesthesia, a higher dose of concentrated local anesthe-
tic is injected into the epidural catheter, which allows epi-
dural analgesia to be considered the optimal technique for
anesthesia of labor [25, 56]. For this purpose, various local
anesthetics are used, and adjuvants such as sodium bicar-
bonate, adrenaline, and narcotic analgesics are added to
enhance the effect of local anesthetics and lead to a faster
development of persistent sympathetic blockade [35, 60].
Based on a survey of UK anesthesiologists, 13 combina-
tions of local anesthetics and adjuvants that are used for
this purpose have been identified [84].

At the same time, it should be emphasized that injec-
tion of narcotic analgesics during neuraxial anesthesia is
limited in Russia. Only promedol and morphine are allowed
to be administered in the epidural space, while intrathecal
administration of narcotic analgesics is not recommended
[2]. Moreover, mixing of drugs in an emergency situation
may lead to drug dosing errors and delay the time of local
anesthetic administration [42, 93].

The choice of local anesthetics and the options for com-
bining them with adjuvants differ from country to country.
Thus, the survey of anesthesiologists in the United Kingdom
showed that 40% of specialists used only 2% lidocaine hy-
drochloride solution or its combination with other narcotic
analgesics, 72% of respondents used levobupivacaine or
bupivacaine [38, 84, 90, 93].

No difference was found in sensory block onset time to
the Th, level when comparing the use of a mixture of 2%
lidocaine solution with adrenaline 1:200,000 and 0.5% bu-
pivacaine hydrochloride solution with 50 ug fentanyl [42)].

It has been demonstrated that there is no difference in
sensory block time to Th, when 0.75% ropivacaine hydro-
chloride and 0.5% bupivacaine hydrochloride are used [90].

Using a single drug, such as ropivacaine or levobupiva-
caine, appeared to be more preferable since it reduced the
number of errors and the time required to dilute it. This may
be clinically significant in emergency situations, such as fe-
tal distress [15, 93]. In other non-life-threatening cases, few
more minutes spent on preparing a solution for insertion is
not relevant [43, 93].

A prospective, randomized, double-blind, double-center
controlled clinical trial compared equipotent doses of intra-
thecal hyperbaric prilocaine 50 mg or hyperbaric bupiva-
caine 10 mg, and both drugs in combination with sufentanil
2.5 ug and morphine 100 pg for planned cesarean section.
An epidural catheter was placed as a backup, in case spinal
anesthesia failed. Median motor block time was significantly
shorter in the hyperbaric prilocaine group (110 [104-150]
min vs 175 [135-189] min, p=0.001). The woman’s first un-
assisted movement was achieved earlier in the prilocaine
group (204.5 [177-246.5] min vs 314 [209.25-400] min,
p=0.007), and the incidence of arterial hypotension was sig-
nificantly higher with bupivacaine (p=0.033). No additional
epidural analgesia was required. The authors conclude that
prilocaine provides shorter motor block, faster recovery and
hemodynamic stability than bupivacaine, while providing
equivalent depth of anesthesia [41].

It has been shown that 93.5% of cesarean sections were
performed under neuroaxillary anesthesia, and 41% of pa-
tients had epidural catheters inserted earlier during labor.
These catheters were subsequently used to provide anes-
thesia for cesarean section [73, 93].

Conversion of epidural analgesia to anesthesia for ce-
sarean section is necessary but not always successful [47,
56, 69].

The ineffectiveness of conversion of epidural analgesia
to anesthesia for emergency cesarean section ranges from
0 to 21% [65, 69].

The incidence of failed conversion is recorded as a
complication. It is included in the quality of care audit,
subsequently analyzed in detail, and depends on many
factors. The Association of Anesthesiologists in the United
Kingdom recommends that the rates of failed conversion
should not exceed 1% for planned caesarean section and
5% for emergency caesarean section [56, 69].

Factors for failed epidural conversion include maternal
age [56, 71], woman'’s height greater than 167 cm [56, 69],
gestational age ( the greater it is, the higher the likelihood
of failure) [56, 71], lack of effective labor analgesia, pre-
sence of episodes of breakthrough pain [28, 56], number
of additional boluses of local anesthetic, duration of labor
analgesia [56], degree of urgency of cesarean section [56,
60], and anesthesia factors such as epidural analgesia
without CA [56], as well as provision of anesthesia by a
“non obstetric” anesthesiologist [28, 56, 87]. Taking into
account the above-mentioned factors, the most important
are labor anesthesia by a “non-obstetric” anesthesiologist,
a large number of additional boluses of local anesthetic,
and the degree of urgency of cesarean section [56, 69].

Crucial factors that influence the choice of anesthesia
technique during labor include time required for sensory
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block to develop and the urgency of cesarean section.
These factors may partially explain the fact that most an-
esthesiologists choose not to manipulate a catheter or
substitute epidural anesthesia. Further administration of
local anesthetic may, in addition, increase the risk of sys-
temic toxicity [10, 17, 56, 74].

Risk factors associated with failed conversion of epidu-
ral anesthesia have been widely studied. Breakthrough pain
in labor may be a marker of poorly functioning epidural anal-
gesia or indicate discoordinated labor [56, 73].

To date, there is no clear consensus on the effect of
body mass index (BMI), the degree of cervical opening at
the time of initiation of epidural analgesia, and the adminis-
tration of combined spinal-epidural versus standard epidu-
ral analgesia techniques. However, the duration of epidural
analgesia in labor has been shown to significantly increase
the likelihood of unsuccessful epidural conversion for cesa-
rean section [35, 69].

A literature review revealed controversial data regar-
ding body mass index and the number of successful con-
versions of epidural analgesia to anesthesia [23, 69]. A me-
ta-analysis that included 6 studies showed that maternal
weight was not associated with the efficacy of epidural
conversion [24]. Only one of 6 studies demonstrated an
association between body weight and failed epidural con-
version [71].

Obese women have higher cesarean section rates, are
more likely to be diagnosed with difficult airway and have
more complications when performing a neuraxial block.
This should prompt more careful monitoring and careful ma-
nagement of epidural analgesia in labor. Greater thickness
of soft tissue between skin surface and yolk ligament in-
creases the likelihood of catheter displacement in an obese
patient during movement [24, 59, 87].

Currently, there is no conclusive evidence that duration
of epidural analgesia in labor (brief or prolonged) is a risk
factor for unsuccessful conversion to epidural anesthesia.
It has been suggested that prolonged labor may result in
catheter dislodgement from the epidural space. Conversely,
when indications for cesarean section are established im-
mediately after induction of labor anesthesia, there may not
be enough time to determine the efficacy of anesthesia for
cesarean section. Most authors studying this problem have
failed to prove the relationship between the duration of epi-
dural analgesia and the success of conversion [56, 69].

In case the causes of ineffective epidural conversion
are identified and this technique is improved according to
the analysis of failures, this may prevent the use of more
complex and costly methods of anesthesia. Violation of the
epidural conversion technique may require conversion to
general anesthesia [91].

There are many reasons why general anesthesia is un-
desirable, including higher incidence of maternal mortality,
possibility of pulmonary aspiration, difficult tracheal intuba-
tion, neonatal depression, uterine hypotension with volatile
anesthetics, postoperative pain, and nausea [27, 56]. Ma-
ternal dissatisfaction and pain are leading causes of litiga-
tion related to obstetric anesthesia [32, 66, 69].

Definitions of epidural conversion failure are contradic-
tory. Most authors define failure as conversion to general
anesthesia [69]. Other authors define failure as conversion
to another form of anesthesia [69, 87].

Most anesthesiologists (89%) would consider supple-
menting the epidural analgesia for further cesarean section.
When analyzing whether to supplement existing epidural
analgesia of labor, factors influencing the decision were the
efficacy of epidural analgesia in labor (99%), the degree of
urgency of cesarean section (73%), and the level of sensory
blockade (61%).

Anesthesia options include the following: manipulation
of the epidural catheter (pull up 0.5-1 c¢m) or its replace-
ment, performance of combined spinal-epidural or spinal
anesthesia, and induction of general anesthesia [35].

In addition to epidural analgesia without dura puncture,
labor can be anesthetized by combined spinal-epidural an-
algesia (CSEA), in which the dura is punctured with a small-
gauge spinal needle. There is evidence that CSEA-initiated
labor analgesia is more effective in anesthetizing the labor
pain [54, 69, 72]. At the same time, a retrospective study in-
cluding 1,025 laboring women compared epidural with com-
bined spinal-epidural analgesia, where they demonstrated a
higher rate of failed conversion with EA compared to CSEA
[64]. The CSEA technique allows better identification of the
epidural space and subsequent catheter placement, and the
puncture hole in the dura improves local anesthetic pene-
tration and thus improves the quality of anesthesia [24, 76].

Other investigators have failed to demonstrate a diffe-
rence between epidural and combined spinal-epidural anal-
gesia [40, 69].

Thus, combined spinal-epidural analgesia is more reli-
able as a method of labor analgesia, although there is cur-
rently insufficient data to conclude that CSEA is superior
to EA for conversion in case of cesarean section. Several
studies have shown that neuraxial methods of labor anal-
gesia performed by obstetric anesthesiologists reduces the
likelihood of failed epidural conversion [55, 87].

There are 2 out of 70 reported cases of failed conversion
after epidural catheter placement performed by an obstetric
anesthesiologist compared to 20 out of 170 cases of cathe-
terization performed by a “non-obstetric” anesthesiologist.
The obstetric anesthesiologist has been shown to be more
successful because he or she can manipulate the epidu-
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ral catheter with greater confidence or use other neuraxial
anesthesia techniques to avoid the need for general anes-
thesia [55, 87].

According to Campbell D.C. et al. (2009), the incidence
of general anesthesia was 5.5% when the conversion was
performed by a “non-obstetric” anesthesiologist compared
to 1.2% when the manipulation was performed by an obstet-
ric anesthesiologist. Other authors have shown that failure
rates of conversion amounted to 7.2 and 1.6%, respectively
[40, 69].

It might be explained by more correct manipulations
with an epidural catheter in obstetric patients by obstetric
anesthesiologists. It has been demonstrated that 84.6% (22
of 26) of poorly functioning epidural catheters can be suc-
cessfully repaired by pulling up 1 cm, as evidenced by a
pronounced anesthetic effect after such a manipulation. It
has been shown that 58.3% of obstetric anesthesiologists
use this technique, while only 5.9% of “non-obstetric” anes-
thesiologists did so [28]. The overall failure rate of epidural
anesthesia conversion is also confirmed by other authors
[29, 56, 58].

Several studies have reported that additional boluses of
local anesthetic required to treat breakthrough pain during
epidural analgesia are associated with a higher failure rate
of epidural anesthesia conversion [42, 84]. Even a single
unplanned bolus increases the likelihood of epidural con-
version failure. Quantity of boluses was the best predictor of
ineffective conversion from epidural analgesia to anesthesia
[28, 69].

A meta-analysis showed that the rate of ineffective epi-
dural conversion increased 3-fold in laboring women who
required additional boluses during labor [24].

The degree of emergency cesarean section is also asso-
ciated with failed epidural conversion. Up to 25% of epidural
conversion failures were identified when cesarean section
was performed immediately upon the development of fetal
life-threatening conditions [48, 56, 69, 77, 81]. The urgency
for surgery is related with ineffective epidural conversion.
This convertion cannot always be achieved in a few minutes
designated for a cesarean section for vital indications. Ge-
neral anesthesia allowed to start surgery on average 8 mi-
nutes faster than regional anesthesia [26, 69].

Thus, urgency of cesarean section determines the inef-
fectiveness of epidural conversion. Nevertheless, it is well
known that general anesthesia is often preferred when time
is critical.

Attempting to convert epidural analgesia to anesthesia,
it is advisable to determine the level of sensory block by
needling the skin above Ths—Thy, there should be a loss of
perception as well as disappearance of cold sensation at
Th, soon after injection of local anesthetic into the epidural

catheter [69, 93]. If a surgical stage of anesthesia cannot
be achieved, then a anesthesiologist switches to alternative
methods such as different variants of neuraxial anesthesia
or general anesthesia. An unsuccessful attempt to convert
epidural analgesia into anesthesia when cesarean section
is required poses a difficult clinical problem to an anesthe-
siologist, since it is necessary to choose the most optimal
method of anesthesia.

Epidural anesthesia. After a failed epidural conver-
sion, it is possible to insert a new catheter into the epidural
space. Lee S. etal. reported that 21 of 1025 catheters were
replaced during labor before cesarean section. In all cases
of replacement, epidural analgesia was successfully con-
verted to anesthesia for operative delivery [53, 64, 94].

However, epidural catheter replacement is time-con-
suming. Careful titration of local anesthetic to achieve surgi-
cal stage of anesthesia should be kept in mind, as repeated
injection of a full dose of local anesthetic into the epidural
space may lead to the development of systemic toxicity as a
result of possible catheter migration as well as other comp-
lications [10, 69].

Spinal anesthesia. Spinal anesthesia for cesarean sec-
tion may be used after epidural analgesia and is performed
more frequently because of inadequately functioning epi-
dural analgesia, either immediately before attempted epi-
dural conversion or after failed epidural conversion. The de-
cision to initiate spinal anesthesia after epidural analgesia
for labor remains controversial and should be undertaken
with caution. Spinal access involves removal of the epidural
catheter and repeat puncture for spinal anesthesia. Spinal
anesthesia is preferred by some practitioners who believe it
may provide better anesthesia compared to epidural anes-
thesia [69].

Traditionally, the initiation of spinal anesthesia shortly
after discontinuation of epidural anesthesia during labor has
not been encouraged because of numerous reports of sub-
sequent development of high or total spinal block [35, 69].
The local anesthetic (LA) dose should be reduced to lower
the risk of complications when spinal anesthesia is initiated
shortly after an unsuccessful epidural conversion attempt.
The local is injected into the spinal space. It is also possible
to sustain a pause between the last injection of local anes-
thetic into the epidural catheter and the spinal space [69].

More than one-third of anesthesiologists have expe-
rienced the development of high or total spinal block during
spinal anesthesia, but these complications have been re-
ported almost nine times less frequently during CSEA
(35, 62].

The optimal dose of local anesthetic for spinal anes-
thesia after epidural analgesia for labor is unknown. Some
studies suggest that decreasing the dose of anesthetic may
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adversely affect efficacy of the anesthesia administered.
This results in an increased need for intravenous or inhaled
anesthetics required for general anesthesia [69].

Combined spinal-epidural anesthesia. CSEA has be-
come widespread in anesthesia practice and is widely used
not only in obstetrics, but also in general surgery, trauma-
tology-orthopedics, urology, gynecology and so on. Rapid
onset and prolonged effect of anesthesia, the possibility of
continuing anesthesia in the postoperative period are the main
advantages of CSEA over spinal and epidural anesthesia [12].

This method of anesthesia is an attractive option after
unsuccessful epidural conversion because it provides ra-
pid onset, reliable anesthesia, and the possibility of prolon-
ging the blockade by additional injection of local anesthetic
into an epidural catheter [69]. When performing combined
spinal-epidural anesthesia, a deliberately low dose of local
anesthetic is first injected into the subarachnoid space, such
as 6-9 mg of 0.75% hyperbaric bupivacaine, which reduces
the risk of developing a high spinal block. If the resulting
block is not enough for a surgical stage of anesthesia, addi-
tional doses of local anesthetic can be administered through
a newly placed epidural catheter [69].

Some authors report a longer time required to perform
CSEA compared to EA, although only one trial showed a
clinically significant difference which amounted to 11 mi-
nutes [62]. Specialists have expressed concern regarding
an untested epidural catheter when initiating a cesarean
section under CSEA. After administering a small dose of LA
intrathecally, subsequently inserted LA may increase anes-
thetic distribution in the spinal canal, thereby increasing the
likelihood of sensory block development [69].

Extended spinal anesthesia. Extended spinal anesthe-
sia has long been considered the best option, especially for
patients with cardiopulmonary disease, where the level of
sensory block must be carefully monitored [69]. Extended
spinal anesthesia is also indicated for patients in other cate-
gories, such as vertebral neurology, obesity, and anticipated
difficult tracheal intubation [69]. However, the likelihood of
headache after dura mater puncture with a large-diameter
needle remains high [69].

Spinal anesthesia can be unsuccessful in a number of
cases. There are many ways to define the term “failed spi-
nal anesthesia” Many publications indicate two main points.
First, partial failure is defined as pain or discomfort occur-
ring during surgery and requiring additional intravenous
or inhalation analgesia [22]. Second, complete failure is
defined as failure to achieve adequate sensory blockade,
making it necessary to perform general anesthesia [89]. The
incidence of complete failure of spinal anesthesia requiring
conversion to general anesthesia for caesarean section
ranges from 0.5 to 6.4% [79].

In addition, extended spinal anesthesia may be asso-
ciated with the development of neurological complications
[34, 69]. For these reasons, extended spinal anesthesia
is used in patients who experienced unintentional punc-
ture of dura mater during catheterization of the epidural
space.

Local anesthetic infiltration. Local anesthetic infil-
tration has been used in past when neuraxial anesthesia
or general anesthesia was not performed. This method of
anesthesia is not currently used, mainly due to lack of trai-
ning and experience, resulting in inadequate anesthesia,
and the possibility of delayed care. However, local anes-
thetic infiltration can be used in an emergency situation to
augment inadequately functioning neuraxial anesthesia [69,
80]. Up to 10.7% of patients during caesarean section ex-
perience discomfort or anxiety after conversion of epidural
anesthesia from analgesia, requiring additional administra-
tion of intravenous and/or inhaled anesthetics [69, 80].

General anesthesia. Neuraxial anesthesia is usually
more preferable than general anesthesia because it allows
a mother to participate in labor, reduces the likelihood of
intubation problems with difficult airways, and avoids dep-
ressive effects of systemic anesthetic drugs on a fetus and
uterine tonus. It is also possible to preserve woman’s con-
sciousness during general anesthesia. At the same time,
the use of neuraxial anesthesia facilitates postoperative
analgesia [24, 61].

Switching to general anesthesia and avoiding the use of
an epidural catheter for a surgical stage during CS is con-
sidered an inefficient option for using regional anesthesia
[53, 96].

Many specialists prefer to perform general anesthesia
during emergency caesarean section due to fetal deteriora-
tion without any attempt to pre-convert epidural analgesia to
anesthesia [28, 61, 94].

This approach may be based on the notion that it takes
less time to induce general anesthesia than to convert
epidural analgesia to anesthesia. E. Palmer et al. (2018)
demonstrated a significantly shorter time interval from induc-
tion to incision with general anesthesia, which was 6 minutes
compared to 11 minutes with epidural anesthesia, but this
time difference did not correlate with worse neonatal out-
comes [72]. On the contrary, the use of general anesthesia
is associated with lower Apgar scores five minutes after de-
livery, the need for mask ventilation and neonatal admissions
to intensive care units [35, 70, 96].

Back in 2007, P. Popham et al. showed that there was
no significant difference in time taken from the indication
for caesarean section to fetal delivery regarding general
and epidural anesthesia, which amounted to 17+6 min and
1919 min, respectively [77].
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General anesthesia has been associated with pre-
servation of consciousness during surgery and comp-
lications related to aspiration and failed intubation, as well
as critical incidents after conversion of regional anesthe-
sia rather than primary conversion to general anesthesia
[74, 96].

A major achievement described by S. Ismail et al.
(2015) was the reduction of rejections to perform conver-
sion. This was evidenced by performing general anesthe-
sia in 40.3% of cases without attempting to convert epi-
dural analgesia to anesthesia when performing caesarean
section. Emergency caesarean section was the main rea-
son for rejecting the use of epidural anesthesia conversion
in 50 (28.4%) women. Previously, authors described the
use of general anesthesia as the main method of anes-
thetic management without any attempt to convert epidu-
ral analgesia to anesthesia due to the urgency of caesa-
rean section [47, 53].

Conversion of epidural analgesia for labor to anesthe-
sia for caesarean section is an important strategy to limit
the use of general anesthesia in obstetrics. A high rate of
successful conversions presents a good criterion for quality
of care, indicating the prior availability of functional epidural
analgesia as well as the avoidance of general anesthesia
[24, 45].

Strategies aimed at improving the conversion will en-
hance safety and quality of anesthetic care provided in ob-
stetrics.

CONCLUSION

Epidural analgesia in labor is presented as the most ef-
fective method of relieving labor pain, which can be con-
verted to epidural anesthesia in case of emergency cae-
sarean section, as an existing epidural catheter might be
used to administer local anesthetics. The optimal method
of epidural analgesia conversion that does not adversely
affect the intrauterine condition of the fetus and neonate
has not been determined to date. The risk of unsuccessful
conversion from epidural analgesia to anesthesia increases
with the number of boluses of local anesthetic administered
during labor, the degree of urgency of caesarean section,
the duration of anesthesia, and the assistance provided by
a “non-anesthesiologist”.

When epidural conversion fails, the use of spinal or
combined spinal-epidural anesthesia is preferred over
general anesthesia. There is no unambiguous approach in
selecting a local anesthetic, its dosage, concentration and
combination with different drugs when converting epidural
analgesia to caesarean section anesthesia, which requires
further research.
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AONONMHUTENBHAA UHOOPMALINA

Bknag aBTopoB. Bce aBTOpPbl BHEC/U CYLLECTBEHHbIN
BKNag B pa3paboTKy KOHLEeNnuuu, npoBeAeHne uccnenosa-
HWS 1 MOAFOTOBKY CTaTbM, MPOYY M 0f406pUNN UHaANbHYIO
Bepcuto nepep nybnukauuen.

KoHhnukT mHTepecoB. ABTOPbI AeKNapupytoT OTCyT-
CTBME SIBHBIX M MOTEHUWaNbHbIX KOH(NKTOB WHTEPECOB,
CBSI3aHHbIX C Ny6nnkaunen HacTosLLen cTaTbi.

WUcTounnk ¢hmHaHcupoBaHuA. ABTOpbI 3asBnAlT 06
OTCYTCTBUW BHELIHEro (hMHAHCMPOBAHWUS NpU NPOBEAEHUM
UCCreaoBaHNs.
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Abstract. The article is devoted to a scientific literature review on the issues of reparative histogenesis and cell differentiation
in the cornea at the genetic level. The most vulnerable membrane in case of eye injuries is the cornea. In this regard,
the assessment of its regeneration processes, including at the molecular genetic level, becomes important. Knowledge
of the molecular biology of regenerative genes is far from complete, and many aspects remain insufficiently studied. The
genes MKI67, TAB3, PAX6 are involved in the regeneration of corneal tissue, including after injury. This review focuses
on these three genes. Ki-67 protein is a universal marker of proliferation and is necessary for maintaining the cell cycle.
Pax-6 is an early marker of corneal epithelial cell differentiation. Expression of this gene is suppressed in many tissues
of an adult, but it persists in eye cornea, participating in the normal functioning of the cornea. TAB3 gene, as a correlate
of TGF-B activation, helps to increase the intensity of proliferation and migration of epithelial cells and promotes rapid
healing of the wound surface. Currently, the study of the patterns of cyto- and histogenesis, differentiation of cells and
tissues of the organ of vision, their physiological and reparative regeneration and the regulation of these processes at
the molecular genetic level in the aspect of regenerative medicine is being updated.

Keywords: regeneration, cornea, gene expression
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Pe3tome. B cTaTbe npuBoauTcs 0630p Hay4HOM NuTepaTypbl N0 BONPOCaM penapaTuBHOro rmcToreHesa un audde-
PEHLMPOBKM KIETOK B POrOBULIE HA reHeTMYeCKoM ypoBHe. Hanbonee ys3asumon 060noYkon npu TpaBmax rnasa
ABNSeTCS porosuLa. BaxHoe 3HauyeHWe npuobpeTaeT oLeHKa NPOLECCOB ee pereHepayi, B TOM YUCne Ha Mone-
KYNSIPHO-TEHETNYECKOM YPOBHE. 3HAHWUS O MONEKYNSpHOWM BUMONOrMKM pereHepaTopHbIX FEHOB Aaneku 0T NOMHOTHI,
W MHOTME acnekTbl OCTAKTCSA HEAOCTATOYHO U3YYEHHBIMU. B pereHepaLluy TkaHelk poroBuLbl, B TOM Yucre nocne
TpaBMmbl, NpUHUMALOT yyacTue renbl MKI67, TAB3, PAX6. B naHHOM 0630pe AenaeTtcs akLeHT Ha 9TUX TPEX reHax.
benok Ki-67 — yHuBepcarnbHblil Mapkep nponudepawun, Heobxoaum Ans noaaepkKaHus KneToyHoro uukna. Pax-6 —
paHHUI Mapkep AP hepeHUMPOBKM SNUTENMANBHBIX KNETOK POroBuLIbl. JKCNPECCHUS AAaHHOTO reHa NOAAaBNASEeTCS BO
MHOTWX TKaHsIX B3pOCIIOr0 YeroBeKa, HO OHa COXpaHSeTCs B POroBuLe rnasa, y4acTBys B HOpMabHOM ee yHKLWO-
HupoBaHuu. Nen TAB3 kak koppenat akTueauun TGF-B cnoco6CTBYET yBENUYEHUIO MHTEHCUMBHOCTW NponudepaLmm
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N MUTPaLM ANUTENNOLMTOB, COAENCTBYET BbICTPOMY 3aXMBMEHUIO PaHEBOI NOBEPXHOCTU. B HacTosLee Bpems
aKTyanuanpyeTcsi M3y4YeHne 3akOHOMEPHOCTEN LIMTO- M TNCTOreHe30B, ANEPEHLMPOBKI KNETOK 1 TKaHeil opraHa
3peHUsi, UX PU3MONOrMYECKO U penapaTUBHON pereHepaLuu 1 perynsumun 3Tx NnpoLeccoB Ha MOMEKYNsPHO-reHe-

TU4YECKOM YPOBHE B aCnekTe pereHepaTMBHoﬁ MeanUnHbI.

KntoueBble cnoBa: pereHepauns, poroeuua, 3KCnpeccuna reHos

The determining factor in development and functional spe-
cialization of tissues is the genetic determination and subsequent
differentiation. During the normal course of development, in com-
petent material, under the influence of one or another inducer,
initially unstable (labile) determination occurs, and later, irrever-
sible (stable) determination starts [5]. Only after this the rudiment
of a certain tissue appears. The tissue determination of cornea
is based on the expression of certain tissue-specific genes that
determine the synthesis of nucleic acids and proteins [4].

During reparative histogenesis, it is often necessary to
observe coordinated gene expression when several specific
protein substrates are synthesized in cells or when some hu-
moral factor induces the expression of several genetic loci in
cells of different tissue types.

When studying corneal regeneration, it is necessary to
dwell on some genes whose action has been described and
plays a key role in the development and differentiation of tis-
sues of the eye’s anterior segment.

Ki-67 was originally identified as an antigen recognized
by a monoclonal antibody generated by immunizing mice with
nuclei isolated from the Hodgkin lymphoma cell line L428
[16]. Cloning and sequencing of complementary deoxyribo-
nucleic acid (cDNA) of Ki-67 [15, 37] revealed that the amino
acid sequence had little similarity to other known proteins,
so the protein was named after the antibody that identified it.
Ki originates from Kiel, Germany, where the antibodies were
developed, with 67 being the well number on a 96-well plate.
In 1996, the entire Ki-67 gene locus was sequenced and was
found to contain approximately 30,000 bases [41].

The MKI67 gene, encoding a Ki-67 protein, is a universal
marker of proliferation and is detected in cells in all phases
of the mitotic cycle except GO [1]. The Ki-67 protein is also
necessary for maintaining the cell cycle.

A disadvantage of the MKI67 gene determination me-
thod is that mitosis is the fastest phase of cell cycle, which
may lead to an underestimation of actual values of its quan-
tity [12]. The protein half-life is approximately 90 minutes
[19], so inhibition of protein synthesis for 60 minutes leads
to a significant decrease in the Ki-67 protein level [6].

Average messenger ribonucleic acid (mRNA) and Ki-67
protein levels in proliferating cells appear to be independent
of cell type. Similar levels of RNA and protein are observed
in several human cell lines [30].

Ki-67 expression is a useful marker of early precan-
cerous lesions [7]. Experimental studies have confirmed
changes in Ki-67 expression in the eye.

Thus, when exposed to a femtosecond laser (a sys-
tem capable of generating ultra-short laser pulses lasting
5 femtoseconds or more) on cornea, the Ki-67 expression
increases on the first day and reaches a maximum in epi-
thelial cells on the third day [29].

In early stages of corneal damage, cells with high Ki-67
expression are localized predominantly in the region of the
growth zone of limbus [3].

In a study of pterygium, it was found that Ki-67 expression
increased and depended on the duration of a disease, but did
not depend on the extent of spread to cornea and the severity
of a disease [22]. It was found that the number of immunoposi-
tive cells to Ki-67 in epithelial layer of pterygium is significantly
higher than in the normal conjunctiva bordering the cornea
[26]. In normal conjunctiva, Ki-67 expression is <6% [27].

In 1991, the PAX6 gene was identified in humans on the
short arm of chromosome 11 in the 11p13 region [40]. Pax-6
is an early marker of corneal epithelial cell differentiation [24].
The PAX6 gene is a critical regulatory gene that encodes a
specific DNA-binding transcription factor capable of initiating
eye development during embryogenesis [20, 42].

PAX6 expression is downregulated in many adult tis-
sues, but it is retained in the adult cornea [23], indicating
that PAX6 is required not only for ontogenesis but also for
normal corneal function [14], where the cornea is involved
in wound maintenance and healing [10, 25].

PAX6 supports the regeneration process by providing
differentiation of human corneal epithelial cells [22]. At the
same time, the PAX6 gene plays a key role in maintaining
the multipotent state of several types of cells (iris, retinal
pigment epithelium, and neuronal retina). This combination
of regulatory functions is explained by the presence of dif-
ferent functional domains in its structure [2].

In adults, the PAX6 protein is responsible for maintaining
the pool of stem cells in the lens epithelium, corneal limbus,
pigment epithelium of the ciliary body and iris [28].

Transcriptome analysis (RNA-seq) of corneal epithelium
from mouse embryos confirmed that PAX6 was relatively
highly expressed in corneal epithelium, indicating a key role
of PAX6 in the development of this cell layer [36].
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PAX6 has been identified as a key molecular factor capa-
ble of reprogramming rabbit skin epithelial cells to give rise
to corneal epithelial cells and repair corneal surface defects
[34]. In studies on rabbits, PAX6 has been identified as a cel-
lular molecular factor capable of reprogramming rabbit skin
epithelial cells, trans-differentiating them into corneal-like
epithelium, and repairing corneal surface defects.

It has been shown that changes in PAX6 expression,
both downward and upward, affect cell differentiation, erosion
healing response, and corneal transparency [11].

Transforming growth factor beta (TGF-B) is a widely stu-
died cytokine that is synthesized in virtually all cells and tis-
sues of the body.

Expression of the TAB3 gene was considered as a correlate
of TGF-B (transforming growth factor beta) activation, which,
under conditions of corneal trauma, promotes an increase in
the intensity of proliferation and migration of epithelial cells,
which contributes to rapid healing of the wound surface [32].

TGF-B cytokines were first discovered in the early 1980s,
and three TGF-B isoforms have been identified in mammals
(TGF-B1, TGF-B2, and TGF-B3) [17].

TGF-B 1, 2 and 3 have been detected in the aqueous and
vitreous humor of a human eye [4, 8]. In addition, these li-
gands are also expressed in cornea, ciliary epithelium, lens,
retina and blood vessels [9].

Depending on the cellular context, TGF-f family members
can either inhibit or stimulate proliferation, control extracellular
matrix turnover, and participate in epithelial-mesenchymal in-
teractions during embryogenesis. Their activity is also associa-
ted with tissue repair and modulation of immune response [18].

An integrated process of cell proliferation, migration, differen-
tiation, desquamation, and apoptosis maintains homeostasis of
the adult corneal epithelium, but alterations in these processes
result in persistent corneal abnormality and may lead to blind-
ness. TGF-f is usually restricted to healthy intact corneal epi-
thelium [39]. In the injured cornea, TGF-B1 is weakly expressed,
while TGF-B2 is expressed. M.I. Huh et al. [21] reported diffe-
rences in TGF-B3 levels after corneal injury in chickens. TGF-@RI
and Il are also expressed in the injured stroma, thus participating
in the wound healing process in corneal tissue [43]. Following
corneal injury, overexpression of TGF-B protein leads to an in-
crease in profibrotic factors and pro-inflammatory cytokines.

Taken together, these observations support a stimulatory
role for TGF-B family members in the corneal wound healing
process, indicating that they may represent therapeutic tar-
gets for the treatment of corneal injury.

TGF-B family proteins that transmit signals through the
SMAD pathway (SMAD proteins are signal transducers and
transcriptional modulators that mediate several signaling
pathways) are likely essential for maintaining corneal epitheli-
al homeostasis [35]. Thus, blocking TGF-B activity at the level

of SMAD signaling has been proposed as a treatment option
to accelerate corneal wound healing. Indeed, blocking TGF-f
protein activity by in vivo gene transfer of soluble TGF-f re-
ceptor type Rl accelerates corneal injury tissue repair in rats.
Blocking TGF- activity by adenoviral gene transfer of soluble
TGF- receptor type Rl results in inhibition of corneal opaci-
fication, edema, and angiogenesis [31]. The use of a TGF-
receptor inhibitor (SB431542) also maintains normal endo-
thelial phenotypes in cultured corneal endothelial cells [33].

Monoclonal antibodies are potential treatments for corneal
scarring: TGF-f3 antagonists such as antibodies to TGF-1 and
-B2 have been shown to inhibit cutaneous scar formation in
rodent wounds [38]. The use of tranilast, a TGF-{ inhibitor, re-
duced the recurrence of corneal fibrosis or primary pterygium,
a degenerative disease of the ocular surface with fibrovascular
growth of the bulbar conjunctiva onto the cornea [13].

Thus, there is currently a trend towards optimizing the pro-
cesses of determining priorities for basic research, including
in ophthalmology. This concerns the study of the patterns of
cyto- and histogenesis, differentiation of cells and tissues of
the visual organ, their physiological and reparative regene-
ration and regulation of these processes at the molecular-ge-
netic level. In this regard, the given, obviously incomplete,
list of genetic markers of elementary histogenetic processes
of the structural elements of the cornea will be an objective
methodological basis for evidence-based ophthalmology.
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AOMNOJIHUTENIbHAA UHOOPMALIUA

Bknag aBTOpoB. Bce aBTOpbl BHECN CYLLECTBEHHDIN
BKNag B pa3paboTKy KOHLENuuW, npoBeAeHne uccneaoa-
HWS 1 MOArOTOBKY CTaTbM, NPOYY M 0f06pUNM UHANBHYIO
Bepcuto nepeq nybnukayyen.

KoHdnukt uHTepecoB. ABTOpbI [eKNapupytT OTCyT-
CTBME SBHbIX U MOTEHUMArbHbIX KOH(IUKTOB UHTEPECOB,
CBSI3aHHbIX C NybnukaLue HacTosLen cTaTby.

WUcTouHuk dhmHaHcmpoBaHusa. ABTOpbI 3asBnsioT 06
OTCYTCTBMM BHELWHero (hMHaHCMPOBAHWS NPU MPOBEAEHUM
“ccnefoBaHus.
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Abstract. Glutathione tripeptide is a small thiol molecule, which protects the body from reactive oxygen forms, aging,
exposure to xenobiotics, destructive inflammation, various forms of cell death, and many diseases that are the leading
causes of mortality worldwide. Glutathione is found in all animal cells. It ensures optimal performance under the effect
of various adverse environmental factors. The report gives an overview of the structure and synthesis of glutathione in
the body, its key role in the formation of antioxidant protection, detoxification of exogenous and endogenous xenobiotics.
We discuss the participation of the glutathione system in the innate and acquired immune response processes,
programmed cell death, cell proliferation, DNA repair and synthesis. The article provides a list of factors that cause
glutathione system depletion followed by a decrease in the reserve capacity of the cell, up to its death. The content of
glutathione in food products and the possibility of its transport into the internal environment from food are discussed.
Changes in the content of glutathione depending on the methods of its introduction into the body are considered. The
objective was to provide the variety of physiological aspects of the role of glutathione, to give a complex impression
of the importance of this molecule for the body, to demonstrate the significance and possibility of preventing depletion
of the glutathione system.

Keywords: glutathione, antioxidant, glutathione peroxidase, detoxification, glutathione transferase, glutathione
transporters, disease prevention
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Pestome. TpI/II'IeI'ITVI,D, rMyTaTUoOH — HebonbLias TonbHas Monekyna, 3awuiiawan opraHin3m OT akTUBHbIX q30pM
Kucnopopga, CtapeHnud, BO3JEMCTBNS KCEHOOMOTMKOB, pas3pywmTenbHOro BoCnaneHusa, pasinnyHbix d)OpM KNeTOYHOM
CMEPTU, MHOTUX 3abonesaHun, ABNAKLWKMXCA BeAyLWMMN Npu4nHamMmm CMePTHOCTU BO BCEM MUpE. rJ'IyTaTI/IOH Cco-
[EPXUTCA BO BCEX XKMBOTHbIX KNETKaXx, obecneynBasi onTumarnbHoe d)yHKLl'MOHI/IpOBaHI/Ie B yCnoBuaAx BO3[ENCTBUS
pasfin4HbIX He6J'IaFOI'IpI/IﬂTHbIX (baKTODOB BHELLHe cpenbl. B nexynn paccMaTpuBarTCA CTPOEHUE U CUHTES Ty TaTh-
OHa B OpraHun3me, ero Kno4yesas posnb B q30pMI/1pOBaHI/II/I aHTUOKCMOAHTHON 3aluThbl, B obecneveHnu OETOKCMKaLnn
3K30reHHbIX U 3HAOTeHHbIX KCEHOOUOTMKOB. O6cy>KuaeTcg y4acTtue CUCTEMbI rMyTaThoHa B NPOTEKaHMK NpoLeccoB
BPOXAEHHOIo U npmo6peTeHHoro MMMYHUTETQ, 3aI'Ip0FpaMMVIpOBaHHOl7I KNeTouYHOM CMepTn, B nponvlcbepaLlel KNeToK,
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B npoueccax penapauumn u cuHtesa [HK. MNMpuoantcs nepeyeHb hakTopos, KOTOpble CNOCOOHbI MCTOLATh CUCTEMY
rnyTaTMoHa, YTO CONPOBOXAAETCH CHUKEHUEM PE3ePBHbLIX BO3MOXHOCTEN KNeTku, BNnoTb 4o rnbenu. ObeyxaaeTtcs
CoLEepXXaHue rnyTaTnoHa B NpoayKTax NUTaHus 1 BO3MOXHOCTW TpaHCMNOpTa ero BO BHYTPEHHIOK Cpeay U3 MULLM.
PaccmaTtpuBaloTCcs U3MEHEHWs CoaepXaHus rnyTaToHa Npy pasnnuyHbix cnocobax ero BBe4eHWS B opraHuam. ABTOp
cTaBwn nepeg cobon 3agavy nokasatb YuTaTesno MHoroobpasme hmsnoNorniecknx acnekToB Ponu rmyTaToHa, Aatb
L|eNI0CTHYI0 KapTUHY 3HAYUMOCTY 3TOI MONEKYNbI 415 OpraHM3Ma, NPoAEMOHCTPUPOBATL BaXXHOCTb N BO3MOXHOCTb

I'IpOCbVIJ'IaKTVIKVI NCTOLLEHMA CUCTEMbI TNYTATUOHA.

KntoyeBble cnoBa: rMyTaTUOH, aHTUOKCUAAHT, MMyTaTUOHNEPOKCNAa3a, AETOKCUKaLKA, rnyTaTMOHTpchqaepa3a,

TpaHcnopTepbl FMyTaTMoHa, NpodunakT1ka 3abonesaHui

INTRODUCTION

Glutathione is a water-soluble tripeptide formed from
the residues of three amino acids: glutamic acid, cysteine
and glycine. Glutathione is found in many plant, microbi-
al and animal cells. A decrease in its intracellular content
is an important factor in the development of aging, Alzhei-
mer’s disease, Parkinson’s disease, autism, schizophrenia,
cataract, macular degeneration, glaucoma, osteoporosis,
carcinogenesis, coronary heart disease, hemorrhagic and
ischemic stroke, atherosclerosis, pulmonary emphysema,
chronic obstructive pulmonary disease (COPD), bronchial
asthma, cystic fibrosis, immunodeficiency, viral infections
and diabetes mellitus [3, 5, 14, 20, 21].

The molar concentration of glutathione in animal cells
(1-10 mM) is higher than the concentration of most orga-
nic substances [4]. Glutathione is synthesized in the cytosol,
and is also found in the nucleus, mitochondria, and endo-
plasmic reticulum, where it enters via intracellular transport
[53]. Liver provides up to 90% of all circulating glutathione
and is called the main organ of glutathione synthesis [48].

Cytosolic GSH synthesis occurs via two ATP-dependent
reactions. The first reaction is catalyzed by glutamate-cys-
teine ligase (also known as gamma-glutamylcysteine syn-
thetase), which combines glutamate and cysteine. Regula-
tion of the activity of this enzyme is carried out, firstly, by
competitive inhibition by glutathione according to the ne-
gative feedback principle, and secondly, by the availability
of cysteine [4]. The physiological concentration of cysteine in
the cell is significantly lower than the concentration of gluta-
mate. With a dietary deficiency of amino acids, a decrease in
the level of glutathione in blood plasma is recorded, and with
an increase in the intake of cysteine into the body, the level
of glutathione increases [32].

STRUCTURE AND BIOLOGICAL FUNCTION

Glutamate-cysteine ligase consists of two subunits en-
coded by different genes. Their expression is induced by
the action of active forms of oxygen and nitric oxide, physi-

cal inactivity, pro-inflammatory cytokines, lycopene, be-
ta-carotene, and vitamin D [4, 19, 44].

Being the smallest intracellular thiol molecule, glutat-
hione has a high reducing ability, providing antioxidant pro-
tection to the bodly.

Glutathione (GSH) is a hydrogen donor. Each of two
GSH molecules donates a hydrogen atom to form a dimer
(GSSG), which is the oxidized form of glutathione: 2GSH —
GSSG + 2He. Concentration of GSSH in tissues is not hig-
her than 0,5-1% of GSH [4, 48].

Oxidized glutathione (GSSG) can be reconverted into
two molecules of reduced GSH by the enzyme glutat-
hione reductase and NADP-H: GSSG + NADP-H + H, —
2GSH + NADP-H,.

The most reactive group in the glutathione molecule is
a sulfhydryl group of cysteine residue —SH, which easily
enters into reactions of one- and two-electron oxidation, thiol-
disulfide exchange, alkylation and acetylation, providing nu-
merous functions of glutathione in the cell [4, 42)].

Being a powerful antioxidant, glutathione interacts di-
rectly with free radicals, superoxide, singlet oxygen, and
hydroxyl radicals [7, 13].

Glutathione also performs its antioxidant function as a
coenzyme of glutathione peroxidase. This enzyme is known
to catalyze the reduction of hydrogen peroxide and hydrop-
eroxides to water or alcohol ROH. It should be noted that
currently 7 isoforms of glutathione peroxidases are known
[4], the function of which is not limited to the antioxidant
effect. For example, the 4th isoform is involved in the inhi-
bition of inflammatory processes by influencing lipoxygena-
ses and cyclooxygenases [66]. The glutathione peroxidase
deficiency, which is directly associated with a decrease in
glutathione concentration, contributes to the development
of acute and chronic inflammation of the cardiovascular sys-
tem and intestines, accelerates the formation of atheroscle-
rosis, and increases embryonic mortality [42].

In the glutathione-ascorbate-tocopherol chain, which is
part of the body’s antioxidant defense system, glutathione
plays a key role, carrying out the reduction of oxidized
ascorbic acid and tocopherol [47].
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It is important to remember that for the normal functio-
ning of the body, a small amount of reactive oxygen species
is necessary, which are involved in the transmission of sig-
nals in cells [31]. This is why introducing excess amounts of
glutathione into the body can lead to adverse effects.

Glutathione is associated with energy metabolism in the
cell. Its level is critical for optimal and efficient oxidation of
mitochondrial fatty acids. With insufficient glutathione levels,
oxidation of non-esterified fatty acids in mitochondria is re-
duced, which has been demonstrated in both animals and
humans [51]. Correction of glutathione deficiency results in
restoration of impaired mitochondrial fatty acid oxidation.

In the process of nutrient oxidation in mitochondria,
reactive oxygen species are formed, which can damage the
mitochondria. GSH deficiency results in mitochondrial dys-
function, which can be corrected by correcting glutathione
levels [40].

Glutathione transferases play a major role in the meta-
bolism of endogenous and exogenous xenobiotics, cataly-
zing reactions of conjugation, reduction, isomerization, etc.
[48]. Numerous glutathione transferases are grouped into
three families: cytosolic, mitochondrial, and microsomal.
Some of them are involved in the synthesis of prostaglan-
dins and leukotrienes, testosterone and progesterone, and
tyrosine degradation [4].

Detoxification processes occur in all cells, and are espe-
cially active in the liver, where electrophilic xenobiotics of al-
most all classes are neutralized. These xenabiotics include
a variety of substances: pesticides, drugs, smoking pro-
ducts, paints, carcinogens and mutagens. The addition of
glutathione helps reduce toxicity by decreasing their activity
and leads to a more rapid elimination of these compounds
from the body, as their hydrophilicity increases.

As early as the 1980s, it was believed that detoxification
of exogenous xenobiotics was the main function of glutat-
hione transferases. Nowadays, it is clear that the primary
function of glutathione transferases is to participate in the
metabolism of toxic endogenous substances. Already in
prokaryotes, glutathione transferases perform the conju-
gation of GSH with secondary metabolites of oxidative
stress — aldehydes, quinones, epoxides [42].

Glutathione plays a key role in many forms of pro-
grammed cell death, including apoptosis, necroptosis, fer-
roptosis and autophagy [8, 25, 30, 55]. Apoptosis is initiated
and triggered by the caspase family. A decrease in GSH/
GSSG ratio in the cell precedes the activation of caspases
and is considered an early event in the progression of apop-
tosis in response to various stimuli [28, 35]. In some cases,
GSH depletion not only triggers one form of programmed
cell death, but can also initiate multiple forms of cell death.
These different forms of cell death can be initiated simulta-

neously or sequentially and then interact with each other
[23, 27, 68].

Glutathione is directly involved in cell proliferation. Thus,
when there is insufficient GSH content in the nucleus, the
cell cycle stops at the G1 phase. At the onset of cell proli-
feration, GSH creates the necessary redox environment to
stimulate chromatin degradation. Nuclear glutathione is re-
quired to control nuclear protein degradation by the nuclear
proteasome [2, 30, 55].

The normal course of innate and acquired immunity pro-
cesses cannot occur without GSH. Immune cells use active
forms of oxygen to eliminate pathogens. Glutathione is used
to contain this process within the infectious focus and pre-
vent excessive impact on surrounding tissues. In addition, it
is important for the regulation of such processes as prolife-
ration of T-lymphocytes, the phagocytic activity of polymor-
phonuclear neutrophils, and the functions of dendritic cells
[41, 54, 64, 65].

Glutathione is essential for cells to repair damaged
areas of DNA, proteins and other biomolecules. Synthe-
sis and repair of damaged DNA occurs with the participa-
tion of the enzyme ribonucleotide reductase (RNR). The
GSH-glutathione reductase system is an electron donor
for this enzyme, thereby supporting DNA synthesis and
repair [30, 62].

Glutathione is the first protective barrier for the lens, cor-
nea, retina, skin, lungs and intestinal mucosa [46, 50].

Thus, glutathione status is an indicator of cell viability.
When the glutathione system is depleted, the functionality
and resistance of cells decreases sharply, even to the point
of death.

FACTORS THAT DEPLETE
THE GLUTATHIONE SYSTEM

Various exogenous and endogenous factors of physical
or chemical etiology can deplete the glutathione system.
Viral infections [36], various radiations [52], including ul-
traviolet [24], toxins including alcohol, heavy metals, inf-
lammation, household chemicals and dietary deficiency of
glutathione and its precursors lead to a decrease in the con-
centration of reduced glutathione [6, 43].

With aging, the level of reduced glutathione decreases,
and the oxidized one increases [42, 59, 67]. This deteriora-
tion of GSH homeostasis may participate, along with other
physiological phenomena, in the development of age-rela-
ted diseases.

Thus, oxidative depletion of glutathione can outpace its
synthesis. In such situations, the body is extremely impor-
tant to be able to obtain glutathione from exogenous sour-
ces. Naturally, questions arise about the presence and
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quantity of glutathione in food, the possibility of transporting
this substance from the gastrointestinal tract to blood plas-
ma and its interorgan transport.

GLUTATHIONE CONTENT IN FOOD

Glutathione is a common component of human nutrition,
as it is part of all animal cells, yeast and many plants [4,
7, 42, 49]. Human nutritional sources contain both reduced
and oxidized glutathione. The total content of glutathione
(GSH+GSSG) in 100 g of fresh liver is about 200 mg, in
100 g of meat is about 50 mg, in plant products its content
ranges from 1 to 28 mg per 100 g of product [1, 6].

L. Pilat et al. (2012) provide lists of products that con-
tain not only glutathione, but also its inactivating substances
(GRU). The authors also indicate products that contain only
glutathione, or only its inactivators, or both [6].

For example, in the list of products containing only
glutathione (GSH+GSSG), boiled asparagus is in first place
(916 nmol/g total GSH). This list also includes meat pro-
ducts, including veal chop and fried beefsteak — 774 and
434 nmollg, respectively, vegetables (cauliflower, broccoli, to-
matoes, carrots, cucumbers, etc.) — an average of 200 nmo-
I/g, fruits (oranges, peaches) — 237 and 241 nmol/g, etc. In
the list of products containing only GRU (where GRU was
defined as the amount of GSH reacting with a food sample,
nmol/g food), milk and some dairy products are in the first
place, followed by cherries, blueberries, prunes, and among
drinks, the most important are tea, coffee, etc. There is a
fairly extensive list of products containing glutathione and
substances that inactivate it. The authors note that fresh
fruits and vegetables generally contain more glutathione
than GRU, although the amount of glutathione varies wide-
ly. Cereals such as corn and fortified white bread contained
GRU and very little GSH, while rice, oatmeal, and whole
white bread had relatively high levels of GSH and low levels
of GRU.

GLUTATHIONE TRANSPORT

How is glutathione transported from food into the body’s
internal environment? It is known that intestinal epitheli-
al cells have a special transporter for glutathione and are
able to import it from the intestinal lumen in an intact form
[42, 66]. In parallel to this process, enterocytes, using the
enzymes gamma-glutamyl transferase and dipeptidase,
hydrolyze glutathione into amino acids. Then, these ami-
no acids are transported into the cell, where glutathione is
synthesized again.

For intracellular transport of glutathione through internal
membranes, dicarboxylate and oxoglutarate transporters

are used [53]. Interorgan transport of glutathione is carried
out with the help of three groups of proteins: multidrug resis-
tance proteins, polypeptides that transport organic anions,
and Ral-binding proteins [15, 16]. Glutathione, which is
synthesized in hepatocytes, is transported into blood plas-
ma, epithelial lining fluids and exocrine secretions (e.g. bile,
unchanged, without degradation) [10, 15, 17]. In rat liver,
approximately half of GSH is released into plasma and half
passes through the tubular membrane into bile [16].

CHANGES IN GLUTATHIONE CONTENT IN THE BODY
DEPENDING ON TYPE OF ADMINISTRATION

The effectiveness of glutathione in dietary supplements
is highly controversial. Thus, animals have demonstrated
good results from the use of glutathione, which were ac-
companied by an anticarcinogenic effect [60], an improve-
ment in the immune status [29], and an increase in the de-
toxification function [38].

At the same time, the effectiveness of oral glutathione
in humans is controversial. Researchers associate this with
the amount and activity of the intestinal enzyme y-glutamyl
transpeptidase, which breaks down glutathione [9, 69].

However, there is a six-month randomized, double-blind,
placebo-controlled study that showed that oral glutathione
supplementation at 250 or 1000 mg/day resulted in signi-
ficant increases in body glutathione stores in 54 non-smo-
king adults [58]. At the same time, good results have been
shown using sublingual glutathione [22, 61]. The authors
demonstrated that with a sublingual dosage form, the tripep-
tide GSH is directly assimilated through the buccal mucosa.
Sublingual administration of glutathione (450 mg/day) result-
ed in an increase in plasma GSH. In addition, a secondary
effect of glutathione administration was a significant in-
crease in plasma vitamin E.

Based on the above studies, it can be assumed that
dietary glutathione is partly absorbed through the oral mu-
cosa, and partly through the gastrointestinal tract. Part of it
is hydrolyzed by the intestinal and liver enzyme y-glutamyl
transpeptidase.

EFFECT OF DIFFERENT DIETS
ON GLUTATHIONE HOMEOSTASIS

The Mediterranean diet, which is characterized by high
consumption of vegetables, fruits, greens, extra virgin olive
oil, cereals, legumes, nuts, moderate consumption of red
wine, fish, dairy products, showed an inverse relationship
with the level of GSSG and, accordingly, with an increase in
the GSH/GSSG ratio, regardless of family and genetic fac-
tors [26]. In another study, adherence to the Mediterranean
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diet in adult men and women showed a positive associa-
tion with GSH levels and an inverse association with GSSG
[18]. Calculations were made after adjustment for age, body
mass index, sex, race, and history of chronic diseases.

The DASH diet, which was developed for the treatment
and prevention of hypertension, promotes an increase in
plasma GSH levels [11, 12, 57]. This diet includes 5 ser-
vings of fresh vegetables and fruits per day, 7 servings of
carbohydrates (whole grains, legumes), 2 servings of meat
and 2 of dairy products, nuts and seeds — 2-3 servings per
week. The diet emphasizes reduced intake of saturated fat
and sodium.

Analysis of the effects of vegetarian diets has shown con-
flicting results: a number of studies have recorded an increase
in GSH in blood plasma, mainly in individuals with chronic
diseases and reduced baseline glutathione levels [34, 63],
while other studies, on the contrary, have demonstrated its
decrease [39] or no changes there [33, 37, 56]. Such mixed
results of vegetarian diets are most likely related to possible
amino acid deficiency that disrupts GSH synthesis.

Diets typical of modern urban populations and containing
insufficient amounts of fresh vegetables and fruits may be as-
sociated with decreased plasma GSH levels [45].

CONCLUSION

Optimal functioning of the glutathione system in the body
is directly related to health reserves, prevention of many di-
seases, slowing down the aging process and increasing life
expectancy. Maintaining normal glutathione levels is possible
with dietary optimization, especially in cases where the body’s
antioxidant systems are depleted under the influence of un-
favorable factors. Studies are needed to examine the effects
of including glutathione-containing foods in the diet and, con-
versely, excluding glutathione-depleting foods from the diet
during oxidative stress and other adverse effects on the body.
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AONONMHUTENBHAA UHOOPMALINA

ABTOp npounTan u ogobpun guHanbHyl BEpCUo ne-
pea nybnukaymnen.

KoHnukT uHTepecoB. ABTOp [eKnapupyeT OTCyTCT-
BYE SIBHbIX W NOTEHLMANbHbIX KOHPMMKTOB MHTEPECOB, CBSI-
3aHHbIX ¢ Nybrmkaumen HacTosILLEen CTaTbi.

WUcTounuk ¢hmHaHcupoBaHuA. ABTop 3asBnseT o6
OTCYTCTBUM BHELUHEr0 (PUHAHCMPOBAHUSA NP NPOBELEHUM
“ccneaoBaHms.
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Abstract. The mechanisms of development of many very common diseases (myocardial infarction, stroke, tumors,
infectious pathology, and others) are associated with pathological changes in the hemostasis system. Understanding the
pathophysiology of these changes is at the heart of proper diagnosis and effective treatment. This lecture, intended for
medical students and doctors of various specialties, briefly summarizes the basic ideas about the structural components
and mechanisms of the hemostasis system, presents the main groups of hemostasiopathies, describes the types, causes
and mechanisms of the development of hemorrhagic diathesis, thrombophilic syndromes, thrombohemorrhagic syndrome.
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KnioyeBble cnoBa: remocrtas, remopparmyeckiii CUHapoM, TPOMBOMUINYECKI CUHAPOM, TPOMBOreMopparnyeckui
CUHOPOM

Hemostasis pathology plays an important role in me- stetric and gynecological pathology, autoimmune diseases,
chanisms of development of many common diseases, in- hemorrhagic diathesis, etc. All types of shock also inevitably
cluding those that are the most common causes of death cause disturbances in hemostatic system. Thromboembolic
worldwide, such as coronary heart disease (CHD), stroke, complications, one of the severe consequences of hemo-
diabetes mellitus, tumors, infectious diseases, injuries, ob- stasopathies, are the direct causes of death in 25% of fatal
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outcomes worldwide [30, 31]. The prevalence and signifi-
cance of hemostasopathies creates the need to develop in
medical students and doctors of various clinical specialties
correct, based on modern scientific data, basic knowledge
about structural components, functions, possible patho-
logies of hemostasis, the causes and mechanisms of their
development and consequences.

BRIEF DESCRIPTION OF HEMOSTASIS PHYSIOLOGY

It is possible to understand the pathology of hemostasis
only on the basis of knowledge about its normal physiology.
According to modern concepts, the hemostatic system is
a set of structural components (so-called links) and finely
balanced, partially antagonistic mechanisms that ensure the
cessation of bleeding when the vascular wall is damaged,
the local and reversible nature of thrombosis and the liquid
state of blood and the integrity of blood vessels outside the
damage [17, 18, 22, 23, 40]. By ensuring blood fluidity and
integrity of bloodstream, regulating the aggregate state of
blood [14], the hemostatic system forms dynamic space of
internal environment of the body, largely determining ho-
meostasis. When the vascular wall is damaged, blood com-
position changes, or the nature of blood flow is disrupted
(the classic Virchow triad, which determines the conditions
for thrombus formation), thrombus formation mechanisms
are activated in the hemostatic system, aimed at stopping
bleeding and localizing the pathological process. These
mechanisms ensure the formation of a barrier around the
site of inflammation, and also participate in non-specific
defense reactions and in the mechanisms of restoration of
damaged tissue. Insufficiency or excess of these mecha-
nisms in pathological conditions can lead to the develop-
ment of hemorrhagic and thrombophilic syndromes, respec-
tively.

The main structural components of the hemostatic sys-
tem are three links: vascular, cellular and plasma. All three
links interact closely with each other, ensuring a balance
between the mechanisms of thromboresistance and the pro-
cesses of thrombus formation. In the vascular link, the key
role is played by endothelial cells, lining the bloodstream
from the inside and representing, due to the wide range
of biologically active substances synthesized by them, a
giant endocrine, paracrine and autocrine organ of the hu-
man body. Such an organ regulates the activity of platelets
and leukocytes, tone and permeability of blood vessels,
and activity of coagulation, anticoagulation and fibrinolytic
systems [2, 18]. Physiologically, intact endothelium pro-
vides so-called thromboresistance by producing antiplatelet
agents — NO, Pgl, (prostacyclin), ERF (endothelial relaxing
factor); anticoagulants — glycosaminoglycans (heparan sul-

fate, dermatan sulfate, etc.), thrombomodulin, TFPI (tissue
factor pathway inhibitor); fibrinolysis activators — t-PA (tis-
sue plasminogen activator) and u-PA (urokinase plasmino-
gen activator). When the vascular wall is damaged by exo-
genous and endogenous factors, it reacts with immediate
spasm and turns into a powerful thrombogenic surface that
activates platelets and coagulation cascade. The damaged
endothelium begins to produce vasoconstrictors — endo-
thelin-1; aggregators — PAF (platelet activating factor);
VWF (von Willebrand factor) — an adapter of platelet ad-
hesion to subendothelial collagen exposed as a result of
damage; TF (tissue factor), which triggers coagulation cas-
cade (produced primarily by subendothelial smooth muscle
cells and fibroblasts); TFPI-1 and TFPI-2 (tissue plasmi-
nogen activator inhibitors), limiting fibrinolytic activity at the
site of hemostatic plug formation [1, 10, 11, 40].

Platelets are a key component of cellular link of he-
mostasis. They are the smallest, with a diameter of about
3 um, anuclear cellular elements of blood, formed during
fragmentation of megakaryocytes localized in bone marrow
and, as has been shown in modern studies, in microvessels
of lungs [19, 20, 29]. The number of platelets in peripheral
blood ranges from 180 to 400x10° per liter. The lifespan of
platelets in the bloodstream is 7-10 days. Despite the ab-
sence of a nucleus and small size, the structure of platelets
is very complex and surprisingly flexible. These are quite
consistent with their diverse functions, which include not
only hemostatic, but also trophic (primarily in relation to the
vascular wall), participation in immune reactions, angioge-
nesis and regeneration [7, 19, 20, 25, 29, 32].

On the surface of platelets there is a wide range of re-
ceptors, the entire spectrum of which cannot be characte-
rized within the framework of this lecture. Some of these re-
ceptors are expressed and activated when the vascular wall
is damaged and cause adhesion and aggregation, that is,
platelets sticking to the site of damage to the vascular wall
and sticking together, respectively. Of particular importance
among these receptors, in light of the subsequent discussion
of hemostatic defects, is transmembrane receptor complex
GPIb-V-IX. On average, 25,000 such complexes are pre-
sent on the platelet membrane. The complex interacts with
a von Willebrand factor. This factor acts as an adapter of
platelet adhesion to subendothelial collagen exposed as a
result of damage. Also it is involved in activation of plate-
lets and their interaction with coagulation factors FXI, FXII,
high-molecular-weight kininogen (HMWK), and FVlla. The
role of glycoprotein receptor GPVI is also important, cau-
sing direct interaction of platelets with collagen (without in-
termediaries) at later stages of adhesion. In mechanisms of
platelet aggregation, the key role is played by integrin recep-
tors GPIIb/Illa (a,bB,,). These receptors are present on the
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Fig. 1. Mechanisms of platelet involvement in primary hemostasis [12]

Mpumeyanus/notes: ADP — ageHosuHandoctat/adenosine diphosphate; TXA2 — tpombokcaH A2/thromboxane A2; Gai — a-cy6beanHuya G-6enkalthe G-protein
subunit; Gaq — ag-cybveanHnua G-6enkalthe G-protein subunit; Ga12/13 — a12/13-cy6beannus G-6enkalthe G-protein subunits; AC — agenunatuumknasa/adenylate
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TXAS — TpombokcaH A2-cuHTasal/thromboxane A2 synthase
Puc. 1.

surface of platelets in the greatest numbers. On average,
there are about 80,000 receptors per platelet, with about
40,000 copies stored in the a-granules and in the open ca-
nalicular system. In the absence of vascular wall damage,
they are located on platelet membranes in an inactive con-
formation. They can be activated by collagen, podoplanin,
thrombin, thromboxane A,, ADP, and epinephrine. In an ac-
tive open conformation, they interact with bivalent ligands:
fibrinogen, VWF, fibronectin, vitronectin, which bind plate-
lets to each other [29, 32] (Fig. 1).

Platelets contain three types of granules in cytoplasm:
a-granules, dense granules, and lysosomal granules. Their
total number is about 70 per platelet. a-Granules are the
most numerous (50-60 per platelet) and largest. These
granules contain about 300 different proteins involved in
coagulation, adhesion and aggregation of platelets, acting
as receptors and growth factors, in particular fibrinogen, FV,
P-selectin, platelet-derived growth factor, etc. Dense gra-
nules contain smaller molecules: ADP, ATP, serotonin, cal-
cium. Hydrolytic enzymes are present in lysosomal granules
[19, 20].

MexaHn3mbl yyacTusi TPOMOOLMTOB B NepBUYHOM remocTase [12]

At rest, in the absence of effects that threaten homeo-
stasis, platelets have a disc-shaped form. They are pushed
by axial blood flow, represented by erythrocytes, to endo-
thelium, where platelets perform a trophic function, parti-
cipate in microcoagulation, maintaining thromboresistance.
However, when damage occurs, platelets not only adhere
to the site of vascular wall defect, but they are also activa-
ted. This is accompanied by a change in shape from discoid
to process-like. A reaction of platelet release occurs in the
form of secretion of granules content through an open ca-
nalicular system into blood and onto the platelet membrane.
This enhances both platelet aggregation and activation and
coagulation cascade by the positive feedback mechanism.
The production of thromboxane A, (TxA,) in platelets, an
important stimulator of aggregation, also increases. The
conformation of receptors changes. Phosphatidylserine is
transferred from the inner bilayer of phospholipid membrane
to the outer one, which causes a procoagulant surface for-
mation on platelet membrane [16, 29, 39] (Fig. 1).

In addition to platelets, other blood cells also play a signi-
ficant role in hemostasis. In particular, neutrophils participate
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in thrombus formation by interacting with platelet aggregates
via P-selectin receptors on the platelet surface. Neutrophils
adhere to damaged endothelium and are capable of releasing
nuclear chromatin into extracellular space, forming so-called
neutrophil extracellular traps (NETs), which activate coagu-
lation. In 2004, this interesting phenomenon was discovered
by Brinkman et al. and named NETosis [34].

Erythrocytes are also important participants in the cel-
lular link of hemostasis, largely determining hemorheolo-
gical properties of blood. They can form aggregates with
platelets, participating in the formation of red thrombi, re-
leasing ADP and TxA,, which stimulate platelet adhesion
and aggregation, and suppressing fibrinolysis activity [41].
Mechanisms of participation of cellular and vascular links in
stopping bleeding are conventionally called primary (vas-
cular-platelet) hemostasis.

The plasma link of hemostasis includes components
of coagulation, anticoagulation and fibrinolysis. Com-

INTRINSIC PATHWAY
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ponents of the coagulation system are represented by
so-called coagulation factors: serine proteases that cas-
cade-activate each other, and their cofactors. Since the
work of Morawitz (1905), a number of key stages have
been identified in coagulation process: the release of tis-
sue factor (in past terminology, tissue thromboplastin),
conversion of prothrombin (fll) by activated thromboplas-
tin into thrombin (fll,) in the presence of calcium, and
the conversion of fibrinogen (fl) into fibrin (fl,) under the
action of thrombin. Formed in the 1960s the cascade mo-
del of coagulation characterizes stages of this process in
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Cascade coagulation model [23]
KackapHas mogenb koarynsuuu [23]
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Fig. 3.
Puc. 3.

Cellular model of coagulation (figure taken from [40])

Subendothelium

Endothelium

Subendothelium

KnetoyHas mopgenb koarynsuuu (pucyHok B3sT u3 [40]). TF — TkaHeBon ¢hakTop; lla — Tpom6uH; Poly P — nonudocdartbl;

Platelets — Tpom6ouunTbl; Subendothelium — cy6aHpoTenuit; Endotyelium — angotenui

time) and APTT (activated partial thromboplastin time),
and is therefore still relevant.

However, in the XXI century, ideas about mechanisms of
blood coagulation in vivo have undergone serious revision,
and a cell biological model of coagulation has been formed
[21, 33, 38]. This model distinguishes three stages: initiation,
amplification, and propagation. During initiation, smooth mus-
cle cells and fibroblasts exposed as a result of damage to
the vascular wall endothelium express tissue factor, which
binds to factor VIl and activates it. The TF/VIla complex pro-
teolytically activates small amounts of factors IX and X. FXa
binds to FVa on the surface of TF-expressing cells to form
a prothrombinase complex, which converts prothrombin to
thrombin. During the amplification stage, a small amount of
thrombin formed in the previous phase activates platelets ad-
hered to the site of vascular wall damage, and also activates
FV, FVIII, and FXI. This closes the positive feedback loop,
i.e., enhances thrombin formation. The propagation stage
occurs on a procoagulant surface of activated platelets, rich
in phosphatidylserine. Activated FXI activates FIX, which then
activates FVIII on the platelet surface, forming the fIXa/fVllla

tenase complex, which catalyzes formation of fXa. The pro-
thrombinase complex fXa/fVa then converts prothrombin to
thrombin, which in turn catalyzes fibrin formation. In parallel,
polyphosphates (Poly P) released by activated platelets can
further stimulate activation of factor XII, factor V, and factor
Xl and inhibit thrombus lysis (Fig. 3).

According to the cell biological model, the so-called
intrinsic pathway serves to amplify extrinsic pathways.
Three physiological triggers of intrinsic pathway have been
identified, namely collagen, linear phosphate polymers
(polyphosphates), and neutrophil extracellular traps (NETSs)
[40]. The involvement of the coagulation system in stopping
bleeding is conventionally called secondary coagulation he-
mostasis.

Coagulation is restrained by the anticoagulation sys-
tem. It is represented by a whole set of protease inhibitor
proteins found in plasma and causing a limited, localized
nature of thrombus formation. These primarily include anti-
thrombin, heparin cofactor Il tissue factor pathway inhibitor
(TFPI), C1 inhibitor, proteins C and S. Interestingly, throm-
bomodulin plays an important role in protein C activation.

& RUSSIAN BIOMEDICAL RESEARCH

VOLY9 N2 2024

ISSN 2658-6584




JERIN

101

It is a transmembrane protein found on endothelial cells.
Thrombomodulin forms a complex with thrombin, which ac-
tivates protein C bound to a corresponding receptor on en-
dothelium. Thus, thrombin is used in this case as an activa-
tor of one of the important components of the anticoagulant
system [40].

The reversibility of thrombosis is ensured by the fibrino-
Iytic system. The key component of this system is plasmin
(fibrinolysin), formed from plasminogen. The conversion
of plasminogen to plasmin is catalyzed by plasminogen
activators, among which the greatest importance is given
to tissue plasminogen activators (t-PA, u-PA) produced by
endothelium, monocytes, and megakaryocytes. Plasmin
breaks down fibrin and fibrinogen. As a result, FDPs (fibrin
and fibrinogen degradation products) are formed, some
of which have properties of secondary anticoagulants and
antithrombotics. For example, fragment Y competitively in-
hibits thrombin, fragments D and E inhibit platelet aggrega-
tion. Plasmin is also capable of breaking down a number
of coagulation factors: V, VIII, XI, XII, XIll, FV. The process
of plasmin formation is balanced by a number of inhibitors.
These include plasminogen activator inhibitors (PAI-1, PAI-2,
PAI-3), formed in endothelium, smooth muscle cells, plate-
lets, and inhibitors of plasmin itself, the most important of
which is a,-antiplasmin, produced by the liver [23].

PATHOGENESIS OF HEMOSTASOPATHIES. GENERAL
CONCEPTS. MAIN GROUPS OF HEMOSTASOPATHIES

Hemostatic system, thanks to the mechanisms of checks
and balances under physiological conditions, a dynamic
balance is maintained between mechanisms involved in
stopping bleeding (primary and secondary hemostasis) and
mechanisms causing thromboresistance (let’s call them an-
tihemostasis). Violation of this balance is the basis of hemo-
stasopathies. In principle, three variants of imbalance in the
hemostatic system can be distinguished. The first variant is
represented by conditions in which the mechanisms of stop-
ping bleeding for various reasons are insufficient in relation
to the mechanisms of thromboresistance. The result of such
imbalance is a tendency to increased bleeding (hemorrha-
gic diathesis — group | of hemostasopathies). The second
variant is represented by a large group of hereditary and
acquired disorders, in which mechanisms of thrombus for-
mation prevail over mechanisms of thrombus resistance.
Such conditions, characterized by an increased tendency
to thrombus formation, are called thrombophilic syndromes.
If the hemostatic system was static, then variants of hemo-
stasopathies would be limited to this. However, in a dynamic
system, a third variant of imbalance is possible, a kind of
“swing”. In this case, in the first phase, the balance is patho-

logically shifted towards mechanisms of thrombus formation
with excessive uncontrolled generalized thrombus formation
in vessels of various areas. During the second phase, a shift
in the balance in the opposite direction is observed with the
development of pathological deficiency of platelets and co-
agulation factors as a result of their excessive consumption.
Because of this, a patient experiences increased bleeding
(Fig. 3). The general name for group Il of hemostasopa-
thies is thrombohemorrhagic syndrome. The most common
example of this variant is DIC — disseminated intravascular
coagulation syndrome.

Let’s take a closer look at each of the above three main
groups of hemostasis.

BRIEF GENERAL CHARACTERISTICS
OF HEMORRHAGIC DIATHESIS

Hemorrhagic diathesis is characterized by an increased
tendency to bleeding and can develop as a result of patho-
logical defects in various parts of the hemostasis system:
vascular, cellular and plasma. Hemorrhagic diathesis
caused by defects of the vascular link is called vasopathy,
of the cellular link — thrombocytopathy and thrombocy-
topenia, of the plasma link — coagulopathy. According to
etiology, the three above-mentioned types of hemorrhagic
diathesis can be hereditary and acquired. It is impossible
to describe in detail the causes and mechanisms of all di-
seases characterized by increased bleeding in one lecture.
It remains possible to characterize some of the most re-
levant mechanisms of damage to blood vessels, platelets,
and the coagulation system.

Among mechanisms that damage the vascular wall and
underlie hemorrhagic vasculitis, immunopathological ones
are common. As a result of provoking factors’ actions (bac-
terial, viral, drug antigens) immune complexes are formed
in predisposed patients, deposited in skin microvessels,
kidneys, gastrointestinal tract and other areas. Immune
complexes are capable of activating the complement sys-
tem and causing inflammation of the vascular wall with the
development of bleeding. These mechanisms are the basis
of Henoch-Schdnlein purpura (infectious-allergic capillary
toxicosis), which is very common in children and clinically
manifests as purpura in the form of diffuse, fine-point, he-
morrhagic rash. Along with skin vessels, microvasculature
of kidneys, gastrointestinal tract, and periarticular areas can
be affected [28].

In addition to immunopathological mechanisms, a num-
ber of other factors can also lead to vascular wall damage:
increased blood pressure, metabolic disorders, direct da-
maging effects of toxins, infectious agents, drugs, vitamin de-
ficiency, in particular vitamin C deficiency (scurvy). Vitamin C
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is necessary for the post-translational modification of colla-
gen (hydroxylation of proline and lysine). Collagen plays an
important role in the interaction of platelets with the vascular
wall during so-called vascular-platelet hemostasis. Collagen
defect leads to increased bleeding.

Hereditary collagen defects in Ehlers-Danlos syndrome
and Marfan syndrome may also be accompanied by ble-
eding tendency. The most common hereditary vasopathy ac-
companied by hemorrhagic syndrome is Rendu—Osler—We-
ber disease (hereditary hemorrhagic telangiectasia) [23, 27].
In the vast majority of cases, the disease is based on a de-
fect in genes located on chromosomes 9 and 12, encoding
endothelial membrane glycoprotein endoglin (type 1) and
ACVR1 protein (formerly ALK-1) (type 2), which are involved
in interaction with TGF (transforming growth factor B). As
a result, patients experience vascular wall defects with dila-
tion of capillaries and venules, formation of telangiectasias,
arteriovenous shunts, and a high risk of vascular wall rup-
ture and bleeding. Most patients (90% of cases) experience
nosebleeds from pathologically dilated defective vessels
of nasal mucosa. In addition, vessels of skin (75%), lungs
(33-50%), liver (30%), gastrointestinal tract (15%), and the
central nervous system (5-23%) may be affected [24].

Deficiency in the quantity (thrombocytopenia) and de-
fects in the quality (thrombocytopathy) of platelets underlie
most hemorrhagic diathesis (up to 80%, according to Bar-
kagan Z.S.) [3]. Fundamentally, thrombocytopenia can result
from increased destruction of platelets and/or their precur-
sors — megakaryocytes, increased consumption of platelets
during thrombus formation, decreased production of plate-
lets in bone marrow (for example, in aplastic anemia), blood
loss, sequestration of platelets in spleen [23].

The most common are destructive thrombocytopenias
caused by immunopathological mechanisms. In adults, the
most typical form of immunopathological thrombocytopenia
is Werlhof’s disease (chronic immune thrombocytopenic pur-
pura), which most often affects women aged 20-30. In es-
sence, Werlhof’s disease is an autoimmune disease, when,
for reasons not entirely clear, antibodies to normal antigens
on the surface of platelets, in particular to GPIIb/llla aggrega-
tion receptors, are formed. Platelets labeled with antibodies
are eliminated in spleen, severe thrombocytopenia (less than
10-20x104/1) occurs, accompanied by nasal and gastrointesti-
nal bleeding, menorrhagia, petechiae, and ecchymosis on skin.

Immune thrombocytopenia is also common in children,
often occurring after viral infections (rubella, chicken pox,
influenza), vaccination, or taking medications (quinine, qui-
nidine, drugs with gold content, heparin). Unlike Werlhof’s
disease, in this case the body of a sick child produces anti-
bodies against viral and other heteroantigens adsorbed on
the surface of platelets. Since viral antigens are eliminated

over time, immune thrombocytopenic purpura in children in
80% of cases passes spontaneously within 2 months [23].
Immune thrombocytopenia can also occur in utero in a child
with antigenic incompatibility of maternal and fetal platelets
(isoimmune variant) or a mother with Werlhof's disease
(transimmune variant).

Important mechanisms of thrombocytopathies are he-
reditary defects of various structural components involved
in platelet hemostasis. Considering the complexity of the
structure of platelets, a fairly wide variety of hereditary de-
fects is observed. The most common hereditary disease
leading to a disorder of not only platelet but also coagu-
lation hemostasis is von Willebrand disease. This disease
is based on defects in a gene located in chromosome 12
and encoding VWF. VWF is synthesized in endothelium and
megakaryocytes, has a complex multimeric structure and
is involved in processes of initial adhesion of platelets to
subendothelial collagen, playing the role of an adapter and
interacting, on the one hand, with collagen, on the other
hand, with GPIb-V-IX receptors on the platelet surface. In
addition, VWF binds to circulating factor VIII, stabilizing it
and localizing it at the site of activation of bleeding arrest
mechanisms. In different forms of von Willebrand disease,
a decrease in the total amount of VWF (occurs in 70%) or
qualitative defects of various VWF domains are possible,
causing various ratios of platelet and coagulation hemosta-
sis disorders. In essence, this variant of hemorrhagic dia-
thesis is combined with elements of vasopathy, thrombocy-
topathy, and coagulopathy [3, 6, 22, 23].

Interesting hereditary thrombocytopathies include Ber-
nard-Soulier syndrome, characterized by a defect in adhe-
sion receptors GPIb-V-IX, and Glanzmann thrombasthenia,
caused by a defect in aggregation receptors GPlIb/llla. He-
reditary defects and deficiency of a-granules (gray platelet
syndrome), deficiency of dense granules (Hermansky—Pud-
lak, Chediak-Higashi, Griscelli syndromes), defects in the
phospholipids of the platelet membrane (Scott syndrome),
etc. have been described [26, 35].

Acquired thrombocytopathy may occur against the back-
ground of uremia, paraproteinemia, and medication. A clas-
sic example is thrombocytopathy caused by aspirin. Aspirin
blocks COX (cyclooxygenase), which reduces the synthesis
of TxA, in platelets, which in turn leads to a decrease in
secretion of platelet granule contents and a decrease in ag-
gregation.

Blood coagulation disorders (coagulopathies) are caused
primarily by hereditary and acquired coagulation factor de-
ficiencies or impaired activity. Among hereditary coagulo-
pathies, the most common, along with the above-mentioned
von Willebrand disease, are hemophilia A and B, characte-
rized by a deficiency and/or impaired activity of coagulation
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factors VIII and IX, respectively. Both hemophilias are inhe-
rited in a recessive X-linked manner and are clinically ma-
nifested by a very characteristic hematoma type of bleeding
with a predominance of hemorrhages into large joints of the
extremities (hematoses), under skin, and in muscles [3].

One of the most common causes of acquired coa-
gulopathies is vitamin K deficiency. This vitamin is fat-so-
luble, enters the body with food (greens, vegetables, beef
liver, chicken meat), and is also formed by normal intes-
tinal microflora. It is necessary for the formation of active
coagulation factors X, IX, VII, II, as well as the activation of
anticoagulants proteins C and S. The mechanism of vitamin
K-dependent activation consists of Y-carboxylation of glu-
tamic acid residues of these proteins. It is necessary for
their binding to Ca2+ and phospholipids of platelet and en-
dothelial membranes. Vitamin K deficiency in the patient’s
body can be associated with enteropathies and intestinal
dysbacteriosis, impaired bile secretion and diseases of liver
and pancreas, treatment with indirect anticoagulants [22].

Liver damage is the second most significant cause of
acquired coagulopathies. Since the liver synthesizes most
coagulation factors, liver disorders can lead to a deficiency
of not only vitamin K-dependent factors, but also a number
of others —V, [, XI, XIII.

Along with damage to coagulation system, increased
bleeding can be caused by hereditary and acquired defects
of fibrinolytic system, for example, hereditary deficiency of
a,-antiplasmin, excessive formation of plasminogen activators,
and insufficient inactivation of plasminogen activators [23].

GENERAL CHARACTERISTICS
OF THROMBOPHILIC SYNDROMES

Thrombophilias are hereditary and acquired disorders
of hemostatic system, characterized by a predisposition to
excessive, recurrent thrombus formation. It can be com-
plicated by vascular obstruction with the development of
ischemia and infarction (thrombosis in arteries) and venous
congestion (thrombosis in veins), as well as thromboem-
bolism, including its most formidable variant — pulmonary
embolism (PE). In the 19th century, for understanding the
mechanisms of thrombophilia, the so-called Virchow triad
was formed. This triad is of enduring importance. According
to the triad, to trigger the process of thrombus formation, the
presence of at least one of three conditions is necessary:
damage to the vascular wall, change in blood composition,
and change in blood flow nature. Mechanisms of thrombo-
philia are always based on the action of one or more factors
from this triad. The prominent Russian scientist Z.S. Bar-
kagan, depending on causes and mechanisms, identified
10 groups of thrombophilic syndromes [4].

The first group includes so-called hemorheological
forms, in which the tendency to thrombus formation is
caused by blood thickening, as happens, for example, with
true polycythemia.

The second group includes thrombophilias caused by an
increase in the number of platelets and/or an increase in their
adhesive and aggregation abilities. An increase in the number
of platelets (thrombocytosis) can be primary (essential throm-
bocytosis) and secondary reactive, for example, in acute and
chronic infections. An increase in adhesive and aggregation
properties of platelets can be hereditary (syndrome of “vis-
cous” platelets) and acquired (in diabetes mellitus). Adhesion
and aggregation of platelets can also increase due to hyper-
production or insufficient degradation of VWF [8].

The third group included forms caused by hereditary and
acquired deficiency of anticoagulants: AT (antithrombin),
proteins C and S, and TFPI.

The fourth group includes forms caused by hyperpro-
duction and anomalies of coagulation factors. Among these
types of pathology, the most common is so-called Leiden
mutation — a hereditary anomaly of factor V. It becomes
resistant to the inhibitory action of protein C, as a result of
which coagulation cascade is pathologically enhanced [27].
In the second place in frequency is hereditarily caused ex-
cess synthesis of coagulation factor Il — prothrombin.

In the fifth group of thrombophilias, Z.S. Barkagan in-
cluded pathologies of the hemostatic system caused by
hereditary and acquired decrease in fibrinolysis caused by
insufficient production of tPA by endothelium or increased
production of TFPI.

The sixth group includes metabolic thrombophilias that
occur in atherosclerosis, diabetes mellitus, and hyperho-
mocysteinemia. The leading mechanism is endothelial dys-
function, accompanied by a decrease in its thromboresis-
tance [5, 18].

The seventh group includes autoimmune thrombophili-
as, among which the leading place is occupied by antiphos-
pholipid syndrome. This syndrome occurs in systemic lupus
erythematosus, chronic viral infections, lymphomas and is
characterized by the formation of a large number of auto-
antibodies to phospholipids of endothelial cell membranes,
activated platelets, monocytes. As a result, an imbalance in
the hemostasis system occurs, in 75% of cases manifested
by thrombophilia, in 25% — increased bleeding.

The eighth group includes paraneoplastic thrombophili-
as accompanying oncological diseases. In pathogenesis of
paraneoplastic thrombophilias, an important role is played
by mechanisms associated with the disruption of structural
and functional integrity of the endothelium by tumor cells;
activation of platelets by tumor cells; increased synthesis
of procoagulants and fibrinolysis inhibitors by tumor cells;
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and procoagulant activity of macrophages present in a tu-
mor area [13].

The ninth group includes iatrogenic thrombophilia, for
example, caused by taking hormonal contraceptives. Estro-
gens included in these drugs increase the synthesis of the
number of coagulation factors (II, V, VII, IX, X, XI) [15].

The tenth group included thrombophilias that arose from
a combination of several of the above-mentioned disor-
ders. For example, the use of hormonal contraceptives by
a patient with Leiden mutation increases the risk of venous
thrombosis by 30-35 times, while the Leiden mutation itself
increases the risk of thrombosis by 3-7 times [15, 27].

GENERAL CHARACTERISTICS
OF THROMBOHEMORRHAGIC SYNDROME

In the study of thrombohemorrhagic syndrome, priori-
ty belongs to domestic researchers. In the first place are
M.S. Machabeli, his colleagues and followers, who, since
the 60s of the 20th century, have done a great deal of work
to decipher its mechanisms and fully appreciate the general
biological and general medical significance of this patholo-
gical process [3, 14].

Thrombohemorrhagic syndrome is represented in cli-
nical practice by a number of pathologies. First of all, it is
represented by DIC, thrombotic thrombocytopenic purpura,
hemolytic uremic syndrome, heparin-induced thrombotic
thrombocytopenia, etc. Some diseases, referred to in this
lecture as other types of hemostasopathies, for example,

Henoch-Schonlein purpura and paraneoplastic thrombo-
philia, also gravitate towards thrombohemorrhagic syn-
drome in their pathogenesis [22, 27].

Thrombohemorrhagic syndrome is characterized by a
phased total dynamic imbalance in all links of hemostatic
system, which can be likened to the rocking the swing (pen-
dulum), when all attempts of the body (and sometimes the
attending physician) to stabilize the situation in most cases
lead to even greater amplitude of deviations (Fig. 4).

The trigger mechanism of thrombohemorrhagic syn-
drome is hyperactivation of one of the links of the hemosta-
sis system (coagulation, platelet, vascular) by exogenous
and endogenous factors, leading to widespread, non-lo-
cal, uncontrolled thrombus formation. In this case, natural
endogenous mechanisms (thromboresistance of vascular
wall, coagulation inhibitors, fibrinolytic system), providing
local and reversible thrombosis, prove ineffective. Exces-
sive widespread thrombus formation leads to characteristic
consequences — ischemic damage to various organs, mul-
tiple organ failure. Subsequently, mechanisms of thrombus
formation are depleted, the so-called consumption coagulo-
pathy occurs, characterized by thrombocytopenia, deficien-
cy of coagulation factors, activation of fibrinolytic system
and clinically manifested by bleeding. This is the general
picture of thrombohemorrhagic syndrome [3].

From the point of view of clinical practice, the most re-
levant and widespread variant of thrombohemorrhagic syn-
drome is DIC. It is always secondary and can develop as a
complication of a wide range of diseases: sepsis (primarily
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Fig. 4.

Imbalance in the hemostasis system in thrombohemorrhagic syndrome
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caused by gram-negative bacteria), a number of viral infec-
tions (including COVID-19), injuries, burns, surgeries, crush
syndrome, massive hemolysis, pancreatitis, solid tumors,
acute promyelocytic leukemia, obstetric pathology (prema-
ture placental abruption, amniotic fluid embolism, intraute-
rine fetal death), all types of shock, and poisonous snake
bites. All of the above diseases are characterized by the re-
lease of a large number of procoagulants into blood, prima-
rily TF. This leads to hypercoagulation with the generation of
excess amounts of thrombin, activation of platelets, produc-
tion of fibrin and the formation of a large number of throm-
bi in the vessels of the microvasculature of various areas
[3, 9, 36, 37]. Conventionally, four stages of DIC syndrome
are distinguished: Stage | — hypercoagulation and platelet
activation; Stage |l — transient with increasing coagulopa-
thy and thrombocytopenia; Stage Ill — deep hypocoagula-
tion caused by the consumption of coagulation factors and
platelets; IV — recovery (or, in case of unfavorable course,
the phase of outcomes and complications) [3, 14]. The
course of DIC syndrome is quite diverse and can be both
acute and chronic recurrent. The consequences are mainly
reduced to the development of severe multiple organ failure
(respiratory, renal, adrenal, hepatic) with a predominance of
damage to various organs depending on characteristics of
an underlying disease.

Treatment of DIC syndrome is one of the most complex
and still not fully resolved problems. It is very important for a
clinician to understand the dynamic, staged nature of throm-
bohemorrhagic syndrome. Just as when swinging a swing,
the same impact in magnitude and direction, produced at
different times, can either increase the amplitude of swin-
ging or decrease it, so in treatment of DIC, the introduction of
the same drug can have a beneficial effect if used in a timely
manner and a harmful destructive effect if used untimely.

CONCLUSION

In conclusion, it is necessary to emphasize that with a
high probability, almost every clinician will have to face the
need to diagnose and treat hemostasis disorders. Success
of treatment will largely depend on the doctor’s understan-
ding of pathophysiology of hemostasopathies.
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AOMNOJIHUTENIbHAA UHOOPMALIUA

Bknapg aBTOpoB. Bce aBTOPb! BHECIM CYLIECTBEHHbIN
BKNnag B pa3paboTKy KOHLEeNnuuu, NpoBeAeHue uccnenosa-
HWS 1 MOArOTOBKY CTaTbM, MPOYM M 0406pUNM hUHANBHYHO
Bepcuto nepen nybnukayyen.

KoHnukT mHTepecoB. ABTOpbI [EKNapupyT OTCyT-
CTBME SBHbIX W MOTEHUMANbHbIX KOH(IMKTOB WHTEPECOB,
CBS3aHHbIX C NybriMkaumen HacTosLEN CTaTbi.

UcTounnk chuHaHcupoBaHuA. ABTOpbI 3aaBnAT 06
OTCYTCTBWW BHELIHEro (hMHAHCUMPOBAHWUS NP NPOBEAEHUM
“ccnenoBaHus.
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Abstract. The article is devoted to the life and professional activities of the outstanding Soviet scientist-pathologist,
academician of the USSR Academy of Medical Sciences, laureate of the State Prize, prizes named after
I.V. Davydovsky, I.I. Mechnikov and the Moscow Society of Nature Testers, Doctor of Medical Sciences, Professor
Alexander Pavlovich Avtsyn (13.09.1908-20.04.1993), born in Moscow into the family of an engineer and inventor.
The working life of Alexander Pavlovich began at the age of 15, working in children’s neuropsychiatric hospitals,
while simultaneously studying at a Moscow secondary school, from which he graduated in 1925 As a 3 year student
and continuing to work in pathoanatomical laboratories, he became interested in scientific activities and in 1933,
after successfully graduating from the 1st Moscow Medical Institute named after [.M. Sechenov, he got a job at the
Institute of Neuropsychiatric Prevention of the People’s Commissariat of Health of the RSFSR as a researcher under
the guidance of Prof. P.E. Snesarev, where began studying the histopathology of the nervous system. In 1936, he
defended his PhD dissertation, and in 1954, based on the collected material during the Great Patriotic War, defended
his doctoral dissertation on the topic “Pathological anatomy of typhus”. His scientific interests were issues of military and
geographical pathology, pathological anatomy of infectious diseases, and cytopathology. He was distinguished by such
traits as intelligence, charm, wit, the highest professionalism, a brilliant lecturer, and a polemicist. From 1961 to 1988,
Alexander Pavlovich was the founder and first director of the Institute of Human Morphology, in whose post he founded
and developed such scientific directions as geographical pathology and cytopharmacology, and from 1988 to 1993, he
was an honorary adviser to the director of this institute. A.P. Avtsyn wrote more than 250 scientific papers, including
monographs and chapters in manuals. A.P. Avtsyn died at the 85th year of his life from acute coronary insufficiency.
He was buried at the Vagankovsky cemetery in Moscow. This and everything else is described in the presented article.

Keywords: Alexander Pavlovich Avtsyn, scientist-pathologist
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Pe3tome. CtaTtbsi NOCBALLEHA XM3HW 1 NPOCECCUMOHANBHOMN LEeATeNbHOCTY BbIAAIOLLEr0Cs COBETCKOMO Y4EHOr0-NaTonora,
akagemuka AMH CCCP, naypeata locynapcTBeHHow npemuu, npemuid nMenm W.B. [Jaebigosckoro, .. Meynnkosa 1 Moc-
KOBCKOro 06LLEeCTBa UCMbITATENEN NPUPOAbI, JOKTOpa MeAMULMHCKMX HayK, npodeccopa AnekcaHapa Maenosnya ABUbIHa
(13.09.1908-20.04.1993), poamsLuerocs B MockBe B ceMbe MHxeHepa 1 13obpeTtatens. Tpynoeas xm3Hb AnekcaHapa aeno-
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BMYa Hayanack B 15-netHem Bo3pacTe, koraa oH paboTan B JETCKUX HeNponcuxuaTpuieckix nevedbHuLax 1 oqHOBPEMEHHO
yuuncs B MOCKOBCKOW CpeaHei LKore, KOTopyHo okoHunn B 1925 r. Bygyun ctygeHTom 3-ro Kypca 1 npogonxas pabotatb B
naTorioroaHaTOMMYeCKIX nabopaTopusix, YBNeKcs HayuHoW AesTenbHOCTLH, M B 1933 1. nocne yenewwHoro okoHYaHus 1-ro
MockoBckoro MeauumMHEKoro MHCTUTyTa umenn .M. CeyeHoBa ycTpouncs pabotatb B MHCTUTYT HeponcuxmaTpuyeckon
npocounakTuku Hapkomagpasa PCOCP Hay4HbIM COTpYAHUKOM nog pykosoacTeom npod. M.E. CHecapeBa, rae npuctynun
K M3y4YEHMo rMCTONaTonorn HepBHoM cucTeMbl. B 1936 r. 3awmTin KaHanaaTCcKyto aucceptaumio, a B 1954 1. Ha matepuarne,
cobpaHHoM Bo BpeMst Benmkon OTeueCTBEHHOM BOMHBI, — JOKTOPCKYIO AMCcepTaunto Ha Temy «llatonoruyeckas aHato-
M8 CbinHOro Thdhay. Ero HayuHbIMM MHTEpecamu Bbinn BONPOCHI BOEHHON W reorpadhieckoit natonorum, natornornyeckon
aHaTOMUM MHAEKLMOHHBIX BonesHei, LuTonaTonorn. Ero otnuyani Takue YepTbl, Kak MHTENNUIEHTHOCTb, 06aATeNbHOCT,
OCTpOyMUE, BbICOYALLMA NpodeccroHanmam, oH Bbin BriecTawwmm nektopom, nonemmctom. C 1961 no 1988 rr. Anekcangp
lMaBrnoBu4 ocHoBar, a 3atem bbIn nepBbIM AMPEKTOPOM MHCTUTYTa MOpchonorum YernoBeka, Ha nocTy KoToporo obocHoBan 1
pa3BWN Takue HayYHble HanpPaBeHus, kak reorpacuyeckas natonorus v uutodapmakonorus, a ¢ 1988 no 1993 rr. — Gbin no-
YeTHBbIM COBETHUKOM AMpekTopa aToro uHeTuTyTa. Mepy A.M. ABLpbiHa npuHaanexut bonee 250 Hay4HbIX paboT, B TOM Yucne
MoHorpacuit 1 ras B pykosogcTaax. AN, ABLbIH CKOHYanCs Ha 85-M rofy Xu3HU OT OCTPOI KOPOHAPHOW HEAOCTATOYHOCTU.
lNoxopoHeH Ha BaraHbkoBckoMm knagbuie r. Mockeel. O6 3ToM 1 060 BCEM ApyroM NOBECTBYETCS B NPEACTABIEHHON CTaThE.

KnioueBble cnoBa: Anekcanzp lNaBnosuy ABLbIH, y4eHbI-natonor

On September 13", 2023 we have celebrated the 115"
anniversary birth, and April 20 — the 30" anniversary of
death to the outstanding Soviet scientist-pathologist, patho-
physiologist, neurohistologist, cytologist, educator and or-
ganizer, academician of the USSR Academy of Medical
Sciences, laureate of the State Prize, prizes named after
l.V. Davydovsky, I.I. Mechnikov and the Moscow Society
of Nature Testers, Doctor of Medical Sciences, Professor
Alexander Pavlovich Avtsyn [1] (Fig. 1, 2).

Alexander Pavlovich Avtsyn was born on September
13, 1908 in Moscow in the family of a talented engineer
and inventor in the field of telephone business and electric
motors Pavel Ivanovich (1919 death) and housewife Maria
Alexandrovna (amazingly beautiful woman with kind eyes,
1889-1949) Avtsyn.

Sasha Avtsyn began his working life back in 1923 at
the age of 15, giving lessons, working in kindergartens and
children's neuropsychiatric hospitals, while simultaneously

Fig.1. Alexander Pavlovich Avtsyn (13.09.1908 — Fig.2. Alexander Pavlovich Avtsyn (Available at:
20.04.1993) (Available at: http://www.morfolhum. https:/ledu.monikiweb.rulistoria-v-litsah.
ru/about/history/ (accessed 31.10.2023)) php?p=atabekov-david-nersesovich)

Puc.1. Anekcangp Nasnosuy ABubIH (13.09.1908 — (accessed 31.10.2023))

20.04.1993) (boctynHo no: http://www. Puc.2. Anekcangp Masnosuy ABubIH (ocTynHo

morfolhum.ru/about/history/ (mata oGpatue-
Hua: 31.10.2023))

no: https:/ledu.monikiweb.rufistoria-v-litsah.
php?p=atabekov-david-nersesovich) (nara
obpauenus: 31.10.2023))
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studying at Moscow Secondary School No. 41, from which
he graduated in 1925. His non-proletarian origin prevented
him from further realizing his dream of becoming a doc-
tor, and only after the personal support of the first People's
Commissar of Education of the RSFSR Anatoly Vasilievich
Lunacharsky, a stubborn young man in 1929 was still able to
enter the medical faculty of Nizhny Novgorod State Univer-
sity. In 1930, student Avtsyn transferred to the Mother See
for the 2" year of the 15t Moscow Medical Institute (1MMI)
named after I.M. Sechenov, which he successfully graduated
in 1933 [2].

A.P. Avtsyn’s scientific interests throughout his bright life
were the issues of histopathology of the nervous system,
military and geographical pathology, pathological anatomy
of infectious diseases, cytopathology and others. He was
distinguished by such traits as intelligence, goodwill, charm,
wisdom, wit, the highest professionalism with encyclopedic
erudition, an excellent storyteller, a brilliant lecturer and po-
lemicist, acute perception of the new and clinical intuition,
especially manifested in expeditions. He often liked to repeat
a phrase such as “we have nothing original,” which in turn
can correspond and be recognized as his motto (creed) [3].

A man of science, Alexander Pavlovich, at the same
time, never closed himself within the framework of his pro-
fession and throughout his life was fond of literature, the-
ater, fine arts, and composing his own poems. Probably,
A.P. Avtsyn inherited a craving for travel and expeditions

from his father, which he was so clearly able to realize later
during his research into human geographic pathology [4].

As a 3 year student, continuing to work, in particular, as
a laboratory assistant in pathoanatomical laboratories (PAL)
and being carried away by scientific activities, from 1933 to
1937 he got a job as a researcher at the PAL of the Institute of
Neuropsychiatric Prevention of the People’s Commissariat of
Health of the RSFSR (now the Federal State Budgetary Insti-
tution “National Medical Research Center for Psychiatry and
Narcology named after V.P. Serbsky” of the Ministry of Health
of the Russian Federation) under the leadership of Professor
P.E. Snesarev, where he enthusiastically began studying the
histopathology of the nervous system, combining this position
with external work in Moscow prosecturas under the leadership
of Yu.M. Lazovsky and V.A. Klirikova. As a result of this study, in
1936 he gave the first description of mesoglioblastomas arising
in children from embryonic microglioblasts and in the same year
A.P. Avtsyn defended his dissertation for the degree of Candi-
date of Medical Sciences, and the observations, looking ahead,
collected by him in during the Great Patriotic War (GPW), gave
him the opportunity to defend his doctoral dissertation in 1954
on the topic “Pathological anatomy of typhus,” which made it
possible to create a new concept of this disease [9].

Earlier, in 1939, he proposed an original method for
staining myelin fibers in the central nervous system by impreg-
nating histological sections of the brain with phosphorus-mo-
lybdenum silver — the Avtsyn method. Long-term research

Fig. 3.

Puc. 3.

In Berlin, near the walls of the Reichstag, the end of the Great Patriotic War. A.P. Avtsyn (left), next to his wife Vera Alexandrovna
Rykova. (Available at: https://roim.historymed.ru/science/publications/8098/ (accessed 31.10.2023))

B BepnuHe y cteH Peiixctara, koHey, Benukoi OTeyecTBeHHoI BoliHbI. A.T. ABUbIH (cnieBa) psgom ¢ xeHol Bepoii AnekcaHapoB-
Hou PbikoBoM. (ocTynHo no: https:/iroim.historymed.ru/science/publications/8098/ (nata o6paweHnus: 31.10.2023))
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on the pathology of typhus and other rickettsioses in colla-
boration with Prof. M.M. Mayevsky allowed A.P. Avtsyn not
only to confirm the classical data of I.V. Davydovsky, but
also to develop and supplement them in many ways with
new observations of fundamental importance, in particular,
his description of protracted forms of typhus, which ended
fatally as a result of allergic vascular lesions the brain or
the heart, and in 1942 he described a valuable diagnostic
sign of typhus — a conjunctival rash called the “Chiari-Av-
tsyn symptom” and proposed an adrenaline test to identify
it, and in 1944 he described peculiar cells in the brain stem,
givung rise to special transfascicular fibers — Avtsyn fibers,
some of which end near the cerebral vessels [6].

A.P. Avtsyn discovered the formation of a specific capsule in
the tissues of experimental animals around a pill of a polycyclic
aromatic hydrocarbon, which is a strong carcinogen: dimethyl-
benzanthracene (DMBA) — the Avtsyn capsule phenomenon.
The villous cells in this capsule were named after him. In addi-
tion, in 1946, using pathohistological method, he established the
angioparalytic effect of Provacek’s rickettsia toxin and the eli-
mination of this effect under the influence of specific antibodies.
Examining the fine structure of central nerve fibers, Alexander
Pavlovich showed that they, like peripheral ones, have Ranvier
intercepts or their morphological analogues [7].

After graduating from the institute, A.P. Avtsyn also
worked as an assistant, then as an associate professor at
the Department of Pathological Anatomy of the | MMI, and
in 1934 he began working as an assistant prosector at the
Moscow Clinical Institute of Infectious Diseases. From 1937
to 1941, he was an assistant, associate professor at the
Department of Pathological Anatomy of the 3 MMI. From
1942 to 1943 — Acting Associate Professor at the Depart-
ment of Pathological Anatomy of the | MMI.

During the GPW, A.P. Avtsyn was drafted into the ranks of
the Red Army (date of commencement and completion of ser-
vice: 03.1943 — 09.24.1945). With the rank of military doctor 3
rank (now major of medical service) as part of the active army
of the South-Western, 3 Ukrainian and 1% Belorussian fronts,
he headed the pathoanatomical service of the triage evacuation
hospital No. 2613, evacuation hospital No. 3642, then PAL of the
central research center clinical hospital of the Soviet Army. By
the way, in 1943 A.P. Avtsyn managed to create a family unit by
marrying Vera Alexandrovna Rykova, they had no children. The
war ended in Berlin, near the walls of the Reichstag (Fig. 3). His
wife V.A. Rykova (03.07.1904 — 10.11.1994) was born in Mos-
cow (start and end date of service: 23.03.1943 — 04.07.1946).
With the rank of captain of the medical service as part of the
3" Ukrainian Front, 3 Guards Army, 15 Belorussian Front, she
served in triage evacuation hospital No. 2613, had awards: me-
dals “For the Defense of Moscow”, “For the Victory over Germany
in the Great Patriotic War” Patriotic War of 1941-1945” [8-10)].

During the GPW, A.P. Avtsyn’s attention was focused on
the study of the pathology of combat trauma. He collected a
large pathological material (2500 observations), on the basis
of which he developed the pathological anatomy of gunshot
osteomyelitis, infectious and alimentary dystrophy of the
wounded, anaerobic pleural infection, tetanus, wound sep-
sis, complications of gunshot wounds. In 1946, his mono-
graph “Essays on military Pathology” was awarded a prize
at the state competition of scientific papers summarizing the
experience of military medicine during the GPW [11].

In front-line conditions, A.P. Avtsyn for the first time stu-
died the morphological picture of the effect of the first do-
mestic antibiotics together with academician Z.V. Ermolyeva.
Using a large material, he showed the positive effect of strep-
tomycin in tuberculous meningitis, expressed in the disap-
pearance of the exudative component with an increase in
the productive reaction. In the field of experimental pathology
A.P. Avtsyn proposed new methods for modeling dysentery,
typhoid, colibacillary, staphylo-, strepto- and pneumococcal,
tuberculosis and leishmanial pneumonia in mice in order to
study the chemotherapeutic effect of various antibiotics [12].

From 1945 to 1951 A.P. Avtsyn was a senior researcher at
the Laboratory of Pathological Anatomy of Childhood Disea-
ses of the Institute of Normal and Pathological Anatomy of
the USSR Academy of Medical Sciences under the leader-
ship of the head of this laboratory, Academician of the USSR
Academy of Medical Sciences M.A. Skvortsov, who was his
true teacher and Alexander Pavlovich considered the happi-
est years of work under his leadership at this institute.

In 1950, by order of the Minister of Health of the USSR
A.P. Avtsyn was transferred to the Research Laboratory at
the Mausoleum of V.I. Lenin and from 1951 to 1961 was
the head of the morphological department of this laboratory,
where he carried out extensive scientific and organizational
work to strengthen the morphological department, as well
as training young specialists in the field of theory and prac-
tice of embalming. He was directly involved in the embal-
ming and preservation of Georgy Dimitrov's body in Sofia.
For the successful fulfillment of the responsible task of the
Government and for his work in the laboratory at the Lenin
Mausoleum, A.P. Avtsyn was awarded the Order of Lenin,
and the Government of the People's Republic of Bulgaria
awarded him the Order “Red Banner of Labor” [13].

From 1955 to 1961, A.P. Avtsyn was part-time head of
the morphological department of PAL with the prosectorium
of the Institute of Neurosurgery named after N.N. Burdenko
of the USSR Academy of Medical Sciences.

In October 1958, A.P. Avtsyn was sent by the USSR Mi-
nistry of Health to Switzerland for a meeting of the WHO expert
committee. At this meeting, Alexander Pavlovich for the first time
expressed his point of view that regional and geographical patho-
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Fig. 4. Examination by A.P.Avtsyn of a patient in the neurological
department of the Murmansk Regional Hospital. (Available
at: https://roim.historymed.ru/science/publications/8098/
(accessed 31.10.2023))

Puc.4. Ocmotp A.M. ABUbIHbIM GONLHOrO HEBPONTOTMYECKOTO OT-

penenua MypmaHckon ob6nactHon G6onbHuubl. (JocTynHo
no: https://roim.historymed.ru/science/publications/8098/
(maTa ob6paweHus 31.10.2023))

logy are two different organizational forms of one science — me-
dical ecology. The scientist also believed that geographical pa-
thology in many ways resembles military pathology. He explained
that “severe forms of regional diseases, as a rule, arise in extreme
climatogeographical, medical-biological and social conditions.
The unfavorable effects of these conditions on a person and his
body, on the one hand, cause extreme tension in the adaptation
mechanisms, and on the other hand, they conceal the possibi-
lity of disadaptation, which can manifest itself in certain forms of
weakening of the body, leading to the occurrence of diseases that
end in death or premature disability. Therefore, “this is undoubtedly
a complex science or even a system of sciences, presenting the
greatest opportunities for a multidisciplinary approach.”

In 1960, he experimentally proved the effect of hormones
on the development of some brain tumors and showed their
differences in the content of sexual chromatin, and in 1963
formulated the main provisions of theoretical neurooncolo-
gy, introduced the concept of preglyoma for the first time
and discovered the preproliferative period in certain types
of chemical carcinogenesis in the central nervous system.

In the mid-70s, after a cholera outbreak in the south of
the country, A.P. Avtsyn studied in depth the cellular mecha-
nisms of cholera intoxication and NAG infection. In particular,
he obtained fundamentally new results that made it possible
to explain the “rapid intestinal dehydration syndrome”, and
in 1979 he described the nature of ultrastructural changes in
organs under a number of pathogenic influences.

Fig.5. A.P. Avtsyn is in a cheerful mood — the meeting of the
Scientific Council of the Institute of Human Morphology
is going well. (Available at: https://roim.historymed.ru/
science/publications/8098/ (accessed 31.10.2023))

Puc.5. Y Al ABublHa xopoluee HacTpoeHWe — 3acepaHune Yye-

Horo coBeTa MHcTUTyTa Mopdonorum yenoBeka NPOXo-
aut xopowo. (JoctynHo no: https://roim.historymed.ru/
science/publications/8098/ (aata o6paueHus: 31.10.2023))

From 1961 to 1988, A.P. Avtsyn was the founder and
first director of the Scientific Research Institute of Human
Morphology (SRIHM) of the USSR Academy of Medical
Sciences in Moscow. In this position, Alexander Pavlovich
theoretically justified and developed scientific directions in
our country — geographical pathology and cytopharmacolo-
gy, which he paid great attention to not only within the walls
of his institute. Under his leadership and with his personal
participation, numerous and long-term expeditionary studies
were carried out in the regions of the Far and Near North,
the Baikal-Amur Mainline zone, arid zones and highlands,
both in our country (Fig. 4) and beyond its borders, in parti-
cular the Equatorial Africa. The results of these studies were
presented in the form of recommendations aimed at impro-
ving disease prevention in the geographic areas studied. He
was the first to describe such forms of regional pathology
as Kola encephalitis, Magadan pneumopathy, and identified
the northern variant of hypertension. That is why A.P. Avt-
syn should rightfully be considered one of the recognized
leaders of the large school of domestic geographical patho-
logists, covering many specialties. It should be noted that
the SRIHM was organized on the basis of order of the USSR
Ministry of Health No. 495 dated November 28, 1960 and
began its activities in early 1961, initially located on the basis
of the pathology department (PD) of a large multidisciplinary
clinical institution — Moscow Regional Research Institute
named after M.F. Vladimirsky, where from 1961 to 1973
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A.P. Avtsyn headed the PD, which at that time was located
in the 13" building of this institute, and at the same time was
the director SRIHM. In 1973, SRIHM started its activities in
its own building at a new location on Tsyurupy Street [14].

From 1968 to 1969, after the death of I.V. Davydovsky,
the Department of Pathological Anatomy of the 2nd MMI
named after N.I. Pirogov was headed by Academician of
the USSR Academy of Medical Sciences A.P. Avtsyn. From
1988 to 1993, A.P. Avtsyn was an honorary adviser to the
director of the SRIHM of the USSR Academy of Medical Sci-
ences (now the Research Institute of Human Morphology
named after Academician A.P. Avtsyn of the Federal State
Budgetary Scientific Institution “Russian Scientific Center
for Surgery named after Academician B.V. Petrovsky”).

A.P. Avtsyn is the author of more than 250 scientific works,
including monographs and chapters in manuals. Such works
as “Essays on Military Pathology” (1946), “Pathological Ana-
tomy of Typhus” (1954), “Pathological Anatomy of Diseases
Caused by Rickettsias” (1964), “Introduction to Geographical
Pathology” (1972) and the first modern domestic manual on
cell pathology “Ultrastructural Foundations of Cell Pathology”
(1978), written by A.P. Avtsyn together with Prof. V.A. Shakh-
lamov, in which his concepts of pathogenic information, its
reception by the cell, the stages of this process and its signi-
ficance for the initiation of any disease were further developed.

A.P. Avtsyn was one of the WHO experts to create a new
classification of the brain oncological diseases, took an ac-
tive part in the USSR Academy of Sciences commission on
applied human physiology, in the Presidium of the USSR Aca-
demy of Sciences Scientific Council on microelements, was
a member of the Presidium of the All-Union and the Board
of the Moscow Society of Pathologists, editorial board of the
journals “Arkhiv Pat ologii”, “Bulletin of the USSR Academy
of Medical Sciences”, “Human Physiology”, Soviet Committee
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on the UNESCO Problem “Man and the Biosphere”, organizer
and honorary chairman of the Moscow Scientific Society of
Cytologists, chairman of the Scientific Council of Union signi-
ficance “Human Morphology”, author and editor of the editorial
departments “Pathology and Morphology”, “Psychiatry” and
“Pathological Anatomy” of the 2nd and 3rd editions of the
Great Medical Encyclopedia, Small and Brief Medical Ency-
clopedias, and also headed the Scientific Council on Human
Morphology of the USSR Academy of Medical Sciences for
over 10 years (Fig. 5). Over 80 PhD and doctoral dissertations
have been completed under his supervision.

A.P. Avtsyn's achievements and his great contribution
to science were highly appreciated by the state. In 1961,
he was elected a corresponding member, and in 1965, an
academician of the USSR Academy of Medical Sciences.
In 1982 — laureate of the USSR State Prize for a series
of works in the field of geographical pathology and epide-
miology of cardiovascular, oncological and nervous dis-
eases, in 1985 — laureate of the I.V. Davydovsky Prize for
the collective monograph “Human Pathology in the North”,
in 1990 — laureate of the I.I. Mechnikov Prize for a series
of works “Pathology of Infectious Diseases”, and was also
awarded two Orders of Lenin, two Orders of the Red Banner
of Labor, the Order of the Patriotic War, Il degree, and many
military and labor medals [15].

In recent years, A.P. Avtsyn has paid much attention to
the medical microelementology, the allocation of which is a
logical continuation of the classical studies of academician
V.I. Vernadsky. The accumulated original material with world
literature data on this issue was systematized in 1991 in the
collective monograph “Human microelementoses (etiology,
classification, organopathology)”, and in 1994 this book was
awarded the first prize of the oldest Moscow Society of Na-
tural Scientists in the country.

The tombstone monument to Alexander Pavlovich Avtsyn on the family plot of the Vagankovsky cemetery in Moscow. Photo by

Evgeny Danilov (2014). (Available at: http://mednecropol.ru/a/avtzyn-ap/avtzyn-ap.htm (accessed 20.08.2023))

Puc. 6.

HaprpoGHbiit namaTHuk AnekcaHgpy Nasnosuuy ABLbIHY Ha pogoBOM y4yacTke BaraHbkoBckoro knagovwa B Mockse. ®oTo EBre-

Husa flanunosa (2014). (AoctynHo no: http://mednecropol.ru/a/avtzyn-ap/avtzyn-ap.htm (aata o6pawenus: 20.08.2023))
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A.P. Avtsyn died suddenly on April 20, 1993 in Moscow
at the 85th year of his life from acute coronary insufficiency.
He was buried at the Vagankovsky cemetery (site 34) of the
capital (Fig. 6) [16] . On the basis of the order of the Ministry
of Education and Science of the Russian Federation dated
27.07.2021, No. 687, the Scientific Research Institute of Hu-
man Morphology was named after Academician A.P. Avtsyn.
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AOMNOJIHUTENIbHAA UHOOPMALIUA

ABTOp NpounTan 1 ogobpun uHanbHyo BEPCUIO nepes
nybnukayyen.

KoHdnukT uHTepecoB. ABTOp [eKnapupyeT OTCyTCT-
BE SIBHbIX W NOTEHLMaNbHbIX KOH(PMUKTOB MHTEPECOB, CBS-
3aHHbIX ¢ Nybrmkaumen HacTosILEen CTaTbi.

WUcTouHuk mHaHcupoBaHma. ABTop 3asenseT o6 oT-
CYTCTBWW BHELWHEro (hMHAHCUPOBAHMS NpW MPOBESEHNM
nccnefoBaHus.
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Abstract. The article is dedicated to Professor Avenir Mikhailovich Yakovlev (1923-1994), Doctor of Medical Sciences,
who headed the Department of Microbiology, Virology and Immunology of the Leningrad Paediatric Medical Institute
(LPMI) for 15 years (1974-1989). He had to overcome many difficulties and shocks to become a prominent scientist
and teacher, colonel of medical service, educator of several generations of civilian and military doctors. The loss of
his priest father in childhood during political repressions, injury at the beginning of the war during the evacuation of
the Military Medical Academy (MMA) from Leningrad, studies at a military paramedical school, participation on various
fronts in Red Army combat operations, studies at the MMA, service in the Transbaikal Military District, adjuncture and
subsequent scientific and pedagogical work at the MMA — these are the main milestones of his biography until he
joined the LPMI in 1974. The article evaluates the main scientific and pedagogical achievements of A.M. Yakovlev in
different periods of his activity and his contribution to the training of paediatricians.

Keywords: Professor A.M. Yakovlev, military service, microbiology, scientific and pedagogical work, family history
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Pestome. CTaTbsl NOCBSALLEHa AOKTOPY MEAULIMHCKUX HaYK, npodeccopy ABeHupy Muxainnosudy Akosnesy (1923-1994),
koTopbiti 15 net (1974-1989) 3aBenoBan kadeapon MUKPOOGMONOrK, BUPYCONOTMM 1 UMMYHONOTWW JIEHUHTpaaCKoro
neamaTpU4Yeckoro MeauLIMHCKOro MHCTUTYTA (HbiHe CM6ITIMY). Emy goBenock npeofoneTb Hemaro TpyaHOCTel 1 no-
TPSACEHUIA, 4TOObI CTaTb BUAHBIM Y4YEHBIM W NEAaroroM, NOMKOBHUKOM MeANLIMHCKON CryxObl, BOCIUTATENEM HECKOMbBKIX
MOKONEHWIN rpaxAaaHCKUX 1 BOEHHbIX Bpayen. [1oTeps B A€TCTBE 0TLA-CBALLEHHUKA B XOLE NONUTUYECKUX PENPECCUN,
paHeHue B Havane BOWHbI NPy 3Bakyauun BoeHHo-meauumHekon akagemun (BMA) u3 JleruHrpaga, yueba B BOEHHO-
(henbALIepCKOM yuunmLLe, y4acTme Ha pasHbix (poHTax B 60eBbIx aencTausx KpacHon apmum, yueba B BMA, cnyxba
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B 3abailkanbCkomM BOEHHOM OKpyre, agbloHKTYpa 1 nocnegytowias HayyHo-negarornyeckas paborta 8 BMA — takoBbl
OCHOBHbI€ Bexy ero buorpadum go npuxoga B 1974 r. 8 JINMW. B cTaTbe faHa OLeHKa OCHOBHbIM Hay4HO-Neaarornye-
cknm gocTuxeHnsm A.M. AkoeneBsa B pasHble nepuogbl AeSTENBHOCTY U €ro BKNagy B NOArOTOBKY Bpavei-neamaTpos.

KnioueBble cnosa: npodeccop A.M. AkoBnes, BoeHHas cnyxba, Mukpobuonorus, Hay4yHo-neaarornyeckas pabora,

NCTOPNA CeEMbN

In 2023, we celebrated the 100th anniversary of the
outstanding Soviet microbiologist Professor Avenir Mikhai-
lovich Yakovlev. Avenir Mikhailovich’s life path was not
easy. He was born in Leningrad to the family of priest
Mikhail Nikolaevich Yakovlev, who served in the Church
of the Resurrection of Christ Church also known as the
Church of the Savior on Spilled Blood and in The Church
of the Resurrection of Christ near the Warsaw Railway
Station on an embankment of Obvodniy canal. It was a
time of active persecution of church ministers and religion
in general. In recently published memoirs of two sisters,
witnesses of that period in life of the church, we find the
following: “We see ourselves in the elegant Church of
the Resurrection. The light from chandeliers, lamps and
candles flickers and shimmers in a multitude of mosaics
and in the icon frames... Our father stands on a pulpit in
vestments and a kamilavka with a cross in his hands. The
dark-haired protodeacon Father Mikhail Yakovlev will serve
with our father. Sons of Father Mikhail, our friends Arkady
and Avenir, in brocade sticharions, will serve during the bi-
shop’s service” [1]. Those who heard Father Michail read
and sang noted his outstanding vocal abilities and keen
musical ear; the protodeacon’s baritone bass with its bright
timbre truly adorned the church service.

In 1930, both churches were closed, but even earlier,
some of the church ministers were arrested and shot, while
others were sent to camps or exiled outside of Leningrad.
Archdeacon Yakovlev was among them: after his arrest and
imprisonment, there was hard labor on the construction of
the White Sea-Baltic Canal, then exile to the remote town of
Malaya Vishera in the Novgorod region with a ban on lea-
ving its borders. After the Germans occupied these places,
he moved mostly on foot to Prague, and then to Vienna,
where he continued his ministry. Only in 1953, he was able
to return to his homeland. Until his retirement, he served as
a protodeacon in the Pavlovsk Cathedral in Gatchina, and
then in the Church of the Intercession of the Holy Mother of
God in Marienburg near Gatchina.

After graduating from high school in 1941, AM. Ya-
kovlev entered the Military Medical Academy named after
S.M. Kirov, which was soon evacuated. First, there was
a many-kilometer hungry march to the opposite shore of
Lake Ladoga and further to the railway station. The train
with cadets traveling to the east was hit by German bombs.

Cadet Yakovlev suffered a severe concussion, there was
a suspicion of a fracture of skull base. Periodically losing
consciousness, he nevertheless endured the entire long
way to Samarkand. Now, the academy was stationed there.
Because of a cranial injury, studying was very difficult.
Therefore, in 1942, he was transferred for further treatment
and study to the Kharkov Military Paramedic School, in
Ashgabat.

After completing an accelerated course of paramedic
training, in August 1943, with the rank of lieutenant of the
medical service, he was sent to the front. He took part in
military operations on the Voronezh, 2nd Ukrainian and 3rd
Belorussian fronts. In 1945, his military unit was redeployed
to the Far East to participate in the war with Japan and the
liberation of North Korea. Only in 1947, medical lieutenant
Yakovlev was able to re-enroll in the 1st year of the Military
Medical Academy named after S.M. Kirov. After graduating
in 1953, he was sent for further service in forces of the Far
Eastern Military District (Irkutsk).

As a student at the Academy, A.M. Yakovlev worked en-
thusiastically in the scientific circle at the Department of Mi-
crobiology and managed to carry out independent research
on the competition of bacterial antigens. His interest in
scientific work was noticed by the management, two years
later he passed a competition and entered a postgraduate
program at this department.

During all subsequent years of service at the Military
Medical Academy, A.M. Yakovlev carried out extensive
teaching and research work. He successively held posi-
tions of adjunct professor, research fellow at the thermal
injury clinic, junior lecturer, lecturer and senior lecturer
at the microbiology department of the Military Medical
Academy named after S.M. Kirov. In 1958, he defended
his candidate thesis on the experimental study of aerosol
injury with botulinum toxin and the development of specific
means of protection against it [2]. In 1967, his doctoral
thesis, which became a fundamental study of microbio-
logy of burn infection, was done [3]. In the last years of
his military service, in addition to his main activities, he
performed the function assigned to him as the head of the
educational department, skilfully organizing the educatio-
nal process of a large teaching staff. At the end of 1973,
he retired from the army with the rank of colonel of the
medical service (Fig. 1). In January 1974, he was elected
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head of the microbiology department of the Leningrad Pe-
diatric Medical Institute. In 1975, he received the acade-
mic title of professor.

In the new place, Professor Yakovlev paid great atten-
tion to the study of current problems of clinical microbiology
and immunology. The department began to actively par-
ticipate in joint research with clinics of the institute. Under
his leadership, the department's staff (Fig. 2) performed a
number of original studies on characteristics of children’s
immunity in normal and pathological conditions (I.D. An-
nenkova, V.V. Turkin, L.G. Velikosel'tseva, L.M. Ishchenko,
A.P. Khoruzhko, T.V. Tolmazova, N.S. Movchan, L.V. Dro-
bot), microbiology and immunology of purulent-septic infec-
tions in full-term and premature infants (N.N. Kaplin), and
the development of new methods for immunodiagnostics of
tuberculosis (E.A. Stepanova). During this period, several
textbooks were published for students of the Leningrad
Pediatric Medical Institute and pediatric faculties of other
medical institutes [4-6]. A.M. Yakovlev is the author of more
than 130 scientific papers and the scientific supervisor of 9
candidate theses.

Avenir Mikhailovich gave lectures on all areas of micro-
biology, virology and immunology. He always vividly sought
to reveal the history of the development of microbiology, vi-
rology and immunology, showing the current state and
prospects for the development of these sciences, their

Fig. 1.
Puc. 1.

Colonel of Medical Service A.M. Yakovlev (1973)
MonkoBHUK MeanUMHCKoW cnyxObl A.M. flkoBnes (1973)

Fig. 2.

The Staff of the Department of Microbiology, Virology and Immunology (1985). From left to right sitting: K.l. Smirnova,

A.M. Yakovlev, E.A. Stepanova; standing: O.V. Golishcheva, L.G. Velikoseltseva, N.N. Kaplin, I.D. Annenkova, V.V. Turkin,
A.A. Shamarova, A.P. Horuzhko, L.M. Ishchenko, T.V. Tolmazova

Puc. 2.

KonnekTtuB kacheapbl MukpoGuonoruu, Bupyconoruu u ummyHonorum (1985). Cnesa HanpaBo cugsat: K.1. CmupHoBa, A.M. fikos-

nes, 3.A. CtenaHoBa; ctosT: 0.B. Monuweea, I1.I". Benukocensuesa, H.H. Kannun, U.[. AHHeHKkoBa, B.B. TypkuH, A.A. LlamapoBa,

A.IN. Xopyxko, J1.M. UweHko, T.B. Tonmazosa
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relationship with other disciplines. Being a deep connois-
seur of fiction and history, he skilfully used this knowledge
in the pedagogical process. Students listened to his lectures
with particular interest, they attracted them to the student
scientific society at the department. Some subsequently
linked their professional activities with microbiology, many
of his students still work in various universities and research
institutes in Russia and abroad. Professor A.M. Yakovlev
carried out a great deal of pedagogical work at the facul-
ty of advanced education. Surely, many current employees
of SPSPMU, who studied at our university at that time,
gratefully remember Avenir Mikhailovich. In 1973, for the
successful training of doctors, he was awarded a certificate
from the Ministry of Higher and Secondary Specialized Edu-
cation of the USSR.

He paid considerable attention to methodological work,
being the deputy chairman of the methodological council
of the Institute and the chairman of the educational and
methodological commission of the Leningrad Society of
Epidemiologists, Microbiologists and Parasitologists. A
veteran of the Great Patriotic War, a member of the CPSU,
a colonel of the medical service, he was awarded two Or-
ders of the Red Star, the Medal “For Courage” and 13 other
medals.

In conclusion, a few words about the family environment
of A.M. Yakovlev. As noted above, his mother Zinaida Pav-
lovna was left alone with three children after her husband
was arrested. Over the course of many years, despite the
circumstances of her life, she performed a truly maternal
feat, raising her sons firmly on their feet: the eldest, Arkady,
is a famous monumental artist, the youngest, Arian, is a
doctor of geological and mineralogical sciences, professor
at the Mining Institute, and Avenir became a military micro-
biologist, a prominent scientist and teacher. Zinaida Pavlov-
na, being a teacher of Russian language and literature at
school since 1914, selflessly gave all her talent as a philo-
logist and educator to her students. It is no coincidence that
for her many years of successful pedagogical work she was
awarded the Order of Lenin, the highest state award of the
USSR, which was given for especially outstanding services
to the state and society.

During Avenir Mikhailovich's service at the Military
Medical Academy, a terrible tragedy occurred — his wife
Svetlana Dmitrievna, also, by the way, a bacteriologist,
died in a plane crash in 1962, practically before his eyes.
However, this did not break him, he was able to raise a
worthy member of society from the child left in his arms.
He was helped in this by the support of his second wife,
Zoya Konstantinovna Kolb. Until her recent retirement,
she had worked actively for many years as a researcher,
teacher and practical virologist-mycologist at the Military

Medical Academy and in other medical institutions of
our city.

Now Alexey Avenirovich Yakovlev is a famous Rus-
sian infectious disease doctor, a major organizer of do-
mestic healthcare, Doctor of Medical Sciences, Profes-
sor, Honored Doctor of the Russian Federation. For more
than 25 years he was the chief physician of the largest
hospital of this profile in Russia — the S.P. Botkin Cli-
nical Infectious Diseases Hospital. He put a lot of effort
and energy into organizing the construction, equipping
and launching new buildings of the famous Botkin Infec-
tious Diseases Hospital in the north of St. Petersburg.
During the COVID-19 pandemic, it was the city insti-
tution that took on the brunt of the workload. A.A. Ya-
kovlev continues to head the Department of Infectious
Diseases, Epidemiology and Dermatovenereology at the
Faculty of Medicine of St. Petersburg State University,
which he founded in 1997.

The authors had the honor and pleasure of clo-
sely communicating with Avenir Mikhailovich Yakovlev
both during his military service and during his work at
LPMI.

He will forever remain in the memory of his colleagues
and students as a talented scientist and teacher, an intel-
ligent and charming person of exceptional kindness and
cheerfulness, who devoted all his efforts to the develop-
ment of science and education of qualified military doctors
and pediatricians.
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AONONIHUTENIbHAA UHOOPMALINA

Bknag aBTOpoOB. Bce aBTOPbI BHECIU CYLLECTBEHHDI
BKNag B pa3paboTKy KOHLENuuW, NpoBeAeHne uccneaosa-
HWS 1 MOArOTOBKY CTaTbM, MPOYIM M 0f00PUNM hUHANBHYIO
Bepcuio nepep nybnukauuen.

KoHnukt mHTepecoB. ABTOpPbI eKNapupyT OTCyT-
CTBME SBHbIX U MOTEHUMAnbHbIX KOHGIMKTOB UHTEPECOB,
CBSI3aHHbIX C Nybnukauyen HacTosLen cTaTby.
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WUcTouHuk chmHaHcupoBaHmMA. ABTOpbI 3asBnstoT 06
OTCYTCTBUM BHELIHETO (PUHAHCMPOBAHUS NPU NPOBELEHUM
ncenenoBaHus.
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NMPABUNA ONA ABTOPOB

Yme. npuka3zom u.o. pekmopa
®rEQY BO Cri6rfiMy Muxzdpasa Poccuu om 05.04.24

HACTOALLME NMPABUNA ANnA ABTOPOB
ABNAIOTCA U3OATENBCKUM OTOBOPOM

Ycnosusi Hactosiwero [loroBopa (fanee «[oroBop») sBNsOTCS
ny6nnyHon odeptonm B COOTBETCTBMM C M. 2 CT. 437 [paxgaHcko-
ro kogekca Poccuitckoin ®epepaummn. [anbin [loroBop onpeae-
nseT B3aWMOOTHOLLEHMS MeXAy pefakuueil xypHana «Russian
Biomedical Research» (ganee no Ttekcty «XypHany), 3aperu-
cTpupoBaHHoro ®epepansHon cryx0boit no Hag3opy B cdepe cBs-
31, MHGOPMALMOHHBIX TEXHOMOTUA U MacCOBbIX KOMMYHMKaLMIA
(POCKOMHALI30P), ceugetenbctao: MA Ne ®C77-74228 ot 02 Hos-
Bps 2018 . (paHee M Ne TY78-01869 ot 17 mas 2016 r.), umeHyemol
B JanbHelweM «Pefakumsy 1 SBNAIOWENRCH CTPYKTYPHbIM MoApas-
penenvem Orboy BO CN6IMMY Mwunaapasa Poccun, 1 aBTopom
n/n aBTOPCKNM KONNIEKTUBOM (MnM MHBIM NpaBoobnagarenem), uMe-
HyeMbIM B farbHeiileM «ABTOPY, MPUHABLLKMM NyBnMYHOE Npeanoxe-
Hue (ocbepTy) 0 3akntoyeHun [lorosopa.

AsTOp nepepaet Pefakuyun Ans usgaHns aBToOPCKUA opuruHan
UIN PYKOMUCh. YKa3aHHbI aBTOPCKWUI OpUrHan JOSKEH COOTBET-
cTBoBaTb TpeboBaHusAM, ykasaHHbIM B pasgenax «[pegcrasnexue
pykonucy B xypHam», «Ocopmnenune pykonucuy. Mpu paccmoTpe-
HAW MONMYYEHHbIX aBTOPCKMX MaTepuanos XKypHan pykoBOACTBY-
eTcs «EguHbiMm Tpe6oBaHUAMM K pyKonucsaM, NpeacTaBnsieMbiM B
6romeguumHckme xypHanel» (Intern. committee of medical journal
editors. Uniform requirements for manuscripts submitted to biomedi-
cal journals. Ann Intern Med. 1997;126:36—47).

B XypHane nevatatotcs paHee He ony6nnkoBaHHble paboTbl No
npodunio XKypHana.

KypHan He paccmatpuBaeT paboTbl, pesynbTathl KOTOPbIX MO
Bonblueit yactn yxe Bbinu onybnuMkoBaHbl UNK ONUCaHbl B CTa-
TbSIX, NPEACTaABMNEHHbIX UV NPUHATLIX ANS ny6nukaumm B gpyrve
neyaTHble UMM 3MEKTPOHHbIE CPeacTBa MacCoBOW WHGOPMALIMK.
MpencTaBnss cTaTblo, aBTOP BCerga AOMKeH CTaBUTb pefakLmio B
N3BECTHOCTb 000 BCEX HanpaBMneHWsix 3Toi CTaTbi B NevaTb W O
npegblayLLnx nybnukaumusx, KoTopble MOryT paccMaTpuBaThCs Kak
MHOXECTBEHHblE unK Aybnupylowme nybnukauum Ton xe camon
Unn 0veHb 6nm3kon paboTbl. ABTOp AOIMKEH YBEAOMUTb pefakumio
0 TOM, COZEPXNT N CTaTbs yxe onybrMKoBaHHbIE MaTepuansl, u
npefocTaBUTb CCbIMIKM Ha NpeablayLiyto, 4Tobbl faTh peaakuuu
BO3MOXHOCTb MPUHATH peLleHne, kak NocTynuTb B AaHHOW CUTya-
uuu. He npuHUMaloTCs K nevatu ctatby, NnpeacTasnsiowmne cobon
OTZeNbHbIE 3Tanbl He3aBepLUeHHbIX UCCNea0oBaHuUi, a Takxe cTa-
Tby C HapyLleHneM «[paBun 1 HOpM rymaHHoro obpatieHns ¢ 6uo-
oObekTamu nccneaoBaHuiny.

Pa3smeLyeHne ny6nukaumini BO3MOXHO TOMbKO NOCNE NOMyYeHus
NONOXNUTENbHOMN peLieH3nn.

Bce cTtaTbu, B TOM Yyucne cTaTby acCNUPAHTOB U JOKTOPaH-
TOB, NyGNUKytoTCA GecnnaTHo.

Mopgava ctaten B xypHan «Russian Biomedical Researchy»
OCyLLeCTBNAETCA N0 agpecy 3NeKTPOHHOW nouTkl avas’@mail.ru ¢
nomeTkon «ans Russian Biomedical Research» unu yepes cant
https://ojs3.gpmu.org/index.php/biomedical-research.

TpeboBaHus Kk OTNpaBKe cTaTen

lMepen 3anonHEHNEM aHKeTbl aBTOpaM pekoMeHyeTcs NoAro-
TOBWTb BCe HeobxoauMble ANs BBOLA AaHHbIE, @ Takxe BblOpaTh
aBTopa (B crnyyae konnekTuea asTopos ctatbu), OTBETCTBEHHO-
rO 3A MEPEMUCKY. [ing ycnewHoro 3anonHeHns aHkeTbl Heob-
XOAWMO UMETb BCHO YKa3aHHYK MHOPMALMIO U Ha PYCCKOM, U Ha
aHrMNACKOM S3bIKaXx.

Bce Ha3BaHWs Ha aHIMUIACKOM A3blke, BKIOYas Ha3BaHus
CTaTbW, HA3BaHWUS YYPEXOEHWUNA, UX NoApas3feneHuin JOMKHbI
npuBOAMTLCS C nponucHbix 6yks (Hanpumep: Sex Differences
In Aging, Life Span And Spontaneous Tumorigenesis; Bulletin
of Experimental Biology and Medicine; Saint Petersburg State
Pediatric Medical University) n HenpemeHHO B COOTBETCTBUM C
oduunanbHbIMM HanMeHOBaHUAMN 6€3 CaMOAEeATENbHOCTH.

AHKeTHble JaHHble Bcex aBTopoB — Mmst OTyecTBo Gamunus
(NOMnHOCTBI0), yyeHast CTeneHb, 3BaHue, AOMKHOCTb, MecTo paboTbl
(katbenpa, OTAENEHNE), Ha3BaHWe yupexaeHus, agpec yupexae-
Hus, e-mail, ORCID, SPIN-koa, TenedoH, ®O aBTopa, oTBETCT-
BEHHOTO 3@ NEPENUCKY, U T.0. — 3anONHAKTCA B COOTBETCTBYIOLMX
nonsix oopmbl 3asiBkn. Pestome, knoyeBble CNoBa M Ha3BaHuWe cTa-
TbY TaKke 3anomnHsI0TCS OHManH.

CraTbs JOMKHA COOTBETCTBOBATBL NpaBunaM 0hopMneHns cTa-
Tel K ny6nukaumm (CM. Hixe).

K kaxgon ctaTbe npunaraetcs cann IKCMEpPTHOro 3aknk-
yeHus (93). Ansa asTopos CI6IMIMY 33 moxeT Tonbko noa-
nucbIBaTbCA aBTOpamu CTaTbu, nedvaTb HeobssaTenbHa. [ns
aBTOPOB Apyrux yypexaeHuit 33 ocdopmnsercs obssatenbHo
MONMHOCTbIO, C NeyaTamu (Kpyrnas nevaTb YYpexaeHnus) u nog-
MUCSMU PYKOBOAWTENENA M KOMWUCCUA [aHHOTO YuYpexAeHus.
3arnonHeHHbI, MOANUCAHHbIA U «oneYyaTaHHbIny 6naHk 33 ans
OTNpaBKW OHNalH NpefBapuTeNnbHO CKaHupyetcs unu ¢oTo-
rpacmpyetca. Obpasey 33 moxHo ckavath (https://gpmu.org/
science/pediatricsmagazine/Russian_Biomedical_Research, BbnaHk
3KCNEPTHOTO 3aKMYeHus).

OTnpaBneHHble aHKETHbIE AaHHbIE aBTOPOB, CTaTbsl, O3 NOCTY-
natoT Ha E-mail aBTopy-0TnpaBuTEnto (Ans NOLTBEPXAEHUS U NpO-
Bepky oTnpaBku) 1 Ha E-mail pegakuum screenter@mail.ru TexHuyeckomy
pepakTopy xypHana «Russian Biomedical Research», ¢ kotopbim ocy-
LeCTBNSAETCS BCS AanbHelLas paboTa no NoAroToBKe CTaTby B nevaTb.
Bce Bonpockl N0 0TnpaBke cTaTeit MOXHO agpecoBaTh Ha 3MEKTPOHHbIN

& RUSSIAN BIOMEDICAL RESEARCH

VOLY N2 2024

ISSN 2658-6584




NHOOPMAINA

123

agpec screenter@mail.ru TexHUeckoMy peaakTopy xypHana «Russian
Biomedical Research» Mapuu AnekcaHgposHe 1axoMoBoM.

Pykonuck cuntaetcs noctynuswei B Pepakumio, ecnu oHa
npegcTaBneHa KOMNMEKTHO U 0hopMIieHa B COOTBETCTBUM C ONK-
CaHHbIMK TpeboBaHuamu. MpeaBapnUTeNibHOE PacCMOTPEHNE PYKO-
nucw, He 3aka3aHHoN Pefakumen, He ABnsieTcs hakToM 3akntoye-
HWUS MeXAY CTOpoHaMu u3aatensckoro [lorosopa.

Mpu npepcTaBneHun pykonuey B XKypHan ABTOpbI HECYT OTBETCT-
BEHHOCTb 32 PaCKpbIT/Ee CBOMX (UHAHCOBbIX W APYTMX KOHIMKTHBIX
MHTEpecoB, CNoCoOHbIX OKa3aTb BRMSHWE Ha uX paboTy. B pykonucu
BOIMKHbI ObITh YIOMSHYTHI BCE ML W OpraHu3aLmu, okasasLuve du-
HaHCOBYIO MOAJEPXKKY (B BUAE rpaHTOB, 000PYLOBaHNS, NEKapCTB Unm
BCEro 3T0ro BMECTE), a Takxke Apyroe PMHAHCOBOE M fIMYHOE yyacTue.

B koHue kaxpon cTaTbi 00si3aTENbHO YKas3biBAKTCA BKNAA
aBTOPOB B HanucaHue cTaTby, UCTOYHUKM (PUHAHCUMPOBaHNS (eCnu
MMEITCS), OTCYTCTBUE KOH(MKTA MHTEPECOB, Hann4ue cornacus
Ha ny6nukaLuio co CTOPOHbI NaLUeHTOB.

MpaBuna ocopmnenus crateit k nyénukayum

CraTbA NpefocTaBnsAeTCcs B ANeKTPOHHOMN chopme (hann MS
Word Bepcuu He cTape 2003, T.e. ¢ pacwmpernem doc), wpndT —
14, vHTEpBaN — NONYTOPHBIN.

®ann cratbn HasbiBaeTcd no Gamunuu NepsBoro aBTopa, Ha-
npumep, MeaHos.doc nnu Petrov.doc. Hukakux gpyrux cnos B Ha-
3BaHUK HE JOMXKHO ObITh!

OpWeHTMpOBOYHble pa3Mepbl CTaTby, BKNOYAs ykasaTenb nu-
Tepatypbl, Tabnuubl 1 pestome, — 10-12 cTpaHuy TekcTa Yepes
nonTopa uHTEpBana unm 20-25 Teicsy 3HakoB ¢ npobenamu. Peko-
MeHAyembln pasmep 063opa — 18-20 cTpaHuL «MaLLMHONUCHOTO»
TekcTa unm 35-40 Tbicsay 3HakoB ¢ npobenamu. MpumepHoe Yncno
nUTepaTypHbIX CCbINOK AMs 3KCrnepumeHTanbHomn ctatb — 20, 4ns
0630poB 1 npobnemHbIx cTaTein — 50.

®dain ctatbyu JOMKEH codepKaTb

HA PYCCKOM U AHITIMACKOM A3bIKAX:

+ 3arnasue (Title) gomkHo BbITb KpaTkm (He Bonee 120 3HakoB),
TOYHO OTpaXatoLLMM COLepKaHNe CTaTbu.

« Csegenns o6 asTopax (nybnukytotes). [Ang kaxgoro asTopa
YKa3blBalOTCA: haMunus, UM 1 OTYECTBO, MECTO paboTbl, Mo-
yToBbIN agpec mecta pabotbl, e-mail, ORCID, SPIN-koa. ®amu-
NUM aBTOPOB PEKOMEHAYETCSH TPaHCMMTEPUPOBATL Tak ke, Kak
B npeablaywmx nybnukauusx, wavm no cucteme BGN (Board of
Geographic Names), cm. cant http://www.translit.ru.

* Pesiome (Abstract) (1500-2000 3HakoB, unu 200-250 cnos)
noMeLLaloT neped TeKCTOM cTaTbk. Pestome He TpebyeTcs npw
nyonukaLmmu peLeHsunit, 0T4ETOB O KOHGepPEHLMsIX, MHopMaLm-
OHHBIX NUCEM.

ABTOPCKOE pestoMe K CTaTbe SBMSETCS OCHOBHbIM UCTOYHUKOM
WH(OpMaLMN B OTEYECTBEHHbIX U 3apybexHbix MHopMaLm-
OHHbIX cucTeMax W 6asax AaHHbIX, VHOEKCUPYIOLLUX XypHan.
Pestome poctynHo Ha caite xypHana «Russian Biomedical
Research» u nHaekcupyeTcs ceTeBbIMI NOUCKOBLIMM CUCTEMA-
Mn. M3 aHHoTauum JomkHa BbiTh NOHATHA CyTb UCCNEefOBaHUS,
HYKHO N 0BpaLLaTbCs K NONHOMY TEKCTY CTaTby 4N NONYyYeHNs

Gonee nogpobHoi, MHTEpecytoLwen ero nHdopmauymm. Pestome
[OMKHO M3naraTb TONbKO CYLLECTBEHHbIE (aKTbl PaboThbI.
Pekomenayemast CTpyKTypa kak aHHOTaUuu, Tak W camoil cTa-
o IMRAD (gns opwruHambHbIX UMCCNeAoBaHWA CTPYKTypa
obs3atenbHa): BBegeHue (Introduction), matepuansl n MeTogbl
(Materials and methods), pesynbTatbl (Results), obcyxaeHue
(Discussion), BbiBogbl (Conclusion). MpeameT, Temy, Lenb pabo-
Tbl HYXHO yKa3blBaTb, ECNIU OHW He ACHbI W3 3arnmaBus CTaThi;
MeTOZ, MNK MeTOLOMOrMi0 NpoBeseHus paboThl LienecoobpasHo
ONUCHIBATb, ECIN OHW OTNINYAIOTCS HOBU3HOM MU NPEACTaBNST
WHTEPEC C TOYKM 3peHWs AaHHOM paboTtbl. O6beM TekcTa aB-
TOPCKOTO pe3loMe OMpefensieTcs cofepkaHuem nybnukaumm
(06beMOM CBELIEHUIA, UX HAYYHOW LIEHHOCTbIO M/MMKU MpakTude-
CKUM 3Ha4eHWeM) 1 JomxkeH ObiTb B npegenax 200-250 cnos
(1500-2000 3HakoB).

+ Knioyesole crnosa (Keywords) ot 3 go 10 knmto4eBbIX CroB Wnu
CnoBOCOYETaHN U3 2-4 cnos, koTopble ByayT cnocobcTBOBaTH
NpaBUNbLHOMY MEPEKPECTHOMY MHAEKCMPOBAHWKO CTaTbu, MOMe-
LjatoTes nog pesloMe C nofsaronoBkoM «KniouyeBble CroBay.
WcnonbayiiTe TepMUHbI M3 CriMCKa MEAMLMHCKMX MPEAMETHbIX
3aronoskoB (Medical Subject Headings), npueaeHHoro B Index
Medicus (ecnu B 3TOM CnMCKe elie OTCYTCTBYKT Noaxogsiine
0003HayYeHnss AN HefaBHO BBEAEHHbIX TEPMUHOB, nogbepuTte
Hanbonee 6nuskve 13 umetolmxcs). Kniovessble crosa pasgens-
t0TCS 3anATON.

« TeKcT cTaTb MOXET ObITb HamucaH nmbo Ha pycckom, nmbo
Ha aHIMMIACKOM fi3blke, TakKe BO3MOXHA Mybnukauus cTatbi C
NoMHbIM NepeBogoM. Ha pycckoM M aHrMMNACKOM fi3blkax Heob-
XOAMMO NPEAOCTaBUTb BCE PUCYHKM U Tabnuubl (3aronosky, Bce
Hafinucw, a Takke TEKCT TabnuL AOMKHbI UMETb NepeBof,).

B paspene «MeTozuka» 06513aTenbHO yka3blBatoTCs CBEEHUS O
cTaTucTuyeckorn obpaboTke KCNEPUMEHTANbHOTO UNK KNUHUYe-
CcKOro mMaTepuana. EguHuLbl n3MepeHns fakTcs B COOTBETCTBUM
¢ MexgyHapogHoit cuctemon eanHuy — CU. damunum uHo-
CTpaHHbIX aBTOPOB, LUTUPYEMbIE B TEKCTE PYKOMUCH, NPUBOAST-
Csl B OPUIMHANbHOM TPAHCKPUNLMK.

Tabnuubl M PUCYHKM NPUBOZATCS HEMOCPEACTBEHHO B TENE CTa-
TbW, K&Kl 3 KOTOPbIX MMEET HOMep M Ha3BaHue ¢ 0bs3aTenb-
HbIMM CCbINKAMM Ha HUX B TEKCTE CTaTb — B KOHTEKCTE Mpef-
NOXeHMs (Hanpumep: «...KaK NokasaHo Ha pucyHke 1...») unu B
KOHLie MPeanoXeHns B Kpyrmbix ckobkax (Hanmpumep: «...BbIsiB-
NIeHa MOMOXMTENbHAs KOppensiLMoHHash CBA3b YMEPEHHON CTe-
nexu (r=0,41) mexay yposHem TTI mMatepu U HOBOPOXAEHHOTO
(pnc. 2)»; npocbba yunTbIBaTh, YTO B NEYATHOI BEPCUM XypHana
puCyHKM OyayT BOCNPOM3BOAUTLCS B YEPHO-DENOM BapuaHTe.

+ Cnucok nutepatypbl 00513aTeNbHO NPUBOAUTCS B MOPSIKE YNOMM-
HaHws.

TekeT cTaTby fJonxeH BbITb NOArOTOBNEH B CTPOTrOM COOTBETCTBUM
C HaCTOSAILLMMW NpaBuUnamu 1 TLLaTenbHO BbiBepeH aBTopoM. B cnyyae
06HapyKeHNs 3HAUMTENBHOIO KONMYecTBa oneyaTok, HebpexHoCTen,
NYHKTYaLMOHHBIX 1 opdhorpadmyeckmx owmboK, HepaclngpoBaHHbIX
COKpaLLieHWit, OTCYTCTBUS OCHOBHbIX KOMMOHEHTOB, NEPEBOAOB 3aro-
NOBKOB TabnuL, NOAPUCYHOUHbIX MOANMUCEN, HAANUCE Ha PUCYHKAX,
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TekcTa TabnuL u apyrnx TeXHMYecknx aedpekToB 0hopmIeHns cTaTen
pefakumMs BO3BpaLLaeT cTaThio aBTopy Ans fopabotkv. Hebonblune
MOrPELUHOCTY PefaKLMs MOXET UCnpaBUTb cama Be3 cornacoBaHus ¢
aBTOpOM. Pefiakums ocTaBnsieT 3a cobon NpaBo OCYLIECTBMEHNS N~
TepaTypHOrO 1 TEXHUYECKOrO PeaKTMPOBaHus CTaTe.

CokpaLyeHui, kpome obuieynotpebutencHblx, cnegyet nsbe-
raTb. CokpaLLleHust B Ha3BaHWM CTaTbK, HA3BaHUSIX TabnuL 1 pucyH-
KoB, B BbIBOZAX HeponmycTumbl. Ecnu abbpesuatypbl ncnonbayioT-
Cs, TO BCE OHUM AOMXKHbI ObITb HEMPEMEHHO pacLuMdpOBaHbI MOMHO-
CTbH NPM NEPBOM KX YNOMUHAHUM B TEKCTe (Hanpumep: «Hapsay ¢
AaHHbIMU 0 POH (pe3nayanbHo-0praHM4eckon HegoCTaTOMHOCTH),
obycnosnusatowen passutue NKC (runepkuHETMYECKOTO CMHAPO-
Ma), paclLMpeH AnanasoH UCCMEA0BaHWI Mo 3HLOTEHHON NpUpoae
AaHHOTO CUHAPOMaY.

Bce uutupoBaHusa nponssoasaTcs crneaytowmm obpasom:

®WO aBTOpa, rof 13gaHus u npoyast MHPoOpMaLMs He yNTOMUHAOTCS
B TekcTe. BMecTo 3T0ro ykasblBaeTest CCbinka Ha MCTOYHWK nuTepaTypbl
B B/AE HOMEpa B KBaipaTHbIX ckobkax (mpumep: «Psig uccneposartenei
OTMEYaeT Pa3fnyHbIE HAPYLLEHUS PeYeBbIX (OYHKLMIA MPK anunencun B
AeTckom Boapacte [17, 21, 22].»), KOTOPbIt BKMKOYEH B pacCTaBNEHHbINA
B nopsiake ynoMuHaHus (1, 2, 3 ¥ T.4.) CIMCOK UCTOYHWKOB B KOHLIE CTaTbM.

Bce ccbinku AOMmKHbI UMeTb COOTBETCTBYIOLUMI UCTOYHUK B CMU-
CKe, a Kax/blil UCTOYHWK B CMINCKE — CCbISIKY B TEKCTE.

B Buge vcknovenns B Tekcte MoryT npusogutecst PO KoH-
KpeTHbIX aBTopoB B hopmate N.0. damunng, rog v gaxe Hassa-
HWe MCTOYHMKA, HO MpW 3TOM BCe paBHO obs3aTenbHa ccbinka (B
KBaZpaTHbIX Ckobkax B KOHLe NPEANOXEeHNs) Ha UCTOYHNK, BKNHO-
YeHHbI B cnucok nutepatypbl. (Hanpumep: «B 1892 rogy Benukuit
Opact lamunbToHCKMIA onucan B cBoeM GeccmepTHom Tpyae «O6
OTKPbITUW TPETHErO YXa y YenoBekay TPeTbe (HenapHoe) yxo» [34].)

Nutepatypa (References)

YuyutbiBas TpeboBaHWS MeXAYHApPOAHbLIX CUCTEM LUTUPOBa-
HWS., CTUCOK NUTEpATYPbI NPUBOANTCS HE TOMbKO B 0OLIMHOM BUAe,
HO TaKXe 1 JOMONHNTENbHO B NepPEBELEHHOM Ha aHTNUIACKNA A3bIK
(References).

B ctatbe NpuBOASTCS CCbIMKM Ha BCE YNOMUHaEMble B TeKcTe
UCTOYHUKM.

damunum v MHULWans! aBTOPOB B NPUCTATENHOM CMIUCKE NPUBO-
AATCS B NOPSAKE YNOMUHAHNS.

B onucaHum ykasbiBaloTCcs Bce aBTOpbI My6nukauuu.

Bubnuorpaduyeckne CCbiNkM B TEKCTE CTaTbl JaAlOTCS B KBAA-
paTHbIX CkobKaXx.

Ccbinkn Ha Heony6nnkoBaHHble paboThbl He JOMYCKaTCS.

Cnucok nuTepaTtypbl KOMNNEKTYETCA B CNieAyHoLLEeM Nopsake:

HopmamueHbie akmbi

Mpuka3sbl, HOPMATUBHbIE aKTbl, METOAMYECKNE NUCbMA W NpPO-
4ne 3aKOHHble aKTbl, MATEHTbI, NONe3Hble MOAENM He BHOCSTCS B
CMMCOK NUTEPaTypbI, 0hOPMNSIOTCS B BUAE CHOCOK. CHOCKa — npu-
MeYaHue, NoOMeLLaeMoe BHU3Y CTPaHMULbl (MOCTPaHUYHAs CHOCKA).
3HaK CHOCKM CTaBaT Uudpoii nocne dparmeHTa OCHOBHOTO TEKCTA,
roe ecTb YnoMuHaHue 06 aTUx MCTOYHMKaX. PekomeHayeTcs CkBO3-
Has HyMepaLus CHOCOK MO TEKCTY.

WHmepHem-pecypc

1. VIHTEpHeT-pecypc, rae eCcTb HasBaHWe WCTOYHMKA, aBTop,
BHOCMTCS B CIUCOK NIUTEpaTypbl (B Nopsiake andaBuTa) ¢ ykasaHu-
eM Jatbl 0bpalleHms (CM. HUXe npumep 0hopMneHns).

2. Ecnv ecTb TONBKO CCbIfKa Ha canT, 0hopMIseTcs NoACTPOY-
HOE NpumMeYaHne (CHocka), C ykazaHueM gaTbl 06paLleHus.

Lernos /. Hackonbko Benuka ponb MUKponopsl B Gronorum
BuAa-xo3auHa? XuBble CUCTEMbI: HayYHbIN 3NEKTPOHHbINA XypHa.
HoctyneH no:  http://lwww.biorf.ru/catalog.aspx?cat_id=396&d_
no=3576 (gata obpauieHus 02.07.2012).

Kealy M. A., Small R. E., Liamputtong P. Recovery after caesarean
birth: a qualitative study of women’s accounts in Victoria, Australia. BMC
Pregnancy and Childbirth. 2010. Available at: http:/www.biomedcentral.
com/1471-2393/10/47/ (accessed 11.09.2013).

Mpumepbl ochopmneHus nutepaTypsbl

KHuea:

tOpbes B.K., Monceesa K.E., Mnywiexko B.A. OcHoBbl 06LLeCTBEH-
HOro 340P0BbA U 3apaBooxpaHerus. Yuebruk. CI6.: CneuJlut; 2019.

Hukucpopos O.H., pea. Cankr-Metepbypr B 2021 rogy. CI6.:
MeTpocrar; 2022.

Brandenburg J.H., Ponti G.S., Worring A.F. eds. Vocal cord
injection with autogenous fat. 3 rd ed. NY:Mosby; 1998.

Domeika M. Diagnosis of genital chlamydial infection in humans
as well as in cattle. Uppsala; 1994.

masa u3 kHuau:

TytenesH B.A., Hukutiok [.5., WapadetamHos X.X. 3goposoe
nUTaHNe — 0CHOBa 340POBOro 06pasa XM3HN U NPOPUNAKTUKN Xpo-
HWYECKMX HEeWHMDEKLNOHHbIX 3aboneBaHuit. B kH.: 3gopoBbe mono-
[EXu: HoBble BbI30BbI M nepcnektuebl. T. 3. M.; 2019: 203-227.

Cmamba u3 XypHana:

KapcaHos A.M., MonyHuHa H.B., Mornyaes T.K. besonacHocTb na-
LIMEHTOB B xupyprim. YacTb 2: lporpamma MeHemKMeHTa kayecTBa
XMpypriyeckoro neyenus. MeguumHckue texHonorun. OueHka v Bbl-
Bop. 2019;1(35):56-65. DOI: 10.31556/2219-0678.2019.35.1.056-065.

Brandenburg J.H., Ponti G.S., Worring A.F. Vocal cord injection
with autogenous fat: a long-term magnetic resona. Laryngoscope.
1996;106(2,pt 1):174-80.

Deb S., Campbell B.K., Pincott-Allen C. et al. Quantifying
effect of combined oral contraceptive pill on functional ovarian
reserve as measured by serum anti-Mullerian hormone and
small antral follicle count using three-dimensional ultrasound.
Ultrasound Obstet Gynecol. 2012;39(5):574-580.

Teaucbi doknados, Mamepuanbl Hay4YHbIX KOHGhepeHYUU:

Mapkosckas W.H., 3aBbsinosa A.H., KysHeuosa F0.B. MukpoGHbii
neisax nmauueHTa MepBOro rofa Xu3HW ¢ aucdarveit, AnuTensHo
Haxogsawerocs B OPUT. XXX KoHrpecc LeTckux racTpo3HTepororos
Poccim u ctpaH CHI™: Tes. gokn. M.; 2023: 29-31.

Canos W.A., MapuHywku [1.H. Akywepckas TakTuka npu BHy-
TpuyTpobHoM rnbenu nnoga. B kH.: Matepuansi IV Poccuiickoro ¢o-
pyma «Matb n gutsay. 4. 1. M.; 2000; 516-519.

Asmopegepambi:

Asunos A.l0. [leBnauun nonoponesoit AEHTUYHOCTU MYXYWH C
YMCTBEHHOW OTCTanoCTbio B YCMOBUAX MCUXOHEBPONOMNYECKOrO MH-
TepHata. AsToped. Auc. ... kaHa. ncuxon. Hayk. Cl6.; 2021.
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OnucaHue uHmepHem-pecypca:

EcTectBeHHoe paBuxeHue HaceneHus. Mocksa: Poccrat. [lo-
ctyneH no: https://rosstat.gov.ru/folder/12781 (pata obpalleHus:
23.10.2023).

World Health Organization. Prevalence and incidence of selected
sexually transmitted infections — 2008. Geneva: World Health
Organization; 2012. Available at: https://aefsg.ch/wp-content/uploads/
who-9789241503839_eng.pdf (accessed 11.04.2024)

MepeBoa u TpaHcnUTEpaLus

B 3aBucumocTy OT cuTyaumu cnegyet nnbo npoBoaUTb TpaHCHK-
Tepaumio (MncaTb MCXOLHbIE HEaHrNos3bIYHbIe croBa OykBamu pomaH-
cKoro andaswTa), Mo yka3blBaTb NEPEBOA HEAHTONA3bIYHOM MHAOP-
Maumu 0 nepBouCcTOYHMKax B References.

Ecnu uuTpyemas ctaTtbs HanucaHa Ha naTUHUUE (Ha aHrui-
CKOM, HEMELIKOM, WCMaHCKOM, WUTanbsHCKOM, (DUHCKOM, AaTCKOM W
ApYrux s3bikax, MCNONb3yHOLLMX POMAHCKMI andasuT), CChINKy Ha Hee
cneayeT NPUBECTU Ha OpUTMHANBHOM A3blke onybnukosaHus. Mpumep
(cTaTbs B HOPBEKCKOM XYpHamNe Ha HOPBEXKCKOM Si3bIKe):

Ellingsen A.E., Wilhelmsen I. Sykdomsangst blant medisinog jus-
studenter. Tidsskr Nor Laegeforen. 2002;122(8):785-787. (In Norwegian).

Ecnu cTaths HanucaHa He Ha maTuHUUE (Ha Kupunauue, B TOM
yncre Ha PYCCKOM), HYXHO MPUBECTM O(ULManbHbIA NEePeBOd Wu
BbIMONHWTL TPaHCIUTEPaLMIo B poMaHckui andasut. [Ans KHUr He-
00X0aMMO B 3TOM Cryyae MpWUBECTU TPAHCMMTEPaLMIO Ha NaTUHMLLY.
B koHLie onucaHms B ckobkax yka3aTb A3bIK M3gaHus.

Ccblirika Ha UCTOYHUK nuTepaTypbl B References MoxeT cocTostTb oa-
HOBPEMEHHO M W3 TPaHCTMTEPUPOBaHHBIX 3nemeHToB (Hanpumep, ®VO
aBTOPOB, Ha3BaHWs XypHaroB), U 13 NePeBOAHbIX (Ha3BaHue NybrnvkaLm).

CraHpapT TpaHcnuTepaumu. Mpu TpaHCIMTEPaLUM peKOMEHaY-
eTcs ucnonb3osath ctaHgapt BSI (British Standard Institute, UK). [ns
TpaHCnMTEpaLyK TekcTa B COOTBETCTBUM CO CTaHgapToM BSI moxHo
BOCNONb30BaTLCA CCbinkon http://ru.translit.ru/?account=bsi.

®UNO aBTopoB, peaakTopoB. Pamunnm U MHULMANbLI BCEX aBTO-
POB Ha naTuHuULe CneayeT NPUBOANUTL B CCbIfIKE Tak, kak OHW AaHbl B
opuruHanbHon nybnukauuu. Ecnu B opuruHanbHoi nybnvkaumm yxe
6binu npuBeaeHsl Ha natuHuue OO aBTOPOB, B CChIKE Ha CTaTbl
CneayeT ykasblBaTb MMEHHO 3TOT BapuaHT (HE3aBMCKMO OT UCTMONb30-
BaHHOW CMCTEMbI TPAHCMMTEPaLMW B NEPBOMCTOYHMKE). Ecrin B odm-
LMarnbHbIX UCTOYHMKAX (Ha CalTe XypHana, B 6a3ax AaHHbIX, B TOM Y-
cne B eLIBRARY) ®/10 aBTopoB Ha naTuHuLie He NPUBEAEHbI, CeayeT
TpaHCIUTEepPMPOBaTb UX CaMOCTOSITENBHO MO cTaHaapTy BSI.

HasBanue nybnukaumu. Ecnv y uutupyemon Bamm pabotbl cy-
LecTBYyeT ohuLMarnbHbIi NEPEBOS HA AHMUACKAA S3bIK UMW aHro-
A3bI4HbIA BApUaHT Ha3BaHUs (€ro CNeayeT UCKaTb Ha CaiTe XypHana,
B 6a3ax gaHHbIX, B ToM yncnie B eLIBRARY), cneayet ykasaTb MMEHHO
ero. Ecnn B ochmumanbHbIX MCTOYHKKaX Ha3BaHue nybrvkaumm Ha na-
TUHULE HE MPWBELEHO, CriefyeT BbINOMHUTb TPaHCIUTEPALMIo B PO-
MaHCkui andasuT no ctaHgapty BSI.

Ha3BaHue u3paHua (kypHana). Hekotopble He aHrnos3bluHble
HayyHble M3haHus (KypHarbl) UMEKT KPOME Ha3BaHWs Ha POAHOM
A3blke ouLManbHOE «MapannenbHOe» Ha3BaHWe Ha aHIMUIACKOM (Ha-
npumep, y xypHana «CaxapHbliii AuabeT» ecTb oduLmManbHoe aHrmo-
A3bl4HOEe Ha3BaHue «Diabetes Mellitusy»). Takum o6pasom, ans cnucka
References B ccblirke Ha CTaTbio 13 PYCCKOSI3bIYHONO XypHana cneayeT

yKa3aTb n1bo TpaHCMTepUpOBaHHOE Ha3BaHue xypHarna, nubo nepe-
BoAHoe. [NepeBoaHOE Ha3BaHMe XypHana MOXHO B3sTb n1bo ¢ oduuu-
anbHOro canTa XypHana (Unu 1Cmonb3oBaTh AaHHbIE O MPaBUIBHOM
HanMMCaHWM aHrNos3bIYHOTO Ha3BaHNs M3 LUTUPYEMONl cTaTbi), Moo
npoBepuTb ero Hanuume B Gase fgaHHbix, Hanpumep B CAS Source
Index, 6ubnuoteke WorldCat nnm katanore Web of Science (ISl), ka-
Tanore HasgaHui 6asbl faHHbx MedLine (NLM Catalog). B cnyyae,
KOrAa Y XypHana HeT 0thuLManbHOro Ha3BaHs Ha aHrMIACKOM A3blKe,
B References HyxHo npueoguTb TpaHcnuTepaumio no cucteme BSI. He
crnefyeT camoCTosATeNbHO NEPEBOAUTL Ha3BaHWS XypHamNoOB.

MecTo u3ganus. MecTto usfaHus B CCbinkax BCeraa CneayeT yka-
3blBaTh Ha aHIMMIACKOM Si3blke 1 MOMHOCTbI0 — He B TpaHCiuTepauum
1 6e3 cokpatLeHmin. To ectb Moscow, a He «Moskvay n He «M.:», Saint
Petersburg, a He «Sankt Peterburg» 1 He «SPby.

HasBanve uspatenbctBa/msgatens. B otnunuve oT mecra usga-
HWSsI, Ha3BaHWe U3daTenbCTBa AN cCblnok B References crieayeT Tomnbko
TPaHCNUTEPMPOBATH (3a UCKIIOUEHNEM KpalHe PEKMX CITyvaeB Hannins
Y n3paTens napasnnensbHoro 0GhMLMaNbHOMO aHrIoS3bIYHONO Ha3BaHMs).

Mpumepbl nepeBofa pyccKoA3bIYHLIX UCTOYHMKOB NUTe-
paTypbl ANA aHrNofA3bIYHOro 6noka ctaTbu

KHuea:

Yuriev V.K., Moiseeva K.E., Glushchenko V.A. Fundamentals of
public health and healthcare. Textbook. Saint Petersburg: SpetsLit;
2019. (In Russian).

Nikiforov O.N., ed. Saint Petersburg in 2021. Saint Petersburg:
Petrostat; 2022. (In Russian).

[naea u3 kHueu:

Tutelyan V.A., Nikityuk D.B., Sharafetdinov Kh.Kh. Healthy
nutrition is the basis of a healthy lifestyle and the prevention of chronic
non-communicable diseases. In: Youth health: new challenges and
prospects. T. 3. Moscow; 2019: 203-227. (In Russian).

Cmambs u3 XypHana:

Karsanov A.M., Polunina N.V., Gogichaev T.K. Patient safety in
surgery. Part 2: Quality management program for surgical treatment.
Medical technologies. Evaluation and selection. 2019;1(35):56-65.
DOI: 10.31556/2219-0678.2019.35.1.056-065. (In Russian).

Tesucbl 0oknados, Mamepuasbl HayYHbIX KOHGepeHyul:

Markovskaya |.N., Zavyalova A.N., Kuznetsova Yu.V. Microbial
landscape of a patient in the first year of life with dysphagia who
has been in the ICU for a long time. XXX Congress of pediatric
gastroenterologists of Russia and the CIS countries: abstract. report.
Moscow; 2023: 29-31.

Salov |.A., Marinushkin D.N. Obstetric tactics in intrauterine fetal
death. In: Materialy IV Rossiyskogo foruma “Mat’ i ditya”. Part 1:
Moscow; 2000; 516-519. (In Russian).

Asmopechepamel;

Avilov A.Yu. Deviations of gender role identity of men with mental
retardation in a psychoneurological boarding school. PhD thesis.
Saint Petersburg; 2021. (In Russian).

OnucaHue uHmepHem-pecypca:

Natural population movement. Moscow: Rosstat. Available at:
https://rosstat.gov.ru/folder/12781 (accessed: 10/23/2023). (In Russian).

Kealy MAA.,  SmallR.E., Liamputtong P. Recovery after
caesarean birth; a qualitative study of women’s accounts in Victoria,
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Australia. BMC Pregnancy and Childbirth. 2010. Available at: http:/
www.biomedcentral.com/1471-2393/10/47/ (accessed: 11.09.2013).

Mpumep cnucka nutepatypsbl (References):

JIUTEPATYPA

1. Kpusopyuerko B.K. Xectokoe obpatieHune ¢ pebeHkom. INposiere-
HWe 1 Mepbl NpeaoTBpaLLeHns. VIHhOPMaLMOHHBIN ryMaHUTapHbIi
nopTan 3anue. Moxnmanne. Ymenue. 2012; 3. JoctyneH no: http:/
www.zpu-journal.ru/e-zpu/2012/3/Krivoruchenko_Child-Abuse
(nata obpalyeHus: 27.12.2023).

2. Jacobi G., Dettmeyer R., Banaschak S., Brosig B., Herrmann B.
Child abuse and neglect: diagnosis and management. Dtsch Arztebl
Int. 2010;107(13):231-239. DOI: 10.3238/arztebl.2010.0231.

REFERENCES

1. Krivoruchenko V.K. Child abuse. Manifestation and prevention
measures. Informatsionnyy gumanitarnyy portal Znaniye.
Ponimaniye. Umeniye. 2012; 3. Available at: http://www.zpu-
journal.ru/e-zpu/2012/3/Krivoruchenko_Child-Abuse (accessed:
27.12.2023) (In Russian).

2. Jacobi G., Dettmeyer R., Banaschak S., Brosig B., Herrmann B.
Child abuse and neglect: diagnosis and management.
Dtsch Arztebl Int. 2010;107(13):231-239. DOI: 10.3238/
arztebl.2010.0231.

Ansa ecex cmamell Heob6xodumo yka3bieamb uHdekc DOI
8 KoHYe bubnuoepaghuyecko2o onucaHusi, a makxe EDN npu
€20 Hanuyuu.

[Mpumepbi:

CatrapoB A.Q., KapenuHa H.P. OcobeHHOCTM poCTOBbIX Npo-
L4eCCOB Yy MamnbyMKOB W HOHOWEN PasnuyHbIX Nponopuuit u Teno-
CMOXeHWs!, MPOXMBAIOLLMX B HXHON YacTu KbiproiactaHa. Meguartp.
2018;9(5):47-52. DOI: 10.17816/PED9547-52. EDN: YRAEPZ.

Voropaeva E.E., Khaidukova Yu.V., Kazachkova E.A., et al.
Perinatal outcomes and morphological examination of placentas
in pregnant women with critical lung lesions in new COVID-19
coronavirus infection. Ural Medical Journal. 2023;22(2):109-121.
DOI: 10.52420/2071-5943-2023-22-2-109-121. EDN: CXRCMN. (In
Russian).

OTBETCTBEHHOCTb 3A MPABUINbHOCTb BUBIUOIPA-
OUYECKUX OAHHBIX HECET ABTOP.

ABTOPCKOE MPABO
Pepakums ot6upaet, rotoBuT K nybnvkaLuy u nybnukyeT nepeaat-

Hble ABTOpamu MaTepuanbl. ABTOPCKOe NpaBo Ha KOHKPETHYIO CTaThbio

NpUHagNexuT aBTopam CTaTbi. ABTOPCKMIA roHOpap 3a mybnvkaLmum

cTatelt B XXypHane He Bbinnayusaetcs. ABTOp nepepaet, a Pefakums

NPUHUMAET aBTOPCKME MaTepuarbl Ha CIEAYHOLMX YCIOBUAX:

1) Pepakuuu nepegaetcs npaBo Ha odopmieHne, U3gaHue, nepe-
pavy XKypHana ¢ ony6nukoBaHHbIM MaTepuanom ABTopa Ans Lie-
nen pedhepunpoBaHus cTateil U3 Hero B PechepaTBHOM XypHane
BWHWTW, PHUL n 6a3ax aaHHbIX, pacnpocTpaHeHne XypHana/
aBTOPCKMX MaTepuaroB B NeYaTHbIX W ANEKTPOHHBIX U3AaHUsX,
BKIl0Yas pa3meLleHre Ha BblbpaHHbIX 6o co3panHbix Pegak-

Unen cantax B ceTh WHTepHeT B Lensx goctyna K nybnvkauum
B MHTEPaKTUBHOM pexume noboro 3anHTepecoBaHHOMo nnua u3
noboro mecta 1 B noboe BpeMs, a TakxKe Ha pacnpocTpaHeHne
YKypHana ¢ onybnukoBaHHbIM MaTepuanom ABTopa No MOAMMCKE;

2) TeppuTopUs, Ha KOTOPOMN paspeLLaeTcs UCnonb3oBaTb aBTOPCKMIA
matepuarn, — Poccuiickas ®eaepauuns u cetb VIHTEPHET;

3) cpok geiictus [lorosopa — 5 net. Mo UCTeYEHUM YKasaHHOrO
cpoka Pegakumsa octaBnsiet 3a coboi, a ABTop nogTBEPKAAET
BeccpoyHoe npaBo Pepakunn Ha NpoLoNKEHWe pasMeLLeHns
aBTOPCKOro MaTepuana B cetn VIHTepHeT;

4) Pepakuus Bnpase no CBOEMY YCMOTPeHMIo 6e3 kakux-nnbo co-
rmacoBaHuii ¢ ABTOPOM 3akrtoyaTh [OroBOpPbl M COrMNalleHuns ¢
TPETbUMU NULAMU, HanpaBneHHbIe Ha AONOMNHUTENbHbIE MEPbI
no 3alUuTe aBTOPCKUX 1 U3LATENbCKUX NpaB;

5) ABTOp rapaHTMpyeT, YTO Mcnonb3oBaHwe Pepakuuen npego-
CTaBMeHHOro UM Mo HacTosLemy [loroBopy aBToOpCcKoro marte-
puana He HapyLWT NpaB TPeTbUX nuL;

6) ABTOp ocTaBnsieT 3a cob0ii NpaBo MCMONb30BaTh NPeAOCTaBMNEH-
HbI MO HacTosLemy [loroBopy aBTOPCKUi Matepuan camocTost-
TenbHO, NepeaaBaTh Npasa Ha Hero no A0roBOPY TPETLUM NnLaM,
€Cnu 3TO He NPOTMBOPEYUT HacTosemy [loroopy;

7) Pepakums npepoctaBnsieT ABTOpY BO3MOXHOCTb De3B03mMe3-
HOrO NOMyYeHUs CPaBKM C ANEKTPOHHLIMU agpecamu ero ogu-
UnanbHomn nybnukauum B cet MHTepHeT;

8) npu nepenevaTke cTaTbi UK €€ YACTM CCbIIKa Ha NEPBYIO Ny-
Brnukauuio B XXypHane obs3aTenbHa.

NoPAOOK 3AKIMHOYEHUA IOFOBOPA
3aknoyeHnem [loroBopa c€o CTOpPoHbI Pepakuum sBnsietcs

onybnukoBaHue pykonucu AaHHoro ABTopa B XypHane «Russian

Biomedical Research» 1 pa3melleHue ero Tekcta B CETU VIHTEpHeT.

3akntoyeHrem [loroBopa co CTopoHbl ABTOPA, T.e. NOfHbIM U 6e30ro-

BOPOYHbIM NPpUHATEM ABTOPOM ycnoBuii [loroBopa, sBnseTcs nepe-

Aava ABTOPOM PYKOMKUCK 1 SKCMIEPTHOTO 3aKOYEHMS.

PELIEH3UPOBAHUE
Cratby, nocTynuelLMe B pedakuuio, 0693aTenbHO peLeH3unpy-

totcs. Ecnuy peuieH3eHTa BO3HWKaOT BONPOChI, TO CTaTbsi C KOMMEH-

TapusMn pelieH3eHTa Bo3BpalyaeTcs ABTopy. [latoi nocTynneHus

cTaTbi cyuTaeTcs Aarta nofyyeHns Pepakuuen okoHYaTernbHOro

BapuaHTa ctatbi. Pegakuus octaBnsieT 3a coboi NpaBo BHECEHUS

peLakTOPCKMX U3MEHEHNI B TEKCT, HE UCKaXalLLMX CMbICNa CTaTby

(nmTepaTypHas u TEXHoNorMyeckas npaeka).

ABTOPCKUE 3K3EMMNAPLI XXYPHANA
Pepakuus 06s3yetcs Bbigats ABTopy 1 ak3emnnsp XKypHana Ha ka-

KOYH OnyBNUKOBAHHYH CTaTbIO BHE 3aBUCMMOCTY OT YMCra aBTopoB. AB-

TOpbI, NpoXviBatoLme B CaHkT-MeTepbypre, nonyyatoT aBTOPCKMI 3K3eM-

nnsp XypHana HenocpencTeeHHo B Pegakumm. MHoropogHum AsTopam

aBTOPCKMA 3Kk3eMnnsp XKypHana BbICbIaeTcs Ha afpec aBTopa no 3anpo-

Cy OT aBTOpa. IK3EMMNNISIPbI CMIELBBIMYCKOB HE OTMPABIISOTCS aBTOpam.

A[LPEC PEOAKLIUK
194100, CankT-MNeTepbypr, Jlutosckas yn., 2
e-mail: screcenter@mail.ru
Cantbl xypHana: http://www.gpmu.org/science/pediatrics-

magazine/Russian_Biomedical_Research, https://ojs3.gpmu.org/

index.php/biomedical-research
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W3AATEJIbCTBO NEAUATPUHECKOI0 YHUBEPCUTETA
NPEACTABIAET

PykoBOICTBO N0 NefnaTpum.
O®TANIbMOJIOTUA AETCKOI0 BO3PACTA

Peoaxyuonnas xonnecusa moma: /[.0. Heanos, B.B. bpoceckuii

Tom 11 «PykoBojcTBa mo menuaTpuu» OTPa’KaeT COBPEMEHHBIN
YPOBEHb Pa3BUTHS OPTAIBMOIIOTHU JETCKOro Bo3pacta. Kuura co-
JEPKUT aKTyalbHYI0 WHPOPMALHMIO O COBPEMEHHBIX METOJaxX gua-
THOCTHUKH U JICUCHUS 3a00JieBaHuH Ti1a3 y aeteil. OTaenbHbIe pa3aeibl
MOCBAIIEHBl KIMHUYECKUM PEKOMEHJAIUAM MO0 OCHOBHBIM CHHJIPO-
MaM ¥ 3a00JIeBaHUSIM.

Wznanue npegHazHauyeHo oranbMoioram, MeanaTpaM u IpeacTa-
BUTENSAM JAPYTUX MEAMIMHCKUX TUCIUIUIMH, a TakXke CTyJIeHTaM
CTapIINX KypCOB MEIUIIMHCKHUX BY30B.

Tom 11

OdTasrbMoAOrus
AETCKOro Bospacrta

TBepplii eperuier, IBeTHbIE WILTIOCTPalnd, 344 CTpaHUIIbL.

[Ipuobpectu n3naHue MOKHO B MUHTEpHET-MarasuHe JIaOupuHT:
https://www.labirint.ru/books/877706/

PykoBofCTBO N0 nefuaTpum.
HEBPOJIOTNA U NCUXUATPUSA OETCKOIro BO3PACTA

Peoaxyuonnas xonnecusa moma: /[.0. Heanos, B.HU. I'yzesa, C.B. I peuansiii

Tom 9 «PykoBozmcTBa Mo meAMaTpum» OTPakaeT COBPEMEHHBIN
YPOBEHb pPa3BUTHUS HEBPOJOTHU W TICHXUATPUU JETCKOTO BO3pPAaCTa.
Kaura conepxut akTyaiabHyr0 HH(GOPMAIMIO O COBPEMEHHBIX METO-
Jlax AMarHOCTUKH U JIeUeHUs 3a001eBaHI HEPBHOW CHUCTEMBI U TICH-
XUYECKUX paccTpoiricTBax. OTaenpHbIe pa3aebl MOCBAIIEHB KIWHA-
YeCKUM PEKOMEH/IAllMAM 110 OCHOBHBIM CHHJpOMaM U 3a00JIeBaHUSAM.

PykoBoACTBO mpenHa3HauYEHO HEBPOJIOTaM, HEHPOXHUpypram, Mcu-
XuarpaM, TICHUXOTepaneBTaM U TPEACTABUTEISAM APYTUX MEIHUIIHH-
CKHX JTMCIUIUINH, a TAKXKE CTYJACHTAM CTapIINX KYPCOB MEIUITMHCKUX
BY30B.

Tom 9

HeBpOAOFVIiI N ncuxmaTpus
AETCKOro sospacra

Tsepasiii meperutet, 288 cTpaHu.

[Tpuobpectu n3naHne MOKHO B MUHTEpHET-MarasuHe JIaOupuHT:
https://www.labirint.ru/books/877707/




W3AATEJIbCTBO NEAUATPUHECKOI0 YHUBEPCUTETA
NPEACTABNAET

OPTONEAWYECKAAA CTOMATONOIUA. NPOTE3UPOBAHUE
HECLEMHbIMW KOHCTPYKLMAMMW 3YBHbIX NPOTE30B

M. @. Cyxapes, C. b. Quwes, M. I Pooickosa

Y4eOHHK COOTBETCTBYEeT mporpamme MUHHUCTEpCTBA 37paBo-
oxpaneHust Poccuiickoii @enepauuu 0o opToONEeIUuUYeCcKOr cTOMa-
TOJIOTHH, TPEAHA3HAUCH U Oy/IeT MOJIe3HBIM JIJIS MIPenojiaBaTeliei
KYpPCOB U CTOMATOJIOTMYECKUX Kadeap, CTYJSHTOB CTOMATOJIOTH-
4eCcKHuX (PaKyabTeTOB, OPJUHATOPOB, aCIIUPAHTOB, Bpauel-CTOMa-
TOJIOTOB.

ABTOpBI OyIyT MPU3HATEIBHBI 32 KPUTUYCCKHE 3aMEUYaHUs U
gs:’fv:v JOMOJIHCHUS.

OPTONEAWYECKAS CTOMATOJIOTUA. TBepaplii neperier, UBETHbIE ILTIOCTpalud, 464 cTpaHUIIbL.
NPOTE3UPOBAHUE HECHEMHBIMU
KOHCTPYKLMAMM 3YBHbIX NPOTE30B

V4eGHVK ANs MEANLIMHCKIX BY30B

Canxr-Merepbypr, 2021

[IpnobpecTu u3ganme MOXKHO B MHTEpHET-Mara3uHe JIabupuHr:
https://www.labirint.ru/books/877708/

MATOJNIOTMYECKAS! AHATOMMS. OBLLNIA KYPC

PA. Hacwipos, /1.0. Heanos, H.- M. Anuuxos, E.FO. Karnununa

B ofmeM kypce maronorndeckoil aHaTOMUHU (KJIMHHYECKOU
maToMop(oIOTHH) pacCMOTPEHBI BOMPOCH OOIIECH MaTOJOTHYE-
CKOW aHATOMHUU: METOABI MCCIEOBAHNS B MMATOMOP(OIOTHH, TI0-
BpeXJICHHE W THOENh KJIETOK M TKaHEH, B TOM YIHCIIe CTapeHue;
P.A. HACBIPOB, 1.0. UBAHOB, HapyuicHus Kp0B006paI_ueHI/I$I 1 UHBIX CpEO OpraHui3Ma, BoCrajec-
SR B R HHeE, perapanusi ¥ pereHepanus, 3a)KUBICHIE paH, IMMYyHHas I1a-
NATONOTVMYECKAS TOJIOTHSI, aJanTaIus, MaToJIOTHs POCTa KIETOK U UX AuddepeH-
[IMPOBKH, OTMYXOJH, TeHETHYeCKHe 3a00JeBaHuUs, YICHHE O JTha-
AH‘“:anI THO3€ B TIATOJIOTHYECKON aHATOMUH, MaTOJIOTHS U (DaKTOPBI OKPY-
QI BARE JKaroIei Cpesl, IaToJI0T s, BEI3BAHHAS TUTAHNEM, KOHCTATAIINS
s LHUSSE  CMEPTH U 1.

Y4eOHHUK paccunWTaH Ha CTYIACHTOB-MEIMKOB Bcex (haxympre-
TOB, a TaKXXe Ha Bpauei, HMHTEPECYIOIMXCS BOMPOCcaMH oOmei
[1aTOJIOTMYECKON aHATOMUH.

TBepaplii epensieT, BETHbIE WiuTtocTpanuu, 280 cTpaHuil.

[TproOpecTu U31aHNEe MOXKHO B MHTEpHET-Marasuse JIabupuHT:
https://www.labirint.ru/books/777658/





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


