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Sergey I. Kolesnikov

Member of RAS

EDITOR-IN-CHIEF’S PREFACE

Dear readers!

The leading article in this issue, in my opinion, is the article by O.B. Ogarkov
et al. (Irkutsk), who isolated a lipophilic representative of the Corynebacterium
tuberculostearicum species complex from a tuberculosis lesion and sequenced
it. The authors put forward an important hypothesis that favorable conditions
for the development of secondary anaerobic lipophilic microbiota can be cre-
ated inside the tuberculosis focus.

The second article is an interesting and promising in vitro study of the struc-
ture and characteristics of five microbial consortia with probiotic properties from
naturally fermented milk products, performed by A.S. Pendyukhova et al. (Ir-
kutsk). The authors showed that such consortia can be neutral and bactericid-
al against multidrug-resistant isolates of opportunistic bacteria, which is impor-
tant for the creation of probiotics with antibacterial properties.

The third work that | would like to highlight is the study of N.V. Korotaeva,
L.l. Ippolitova and E.S. Pershina (Voronezh) on the using neural network in ultra-
sound diagnostics for the early determination of intrauterine fetal distress based
on the analysis of facial descriptors.

The search for diagnostic and prognostic criteria for COVID-19 and its con-
sequences (including post-COVID syndrome) continues. Article by Zh.P. Vasne-
va et al. (Samara) demonstrates a change in the ratio of lymphocyte subpopu-
lations in 67.7 % of patients with COVID-19 and lung damage of less than 30 %.
Correlations between the content of NK cells and a wide range of T lymphocyte
subpopulations were revealed, which may be a predictor of the severity of the
disease. V.A. Vasilyev et al. (Petrozavodsk) showed in their research that chang-
es in the phase structure of transmitral blood flow may be an early manifesta-
tion of intracardiac hemodynamics disorders in persons who have recovered
from COVID-19.

A series of articles is devoted to the visual organ pathologies and their cor-
rection. In this section | would like to highlight the article by O.V. Pisarevskaya,
A.G. Shchuko et al. (Irkutsk), who, through mathematical modeling, developed
a technology for calculating the parameters of the effective SMILE surgery
for the correction of high myopia with an optimal refractive effect. Another ar-
ticle of the authors from the Irkutsk Branch of the S. Fyodorov Eye Microsurgery
Federal State Institution (lureva T.N., Pisarevskaya O.V.) has shown that keratore-
fractive surgery can cause the transition of latent forms of the disease into an ac-
tive process with the formation of glaucomatous neuropathy and corneal ede-
ma. In the work of M.V. Sinicin and N.A. Pozdeyeva (Novosibirsk), it was proven
that rigid gas-permeable scleral lenses are preferable to the MyoRing implanta-
tion method for the correction of postkeratoplastic astigmatism.

Several works are devoted to current problems of zoonotic and infectious
diseases, including socially significant ones. Of undoubted interest is the obser-
vation of E.K. Doroschenko et al. (Irkutsk) of the spread of the previously con-
sidered relict tick Haemaphysalis concinna in the territory of the Irkutsk region
and the Republic of Buryatia, which makes it necessary to systematically moni-
toritin the Baikal region. Yu.V. Bazhenova et al. (Irkutsk) have shown that in case
of comorbidity of tuberculosis and HIV infection, multislice computed tomog-
raphy provides detailed information on the pathological process in the lungs
and its dynamics during treatment.

Traditionally, our journal pays attention to various aspects of metabolic
syndrome and obesity both in clinical practice and in experiment. In the study
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by L.V. Belenkaya et al. (Irkutsk), a universal critical value of age (34.5 years)
was determined which is associated with a significant increase in the prevalence
of metabolic syndrome in women (regardless of their ethnicity), and the rank-
ing determined the prevalence of a decrease in high-density lipoproteins.
T.A. Bairova et al. (Irkutsk), when sequencing the leptin genome, has shown
for the first time that 13 single nucleotide polymorphisms registered in the Gen-
Bank database and 14 unregistered single nucleotide substitutions of the LEP
gene which may be one of the causes of obesity were identified in adoles-
cents with overweight and obesity in contrast to adolescents with normal body
weight. T.I. Dergacheva et al. (Novosibirsk) revealed in the experiment the cor-
rective effect of a sorbent composition of aluminum oxide and polydimethyl-
siloxane on prelymphatics, blood and lymphatic vessels in the uterus and ova-
ries in db/db mice with obesity and type 2 diabetes mellitus, which is promising
for further researches.

A.Yu. Maryanyan et al. (Irkutsk) assessed the course of pregnancy in wom-
en who consumed alcohol in the prenatal period, which was both indicated
by them during the survey and, most importantly, was laboratory-confirmed
(using a study of the phosphatidylethanol level), and found that 24.2 % of wom-
en did not stopped consuming alcohol. This led to intrauterine growth retarda-
tion and premature birth.

Several articles in the issue are devoted to experiment and morphologi-
cal studies. Thus, in the work of I.V. Bibik et al. (Lugansk, Stavropol), new deriv-
atives of thienopyridine and 1,4-dihydropyridine with high anti-inflammatory
and analgesic activity, promising for further preclinical studies, were synthesized
and studied by virtual bioscreening. V.M. Vdovin et al. (Barnaul) experimentally
proved the local hemostatic effect of exogenous fibrin monomer when adminis-
tered systemically after injury and the suppression of platelet aggregation func-
tion in comparison with the use of tranexamic acid. I.A. Kulikov et al. (Moscow)
has found the appearance and increase in areas of myometrial necrosis at the ab-
normal placentation in response to an increase in the depth of placental vil-
li ingrowth, which can stimulate the development of abnormal vascularization.

As always, scientists, clinicians and young scientists might be interested in lit-
erature reviews and lectures by L.M. Lazareva (Irkutsk), K.Yu. Krasner et al. (No-
vosibirsk), D.D. Morikov et al. (Irkutsk) and K.B. Lelyavin (Irkutsk).

For citation: Kolesnikov S.I. Editor-in-Chief’s preface to Issue 4, 2023. Acta biomedica
scientifica. 2023; 8(4): 5-8. doi: 10.29413/ABS.2023-8.4.1
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KonecHukos
Cepren ViIBaHOBINY

akagemuk PAH

YBaxaemble untatenu!

[MepepoBon ctaTbén fAaHHOro HOMepa, Ha MOW B3rNAf, ABNAETCA CTa-
b O.B. OrapkoBa n coasT. (VpKyTcK), BbiAeNMBLIMX U3 TYOEPKYNE3HOro ova-
ra U CEKBEHVMPOBABLUMX NUNOPUIBHOIO NPeACTaBUTENS BUAOBOrO KOMMEK-
ca Corynebacterium tuberculostearicum. ABTOpPbI BbIABVHYNIV BaXKHYIO rMnoTesy
0 TOM, UTO BHYTPU TYOepKyfE3HOro oyara MOryT co3flaBaTbCsA 6naronpusATHble
YCII0BUA AJ1A Pa3BUTUSA BTOPUYHOI aHA3POOHOM NMNoduiibHOM MUKPOOUOTDI.

BTopas ctatba — nHTepecHoe 1 nepcnekTUBHOE NccnefoBaHue in vitro CTpyk-
TYPbl Y XapaKTePUCTUK NATU MUKPOOHbBIX KOHCOPLNYMOB C MPO6GUOTMYECKAMY
CBOWCTBAMU U3 KACJIOMOJIOUHBIX MPOJYKTOB eCTECTBEHHOIO OPOXKEHWSA, BbIMNOJ-
HeHHoe A.C. lMeHbptoxoBom n coaBT. (MpKyTck). OHY noKasanu, YTo Takme KOH-
COpPUMYMbI MOTYT ObITb HEATPASIbHBIMU 1 6aKTEPULMAHBIMM B OTHOLLIEHWM NOMN-
PE3UCTEHTHBIX N30MIATOB YCIIOBHO-MATOrEHHbIX GaKTepuil, UTO BaXKHO A4J1A CO3-
[aHUsA NPOOGUOTUKOB C aHTMOaKTepurasbHbIMY CBOMCTBaMMU.

W TpeTbsa paboTa, KOTOPYH XOTENOCH Obl BbIAENUTDL, — UcCiefoBaHe H.B. Ko-
potaesoini, J.N. innonutoson un E.C. MepwurHon (BopoHeK) ncnonb3oBaHuUsA
npv yNbTPa3BYKOBOW AMArHOCTUKE HENPOHaNbHOW CeTU AnA CBOEBPEMEHHO-
ro onpepeneHna BHyTPUyTPOOHOro ANCTpecca ninoja no aHanusy nuueBbix ge-
CKPUMTOB.

MNpoponxaeTca NOUCK ANAarHOCTUYECKUX M MPOrHOCTUYECKMX KpUTEpPUEB
COVID-19 n ero nocneactsuii (B T. Y. NOCTKOBUAHOTO cuHApoMa). CtatbaA K.IM. Bac-
HeBoW 1 coaBT. (Camapa) femMoHcTpupyeT y 60nbHbix COVID-19 ¢ nopaxeHu-
eM nérknx meHee 30 % M3MeEHEHMs COOTHOLLEHMs Cybnonynauuin numoounTos
B 67,7 % cnyyaeB. BbiAiBNeHbl KOppenAunMoHHbIe 3aBUCUMOCTU copepkaHuna HK-
KJIeTOK C LUIMPOKUM CNeKTpoM cybnonynsaumnin T-numbounToB, YTO MOXKET OblTb
NpeanKTopPOM TsSKecTun 3aboneBaHus. B.A. BacunbeBoit 1 coaBT. (MeTpo3aBoAackK)
MOKa3aHo, UTO M3MeHeHMe $pa3oBOV CTPYKTYPbl TPAHCMUTPANIbHOIO KPOBOTOKA
MO>KET ObITb PaHHVM NPOSIBNEHNEM HAPYLLUEHWI BHYTPUCEpAEeYHON reMOAuHa-
MUKW y nuu, nepeboneswnx COVID-19.

CepuiAa cTaTel NocBsALleHa NaTONOrMAM OpraHa 3peHusa U Ux Koppekuuu.
B aTom pasgene a Bbigenun cratbio O.B. MNMucapesckon, A.T. Lyko n coasT. (Mp-
KYTCK), KOTOpble NyTéM MaTeMaTMYeCKOro MOAENPOBaHMA pa3paboTany TexHo-
noruio pacyéTa napameTpoBs adpdekTnBHON onepaunm SMILE ons koppekumm mu-
OMNU BbICOKOW CTEMEHM C ONTUMasbHbIM pedpakLOHHbIM 3bdekTom. B gpyroi
cTatbe aBTOpOB 13 MpkyTckoro dunmana OrayY «HMUL «<MHTK «Mukpoxupyp-
ruAa rnasa» umeHn akagemunka C.H. ®égoposa» Munsgpasa Poccun (lureva T.N.,
Pisarevskaya O.V.) noka3aHo, uto KepaTopedpakTUBHOE onepaTMBHOE BMELLA-
TeNIbCTBO MOXKET BbI3BaTb NEPEX0o[ NaTeHTHbIX GOpPM 3a60N1eBaHNA B aKTVBHbIN
npouecc ¢ GopMUpOBaHMEM FTAYKOMHOW HeponaTuy U OTéKa porosuubl. B pa-
601e M.B. CHuubiHa 1 H.A. Mo3aeeBoin (HOBOCMOMPCK) AOKA3aHO, UTO XKECTKME
rasonpoHviLaemMble CKIiepanbHble NMMH3bI NPeAnoYTUTENbHEE METOAA UMMIaHTa-
uumm Konbua MyoRing gna KoppeKumy NoCTKepaToniacTMyeckoro acturMmaTtisma.

Heckonbko paboT nocBsLLeHbl akTyasibHbIM Npobiiemam NprpogHO-oYaro-
BbIX U MHOEKLMOHHBIX 3a60NeBaHNI, B T. Y. COL{MaANIbHO 3HauMMbIX. HecomHeH-
HbI MHTepec npeacTaBnseT HabnoaeHue E.K. JopoweHko n coasT. (MpKyTCK)
0 PaCnpPOCTPaHEHN paHee CYMTaBLUEroCs PefIMKTOBbIM Knella Haemaphysalis
concinna Ha TeppuTtopun MpKyTckor obnactu n Pecny6nuku bypatus, uto gena-
eT Heob6XoAVMbIM CMCTEMATUYECKOEe HabmnofeHe 3a HUM Ha TeppuTtopun bain-
Kanbckoro pervoHa. t0.B. baxeHoBow 1 coaBT. (MpKyTCK) NOKa3aHo, UTO Npu KO-
MopbugHocTn Ty6epKynésa n BUY-uHdekumnn mynbTrcnmnpasnbHas KOMMboTep-
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Hasi Tomorpadua faéT feTanbHyo MHbOPMaLMIO O NaTONOrMYeckom npotiecce
B NErKMX 1 O ero AUHaMIKe Npu JieueHunu.

TpaAuUMOHHO XypHan yaenseT BHUMaHVeE PasfinyHbIM acnektam meTabo-
NINYECKOro CUHIPOMA Y OXKMPEHWA KaK B KITMHUYECKON NPAKTUKE, TaK U B SKCMe-
pumeHTe. B uccnegosanum J1.B. beneHbkow 1 coasT. (MpKyTCK) onpegeneHo yHu-
BepcanibHOe KpUTUYECKOe 3HaueHre Bo3pacTa (34,5 roga), C KOTOPbIM Y »KeHLLUH
(He3aBMCKMO OT 3THNYECKOW MPUHAASIEXXHOCTM) aCCOLMNPOBAHO CyLLECTBEHHOE
yBesiYeHmne pacnpoCcTpaHEHHOCTU MeTaboNMyYeckoro CMHAPOMA, MPUYEM paH-
XMpPOBaHVe onpegenuio NpeBannpoBaHne CHIKEHNA NoKasaTens IMnonpoTe-
WNHOB BbICOKOW NnoTHocTu. T.A. banpoBol 1 coaBT. (MpKyTCK) Npu npoBegeHnn
CEKBEHUPOBaHWUs FeHOMa JiIeNT1HA BrepBble MOKa3aHo, YTo, B OT/INYKME OT NOA-
POCTKOB C HOPMasibHOW MacCoV Tena, y MoAPOCTKOB C M3ObITOYHON Macco Tena
N OXMPeHNeM naeHTGULMPOBAHO 13 OfHOHYKNEOTUAHBIX NONMMOpPdr3MOB, 3a-
perncTpnpoBaHHbIX B 6a3e faHHbIx GenBank, 1 14 He 3aperncTprpoBaHHbIX 0f-
HOHYKNEOTUAHbIX 3aMeH reHa LEP, KoTopble MOryT ObITb OJHOW 13 MPUYNH OXN-
peHus. T.W. epraueBa n coaBT. (HOBOCMOMPCK) KCNEPMEHTANbHO BbISIBUN
Koppurupyowwmin 3¢beKkT COpbeHTHON KOMNO3MLMUN U3 OKCUAA aIIOMUHIA 1 NO-
NNOVMETUNICUIIOKCaHA Ha NpennMbaTnKn, KPOBEHOCHbIE 1 InMbaTUYeCKme Co-
Cynbl B MaTKe 1 AndHMKax y db/db mbliLielt C oxrnpeHnem 1 caxapHbiM AriabeTom
2-ro TUMa, YTo NEepPCNeKTUBHO ANA AasibHelWwen pa3paboTKu.

A10. MapsHsaH 1 coaBT. (MpKyTCK) OLleHWNN TeYeHne 6epeMeHHOCTM Y XKeH-
LWH, yNOTPebnaBLIMX anKkorosb B NpeHaTalbHOM Neprope, YTo HbI10 Kak yKa-
3aHO MMM NPU aHKETUPOBAHNY, TaK U, YTO 0OCOOEHHO BaXKHO, MOATBEPKAEHO Na-
60paTOPHO (C MOMOLLbIO UCCeoBaHMA YPOBHSA GpochaTmannaTaHona), v BbisiBu-
NN, uTO 24,2 % XeHLUMH He MPeKpaLlany ynoTpebnaTtb ankorosb. To NPUBOAMIO
K 3afleprKKe BHYTPUYTPOOHOro pa3BuTKA Nioga 1 NpexXaeBpemMeHHbIM pogam.

Heckonbko cTateli HoMepa MOCBALLEHbl SKCMEPUMEHTY U Mopdonornye-
CKUM nccnepgoBaHusaM. Tak, B pabote W.B. bubuka n coast. (JlyraHck, CtaBpo-
Mosib) CUHTE3MPOBAHbI U UCCIe[0BaHbl BUPTYanbHbIM GOCKPVHUHIOM HOBbIE
NPou3BOAHbIE TUEHONUPUAVHA U 1,4-OUrMAPONMPUANHA C BbICOKOW MPOTUBO-
BOCMaNMTENIbHON 1 6ONeyTONsALEN akTMBHOCTbIO, NepPCrneKTUBHbIE AS1A Aalb-
HeMWmnX JOKNNHNYECKIX nccnegosaHuii. B.M. BooBuH n coaBT. (bapHayn) B 3Kc-
neprMeHTe 0Ka3asv JIOKasbHbI/ reMoCcTaTUYecKuin 3gpPpeKT sK3oreHHoro ¢u-
6pPUH-MOHOMEpPA NPU ero CMCTEMHOM BBEAEHUU MOCSIe TPAaBMbl 1 MOLABNEHMN
arperayuoHHON GyHKUMM TPOMOOLMTOB B CPAaBHEHUN C MPUMEHEHMEM TPaHeK-
camoBoW KncnoTbl. V.A. KynukosbiMm 1 coaBT. (MockBa) npu aHOManbHOM npu-
KpenneHuy nialeHTbl HaAEHO NOABNEHME U YBENNYEHVE 30H HEKPO3a M IOMe-
TPUsA B OTBET Ha YBeSIUYEeHMe ryOuHbI BPacTaHNA BOPCYH MaLeHTbl, YTO MOXeT
CTVMYNPOBAaTb Pa3BUTLE aHOMaSIbHOW BaCKynApm3aLmn.

Kak Bcerga, fO/MKHbI 3aMHTEPECoBaTb YUEHbIX, KMUHULMCTOB 11 MONOAbIX
yuéHbIx 0630pbl nMTepaTypbl 1 nekuun J1.M. Jlazapeson (MpkyTtck), K.1O. Kpac-
Hep 1 coasT. (HoBocmbupck), O.0. Moprkosa u coaBT. (MpkyTck) n K.b. Jlenasu-
Ha (MpKyTCK).

Ana untnpoBanua: KonecHukos C.W. MNpegncnosue rnaBHoro pegaktopa K N2 4 (2023).
Acta biomedica scientifica. 2023; 8(4): 5-8. doi: 10.29413/ABS.2023-8.4.1
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LECTURES, NEW TRENDS IN MEDICAL SCIENCE

ABSTRACT

Background. The study of the lower respiratory tract microbiome has been actively
developed in recent years with the help of whole genome sequencing (WGS) methods.
Due to this, it became clear that the nature of the lungs microbiota is very different
from other microbial communities inhabiting the human body. One of the import-
ant directions in the study of pathological lungs biocenosis is the study of the role
of the satellite microbiota of the tuberculosis focus.

The aim of the work. To isolate and characterize oxygen-tolerant anaerobes
from the necrotic contents of tuberculomas.

Materials and methods. Biopsy material from 5 patients with pulmonary tuber-
culosis was obtained during a planned surgical treatment of tuberculoma. A pure
culture was isolated from one sample during anaerobic cultivation. Lipase activity
of strain was determined by plating on brain heart infusion agar (HIMEDIA, India)
supplemented with 0.1 % Tween-80 and 10 mM of CaCl.. Antibiotic susceptibility
was determined by RAPMYCO u SLOWMYCO of TREK Diagnostic Systems (Thermo
Fisher Scientific, USA). DNA from the sediment of the broth culture was isolated
by the CTAB chloroform method. Whole genome sequencing was performed
on a DNBSeq-G400 NGS sequencer by Genomed (Russia).

Results. Based on WGS results and phylogenetic analysis, the strain was identified
as Corynebacterium kefirresidentii. The strain was characterized by high lipase activity
and resistance only to Isoniazid, Ethionamide and Trimethoprim/Sulfamethoxazolin.
Conclusion. Theisolation of a lipophilic anaerobic representative of the Corynebac-
terium tuberculostearicum species complex from a tuberculous focus indicates
a possible role of the non-tuberculous microbiota in the liquefaction of caseous
necrosis. We assumed that in some cases, favorable conditions are created inside
the tuberculous focus for the development of satellite anaerobic lipophilic microbiota.

Key words: microbiome of tuberculosis focus, tuberculoma, WGS, Corynebacterium
kefirresidentii
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and whole genome sequencing of a lipophilic anaerobic bacterium, a representative
of the species complex Corynebacterium tuberculostearicum, from a tuberculosis focus.
Acta biomedica scientifica. 2023; 8(4): 12-19. doi: 10.29413/ABS.2023-8.4.2
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PE3IOME

O6ocHosaHue. ViccnedogaHue MUKPOOUOMA HUXHUX ObixamesibHbix nymel
aKMUBHO pazeusaemcs NOC/IeOHUE HECKOJIbKO J1em 3d CHém npuMeHeHUs Memooo8
NoJsIHo2eHOMHO020 cekgeHupogaHus (WGS, whole genome sequencing). baiazodapsa
3MOMy CMasno NOHAMHO, YMO NPUPOOA MUKPOBUOMbI JIE2KUX CUTbHO OMJuYa-
emcs om Opyaux MUKpOGHbIX coobujecms, Hacenswwux meso Yesosekd. OOHUM
U3 8aXKHbIX HANPAseHUU UCc/1e008aHUA NAMOJI02U4ecKux 6UOYEeHO0308 8 J1E2KUX
A8/IAEMCA U3yyeHue posiu CamessIumHoU MUKpobuomel mybepkyné3Ho2o oyaza.
Lene pabomel. BoideneHue u xapakmepucmuka mosaepaHmMHsIX K KUCI0pooy
aHaspo60o8 u3 HeKPOMUYeCKo20 CO0ePXXUMO20 mybepKy/ToM.

Mamepuanei umemoosl. buonculiHeili Mamepuasnom 5 6osbHbix mybepKynéaom
n1é2Kux 6bls1 NoJyYeH 8 npoyecce NAIAHOBOU onepayuu No UccedeHUto my6epKy oM.
Y13 00HOo20 06pasya npu aHaspobHOM Ky/1bmugupos8aHuu bblia 8vi0esieHa Yucmas
Kynemypa.JlundsHyto akmugHoCmMes WmMamMma onpeoesisau Noce8oM Ha cepoeyHo-
mo3eoeoli azap (HIMEDIA, VInOus) c 0obasneruem 0,1 % Tween-80 u 10 MM CaCIz.
YyscmsumenbHocmb kK aHmubuomukam onpedensnace 8 RAPMYCO u SLOWMYCO
TREK Diagnostic Systems (Thermo Fisher Scientific, CLLIA). JHK u3 ocadka 6ynboH-
HoU Kynemypesi 8bidenanu CTAB-xnopogopmHeiM memodom. [1os1Ho2eHOMHoe
cekseHuposaHue ocywecmaneHo Ha NGS-cekseHamope DNBSeq-G400 komnaHueu
«[eHomeO» (Poccus).

Pesynemamel. [1o pe3ynemamam WGS uno 0aHHbIM husiozeHemu4ecko20 aHasau-
3a wmamm 6wl udeHMuguyuposar kak Corynebacterium kefirresidentii. LLimamm
Xapakmepu308aJiCA 8bICOKOU AUNA3HOU AKMUBHOCMbIO U YyCmMoUl4yu80CmMbio
MOJILKO K U3OHUA3UQY, SMUOHAMUOY U mpumMemonpumy/cynbeamemoKcasony.
3aknioyeHue. BoiOeneHue u3 mybepKyné3Ho2o o4aza unogusibHO20 aHa3poo6-
HO020 npedcmasumers 8udosozo komniekca Corynebacterium tuberculostearicum
cgudemesnibcmayem o 803MOXHOU posiu Hemy6epKynéaHol Mukpobuomsl
8 Npoyeccax pasXuxeHus Ka3eo3Ho20 HeKpo3d. Hamu sei0sueaemcs 2unomesa
0 MOM, YMO 8HyMpuU MybepKy/1E3HO20 04a2a 8 HEKOMOPbIX C/1YHasx co30armcs
671a20npusMHbIe yc08us 0718 pazsumus 8mopuyHoU aHas3po6bHOU 1UNOpUIbHOU
MUKpo6uomel.

Knroueanbie cnosa: mukpobuom mybepkynésHozo o4aza, mybepkynoma, WGS,
Corynebacterium kefirresidentii

Ona yntuposanna: Orapkos O.b., CyzpanbHuuknin A.E., Kongpatos W.I., bykuH t0.C.,
OpnogaE.A., CnHbkos B.B., KgaHoBa C.H., benbkosa H.J1., Pbiukoa J1.B., KonecHukosa J1./.
BblaeneHve n NofHOreHoOMHoe CeKBEHVPOBaHUe NNodubHOM aHaspobHON 6akTepun,
npencTaBuTens BugoBoro komnnekca Corynebacterium tuberculostearicum, u3 Ty6epky-
nésHoro ouara. Acta biomedica scientifica. 2023; 8(4): 12-19. doi: 10.29413/ABS.2023-8.4.2
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The nature of the microbiota of the lower respirato-
ry tract is very different from other microbial communi-
ties of the human body, for example, the gut microbio-
ta and even the microbiota of the upper respiratory tract
(URT), which are significantly more colonized by bacteria
compared to the lower respiratory tract (LRT). In general,
the microbiota of healthy lungs is characterized by low bi-
omass and dynamic diversity [1]. Oligotrophic living con-
ditions are created in the respiratory tract for microorgan-
isms in comparison with the rich environment of the gas-
trointestinal tract. URTs are colonized by bacterial, viral
and fungal communities, which are the main source of mi-
crobiota for the lower parts of the lungs. In healthy people,
the lung microbiota seems to consist mainly of transient mi-
croorganisms, and its composition is determined by the ba-
lance between microbial immigration and elimination [2].
Despite the transitivity of the URT microbiota, it is possible
that its composition has a protective effect against path-
ogens, preventing their penetration into the lower parts
of the lungs [2]. The expediency of maintaining low bac-
terial contamination in the deep parts of the lungs is de-
termined by the need to ensure effective gas exchange
in the alveoli [1]. Therefore, the deep sections of the lungs
have hundreds and thousands of times lower bacterial
load than the URT. The microbial biomass is only 103-10°
colony-forming units per 1 g of mammalian lung tissue
(CFU/q) [3] or approximately 2.2 x 10® bacterial genomes
per 1 cm? of the surface of human lungs [4]. For comparison,
the lower parts of the human gastrointestinal tract are in-
habited by 10''-10"2 CFU/g of tissue [5]. The microbiota
of the URT of an adult is dominated by various representa-
tives of the genera Prevotella, Veillonella, Streptococcus, Lep-
totrichia, Rothia, Neisseria, Haemophilus, Moraxella, Staphy-
lococcus, Corynebacterium, Fusobacterium, etc. [6]. Our pre-
vious studies [7] indicate that the microbiota of the tuber-
culosis focus is divided into at least 2 types of communities:
1) mycobacterial caseoma (tuberculoma), in which more
than 70 % of the genomes belong to Mycobacterium tuber-

TABLE 1
CHARACTERISTICS OF THE EXAMINED SAMPLES

culosis; 2) apolybacterial community in which the concen-
tration of Mycobacterium tuberculosis varies from 0 to 30 %.
According to our data, clinical strains of Mycobacterium tu-
berculosis are mostly unable to form biofilms [8], at the same
time, in an in vitro experiment, the causative agent of tuber-
culosis significantly increased its number in the composition
of a polymicrobial biofilm [9]. In other words, the study of
polymicrobial communities of caseous contents can shed
light on the microbial component of pathological process-
es occurring in the center of a tuberculous focus.

Granuloma (tuberculoma) was recognized as the lead-
ing pathology in pulmonary tuberculosis for more
than 100 years ago [10]. The modern definition of pulmonary
tuberculoma (caseoma) is a volumetric caseous — necrotic
formation separated from the adjacent tissue by a capsule
[11]. In the framework of this study, we postulate the hy-
pothesis that the formation of the microbiota of a tuber-
culous focus occurs due to instability, compartmentaliza-
tion and the transient nature of microbial communities
in the lungs. It should be borne in mind that the conditions
created by the patient’'s immune system in a tuberculous
focus, capsule formation and curd necrotization of the con-
tents with a predominance of lipids [12] should selectively
stimulate the development of anaerobic microorganisms ca-
pable of multiplying due to the utilization of lipids. Mycobac-
terium tuberculosis is unable to reproduce under these con-
ditions and survives in most cases in a dormant state [10].
Based on the above, the aim of this study was to isolate
and characterize oxygen-tolerant anaerobes from the ne-
crotic contents of tuberculosis.

MATERIALS AND METHODS

The study was approved by the Ethics Committee
of the «Scientific Centre for Family Health and Human
Reproduction Problems» (Protocol No. 4 dated Novem-
ber 16, 2020).

Year . . Fraction, size s
Sample # Sex of birth CT diagnosis of CT focus (mm) Calcination
2201 F 1995 Tuberculoma of the left lower lobe with destruction S6; up to 18 Yes
2202 F 1979 jl'uberf:ulo.ma of the upper lobe of the left lung in the $1; up to 21 Ves
insemination phase
2203 M 1993 jl'uber.culo.ma of the upper lobe of the right lung in the $1,2; up to 30 Ves
insemination phase
2204 F 1086 jl'uber.culo.ma of the lower lobe of the right lung in the $6; Up to 19 No
insemination phase
2208 F 1984 Tuberculoma of the lower lobe of the right lung in the $6; Up to 43 No

insemination phase

Note. (T — computed tomography.



Biopsy material from 5 patients with pulmonary tuber-
culosis was obtained during a surgical treatment of tuber-
culoma at the Irkutsk Regional Clinical Tuberculosis Hospi-
talin 2022 (Table 1).

The caseous contents of the foci were cut out
of the surgical biopsy with a sterile disposable scal-
pel in the bacteriological laboratory of a tuberculo-
sis hospital and transfered to in 5 ml of LB broth un-
der sterile vaseline oil in a volume of 1-2 g per tube. Af-
ter 2 weeks, 0.1 ml of LB-broth was sieved onto LB-agar.
The incubation of the cups was carried out in an anaer-
ostat with Anaerogaz gas-generating packages (INKO,
Russia). Isolated colonies were sown in 5 ml of LB broth
under sterile vaseline oil to accumulate biomass. Anti-
biotic sensitivity was determined using TREK Diagnos-
tic Systems (Thermo Fisher Scientific, USA) test systems:
RAPMYCO for fast-growing mycobacteria and SLOW-
MYCO for slow-growing mycobacteria, according
to the manufacturer’s protocol. The assessment of re-
sistance or sensitivity depending on the minimum in-
hibitory concentrations (MIC) was carried out in accord-
ance with international recommendations [13]. Brain
Heart Infusion Broth (HIMEDIA, India) was used as a broth
for culture breeding, incubation was performed at 37 °C
for three days in an anaerostat with Anaerogaz gas gen-
erating packages (INKO, Russia).

Lipase activity was determined by plating on Brain
Heart Infusion agar (HIMEDIA, India) supplemented
with 0.1 % Tween-80 and 10 mM of CaCI2 (final concentra-
tions). After incubation at 37 °C for three days in an anaer-
ostat with Anaerogaz gas generating packages (INKO, Rus-
sia), the cups were incubated for a day at 4 °C. The pres-
ence of exogenous lipase activity was assessed by the for-
mation of halo insoluble calcium salts of free fatty acids in
the agar thickness around the colonies. DNA from the sed-
iment of the broth culture was isolated by the CTAB chloro-
form method, as described earlier [14]. Whole genome se-
quencing was performed on a DNBSeq-G400 NGS sequencer
by Genomed (Russia). The primary genome sequences are
located at the National Center for Biotechnology Informa-
tion of the USA (NCBI), project PRINA971334.

The assembly of genomic readings into scaffolds
was carried out using the Spades v. 3.11.1 software [15].
Genomic annotation and identification of the genes en-
coding 765 rRNA and 23S rRNA of the studied strain 2204
in the assembly was carried out using the SqueezeMeta
software package [16]. The search for the nearest strains
and species of bacteria with decoded complete genom-
es was carried out using the Type (Strain) Genome Serv-
er'! using the algorithm of «xgenome wide hybridization»
of strains in silico [17]. Cassettes of 165 rRNA and 23S rRNA
genes were extracted from the complete genomes
of identified closely related strains (Corynebacterium ke-
firresidentii SB, Corynebacterium tuberculostearicum DSM,
Corynebacterium curieae c8Ua, Corynebacterium yonathi-
ae c21Ua, Corynebacterium marquesiae c19Ua) according
to information from the NCBI annotation. The 765 rRNA

T https:/tygs.dsmz.de
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and 23SrRNA gene sequences were aligned in the MAFFT
v. 7 program [18] and used to calculate genetic distanc-
es and determine the species of strain 2204 by the phy-
logenetic method (ML method; IQTREE v. 2 program [19]
with an assessment of tree topology supports by the «ul-
trafast bootstrap» method - 1000 replicas). 99 % was con-
sidered the threshold of species identity for the complete
16S rRNA gene [20].

RESULTS

Isolation and microbiological characteristics
of the culture

The search for literary sources that can help in the de-
velopment of methods for cultivating the satellite micro-
biota of the tuberculosis focus, both in Russian and in Eng-
lish language literature, has not led to any significant re-
sults. For example, the PubMed search for keywords «ca-
seum + tuberculosis + cultivation + microbiota» returned
a zero result. A search for «caseum + tuberculosis + culti-
vation» returned 20 publications, but none of them relat-
ed to this topic. Based on this, it was decided to produce
anaerobic cultivation under the most standardized condi-
tions — LB-broth under vaseline oil.

As a result of incubation for 2 weeks, pronounced
growthinaliquid LB medium was detected in one of the five
tubes in the form of turbidity of the entire thickness
and sediment on the surface of the biopsy. Sieving 0.1 ml
of all five broth cultures on LB-agar followed by incuba-
tion in an anaerostat in only one case gave visible growth
on Petri dishes.

FIG. 1.

Lipase activity of strain 2204. A halo is observed around

the bacterial growth, indicating a high lipase activity of the isolat-
ed strain.



TABLE 2

TESTING OF THE SUSCEPTIBILITY OF STRAIN 2204 TO ANTITUBERCULOSIS AND ANTIMYCOBACTERIAL DRUGS
WITH DETERMINATION OF MINIMUM INHIBITORY CONCENTRATIONS

No. Antibiotics
1 Clarithromycin
2 Rifabutin
3 Ethambutol
4 Isoniazid
5 Moxyflixacin
6 Rifampin
7 Trimethoprim/Sulfamethoxazolin
8 Amikacin
9 Linezolid
10 Ciprofloxacin
11 Streptomycin
12 Doxycicline
13 Ethionamide
14 Cefoxitin
15 Tigecyclin
16 Imipenem
17 Cefepime
18 Amoxicillin/Clavulanic acid
19 Ceftriaxon
20 Minociclin
21 Tobramicin

Note. * — expected result (there are no international standards for necessary and sufficient MIC).

As can be seen from Figure 1 and Table 2, the isolated
strain 2204 was characterized by high lipase activity and
a relatively small spectrum of resistance to first-line anti-
tuberculosis and antimicobacterial drugs.

Whole genome sequencing and species identification
of strain 2204

The primary short reads were reorganized into 6 scaf-
folds with a total length of 2,428,638 base pairs, among
which 4 gene cassettes of the ribosomal operon 76SrRNA -
ITS — 235 rRNA were found. Analysis using the algo-
rithm of «genome-wide hybridization» of strains in sili-
co for strain 2204 identified 5 of the closest reference ge-
nomes of the NCBI database: Corynebacterium kefirresiden-
tii SB; Corynebacterium tuberculostearicum DSM; Corynebac-
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MIC (png/ml) Result
0.06 Susceptibility
0.25 Susceptibility

4.0 Susceptibility
>8 Resistance
0.12 Susceptibility
0.12 Susceptibility

4/76 Resistance
1.0 Susceptibility
1.0 Susceptibility
0.12 Susceptibility
4 Susceptibility
0.25 Susceptibility

>20 Resistance
4.0 Susceptibility
0.25 Susceptibility*
2.0 Susceptibility
1.0 Susceptibility
2.0/1.0 Susceptibility
4.0 Susceptibility
1.0 Susceptibility
1.0 Susceptibility

terium curieae c8Ua; Corynebacterium yonathiae c21Ua;
Corynebacterium marquesiae c19Ua. The genome length
of strain 2204 corresponded to the genomes of closely
related strains (lengths from 2,348,605 to 2,830,499 base
pairs). The completeness of decoding the genome of strain
2204 by the presence of all necessary single-copy genes
was 99.49 %. The 165 rRNA and 23S rRNA gene sequenc-
es of all the above genomes were used for phylogenet-
ic identification of strain 2204. Fig. 2 shows the resulting
phylogenetic tree with the above-mentioned nucleotide
sequences. The shaded bush contains the tested nucleo-
tide sequence of strain 2204. The calculation of the num-
ber of nucleotide substitutions relative to the nearest taxa
showed more than 99 % identity of the strains (0.004 %
substitutions). According to the strictest criteria to date,
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FIG. 2.

NZ CP067012 Corynebacterium kefirresidentii 4

Phylogenetic relationships of strain 2204 with reference species. At the bottom of the nodes there are the bootstrap support values
for branching. The shaded bush contains the tested nucleotide sequence of strain 2204

99 % should be considered the threshold of species iden-
tity for the complete 76S rRNA gene [20]. Thus, the isolated
strain can be uniquely identified as a species of Corynebac-
terium kefirresidentii.

DISCUSSION

The Corynebacterium genus of gram-positive rod-
shaped bacteria belongs to the large family Corynebac-
teriaceae, was first proposed by Lehmann and Neu-
mann in 1896 and currently has 177 species, some
of which are of medical, veterinary or biotechnological in-
terest [21]. Species of this genus are widespread and po-
tentially pathogenic — primarily C. diphtheria. Corynebac-
teria are the dominant member of the human skin mi-
crobiota. Bacteria of the Corynebacterium genus account
for 30 % of the total number of bacterial inhabitants of hu-
man skin [22]. The most common skin-dwelling species
are represented by lipophilic Corynebacterium tuberculo-
stearicum, Corynebacterium kefirresidentii and Corynebac-
terium aurimucosum type E, which form a narrow species
complex [23]. It is of interest to note that for the first time,
C. tuberculostearicum was isolated from focal skin lesions
in leprosy [23]. An important feature of this group of spe-
cies is the lack of the ability to biosynthesize de novo fatty
acids [24], while the ability to produce specific mycolic ac-
ids, partly similar to those produced by mycobacteria, is ob-
served. The peculiarities of lipid metabolism may explain
drug resistance to isoniazid and ethionamide (Table 2), since
this group of corynebacteria lacks the InhA gene [24, 25].
In other words, resistance to two anti-tuberculosis drugs —
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isoniazid and ethionamide - in this group of corynebacte-
ria is constitutive.

CONCLUSION

The isolation of a lipophilic anaerobic Corynebacterium
tuberculostearicum narrow species complex from a tubercu-
lous focus, together with the results of our previous studies
[7], indicates a possible role of the non-tuberculous microbi-
ota in the liquefaction of caseous necrosis. This is important
for understanding the pathological mechanisms of the for-
mation of tuberculosis foci in the late stages of infection.
We hypothesize that the formation of the microbiota of a tu-
berculous focus occurs due to instability, compartmentaliza-
tion and the transient nature of microbial communities in the
lungs. However, the conditions inside the tuberculous focus
create favorable situation for the development of a second-
ary anaerobic lipophilic microbiota. Apparently, representa-
tives of the species complex C. tuberculostearicum can play
a negative role in pathological processes inside anaerobic
tuberculoma, possibly provoking processes in the liquefac-
tion of caseous masses.
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ABSTRACT

Background. Using probiotic preparations based on consortia of microorganisms
not only helps to restore the balance of the intestinal microbiota, but also increases
the therapeutic effect of probiotics. Promising sources for obtaining probiotic con-
sortia are milk products that have undergone natural fermentation with the help
of spontaneously formed microbial consortia.

The aim. To study the structure of five microbial consortia with probiotic proper-
ties from naturally fermented milk products and to assess in vitro their antagonistic
activity against opportunistic bacteria and a representative of the human normo-
biota — Escherichia coli.

Materials and methods. The structure of bacterial consortia was analyzed by se-
quencing methods. The antagonistic activity of the consortia was assessed by the disk
diffusion method.

Results. It has been established that the studied microbial consortiums are repre-
sented by Enterococcus spp. and Streptococcus spp. bacteria. In consortiums No. 1,
No. 2, and No. 3, Enterococcus bacteria dominated, while in consortiums No. 4
and No. 5, Streptococcus dominated. Antagonistic activity was shown against four
isolates of opportunistic bacteria: Klebsiella pneumoniae No. 493, Enterobacter hor-
maechei No. 372, Staphylococcus aureus No. 4 and Pseudomonas aeruginosa No. 25
IMB, as well as against one representative of the human normobiota - Escherichia
coli No. 495. The highest growth delay zone is found in E. coli No. 495 isolate. Three
test cultures (K. pneumoniae No. 509, E. coli ATCC25922 and P. aeruginosa No. 3 IMB)
exhibited more dense growth around probiotic consortia.

Conclusion. The results of the study showed that the effect of probiotic consortia
differing in the composition of microorganisms can be neutral and bactericidal.
The presence of antagonistic activity in the studied microbial consortia against
multiresistant isolates of opportunistic bacteria is a prospect for creating probiotics
with antibacterial properties.

Key words: probiotics, structure of microbial consortia, ribosomal taxonomy,
opportunistic pathogens, antagonistic activity
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PE3IOME

AkmyanbHocme. [lpumeHeHUe npobuomuyeckux npenapamos Ha 0CHO8e
KOHCOPpYUYMO8 MUKPOOP2aHU3MO8 He MOJIbKO cnocobcmayem 80CccmaHosJie-
HUto 6anaHca Kuwe4yHol MUKpobuomel, HO U ygesuyusaem mepanesmudyeckud
3hchekm npobuomukos. llepcnekmusHbIMU UCMOYHUKAMU NOJTyYeHUs npobuo-
muyeckux KOHCOPYUYMOB AB/IAIMCSA KUC/TOMOJI0YHbIe NpOOyKMbl, nodgepaLuuecs
ecmecmeeHHOMY CK8AWUBAHUIO NPU NOMOWU CNOHMAHHO C(hOpMUPOBABUIUXCHA
MUKPOGHbIX KOHCOPYUYMOB.

Lense pabomel. Vi3ydeHue cmpykmypbl nAmu MUKPOBHbIX KOHCOPYUYMOB C Npo-
buomuyeckumu ceolicmgamu U3 KUC/IOMOJIOYHbIX NPOOYKMOo8 ecmecmeeHHO020
6poXeHUA U OUeHKa uUx aHmazoHucmuy4eckol akmugHoOCMu 8 OMHoweHuu
YC/I08HO-NAMO2EHHBIX 6akmepul u npedcmasumesis HOpMOOUOMbI Yeslo8eKd —
Escherichia coli - in vitro.

Mamepuanel umemodbl. AHau3 cmpykmypsl 6akmepuanbHsIX KOHCOPYUYMO8
nposoousiu Memooamu cek8eHUpPOoB8AHUsA. AHMA2OHUCMUYECKYIO aKMUBHOCMb
KOHCOpYUYyMO8 0yeHUBasu OUCKO-0Up@dy3UOHHbIM MEMOOOM.

Pe3ynemamel. YcmaHo8/1eHO, Ymo ucciedyembie MUKpOOHble KOHCOPYUYMbl
npedcmasneHvl 6akmepusamu Enterococcus spp. u Streptococcus spp. B koHcopyu-
ymax Ne 1, Ne 2 u N° 3 domuHuposanu bakmepuu poda Enterococcus, 8 mo epems
Kak 8 KoHcopyuymax N2 4 u N@ 5 - Streptococcus. [lokazaHa aHmazoHucmu4eckas
aKmugBHOCMb 8 OMHOWEHUU YemblpPEX U30/1Amo8 YC/I08HO-NAMOo2eHHbIx 6akme-
pud:Klebsiellapneumoniae N°493, Enterobacter hormaechei N® 372, Staphylococcus
aureus N°4 u Pseudomonas aeruginosa N° 25 VIMb, a mak»e 00H020 npedcmasgume-
718 HopMmobuomel yesnoseka — Escherichia coli N° 495. Hau6obwas 30Ha 3a0epKKu
pocma ommeydeHay uzonama E. coli N°495. Y mpéx mecm-kynbmyp (K. pneumoniae
Ne 509, E. coli ATCC 25922 u P. aeruginosa N° 3 Mb) Habntodasncs 6onee nnomHelli
pocm 80oKpy2 OUCKO8 C NpobuOMUYeCKUMU KOHCOpUYUYMAamu.

3aknioyeHue. Pe3ynbmamel uccie0o8aHus nokasaau, 4Ymo gausHue npobu-
OMuYecKkUX KOHCOPYUYyMO8, OMIUYAWUXCAa COCMABOM MUKPOOP2aHU3MOS8,
Moxkem 6bImb HelmpasibHbIM U 6akmepuyuoHbiM. Hanudue aHmazoHucmuyeckou
aKmugHoOCMU y uccsiedyeMbix MUKPOOHbIX KOHCOPUUYMO8 8 OMHOWeHUU NoJiu-
pe3ucmeHMHbIX U30/1IAMO8 yC/I08HO-NAMO2eHHbIX 6akmepul — nepcnekmusga
0J19 CO30aHUSA NpobUOMUKO8 C aHMUbAakmepuaabHeIMU ceolicmeamul.

Kniouesoble cnoea: npobuomuku, Cmpykmypa MuKpoGHbIX KOHCOPYUYMO8, pu-
60COMHAS MAKCOHOMUS, YC/TIO8HO-NAMO2eHHbIe 6aKkmepuu, AHMA20HUCMUYECKast
aKkmugHoOCMb

OnauyutnpoBaHma: NeHbatoxosa A.C., benbkosa H.J1., CaBuHoBa t0.C., Boponaesa H.M.,
Cmyposa H.E., KnumeHko E.C., KoHgpaTtos W.I., CeméHoBa H.B., PbiukoBa J1.B. Mpo6uo-
TUYECKME KOHCOPUMYMbI: CTPYKTYPA U aHTaroHNCTUYeckas akTVBHOCTb B OTHOLLEHUN
YCJIOBHO-NATOreHHbIX 6aKTepMin 1 HOPMOBKOTbI YenioBeKa (Ha npumepe Escherichia coli)
in vitro. Acta biomedica scientifica. 2023; 8(4): 20-31. doi: 10.29413/ABS.2023-8.4.3

21



OBJECTIVES

An actual way to restore the balance of the micro-
biota of the gastrointestinal tract is the use of probiot-
ic preparations [1]. Recently, much attention has been
paid to consortia of probiotic microorganisms, the use
of which makes it possible to achieve the expected posi-
tive effects from taking probiotics [2]. In a symbiotic con-
sortium, the biological properties of individual strains
are mutually enhanced, which makes it possible to cre-
ate a single biological system with protective proper-
ties against the influence of other microorganisms. Rep-
resentatives of such genera as Lactobacillus, Bifidobacte-
rium, Streptococcus, Propionibacterium and Enterococcus
are most often of commercial interest among microor-
ganisms with probiotic activity [1].

One of the directions of obtaining multistain prepara-
tions is the formation of a natural population of microor-
ganisms. According to research, fermented milk products
obtained by natural fermentation can be promising sourc-
es of such populations [3-5]. In this case, microorganisms
independently form consortia with certain functional prop-
erties. Naturally formed populations of microorganisms
can have a high degree of stability and synergistic effect,
which makes them attractive for use as probiotics. An ex-
ample of the formation of such populations can be a sig-
nificant change in the species diversity of starter cultures
of microorganisms, which, nevertheless, make it possible
to obtain products conforming to GOST [6].

In the screening process of some commercial fer-
ments intended for milk fermentation, despite compliance
with the technology and instructions, microbial consortia
were obtained, which differ from the declared ones on mi-
croscopic examination. At the same time, these consortia
retained their probiotic properties, which was an impor-
tant factor for studying their taxonomic structure and an-
tagonistic activity.

THE AIM OF THE STUDY

To study the structure of five microbial consortia
with probiotic properties from naturally fermented milk
products and to assess in vitro their antagonistic activ-
ity against opportunistic bacteria and a representative
of the human normobiota - Escherichia coli.

METHODS

The objects of research

The objects of the study were five microbial consortia
with probiotic properties obtained from fermented dairy
products of natural fermentation. 56 bacterial isolates
were used as test cultures, of which 16 belong to the in-
testinal normobiota; 4 are reference strains; 36 are iso-
lates of opportunistic bacteria with multiple antibiotic
resistance (ADB), included in the Collection of Human
Microbiota of the Irkutsk Region of the Scientific Cen-

tre for Family Health and Human Reproduction Prob-
lems [7]. Species composition of bacterial test cultures
is shown in Table 1.

TABLE 1
SPECIES COMPOSITION OF BACTERIAL TEST CULTURES

. . Number of isolates,
Type of microorganism

abs.
Human normobiota
Escherichia coli NEA 16
Reference strain
Escherichia coli ATCC 25922 1
Opportunistic bacteria
Enterobacter cloacae 4
Enterobacter hormaechei 1
Citrobacter amalonaticus 1
Klebsiella oxytoca 1
Klebsiella pneumoniae 6
Klebsiella pneumoniae 2
Proteus mirabilis 1
Pseudomonas aeruginosa 12
Staphylococcus aureus 3
Escherichia coli WEA 3
Escherichia coli HA 2
Reference strains
Enterococcus faecalis ATCC 29212 1
Pseudomonas aeruginosa ATCC 10145 1
Staphylococcus aureus ATCC 25923 1

Note. NEA —normal enzymatic activity; WEA — weak enzymatic activity; HA — hemolytic activity.

Study design

1. Study of the structure of five probiotic consortia:

a) sequencing of next generation amplicons (NGS, next
generation sequencing);

b) sequencing of the 16S fragment of the ribosomal
operon using the Sanger method.



2. Testing of the antagonistic activity of five probiot-
ic consortia against test cultures of opportunistic bacteria
and a representative of the human normobiota — Escheri-
chia coli - in vitro.

Methods of study

1a. The structure of bacterial consortia was analyzed
by high-throughput V3-V4 sequencing of variable frag-
ments of the 765 rRNA gene. DNA from storage cultures
was isolated using a commercial set of Quick-DNA Miniprep
Kits (Zymo Research, USA). Amplification of the target frag-
ment was performed on highly conserved bacterial prim-
ers NGS318L and NGS806R with adapters (Table 2). The re-
sulting amplicons were purified from primer dimers using
AMPure XP (Beckman Coulter, USA) according to the man-
ufacturer’s protocol.

Sequencing using lllumina technology was carried out
at the Genomic Technologies, Proteomics and Cell Biolo-
gy of the All-Russian Research Institute of Agricultural Me-
teorology.

TABLE 2
THE STRUCTURE OF PRIMERS USED IN THE STUDY

Name Structure (5’-3’)
NGS318F TCGTCGGCAGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG
NGS806R GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCMGGGTATCTAATCCKGTT
500F GTGCCAGCAGCCGCGGTAA
1350R GACGGGCGGTGTGTACAAG
pJET1.2-F CGACTCACTATAGGGAGAGCGGC
pJET1.2-R AAGAACATCGATTTTCCATGGCAG
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The NGS results were processed and taxonomically an-
notated using the QIIME2 v. 2022.2 platform and the SILVA
138 nucleotide sequence database.

1b. Identification of the dominant bacteria belong-
ing to the consortium was carried out using ribosomal
phylogeny using a site including V3-V8 variable regions
of the 765 rRNA gene. Primers 500F and 1350R were used
to amplify this fragment (Table 2). Amplicons obtained
by polymerase chain reaction (PCR) were purified in 1%
agarose gel and embedded in the pJET1.2 vector accord-
ing to the manufacturer’s protocol (Thermo Fisher Sci-
entific, USA). The annular plasmid was transformed into
competent E. coli XL-1 cells [8] and direct screening of all
grown colonies was performed for the presence of an in-
sert of the required length on plasmid primers pJET1.2-F
and pJET1.2-R (Table 2).

The sequence reaction was carried out using rea-
gents Brilliant Dye Cycle Sequencing Kit v. 3.1 (Nima-
Gen, the Netherlands) according to the manufacturer’s
protocol.

PCR conditions

Step 1, Cycle =01
T1=95°C t=3min
Step 2, Cycle =25
T1=95°Ct=30s
T2=55°Ct=30s
T3=72°C;t=30s
Step 3, Cycle=01
T1=72°C t=5min

Step 1 Cycle =01
T1=95°C;t=5min
Step 2, Cycle =25
T1=94°Ct=30s
T2=60°C;t=30s
T3=72°C;t=1min
Step 3, Cycle =01
T1=72°C t=5min

Step 1, Cycle=01
T1=95°C t=3 min
Step 2, Cycle =25
T1=94°C;t=30s
T2=60°C;t=30s
T3=72°C;t=1min
Step 3, Cycle =01
T1=72°C;t=5min



Amplicons were sequenced by Sanger on the Nano-
phor-05 device at the Center for the Development of Pro-
gressive Personalized Health Technologies of the Scientif-
ic Centre for Family Health and Human Reproduction Prob-
lems.

Sequents were adjusted visually in the Bioedit v. 7.2.5
software. Species identification was performed by compar-
ing the nucleotide sequence with the NCBI NR and EMBL-
ENA Sequences bases using BLAST and FASTA, respectively.

2. The antagonistic activity of probiotic consortia
was determined by the disc diffusion method, according
to the standard methodology for determining the sensitiv-
ity of microorganisms to antimicrobial preparations [9]. Bo-
rosilicate glass filters Glass Microfiber Filters (GF/F) (What-
man plc., UK) with a diameter of 0.5 cm were used as discs,
on which suspensions of the tested consortia in a volume
of 15 ul were pipetted. The total content of microbial cells
in each consortium was 10'°-10"" CFU/cm3. Dishes were in-
cubated at 37°C for 24 hours.

The measurement of growth retardation zones (GRZ)
of test crops, taking into account the filter diameter, was car-
ried out according to the results of two separate experi-
ments using the ImagelJ v. 1.5.3 graphical editor, which al-
lows for image analysis. At GRZ of 6.0 mm and above,
the consortium was considered to exhibit antagonism.
The data are presented in the form of the arithmetic mean
diameters of the growth suppression zones of test cultures
(M) and the RMS deviation (m).

RESULTS AND DISCUSSION

According to the results of high-performance se-
quencing, Enterococcus spp entered the microbial consor-
tia as dominant bacteria. and Streptococcus spp. (Table 3).

TABLE 3

STRUCTURE OF MICROBIAL CONSORTIA WITH PROBIOTIC
PROPERTIES, %

No. of the microbial consortium
Characteristics

of the taxon
1 2 3 4 5
Enterococcus 89.8 69.2 517 0.2 0.6
Streptococcus 7.2 25.2 36.9 86.6 88.3
Other 222 5.32 8.88 10.48 9.95

The proportion of concomitant bacteria ranged
from 2.22 to 10.48 %. Consortia No. 1 and No. 2 were domi-
nated by representatives of the genus Enterococcus, in con-
sortia No. 4 and No. 5 - Streptococcus, while in consortium
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No. 3 the relative content of representatives of these gen-
erawas 51.7 % and 36.9 %, respectively.

Identification of the dominant bacteria based on ri-
bosomal taxonomy showed that two types of enteroco-
cci were identified in Consortium No. 1 - Enterococcus
durans and Enterococcus thailandicus (Table 4). Consorti-
um No. 2 turned out to be richer in the diversity of ente-
rococci: in addition to the above-mentioned species, En-
terococcus faecium was identified in it. In addition, strep-
tococci made up 25.2 % of the structure of the microbi-
al consortium. They have been identified as Streptococcus
salivarius and Streptococcus thermophilus. In consortium
No. 3, enterococci are represented by the species E. durans,
and streptococci by the species S. salivarius and S. thermo-
philus. The composition of consortium No. 4 is represent-
ed by the S. thermophilus monoculture, while Lactobacillus
brevis was identified in addition to S. thermophilus in con-
sortium No. 5.

Phylogenetic analysis showed that for bacteria
of the genus Enterococcus, the sequences formed either
independent branches or together with sequences of typ-
ical strains (Fig. 1).

E. durans is represented in the structure of consortia
No. 1, No. 2 and No. 3; E. faecium is defined in consortium
No. 2; E. thailandicus - in consortium No. 1.

To assess the ecological and genetic characteristics
of enterococci that are part of the studied consortia, a va-
riety of biotopes of homologous strains were analyzed,
among which fermented dairy products, saliva, gastro-
intestinal tract (GIT) of humans and animals, faeces were
found (Fig. 2).

Representatives of consortia No. 1, No. 2 and No. 3
showed phylogenetic affinity with isolates isolated from the
human intestinal biotope (Fig. 2, highlighted in green), hu-
man breast milk and food dairy products (Fig. 2, highlight-
ed in blue) and from the vaginal biotope (Fig. 2, highlight-
edinred).

The separation of the studied sequences and homol-
ogous strains from the NCBI database into fecal, lactic
and vaginal biotopes indicates the genetic differences of mi-
croorganisms from different ecological groups. Such differ-
ences may cause a different degree of manifestation of pro-
biotic properties. The study of the ecological and genetic
characteristics of microorganisms with probiotic properties
will help to form balanced microbiocenoses for specific hu-
man biotopes [10].

Figure 3 shows a phylogenetic tree based on V3-V8
variable fragments of the 765 rRNA gene for phylotypes as-
signed to the genus Streptococcus and homologous isolates
from different biotopes.

There is a difference between representatives of con-
sortia No. 2, No. 4 and No. 5, which have separated into in-
dependent branches. The tree shows that the represent-
atives of consortium No. 2 had homology with the S. sali-
varius H4 isolate. Also, all the studied consortia were repre-
sented by phylotypes that showed homology with S. ther-
mophilus isolates. Homologous isolates were obtained
from various dairy products and biotope of the human
oral cavity.



TABLE 4

RIBOSOMAL TAXONOMY OF BACTERIA DOMINATED IN MICROBIAL CONSORTIA WITH PROBIOTIC PROPERTIES

Labelling of a clonal sequence

1.10; 1.27
1.19; 1.28
1.20; 1.21; 1.23

1.25

2.1
2.2
2.6
2.8
2.10
2.1

2.13

3.1
33
3.4;3.7;3.11
3.8

3.10

4.1;
42;43
45

4.6;4.7;4.8

5.1
5.3;5.2;5.4;5.5;5.6;5.8

5.7

The nearest bacterial homologue

Consortium No. 1
Enterococcus durans HBUAS54304
Enterococcus durans IPLA 655
Enterococcus thailandicus LM4-1
Enterococcus thailandicus Marseille-AA00296
Consortium No. 2
Enterococcus thailandicus LM4-1
Enterococcus thailandicus Colony540
Enterococcus durans HBUAS54304
Streptococcus salivarius H4
Enterococcus faecium HBUAS66260
Streptococcus thermophilus ST106
Enterococcus durans ABRIINW.N3
Consortium No. 3
Streptococcus salivarius H4
Enterococcus durans ULAG
Streptococcus thermophilus c 21.5
Enterococcus durans HBUAS54304
Streptococcus thermophilus STN57
Consortium No. 4
Streptococcus thermophilus ASR-1
Streptococcus thermophilus IMAU:80427
Streptococcus thermophilus ChR-I-str19
Streptococcus thermophilus BL13-10
Consortium No. 5
Streptococcus thermophilus ChR-I-str19
Streptococcus thermophilus BL13-10

Streptococcus thermophilus PT110
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Percentage of homology, %

99.4; 100
99.5;99.5
99.4-99.5

99.8

100
99.4
100
99.4
99.6
99.9

99.6

99.1
98.7
97.8-98.4
99.4

97.9

98.8
99.1;98.8
99.8

99.0-99.8

99.6
97.9-99.5

84.4



FIG. 1.

Phylogenetic tree based on V3-V8 variable fragments of the 165 rRNA gene for phylotypes assigned to the genus Enterococcus and type

strains: the nodes show values of bootstrap support (%) above 50

The presence of antagonistic activity against pathogen-
icand opportunistic microorganisms (OM) is one of the main
characteristics of the strain for classifying it as a probiot-
ic species. The results of the study showed that the ef-
fect of the probiotic consortia under study, which dif-
fer in the composition of microorganisms, can be neutral
and bactericidal: antagonistic activity was noted against
five isolates of test cultures (Table 5).

All probiotic consortia suppressed the growth of two
isolates: OM - K. pneumoniae No. 493 and a representative
of the intestinal normobiota - E. coli No. 495. The maximum
growth suppression zone was noted in E. coliisolate No. 495
with consortium No. 3. Consortia No. 1,No. 2, No.4 and No. 5
exhibited antagonistic activity against E. hormaecheiNo. 372,
consortiaNo. 1,No. 3 and No. 5 - against S. aureus No. 4, con-
sortium No. 3 —against P. aeruginosa No. 25 IMB.

Three test cultures exhibited more dense growth
around filters with probiotic consortia: K. pneumoniae iso-
late No. 509 and the reference strain of E. coli ATCC 25922
have discs with all five consortia, isolate P. aeruginosa No. 3
IMB - around probiotic consortia No. 1, No. 2, No. 3 and No. 4
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(Fig. 4). This fact requires further detailed study using tech-
niques designed to evaluate the growth-stimulating prop-
erties of bacteria.

Recently, quite a lot of papers have been published
on the use of probiotics based on Streptococcus spp.and En-
terococcus spp. and their beneficial properties for the hu-
man body. Probiotic strains of enterococci and strepto-
cocci are widely used to correct human intestinal dysbi-
osis, as well as in chronic gastrointestinal diseases [11,
12]. S. thermophilus strain belongs to the group of lac-
tic acid bacteria that ferment sugars to lactic acid, exert-
ing an acidifying effect and providing a bactericidal effect
against many pathogenic microorganisms [13]. Enterococ-
cal cultures have long been used for cooking meat, milk
and vegetables. The low content of enterococci in meat
and dairy products does not allow pathogenic staphylo-
cocci and E. coli to multiply [14]. It is known that the anti-
bacterial activity of enterococciis associated with their abil-
ity to synthesize specific proteins — enterocins A, B, L50A/B,
P, Q and Xa/B. The presence of such proteins determines
the antagonistic activity of enterococci against infectious
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FIG. 2.
Phylogenetic tree based on V3-V8 variable fragments of the 165 rRNA gene for phylotypes assigned to the genus Enterococcus, type strains
and homologous strains from various biotopes: the nodes show values of bootstrap support (%) above 50

in the literature. However, the tested isolates have multi-
ple antibiotic resistance, which means they are more adapt-

ed to the effects of negative environmental factors. Proba-

agents such as S. aureus, E. coli, as well as Klebsiella spp., En-

terobacter spp., Streptococcus spp., Listeria spp. and Clostrid-
ium spp. [15, 16]. The data obtained by us on the antago-
nistic activity of probiotic consortia based on Streptococcus
spp. and Enterococcus spp. correspond to the data found

27

bly, this can explain the selective sensitivity of resistant iso-
lates of one type of OM to the action of probiotic consortia.
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CONCLUSION

In this study, the taxonomic structure and antagonis-
tic activity of five microbial consortia with potential probi-
otic properties were investigated. Using molecular genetic
methods, it was found that the studied microbial consortia
are represented by Enterococcus spp. and Streptococcus spp.
bacteria. n consortiums No. 1, No. 2, and No. 3, Enterococcus
bacteria dominated, while in consortiums No. 4 and No. 5,
Streptococcus dominated. Representatives of the genus En-
terococcus were identified as E. durans, E. thailandicus, E. fae-
cium; the genus Streptococcus was represented by the spe-
cies S. salivarius and S. thermophilus.
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It was shown that the effect of probiotic consortia, dif-
fering in the composition of microorganisms, can be neu-
tral and bactericidal. The probiotic consortia studied sup-
pressed the growth of four isolates of opportunistic bac-
teria, such as Klebsiella pneumoniae No. 493, Enterobacter
hormaecheiNo. 372, Staphylococcus aureus No. 4 and Pseu-
domonas aeruginosa No. 25, as well as one representative
of the human normobiota, Escherichia coliNo.495. The larg-
est growth retardation zone was observed in E. coli isolate
No. 495 in the presence of consortium No. 3.

The presence of antagonistic activity in the studied
microbial consortia in relation to polyresistant isolates
of opportunistic bacteria may be a prospect for the crea-



TABLE 5

ANTAGONISTIC ACTIVITY OF PROBIOTIC CONSORTIA IN RELATION TO OPPORTUNISTIC BACTERIA AND HUMAN
NORMOBIOTA

X . . Growth retardation zones, mm (M + m)
Type of microorganism (isolate number) /

No. characteristic @
No. 1 No. 2 No.3 No. 4 No.5

1 Proteus mirabilis (No.371) / OM, ADB 0 55+0.2 55+0.2 0 0

2 Enterobacter hormaechei (No. 372) / OM, ADB 6.7 +0.3P 6.2+0.2° 57+0.2 6.3+0.3P 7.0+0.2°

3 Klebsiellapneumoniae (No. G) / OM, ADB 54+0.1 57+0.2 56+0.2 54+0.2 55+0.2
4  Enterobacter cloacae (No. 394) / OM, ADB 52+0.1 52+0.1 52+0.1 0 52+0.1

5 Klebsiella oxytoca (No. 439) / OM, ADB 52+0.1 52+0.1 53+0.2 52+0.1 52+0.1
6 Klebsiella pneumoniae (No. 493) / OM, ADB 6.8+0.3b 6.4+0.3P 6.8+0.3P 6.9+0.3b 6.6 +0.3P

7 Klebsiella variicola (No. 672) / OM, ADB 52+0.1 52+0.1 52+0.1 52+0.1 52+0.1

8 Staphylococcus aureus (No. 672), / OM, ADB 52+0.1 52+0.1 52+0.1 52+0.1 52+0.1

9  Staphylococcus aureus (No. 4) / OM, ADB 6.2+0.3b 59+0.1 6.3+0.3P 52+0.1 6.5+ 0.3°
10 Klebsiella pneumoniae (No. 41HE) / OM, ADB 54+0.1 56+03 54+0.2 5.6+0.2 5.3+0.1
11 Staphylococcus aureus (No. 846) / OM, ADB 0 54+03 52+0.1 0 52+0.1
12 Klebsiella pneumoniae (No. 381) / OM, ADB 52+0.1 52+0.1 52+0.1 54+0.2 52+0.1
13 Pseudomonas aeruginosa (No. 25 IMB) / OM, ADB 0 58+0.1 6.3+0.3b 0 59+0.1
14 Pseudomonas aeruginosa (No. 54 IMB) / OM, ADB 52+0.1 52+0.1 53+£0.2 57+0.2 52+0.1
15 Pseudomonas aeruginosa (No. 82 IMB) / OM, ADB 52+0.1 0 52+0.1 52+0.1 52+0.1
16 Pseudomonas aeruginosa (No. 3 IMB) / OM, ADB + + + + 52+0.1
17 Pseudomonas aeruginosa (No. 5 IMB) / OM, ADB 52+0.1 52+0.1 52+0.1 53+0.1 53+0.2
18 Enterobacter cloacae (No. 25) / OM, ADB 52+0.1 52+0.1 52+0.1 55+0.2 5.2+0.1
19 Klebsiella pneumoniae (No. 509) / OM, ADB + + + + +

20 Escherichia coli (No.473) / ADB 52+0.2 52+0.1 52+0.1 52+0.2 52+0.1
21 Escherichia coli (No. 495) / ADB 7.2+0.3° 7.9+0.3P 8.2+0.3P 7.4+0.3P 73+0.3P
22 Escherichia coli (No. 6G) / normobiota 52+0.1 52+0.2 52+0.1 52+0.1 52+0.1
23 Escherichia coli (No. 133HE) / normobiota 52+0.1 52+0.1 52+0.2 0 52+0.1
24 Escherichia coli (ATCC 25922) / reference strain + + + + +

Note. 2 — characteristic of the isolate; OM — opportunistic microorganism; ADB — presence of multiple antibiotic resistance; 0 — no effect; + — denser growth of the test culture around the filter; ® — the consortium
exhibited antagonism.
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a
FIG. 4.

b

Growth of test cultures around filters with probiotic consortiums: a — Klebsiella pneumoniae No. 509; b — Escherichia coli ATCC 25922;
¢ — Pseudomonas aeruginosa No. 3 IMB; 1 — consortium No. 1; 2 — consortium No. 2; 3 - consortium No. 3; 4 — consortium No. 4; 5 - consor-

tium No. 5

tion of probiotic preparations with antibacterial proper-
ties in conditions of widespread drug resistance of micro-
organisms.
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ABSTRACT

Background. Existing methods for studying intrauterine distress, despite their preva-
lence, still have their limitations, so studying and assessment of fetal movements
during ultrasound diagnostics can become a convenient and affordable additional
tool for diagnosing this pathological condition.

The aim of the study. To assess the prevalence and diagnostic significance
of a known set of fetal facial movements for the timely determination of intrauterine
distress.

Methods. This prospective single-center study included 225 fetuses of a gestational
age from 32 to 40 weeks. The FIGO chart was used as fitting criteria of intrauterine
distress. The assessment of facial movements in all fetuses was carried out using
the BabyFACS technique, where the action unit (AU) used for the assessment; its cod-
ing is carried out in strict accordance with the chart of motor descriptors (MD).
Statistical data processing was carried out using SPSS Statistics 20 (IBM Corp., USA).
The Mann - Whitney test was used as the main statistical parameter, where a thresh-
old level of 0.05 was chosen to interpret the p-tests value.

Results. Despite the occurrence of AUT, AU2, AU3, AU4 in both groups, these
MDs were recorded in the group with confirmed distress (p = 0.00001). Facial
units such as AU9 and AU20 were found only in children with intrauterine distress,
which, in the total amount of the MD assessment, can be considered one of the main
search signs that specialists should first of all pay attention to. All motor descriptors
showed high positive predictive value and diagnostic sensitivity, with the highest
results registered for AU9 and AU20.

Conclusion. Assessment of facial units during ultrasound diagnostics can be a con-
venient tool as an additional diagnosis of the development of intrauterine distress
and requires further study.

Key words: ultrasound diagnostics, neonatology, motor descriptors, facial move-
ments, intrauterine distress, fetuses

For citation: Korotaeva N.V,, Ippolitova L.I., Pershina E.S. End-to-end convolutional neural
network for automatic encoding facial descriptor (N-CNN) in the diagnosis of intrauterine
distress. Acta biomedica scientifica. 2023; 8(4): 32-38. doi: 10.29413/ABS.2023-8.4.4
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PE3IOME

O6ocHosaHue. Cyujecmsyoujue MemoOdbl UCC1e008aHUs 8HyMpuympobHo20
oucmpecca, HeCMoOMpA HA C8OK pacnNPOCMpPAHEHHOCMb, 8CE eWé umeom Heoo-
CMamku, NO3Momy U3y4YeHue U oyeHKa 08UXeHUU Nniooad 80 8pemMs NposedeHUs
y/1bmpa3eyKo8oli OUAzHOCMUKU MO2ym cmame y006HbIM U 00CMYNHbIM 00NOJI-
HUMeTbHbIM UHCMPYMeHMoM 0J19 0Ud2HOCMUKU OAHHO20 NAMOJ102U4ecKo20
COCMOSAHUS.

Lene uccnedosanusa. OyeHKa pacnpocmpaHéHHOCMU U dudzHocmuyeckou
3HA4YUMOCMU U38eCMHOU COBOKYNHOCMU JIUUEBbIX 08UXeHUU Nnio0a 0718 c8oes-
pemMeHHO020 onpedesieHUs 8HympuympobHo20 oucmpecca.

Memooesl. B Hacmosuwee npocnekmusHoe 00HOYeHmMpoeoe ucciedosaHue
6bl/1U 8KJIIOYEHbI 225 N/10008 € 26CMAYUOHHbBIM 803pdcmom om 32 0o 40 Hedesb.
B kayecmese kpumepueg coomeemcmaus 8HympuympobHo20 ducmpecca ucnoss-
3o08anace mabnuya FIGO. OyeHka nuyessbix 08uxeHUU y 8cex ns10008 Npo8ooUIAChH
C homouwbio Memoouku BabyFACS, 20e 0711 oyeHKU ucnoss308a1dce 08u2amesibHAs
eduHuya (AU, action unit), KoOuposka Komopou nposooUMCs 8 CMpPO20M COOM-
semcmeauu ¢ mabauyeli 0suzamesnbHbix deckpunmopos ([4). Cmamucmuyeckas
06pabomka 0aHHbIX NPOBOOUIACk C Ucnosib3osaHuem SPSS Statistics 20 (IBM Corp.,
CLUA). B kayecmee 0CHOBHO20 cmamucmu4ecko2o hapamempa 6wl UCNo/1b30-
8aH Kpumeputi MaHHa — YumHu, 20e 0719 uHmepnpemayuu 3Ha4eHus p-mecmos
8b16paH nopo2osbili yposeHs 0,05.

Pesynemameol. Hecmomps Ha ecmpedaemocms AU, AU2, AU3, AU4 8 obeux 2pyn-
nax, 0axHsle ][] pecucmpuposanuce 8 2pynne ¢ No0mMeepx0EéHHbIM OUCMPECCOM
(p = 0,00001). Takue nuyesvlie eduHuywl, kak AU9 u AU20, scmpeuanucs mosibKo
y 0emeli ¢ BHympuympobHbIM ducmpeccom, Ymo 8 obujeli cymme oyeHku [/]
MOXHO cHUMAame 0OHUMU U3 2/1a8HbIX NOUCKOBbIX 3HAKOB, Hd KOMOpble 8 Nepayio
ouepedb csiedyem obpamume 8HUMAHUe cneyuaaucmam. Bce 0suzamesnbHele
0ecKpunNmMopbl NOKA3A/IU 8bICOKYIO NPOHOCMUYECKYI0 UEHHOCMb NOIoXUMerb-
HO20 pe3ysibmama u 0uUazHOCMUYeCKYHo 4y8cmeaumesibHOCMb, 20e CaMble 8bICOKUE
pe3ynbmamel 3apeucmpuposarsl 051 AU9 u AU20.

3aknouernue. OyeHKa nuyessix eOUHUY nNpu NposedeHuUU ybmpaszsykosou
ouazHOCMuUKU Moxxem 6bimb YOOOHBLIM UHCMPYMEHMOM 8 Kadecmae 00NOJIHU-
menibHoU QuazHOCMUKU pd3sumus 8HympuympobHozo oucmpecca u mpebyem
OasnbHelwe20 UyyeHus.

Knioueawle cnoea: ynbmpaseykoeds OuazHOCMUKA, HeOHAmMos02us, 08ueamesb-
Hble 0ecKpunmopel, iuyessle 08UXeHUS, BHympuympoO6HbIl oucmpecc, nioobl

Ona yntupoBaHma: Kopotaesa H.B., innonutosa J1.M., MepwmHa E.C. CKBO3HanA CBEp-
TOYHasA HepOHasbHas CeTb AN aBTOMATNYECKOro KOAMPOBaHNA NNLEBbIX 4ECKPUMTOB
(N-CNN) B grarHoctuke BHyTpuyTpobHOro auctpecca. Acta biomedica scientifica. 2023;
8(4): 32-38. doi: 10.29413/ABS.2023-8.4.4
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OBJECTIVES

To date, in numerous studies, we can see the grow-
ing interest of the scientific community in understand-
ing individual behavioral reactions based on the assess-
ment of facial expressions, body and head movements,
or sound signals [1-4].

Facial expression can give an idea of a person’s
emotional state, and automatic facial expression anal-
ysis is the subject of extensive research [5], however,
this method cannot be fully used in both neonatology
and perinatology for several good reasons. Firstly, facial
expressions of infants and fetuses include additional im-
portant units that are not present in the standard coding
system [6]. Secondly, such various individual parameters
as gestational age significantly affect facial features in con-
nection with the development of the central nervous sys-
tem [6]. Thirdly, the processing stage in the case of new-
borns or fetuses is more complex and requires the use
of existing experience, since these two groups do not al-
low establishing communicative contact.

Having some personal experience [7, 8] in evaluating
facial movements in both infants and fetuses with differ-
ent gestational ages, we decided to consider the pros-
pects for evaluating facial movements during ultrasound
examination as a possible predictor of fetal distress be-
fore cardiotocography (CTG).

Fetal distress is a syndrome of respiratory and circu-
latory insufficiency caused by fetal intrauterine hypoxia
and is closely related to changes in fetal heart rate signals
[9]. Early detection and possible diagnosis of the risk of de-
veloping this condition can help prevent damage to vital
organs; that is why it is so important to strengthen mon-
itoring of the fetal condition during pregnancy in order
to ensure the safety of both the fetus and the pregnant
woman.

The most common method of monitoring the con-
dition of the fetus in clinical practice is CTG monitor-
ing [10], where the received signal consists of a curve
of heart rate (HR) and a curve of uterine contraction.
CTG monitoring undoubtedly helps doctors diagnose
this pathological condition in time to take effective
therapeutic measures to protect the health of a fe-
tus; in addition, this examination method is abso-
lutely safe and painless. At the moment, CTG of a fe-
tusin the absence of any disorders in a woman is car-
ried out starting from the 32nd week about 2 times
a month, while between these examinations women
often undergo ultrasound research, and then modern
technologies allow real-time monitoring of facial ex-
pressions and facial movements that the fetus dem-
onstrates [11, 12].

Thus, the study of fetal facial movements and their
sequence at the time of planned ultrasound diagnos-
tics can in the future become a convenient and afford-
able additional tool that helps identify predictors of fe-
tal distress even before CTG is performed.
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THE AIM OF THE STUDY

To assess the prevalence and diagnostic significance
of a known set of fetal facial movements for the timely
determination of intrauterine distress.

METHODS

This prospective single-center study included 225 fe-
tuses of a gestational age from 32 to 40 weeks, whose mo-
thers underwent examinations and inpatient treatment
at the Perinatal Center of the Voronezh Regional Clin-
ical Hospital No. 1 from 2017 till 2021. All the patients
were divided into two groups: group | (n = 125) - fetuses
with a CTG-confirmed diagnosis of «intrauterine distress;
group Il (n = 100) - fetuses without a CTG-confirmed di-
agnosis of «intrauterine distress» (control group). Study
entry criteria: consent of legal representatives to partici-
pate in the study; regular obstetric examinations during
pregnancy; conducting the presented complex of instru-
mental studies on the basis of the Perinatal Center; com-
pleteness and accuracy of records of clinical observation
and results of instrumental studies; absence of severe fe-
tal dentofacial anomalies that prevent visual assessment
of facial movements. The FIGO chart was used as fitting cri-
teria of intrauterine distress, which is included in the clin-
ical recommendations of the Russian Society of Obstetri-
cians and Gynecologists (ROAG) 2022, where at least one
criterion of the following is required for confirmation: basal
heart rate less than 100 or more than 170 bpm; variability
less than 5 bpm in 40 minutes or sinusoidal rhythm; lack
of acceleration; variable or late deceleration. Confirmation
of fetal distress was also necessarily carried out after birth,
when the following diagnostic criteria were considered:
Apgar score < 7 points 5 minutes after birth; assessment
of the acid-base state of umbilical cord blood (pH < 7.00
and base deficiency > 12 mmol/l). The assessment of fa-
cial movements in all fetuses was carried out using the Ba-
byFACS technique, where the action unit (AU) was used
for the assessment; its coding is carried out in strict accord-
ance with the chart of motor descriptors (MD): AU1 —inner
corners of eyebrows are lifted; AU2 - outer corners of eye-
brows are lifted; AU3 - inner corners of eyebrows are drawn
together; AU4 - eyebrows are lowered; AU9 — wrinkled
nose; AU12 - lip corners are pulled up; AU14 - dimples
on cheeks; AU18 - wrinkled lips; AU20 - lips are stretched;
AU25 - lips are parted; AU28 - lips are sucked in. Visual-
ization of action units was carried out using an expert-
class ultrasound diagnostic device by a medical special-
ist with mandatory fixation of photo and video materi-
als for subsequent evaluation and creation of a database.
The assessment of action units was carried out by a certi-
fied specialist who has been trained and has a FACS (Fa-
cial Action Coding System) certificate confirming it. Sta-
tistical data processing was carried out using SPSS Sta-
tistics 20 (IMB Corp., USA), the sample size for this study



was not pre-calculated. The main outcome of the study
was the determination of the prevalence of facial units
and their diagnostic significance in confirmed intrauterine
distress, additional research outcomes - the compilation
of summary tables for each of the variables of facial units
in order to determine sensitivity, specificity and prognos-
tic value. The Mann - Whitney test was used as the main
statistical parameter; the threshold level of 0.05 was cho-
sen to interpret the p-tests value. This study was con-
ducted with the written permission of the administra-
tion of the medical organization and with the approv-
al of the local ethics committee of Voronezh State Medi-
cal University named after N.N. Burdenko of the Ministry
of Health of the Russian Federation (Protocol No. 1 dated
March 28, 2019).

RESULTS

When assessing the prevalence of criteria for compli-
ance with intrauterine distress according to the FIGO chart,
it can be noted that according to CTG data the prevail-
ing criteria are monotony of rhythm and variable deceler-
ation, which were recorded in 100 % of cases; the preva-
lence of other criteria for compliance with the study group
is presented in Table 1.

TABLE 2

TABLE 1

PREVALENCE OF INTRAUTERINE DISTRESS CRITERIA
ACCORDING TO THE FIGO CHART IN STUDY GROUP |

The percentage
of occurrence
of the criterion, %

Analyzed criteria

BHR =110-170 bpm 1.6
BHR > 170 bpm 31.2
BHR < 110 bpm 67.2
Variable monotonous rhythm 100
Early decelerations > 50 36.0
Late decelerations > 30 64.0
Variable decelerations > 50 100

Note: BHR - Basal Heart Rate.

When assessing the frequency of facial movements
in each of the study groups, it was revealed which of the MDs
were statistically significantly more common in the group

FREQUENCY OF OCCURRENCE OF MOTOR DESCRIPTORS IN EACH OF THE STUDY GROUPS

Motor
descriptors

Frequency of occurrence of MDs
in group | (n =125), %

AU1 92
AU2 95.2
AU3 94.4
AU4 91.1
AU9 92.8
AU12 4.8
AU14 4
AU18 4
AU20 92
AU25 4
AU28 4
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Frequency of occurrence of MDs

in group Il (n = 100), % P
5 p =0.00001
13 p =0.00001
13 p =0.00001
8 p =0.00001
0 p =0.00001
75 p = 0.00001
68 p =0.00001
49 p =0.00001
0 p =0.00001
49 p =0.00001
65 p =0.00001



TABLE 3

DIAGNOSTIC SIGNIFICANCE OF MOTOR DESCRIPTORS AT BASAL HEART RATE < 100 BPM OR > 170 BPM ACCORDING

TO CARDIOTOCOGRAPHY

Indicators
Diagnostic sensitivity
Diagnostic specificity
Positive predictive value

Diagnostic effectiveness of the test

TABLE 4

DIAGNOSTIC SIGNIFICANCE OF MOTOR DESCRIPTORS IN EARLY DECELERATIONS > 50 ACCORDING

TO CARDIOTOCOGRAPHY
Indicators
Diagnostic sensitivity
Diagnostic specificity
Positive predictive value

Diagnostic effectiveness of the test

TABLE 5

AU1

94.16 %

90.47 %

91.86 %

92.44 %

AU1

36.66 %

99.04 %

97.77 %

65.77 %

AU2

89.39 %

94.62 %

95.93 %

91.55%

AU2

3257 %

97.84 %

95.55%

59.55%

AU3

88.54 %

92.55 %

94.30 %

90.22 %

AU3

30.53 %

94.68 %

88.88 %

5733%

AU4

91.73 %

89.32%

90.98 %

90.62 %

AU4

31.40 %

94.17 %

86.36 %

60.26 %

DIAGNOSTIC SIGNIFICANCE OF MOTOR DESCRIPTORS IN LATE DECELERATIONS > 30 ACCORDING

TO CARDIOTOCOGRAPHY

Indicators
Diagnostic sensitivity
Diagnostic specificity
Positive predictive value

Diagnostic effectiveness of the test

TABLE 6

AU1

62.5%

91.42 %

89.28 %

76 %

AU2

60.60 %

95.69 %

95.23 %

7511 %

AU3

62.59 %

97.87 %

97.61 %

77.33 %

AU4

64.46 %

94.17 %

92.85 %

78.12 %

AU9

98.27 %

91.74 %

92.68 %

95.11 %

AU9

62.93 %

98.16 %

97.33%

80 %

AU9

66.37 %

93.57 %

91.66 %

79.55 %

DIAGNOSTIC SIGNIFICANCE OF MOTOR DESCRIPTORS FOR VARIABLE DECELERATIONS > 50 ACCORDING

TO CARDIOTOCOGRAPHY

Indicators
Diagnostic sensitivity
Diagnostic specificity
Positive predictive value

Diagnostic effectiveness of the test

AU1

95.83 %

90.47 %

92 %

93.33 %
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AU2

90.15 %

93.54 %

95.19 %

91.55 %

AU3

90.07 %

92.55 %

94.39 %

91.11 %

AU4

93.38 %

89.32%

91.12%

91.51 %

AU9

100 %

91.74 %

92.80 %

96 %

AU20

100 %

92.72%

93.49 %

96.44 %

AU20

36.52 %

97.27 %

93.33%

66.22 %

AU20

66.95 %

93.63 %

91.66 %

80 %

AU20

100 %

90.90 %

92 %

95.55 %



TABLE 7

ASSESSMENT OF THE COMBINED EFFECT OF ALL STUDIED PARAMETERS ON THE SEVERITY OF THE CONDITION

Standard deviation

Groups Means 95% Cl (%) Min Max Q25 Median Q75
Group | 0.38 0.36 0.40 0.10 0.07 0.47 0.33 0.33 0.47
Group Il 0.20 0.19 0.20 0.02 0.00 0.20 0.20 0.20 0.20
Note. 95% Cl —95% confidence interval; Q25 — 25th percentile; Q75 — 75th percentile.
AU1 AU2 AU3 AU4

FIG. 1.

An example of ultrasound imaging of motor descriptors, which are significantly more common in fetal distress

with diagnosed intrauterine distress compared with the con-
trol group (Table 2).

Considering that the diagnosis of intrauterine distress
requires confirmation by CTG, we evaluated the diagnos-
tic sensitivity and specificity, the positive predictive value
and the diagnostic effectiveness of MDs, which were sta-
tistically significantly more often recorded in the group
with intrauterine distress, for each of the criteria of this
pathological condition according to the FIGO chart (Ta-
bles 3-6). According to the analysis, AU9, AU20 and AU1
demonstrated the highest diagnostic sensitivity of all pos-
sible MDs.

To assess the combined effect of all the studied pa-
rameters, a total indicator of the severity of the condi-
tion was compiled, obtained by summing a proportionally
weighted crossing of the threshold value: the average val-
ue in the control group is 0.2 £ 0.02, in group 1-0.38 + 0.10
(Table 7).

DISCUSSION

Although advances in prenatal medicine allow treat-
ment as early as the intrauterine period, the question
of whether we can identify facial expression in general and,
in particular, the expression of «distress» in the fetus is be-
coming increasingly important. Despite the fact that the ex-
perience of pain and distress is subjective and entails a psy-
chological component, anatomical and functional develop-
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ment is necessarily associated with the perception of an ir-
ritant [9, 10].

Mimic «anxious» movements are important compo-
nents of the development of the severity of distress in fe-
tuses. In one of the studies, the neonatal facial coding sys-
tem was used to describe in detail facial activity of prema-
ture infants from 24 to 36 weeks of pregnancy during pain-
ful procedures [11].

In our previous study, facial movements and their com-
binations, which we assessed as fundamental combina-
tions of actions on the fetal face during confirmed distress,
were diagnosed [12]. The basis of this study was to prove,
using mathematical statistical models, that the listed facial
movements are statistically significantly more common
in fetuses with confirmed distress, thereby being early pre-
dictors of this condition.

When assessing the frequency of occurrence of mo-
tor descriptors, it was found that, despite the occur-
rence of AU1, AU2, AU3, AU4 (Fig. 1) in both groups, sta-
tistically significantly more often MD data were record-
ed in the group with confirmed distress (p = 0.00001). Fa-
cial units such as AU9 and AU20 were found only in chil-
dren with intrauterine distress, which, in the total amount
of the MD assessment, can be considered one of the main
search signs that specialists should first of all pay attention
to. All motor descriptors showed a high positive predictive
value and diagnostic sensitivity, with the highest results
registered for AU9 and AU20 (Fig. 2).



FIG. 2.

An example of ultrasound imaging of motor descriptors AU9
and AU20, which showed the highest prognostic value and diag-
nostic sensitivity

CONCLUSION

Assessment of facial units during ultrasound diagnos-
tics can be a convenient tool as an additional diagnosis
of the development of intrauterine distress and requires
further study.
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ABSTRACT

The aim of the study. To determine the age limit of the initial manifestations
ofthe metabolic syndrome in women of reproductive age of the Caucasian and Asian
ethnic groups.

Materials and methods. The study included women of reproductive age of the
Russian and Buryat ethnic groups (n = 1231). We carried out general clinical ex-
amination, studied glycemia levels and lipid metabolism indicators. The analysis
of the components of the metabolic syndrome was performed taking into account
age characteristics and ethnicity. Threshold values for the age of metabolic disorders
manifestation were determined.

Results. It was found that the main components of the metabolic syndrome
in women of reproductive age of the Russian and Buryat ethnic groups were a de-
crease in high-density lipoprotein (HDL), an increase in waist circumference,
and an increase in blood pressure. The age-related determinants of the metabolic
syndrome in the population of women of reproductive age in the Baikal region
were determined. It was shown that the age-related determinants of the metabolic
syndrome in Caucasian and Asian women do not differ significantly and amount
to 33.5 years (95% confidence interval (95% Cl): 32.5; 38.5) and 36.5 years (95% Cl:
27.5;52.5), respectively. A universal critical age value was determined as 34.5 years
(95% ClI: 32.5; 38.5), which is associated with a significant increase in the prevalence
of the metabolic syndrome in accordance with the ATP lll criteria. The ranking
of metabolic syndrome criteria in the studied groups revealed the following order
of their occurrence: the decrease in HDL index prevailed, followed b ythe increase
in waist circumference, blood pressure, glucose and triglycerides; no dependence
on the ethnicity was found.

Conclusion. When assessing the age-related determinants of the metabolic
syndrome in the mixed Caucasoid-Asian group, it is advisable to use universal ap-
proaches, taking into account the cut-off point of age, which is 34.5 years. The de-
termination of age criteria for the correct classification of patients with respect to
the manifestations of the metabolic syndrome is necessary to analyze the contri-
bution of the age factor to the implementation of various metabolic syndrome
predictors,to develop prognostic models, and to use effective age-determined markers
of metabolic disorders.

Key words: metabolic syndrome, age, threshold values, women, ethnicity
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PE3IOME

Leno uccnedoeanus. Onpedesiume 803pacmuoll npedes Ha4yaslbHbiX nposesie-
Hul Mmemabonuydeckozo cuHopoma (MC) y xeHWUH penpodyKmugHo20 803pacma
e8poneoudHol U azuamckou 3mHuYecKux epynn.

Mamepuanel umemoOoel. BucciedosaHue 80wW/1U XeHUUHbI penpodyKMUBHO20
803pacma pycckol u bypamckol smHuyeckux epynn (n = 1231); npogedeHo obuje-
KJ/IUHUYeckoe 06¢iedo8aHue, ucciedosaHue yposHel eaukemuu u nokasamesel
JIUNUOHO20 06MeHd. BbinosiHeH aHAMU3 KOMNOHEHMO8 MemaboIu4ecko20 CUH-
0poma c yuémom 803pdcmHbix 0cobeHHocmeU U SmHu4eckol NpuHaonexxHocmu.
OnpeodesnieHbl NOP0O208ble 3HAYEHUSA 803pAcma MAaHugecmayuu Memaboiu4deckux
HapyweHudu.

Pe3ynomamel. YcmaHo8/1eHO, YmMo OCHOBHbIMU KOMNOHeHMamu memabosuye-
CKO20 CUHOPOMA Y XeHWUH penpodyKmugHo20 803pacma pycckol u 6ypamckoli
SMHUYecKuUX 2pynn bbiiu CHUXeHUe ITUNoNpomeuHos 8bicokol nniomHocmu (JI1BI1),
ysenuyeHue OKpyXHOCMuU masuu, nosellueHue apmepuasnsHo2o daseHus. Onpe-
OeJieHbl 803pacmHble demepMUHAHMbI Memabo/1u4ecko20 CUHOPOMA 8 NONYAAYUU
JKeHWUH penpodyKmueHoz0 so3pacma llpubatikanes. [TokazaHo, 4mo 803pdcmHsie
demepMUHAaHMel MemabosIuyecko20 CUHOPOMA Y XXeHWUH-esponeoudos U npeo-
cmasumesibHUY, d3uamcKoU 3mHuy4eckol 2pynnbl CyujecmeeHHO He 0mauy4aromcs
u cocmasnsaom 33,5 200a (95%- dosepumesnbHbil uHmepesan (95%/1): 32,5, 38.5)
u 36,5 200a (95% [N: 27,5; 52,5) coomsemcmeeHHo. OnpedenieHo yHUBEPCAibHOE
Kpumuyeckoe 3Ha4yeHue so3pacma — 34,5 200a (95% AN: 32,5; 38,5), c komopbim
accoyuupo8aHo cywecmeeHHoe ygenuyeHue pacnpocmpaHéHHocmu memabosu-
4ecKo20 CUHOPOMA 8 coomaemcmauu c kpumepuamu ATP IIl. PaHxxuposaHue kpume-
pues Memabou4ecKko20 CUHOPOMA 8 UCC/Ie0yeMblX 2pynnax 8bisA8UI0 Ciedyoujul
nops0oK Ux eCmpedyaemMocmu: Npesasupos8asno CHUxeHue nokazamens JiBI],
Oasee — ygesiudeHUe 3Ha4YeHUU OKpYXXHOCMU masuu, apmepuasnbHO20 0d8/1eHUs,
2JII0KO3bl U mpu2/iuyepudos, omcymcmaeosasna 3agucumMocms om SmHuUYeckou
npuHaonexxHocmu.

3aknoyenue. [Ipu oyeHke 803pACMHbIX 0emepMUHAHM Memabosiu4yecko2o
CUHOPOMA 8 CMeWaHHOU e8poneoudHo-a3uamckol epynne yesaecoobpasHo
UCNOoJ16308aMb YHUBEPCATbHBIE NOOX00bI C Y4EMOM MOYKU OMCceYeHuUs 803pacmad,
cocmasnaowel 34,5 200a. OnpedesnieHue 803pacmHbix Kpumepues 015 Npasu/ib-
HoU Knaccughukayuu nayueHmMoK 0mHocumesibHo NposgieHUl Memabosu4ecko20
CUHOPOMAa Heobxo00uUMOo 0J19 AHA/IU3d 8K1A0A 803pACMHO20 (hakmopa e peasiu-
3ayuro pasauyHsix npedukmopos MC, paspabomku npoeHocmuyeckux mooeseli
U hpumMeHeHUs 3¢hgheKmuBHbIX 803pacm-0emepmMUHUPOBAHHbIX MAPKepos8 Mema-
6os1udecKux HapyweHud.

Kniouesble cnoea: memabosiudeckuli CUHOPOM, 803pACM, NOPO20BbIE 3HAYEHUS,
JKeHWUHbI, SMHUKA

Ona untuposaHuaA: beneHokan J1.B., CytypuHa J1.B., JapeHckaa M.A., AtanaH A.B, Jlaza-
pesa JI1.M., Hapensesa A.I., babaesa H./., Lonoxos J1.0., KonecHukosa J1./. Bo3pacTHble
AeTepMUHAHTbI MeTaboNIMYeCcKoro CMHAPOMA Y XeHLUMH pernpoayKT1BHOro Bo3pacTa
OCHOBHbIX 3THUYecKux rpynn Mpubalikanbs. Acta biomedica scientifica. 2023; 8(4): 39-48.
doi: 10.29413/ABS.2023-8.4.5
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INTRODUCTION

Metabolic syndrome (MS) is characterized by high
prevalence and is a combination of various clinical
and metabolic factors, including arterial hypertension,
dyslipidemia, abdominal obesity, hyperglycemia, often
associated with proinflammatory and prothrombotic con-
ditions, as well as insulin resistance [1, 2]. These factors
are due to the complexinteraction of the age component,
the genetic component, a sedentary lifestyle, and exces-
sive calorie intake [3]. The development of MS contrib-
utes to a decrease in the quality of life, and is also a pre-
dictor of the growth of type 2 diabetes mellitus, cardio-
vascular diseases, an increase in the proportion of disabil-
ity and mortality of patients [4]. The multiplicity of symp-
toms requires an integrated approach to the problem
of MS, based both on drug exposure and on the pre-
vention of the development of this pathology, aimed
at timely management of risk factors and lifestyle mod-
ification [5].

Understanding the epidemiology of MS is crucial
for the treatment of this endocrine disorder. The prev-
alence of MS varies from 10 % to 84 % worldwide
and depends on the applied diagnostic criteria, socio-
demographic characteristics of the surveyed popula-
tion, taking into account gender, age, ethnicity, region
of residence, etc. [6]. Thus, MS is often found in Euro-
peans, this pathology is much less common in South-
east Asian countries, while the dynamics of the prev-
alence of MS in this region is comparable with West-
ern countries [4]. It is known that in the early repro-
ductive period, the incidence of MS is slightly higher
among men, and in older age, the female population
with MS dominates [7].

In Russians, MS is detected in 33 % of cases aged
25-64 years, and their proportion increases with age
and has regional and ethnic characteristics [5, 8].
It is known that representatives of the Buryat ethnic
group are less susceptible to disorders of lipid and car-
bohydrate metabolism [9-11].

MS can have particularly important consequenc-
es for women’s health, since it is considered as a risk
factor for ovarian menstrual cycle disorders, polycys-
tic ovary syndrome, infertility, endometrial hyper-
plasia, oncological processes and other pathological
conditions [12, 13]. So far, there have been no studies
on the development of metabolic syndrome in the re-
productive age in the female population, taking
into account ethnic characteristics, in the territory
of the Baikal region.

One of the important issues in understanding
the pathogenesis of MS is the age threshold for man-
ifestations of metabolic changes [13, 14], since,
in the clinical aspect, timely exposure to polymetabol-
ic disorders is reversible and has a favorable prognosis
[15]. Thus, it seems relevant to determine the thresh-
old values of the age of MS manifestation in women
of fertile age [16].
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THE AIM OF THE STUDY

To determine the age limit of the initial manifesta-
tions of the metabolic syndrome in women of reproduc-
tive age of the Caucasian and Asian ethnic groups.

MATERIALS AND METHODS

Women of reproductive age (18-44 years old)
(n=1231) who were subject to annual preventive exami-
nation at their place of work and lived in the Irkutsk region
and the Republic of Buryatia were examined. Inclusion cri-
teria: availability of signed informed consent; willingness
of the participant to comply with all research procedures;
accessibility throughout the duration of the study; repro-
ductive age - 18-44 years inclusive.

Non-inclusion/exclusion criteria: current pregnan-
cy or lactation; ablation of the uterus and/or appendages
on both sides; endometrial ablation and/or uterine artery
embolization; factors that increase the risk to the subject
or prevent the participant from fully fulfilling the conditions
of the study or not allowing the completion of the study;
unwillingness to participate or difficulties in understand-
ing informed consent or goals and requirements research;
taking insulin sensitizers for 3 months.

An anthropometric examination was performed
(measurement of height, weight, waist circumference)
[17]. Waist circumference (WC) was measured with a cen-
timeter tape with an accuracy of 0.5 cm in the stand-
ing position, at the end of exhalation. The location
of the tape was strictly horizontal at the level of the crista
iliaca. Blood pressure (BP) was measured in the patient’s
sitting position, after a 5-minute rest, with an Omron au-
tomatic tonometer on the right shoulder of the subject.

Blood samples were taken from the ulnar vein in fast-
ing state, after 12 hours of fasting. Blood serum was ob-
tained by low-speed centrifugation.

Laboratory methods included the determination of se-
rum lipid spectrum, high-density lipoprotein (HDL), cho-
lesterol (CS), triglyceride (TG) and glucose levels. TG, HDL
and glucose levels were determined using BioSystems di-
agnostic kits spectrophotometrically on a VTS-350 analyzer
(BioSystems, Spain). Standardization and quality control of
analyses were carried out in accordance with the require-
ments of the Federal System for External Quality Assess-
ment of Clinical Laboratory Studies.

MS was determined according to the criteria
of NCEP ATP Ill (The National Cholesterol Education
Program’s Adult Treatment Panel Ill), adopted in 2004
with changes in approaches to assessing fasting gly-
cemia and waist circumference proposed by the In-
ternational Diabetes Federation (IDF, International Di-
abetes Federation) in 2005. To diagnose metabolic
syndrome, any three of the five criteria must be pre-
sent: triglycerides > 1.7 mmol/L; HDL < 1.3 mmol/L;
glucose = 5.6 mmol/L; blood pressure = 130 mmHg
or = 85 mmHg; FROM = 80 cm in women [3].



The implementation of data collection and storage
methods was carried out using the REDcap information
system.

The calculation of the sample size was performed us-
ing the interactive software PS: Power and Sample Size Cal-
culation version 3.1.2.

Statistical methods included descriptive statistics,
statistical hypothesis testing using the following criteria:
t-test, Mann - Whitney U-test, Fisher’s exact test, Pearson’s
X2 test, Z-test, criterion of statistical significance of the dif-
ference in td fractions. The level of statistical significance
is p < 0.05.

In addition, to determine the threshold values
of the age associated with the presence/absence of MS,
ROC analysis was used with the calculation of the area un-
der curve (AUCQ).

The implementation of statistical methods is carried
out using the programming languages R 4.2.1 (R-studio;
pROC library) and Python 3 (PyCharm; Pandas, Scipy li-
braries).

All studies were conducted in accordance
with the World Medical Association Declaration of Helsin-
ki (1964, as amended in 2013). The study was approved by
the Committee on Biomedical Ethics at the Scientific Cen-
tre for Family Health and Human Reproduction Problems
(extract from the minutes of the meeting No. 2.1 dated
February 24, 2016).

This work was carried out within the framework
of the state task «Pathophysiological mechanisms and ge-
netic and metabolic predictors of maintaining reproduc-
tive health and longevity in various age, gender and ethnic
groups» (FGMZ-2021-0002; state no. registration in the Uni-
fied State Register of Medical Sciences 121022500180-6)
using the equipment of the Center for the Development
of progressive personalized Health Technologies of the Sci-
entific Centre for Family Health and Human Reproduction
Problems (Irkutsk).

STUDY RESULTS

During the examination of 1,231 women of reproduc-
tive age, metabolic syndrome was detected in 297 (24.12 %)
of them. The frequency of MS detection among participants
of Caucasian ethnicity was 24.42 %, among Asian women -
23.4 % (p, = 0.37). The average age of women with meta-
bolic syndrome was 36.78 + 5.7 vs. 33.59 + 6.39 in women
without MS.

The main characteristics of women of reproductive age
of Caucasian and Asian ethnicity, depending on the pres-
ence and absence of metabolic syndrome, are presented
in Table 1.

As can be seen in Table 1, in the subgroups with MS,
both among women of Caucasian ethnicity and Asian
women, the levels of TG, glucose, blood pressure
and waist circumference are naturally higher with a de-
crease in HDL. When assessing the hierarchy of repre-
sentation of various components, Caucasians with MS
were more likely to have reduced HDL values (in 95.75 %
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(203/212)), an increase in WC (in 89.15 % (189/212)), SBP
(in 68.87 % (146/212)), DBP (in 62.74 % (133/212)), glu-
cose (in 40.09 % (85/212)) and TG (in 16.98 % (363/212))
than in the group without MS. A similar pattern was ob-
served in the group of Asian women with MS: a high inci-
dence of women with low HDL levels (in 95.29 % (84/85)),
an increase in WC (in 91.76 % (78/85)), SBP (in 65.88 %
(56/85)), DBP (in 58.82 % (50/85)), glucose was revealed
(in 28.24 % (24/85)) and TG (in 15.29 % (13/85)) in compari-
son with the group without MS. Ethnic differences were re-
corded only in relation to the TG index, the frequency
of increase of which was more often found in the group
of Caucasians compared with Asians.

It was noted that regardless of ethnicity, the average age
of women with MS was higher compared to the group with-
out MS. Due to the importance of the age factor in the man-
ifestation of MS, it was interesting to identify cut-off points
in the population of women in the Baikal region, taking into
account the ethnic factor.

At the first stage, we determined the universal
value of the age associated with the manifestation of MS
in the combined Caucasian-Asian population of women
of reproductive age — 34.5 years (95% confidence interval
(95% Cl): 32.5; 38.5) (Fig. 1).
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FIG. 1.
Threshold value ("cut-off") of age associated with the presence/ab-
sence of metabolic syndrome in the general population of women
in the Baikal region

When analyzing the frequency of MS and its individ-
ual manifestations, taking into account the established
age cut-off point, it was demonstrated that in the group
of women aged > 34.5 years, the frequency of MSis 17.3 %
higher than in younger women (32.3 % vs. 14.9 %;
p,=0.0001).



TABLE 1

CHARACTERISTICS OF WOMEN OF REPRODUCTIVE AGE OF CAUCASIAN AND ASIAN ETHNICITY WITH AND WITHOUT
METABOLIC SYNDROME

Parameters

WC, cm

Glucose, mmol/L

HDL, mmol/L

TG, mmol/L

SBP, mmHg

DBP, mmHg

WC >80cm

Glucose > 5.6 mmol/L

HDL < 1.3 mmol/L

TG = 1.7 mmol/L

SBP > 130 mmHg

DBP = 85 mmHg.

Caucasians (N = 868)

MS+ (N=212)
1a

91.38 +£12.08
90.00
(83.00; 100.00)

5.34+0.88
534
(4.74; 5.85)

0.95+0.21
0.94
(0.84; 1.06)

1.18 £0.49
1.05
(0.84; 1.52)

135.35+13.45
133.00
(128.00; 141.00)

86.92 +9.00
87.00
(81.00; 91.00)

189/212 (89.15 %)

85/212 (40.09 %)

203/212 (95.75 %)

36/212 (16.98 %)

146/212 (68.87 %)

133/212(62.74 %)

MS- (N = 656)
1b

Asians (N =363)

MS+ (N = 85)
2a

M + Std
Me (25; 75)

7344 £9.82
73.00
(66.00; 78.00)

484 +0.74
4.81
(4.30;5.32)

1.15+0.31
1.10
(0.93; 1.34)

0.90+0.35
0.88
(0.65; 1.13)

119.04 +11.32
119.00
(112.00; 125.00)

76.14 £ 8.60
76.00
(70.00; 81.00)

n/N (%)

125/651 (19.20 %)

87/644 (12.51 %)

455/644 (70.65 %)

11/644 (1.71 %)

90/656 (13.72 %)

95/656 (14.48 %)

90.11 £ 10.91
87.00
(83.00; 95.00)

5.09+1.07
4.85
(4.40; 5.69)

1.01+£0.18
1.02
(0.88; 1.14)

1.17+£0.41
1.10
(0.92; 1.36)

135.67 +£14.48
134.00

(126.00; 143.00)

87.32+11.48
87.00
(80.00; 92.00)

78/85 (91.76 %)

24/85 (28.24 %)

81/85 (95.29 %)

13/85 (15.29 %)

56/85 (65.88 %)

50/85 (58.82 %)

MS- (N = 278)
2b

74.70 £ 10.05
73.00
(67.00; 80.00)

462 +0.57
4.56
(4.18; 5.06)

1.21+£0.26
1.19
(1.02; 1.36)

093+0.33
0.91
(0.70; 1.16)

117.65+10.85
117.00
(110.00; 124.00)

7642 +8.13
76.00
(71.00; 81.00)

72/276 (26.09 %)

16/272 (5.88 %)

174/272 (63.97 %)

4/272 (1.47 %)

31/278 (11.15 %)

38/278 (13.67 %)

P,,qp <0001
Py, o < 0.0013
P, = 02843
Py p = 0.051

Py,_1p < 0.0013
P,. 5 <0.0013
Py, 5, =0.0043
Py < 0.0013

Py,1p < 0.0013
P, o <0.0013
Py, 5, =0.0093
Py < 0.0013

Py,1p < 0.0013
P,. 5 <0.0013
Py, 5, = 0.6473
Py = 0.1603

Piatp < 0.0013
Py o < 0.0013
P, .= 09583
Py op = 0.0553

Piatp < 0.0013
Py o < 0.0013
D, .= 09433
Py o = 0.5953

Piatp < 0.0012
Py o < 0.0012
Py .= 0.670"
Pypop = 0.0192

Piatp < 0.0012
Py o < 0.0012
Py 5. =0.0552
Py on = 0.0012

Py, 1 <0.0012
P, 5 <0.0012

1o 9y =0.538'
Py = 0.0462

Py, 1y < 0.0012
P, 5y < 0.0012

1o 90 < 0.0012
Py = 0.9792

Py, 1y < 0.0012
P, 5 <0.0012

Py, 4 < 0.0012
P, 5y < 0.0012

1o ga = 0.5312
Py = 0.7452

Note. MS+—presence of metabolic syndrome; MS—— absence of metabolic syndrome; SBP — systolic blood pressure; DBP — diastolic blood pressure; p! — Fisher's exact test; p? — Pearson’s x 2 test; p> — Mann — Whitney U-test
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The most significant increase is the frequency of MS
components in the older age group: it was registered to in-
crease by 24.17 % (49.3 % vs. 25.1 %; p,= 0.0001), SBP -
by 21 % (36.1 % vs. 15.1 %; p, = 0.0001), DBP - by 15.3 %
(32.9% vs. 17.5 %; p, = 0.0001).

The rates of HDL decrease and glucose increase
did not differ statistically significantly in the age groups.
At the same time, some statistically significant increase
in the proportion of women with increased TG was re-
vealed - 5.8 % versus 4.6 % (p, = 0.00003) - in the older
age group.

As a result of the analysis of ROC curves for repre-
sentatives of the Caucasian race, the cut-off point for age
was 33.5 years (95% Cl: 32.5; 38.5) (Fig. 2), for Asian wom-
en - 36.5 years (95% Cl: 27.5; 52.5) (Fig. 3).
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FIG. 2.
Threshold value ("cut-off") of age associated with the presence/ab-
sence of metabolic syndrome in Caucasoid women of the Baikal re-
gion

The threshold values («cut-offs») were compared us-
ing the 95% Cl intersection estimation technique, while
the absence of statistically significant differences in age
cut-off points in the group of Caucasians and Asians was
shown.

As can be seen from table 2, the use of ethnically
determined criteria for determining age cut-off points
is not accompanied by significant changes in the fre-
quency of detection of MS and its individual components
in older and younger women. The above confirms the ex-
pediency of applying a universal age criterion associat-
ed with the manifestation of MS in women of reproduc-
tive age.
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FIG. 3.
Threshold value ("cut-off”) of age associated with the presence/ab-
sence of metabolic syndrome in Asian women of the Baikal region

DISCUSSION

Currently, MS has acquired the status of one of the most
significant public health problems [9-11]. In patients
with metabolic syndrome, compared with those without
it, the probability of the onset of cardiovascular diseases
over the next 5-10 years is 2 times higher, and through-
out life it is many times higher. Moreover, MS is associat-
ed with a significant, namely a 5-fold increase in the risk
of diabetes mellitus [18], although the syndrome itself
does not include many factors reflecting the absolute risk,
such as age, gender, smoking and the level of low-density
lipoprotein cholesterol.

In Russia, few epidemiological studies have been con-
ducted in various ethnic groups to study the prevalence
of risk factors for cardiovascular diseases, as well as MS
and its components. The results indicate some specifici-
ty of MS manifestations in women of Caucasian and Asian
ethnicity.

Thus, in a study on the prevalence of arterial hyper-
tension (AH) in different ethnic groups (Buryats, Russians)
conducted by Z.H. Malakshinova in Ulan-Ude [19], Buryats
registered hypertension more often than Russians, mainly
due to DBP. Levels of cholesterol, LDL cholesterol and TG
increased in both groups, and statistically significant eth-
nic differences in cholesterol levels were revealed only
in the 30-39 age group.

In the Kemerovo simultaneous epidemiological
study (Gornaya Shoriya) conducted in 1999 and includ-
ed 550 Shorians and 665 non-Shorians over the age
of 18, a higher incidence of MS was detected in women
of the alien population (ethnic group — Russians), whereas



TABLE 2

COMPARATIVE ANALYSIS OF THE FREQUENCY OF METABOLIC SYNDROME AND ITS CHARACTERISTICS IN WOMEN
OF CAUCASIAN AND ASIAN ETHNICITY IN AGE GROUPS DEFINED USING UNIVERSAL AND ETHNICALLY DETERMINED

THRESHOLD VALUES OF THE AGE

Parameters

WC =80 cm

HDL decrease
< 1.3 mmol/L

Glucose
> 5.6 mmol/L

TG > 1.7 mmol/L

SBP = 130 mmHg

DBP > 85 mmHg.

Presence of MS

Parameters

WC >80 cm

HDL decrease
< 1.3 mmol/L

Glucose
> 5.6 mmol/L

TG > 1.7 mmol/L

SBP = 130 mmHg

DBP > 85 mmHg.

Presence of MS

Caucasians (N = 868)

< 34.5 years
(1a) (2a)
(N =420) (N =448)
n/N (%)

98/417 216/446
(23.50 %) (48.43 %)
321/418 337/438
(76.79 %) (76.94 %)

78/418 94/438
(18.66 %) (21.46 %)

19/418 28/438
(4.55 %) (6.39 %)

67/420 169/448
(15.95 %) (37.72 %)

77/420 151/448
(18.33 %) (33.71 %)

59/420 153/448
(14.05 %) (34.15 %)

Asians (N = 363)

< 34.5 years
(1a) (2a)
(N=161) (N=202)
n/N (%)

47/160 103/201
(29.38 %) (51.24 %)
105/158 150/199
(66.46 %) (75.38 %)
20/158 20/199
(12.66 %) (10.05 %)

8/158 9/199
(5.06 %) (4.52 %)
21/161 66/202
(13.04 %) (32.67 %)
25/161 63/202
(15.53 %) (31.19 %)
28/161 57/202
(17.39 %) (28.22 %)

(%)

24.93

0.15

2.80

1.85

21.77

15.37

20.10

(%)

21.87

8.92

261

0.54

19.63

15.66

10.83

Caucasians (N = 868)

>34.5years Difference < 33.5years
2a-1a

(1b) (2b)
(N =376) (N =492)
n/N (%)

80/374 234/489
(21.39 %)* (47.85 %)
288/374 370/482
(77.01 %) (76.76 %)
68/374 104/482
(18.18 %) (21.58 %)
17/374 30/482
(4.55 %) (6.22 %)
59/376 177/492
(15.69 %)* (35.98 %)
67/376 161/492
(17.82 %*) (32.72 %)
48/376 164/492
(12.77 %)* (33.33 %)

Asians (N = 363)

> 34.5years Difference < 33.5years
2a-1a

(1b) (2b)
(N =204) (N=159)
n/N (%)

65/202 85/159
(32.18 %) (53.46 %)
136/200 119/157
(68.00 %) (75.80 %)
23/200 17/157
(11.50 %) (10.83 %)
10/200 7/157
(5.00 %) (4.46 %)
32/204 55/159
(15.69 %) (34.59 %)
33/204 55/159
(16.18 %) (34.59 %)
35/204 50/159
(17.16 %) (31.45 %)

45

>33.5years Difference
2b-1b

(%)

26.46

0.24

3.39

1.68

20.28

14.90

20.57

>33.5years Difference
2b-1b

(%)

21.28

7.80

0.67

0.54

18.90

18.41

14.29

0.48

0.94

0.86

1.0

0.92

0.85

0.60

0.57

0.76

0.74

0.98

0.48

0.87

0.95

Comparison Comparison
1a-1b (p,)

2a-2b (p,)

0.86

0.95

0.97

0.92

0.58

0.75

0.79

Comparison Comparison
1a-1b (p,)

2a-2b (p,)

0.68

0.93

0.81

0.98

0.70

0.49

0.50



the frequency and severity of hypertension was more pro-
nounced in Shorians [20].

A study on the characteristics of MS was also conducted
among the indigenous small-numbered peoples of the Re-
public of Sakha (Yakutia) (96 Dolgans and 90 Evenks)
of working age, from 30 to 59 years old. The association
of arterial hypertension with MS was more pronounced
in women compared to men.

According to our data, the frequency of MS and the hi-
erarchy of its manifestations do not depend on ethnici-
ty, however, ethnospecific differences in triglyceride lev-
els were revealed.

This fact is linked to a generally accepted understand-
ing of the nature of dyslipidemia. According to a number
of studies, hypertriglyceridemia is often caused by an ali-
mentary factor, and the European type of diet contributes
to an excessive intake of fatty and carbohydrate-containing
foods, which in turn has a high association with the develop-
ment of coronary heart disease, nonfatal myocardial infarc-
tion, even after eliminating other risk factors. At the same
time, it is believed that in certain cases hypertriglyceridem-
ia does not affect atherosclerotic manifestations in the walls
of blood vessels, and it depends on which of the five types
of lipoproteins they are packed into.

It is known that the incidence of MS is associated
with the age of the patient. As the total life expectancy
of people increases, the number of MS patients increas-
es; this fact determines the social significance of the prob-
lem[11, 21].

According to the results of our study, the average
age in the group with MS was statistically significant-
ly higher than in women without MS. When determin-
ing the threshold value of the age associated with a high-
er probability of MS, we determined that in the combined
Caucasian-Asian population of women of the age category
from 34.5 years, the number of women with various man-
ifestations of metabolic syndrome increases significantly.

At the same time, an attempt to determine ethnically
differentiated threshold values of the age revealed the lack
of advantages of using this approach.

CONCLUSION

As a result of the study, it was found that when assess-
ing the age determinants of MS in a mixed Caucasoid-Asian
population, it is advisable to use universal approaches tak-
ing into account the age cut-off point of 34.5 years. The de-
termination of age criteria for the correct classification
of patients with respect to the manifestations of the met-
abolic syndrome is necessary to analyze the contribution
of the age factor to the implementation of various meta-
bolic syndrome predictors, to develop prognostic mod-
els, and effective age-determined markers of metabolic
disorders.
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ABSTRACT

Background. Studying the problem of alcohol consumption by pregnant women
using modern laboratory research methods has valuable theoretical and practical
significance.

The aim of the study. To determine the characteristics of the pregnancy course
in women consuming alcohol in the prenatal period confirmed by survey and labo-
ratory tests, depending on the phosphatidylethanol levels.

Materials and methods. We examined 863 women under observation at the Irkutsk
Regional Perinatal Center for the period from 2014 to 2021 To confirm the fact of al-
cohol consumption in the prenatal period, 545 women were surveyed, 318 women
were examined using laboratory analysis. The diagnostic biomarker for alcohol
was PEth:16:0/18:1. To assign pregnant women to the control group, a PEth con-
centration of < 8 ng/ml was taken. If the PEth concentration was> 8 ng/ml, preg-
nant women were classified as heavy drinkers. Clinical and laboratory indicators
of the course of pregnancy and childbirth were carried out in comparative groups.
Results. It has been established that every second woman of reproductive age
took alcohol before pregnancy. 24.2 % of women did not stop consuming alcohol
in the prenatal period. At the same time, the risk of congenital malformations
was high, since 20.4 % of women consumed alcohol in the first trimester of pregnancy.
Based on the results of the survey, it was revealed that in women who consumed
alcohol in the prenatal period, the following pathological conditions are statistically
significantly more common: anemia, congenital heart defects in fetuses, prematu-
rity of gestational age, labor anomalies, uterus subinvolution. Based on the results
of laboratory confirmation of alcohol consumption, it was established that parity
of birth, intrauterine growth retardation, and premature birth were statistically
significantly more often in pregnant women who drink.

Conclusion. Thus, in order to obtain the most meaningful and high-quality results,
it is necessary to conduct larger studies. In addition, maternal blood biomarkers
should be used to confirm levels of alcohol consumption throughout all trimesters
of pregnancy.

Key words: alcohol, pregnancy, phosphatidylethanol (PEth), fetus
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PE3IOME

O6ocHosaHue. V3ydeHue npobiiembl ynompebrieHue ankozoss bepemMeHHbIMU
nocpedcmeom co8pemMeHHbIX 1abopamopHbIX Memooos8 UCC/1e008aHUSA HeCém
8 cebe YeHHOe meopemudeckoe U npakmuyeckoe 3Ha4yeHue.

Lenob uccnedoeaHnus. OnpedesneHue ocobeHHocmeli meyeHUs bepeMeHHOCMU
Y XKEeHWUH, NPUHUMAtUUX a/IK020/1bHble HANUMKU 8 NPeHamasbHOM nepuode,
noomeepx0éHHOe MemoOoM onpoca u1abopamopHO, 8 3a8UCUMOCMU OM yposHel
¢occhamuodunsmanona.

Mamepuanelumemoosbl. O6¢1e008aHO 863 eHWUHbI, HaX00AuUecs o0 HabJlo-
OeHuem 8 O61aCMHOM nepuHamManbHOM yeHmpe 2. ipkymcka 3a nepuod ¢ 2014
no2021 2. /[ina nodmeepxoeHus pakma ynompebsieHUs asK020/15 8 NPeHAMAabHOM
nepuode Memo0dom onpoca 06¢1e008aHbl 545 xeHUWUH, Memoodom 1abopamopHo
noomeepx0éHHo20 aHanu3a — 318. [JuazHocmudyeckum 6GUOMAPKepOM AsIK020/15
6b1s1 PEth:16:0/18:1. [Jns omHeceHus 6epeMeHHbIX 8 2pynny KOHMPOAM bblid 83ama
KoHyeHmpayusa PEth < 8 Ha/mn. B cnyyae 3HaqeHus PEth > 8 Ha/mn 6epemeHHble
6bl/1U OMHeceHbl K 2pynne NbIoWUX XeHWUH. KuHUKo-nabopamopHsle nokasame-
Jlu meyeHus 6epemMeHHOCMU U po008 NPOBOOUSIAC 8 CPABHUME TbHbIX 2PYNNAX.
Pe3synemamel. YcmaHo8/1eHo, Ymo Kaxoads 8mopads XeHWUHA penpodykmus-
HO020 803pacma NpUHUMAsd asakKozosb 00 bepeMeHHocMU. 24,2 % He npekpawanu
nompebs1smeb asnKo20/1bHbIE HANUMKU 8 NpeHamasabHoM nepuooe. [[pu 3mom puck
803HUKHOBEHUA 8POXOEHHbIX NOPOKOB pa38UMuUs Oblj1 8bICOKUM, MAK KAK 8 Nep8OM
mpumecmpe 6epemeHHocmu 20,4 % XeHWUH ynompebisaiu cnupmHele HanUMKU.
Mo pe3ynbmamam aHKemupoB8aHuUs 8bIIBIEHO, YMO Y XeHWUH, ynompebuswiux
aJsIko20J16 8 NPEHAMAsIbHOM Nepuode, cCMamucmuYecku 3Ha4uMo Yauje cmpeyd-
romcs cnedyowjue namoJsioeudeckue COCMosAHUA: aHeMus, 8POXO0EHHbIe NOPOKU
cepoyay nso008, HEOOHOWEHHOCMb 2eCMAYUOHHO20 803pdcma, HOMAsuU pooo-
8ol OessmesibHOCMU, CybUHBoIIoyUA Mamku. [1o pe3ysismamam 1a6opamopHo20
noomeepx0eHus ynompeb ieHus asKo20/15 yCMAaHo81eHo, Ymo hapumem podos,
3a0epxxka 8Hympuympo6Ho20 pazsumus n00a, npexxoespemeHHble podbl CMa-
mucmuyecKu 3Ha4UMO Yauje onpeodesiaIuCh y Nbrowux 6epeMeHHbIX.
3aknmoyeHue. Takum ob6pa3om, C yesbio NosydeHUs Haubosee cooepxamesibHoz20
U KadecmeeHHo20 pe3ysiemama Heobxo0umo nposecmu 6osiee MacuimabHeie
uccnedosaHus. Kpome moeo, 0518 noomeepxoeHus yposHa nompebsieHuUs asiko-
20718 HA NPOMSAXeHUU 8cex mMpumecmpos bepeMeHHOCMU ciedyem npuMeHUMeo
buomapkepbl MaMepuHCKoOU Kposu.

Knroyeswble cnoea: ankozosv, bepemeHHOCMb, hocchamudunsmaron (PEth), nnod

Ana yutnpoBaHmna: MapsaHaH A.lO., KanbkoBa A.H., Pawmnpgosa M.A., CeméHoBa H.B.,
benbckunx A.B., benaesa E.B., Cambanosa A.l0., Atanan A.B., TiomeHuesa .M., UnbuHa A.B.,
KonecHwnkoBa J1./. OueHKa TeyeHnA reCTaLMOHHOIo NPoLecca y XeHLLUMH METOAOM Onpoca
1 B 3aBUCUMOCTU OT S1abopaTopHO NoATBepXAEHHOrO daKTa ynoTpebneHnsa ankorons
B NpeHaTasibHOM nepuoge (Kpocc-cekLMoHHoe nccnefoBaHmne). Acta biomedica scientifica.
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INTRODUCTION

All over the world, including Russia, one of the ancient
destructive habits in world history is excessive alcohol abuse
and related consequences [1].

Throughout the nine months of pregnancy, every
woman should know that alcohol is toxic to the growing
fetus. An expectant mother who resorts to drinking alco-
hol in anticipation of the birth of a child does not even
imagine how easily ethanol enters directly to the fe-
tus, through the entire circulatory system. According
to the results of numerous studies, most women contin-
ue to drink alcohol during the first month of pregnancy,
not knowing that they are pregnant. It should be noted
thatitisin the first trimester of pregnancy that there are crit-
ical periods of development, during which a continuous
epithelial cover of the villi is formed - the future placen-
tal barrier, which at this stage does not protect the em-
bryo from any external influences [2-5]. At the same
time, there is a high risk of complications of pregnan-
cy and the birth of children with fetal alcohol spec-
trum disorders (FASD). This condition includes disorders
that will affect children’s health for life and are character-
ized by a combination of congenital physical and men-
tal defects [6-8]. The diagnosis of FASD requires accurate
knowledge of the amount and frequency of alcohol con-
sumed. For this purpose, a survey of women is conduct-
ed using various questionnaires [9-11]: T-ACE, TWEAK,
AUDIT. The information obtained through the survey
is prone to subjectivism, and a person can often indi-
cate deliberately false data. Consequently, biomarkers
such as phosphatidylethanol are used to obtain an ob-
jective picture of a woman’s alcohol consumption [12],
the definition of which allows us to establish both the fact
and the amount of alcohol consumed.

Based on the results of numerous studies and as prac-
tice demonstrates, after the fact of pregnancy is estab-
lished, the percentage of women who drink alcohol de-
creases, but does not reach the required level. Accord-
ing to T.N. Balashova et al. [13], after pregnancy diagno-
sis, about 20 % of women report continued alcohol con-
sumption, which leads to adverse pregnancy outcomes.
It has been shown that there is no safe dose of alcohol dur-
ing pregnancy. The pathophysiological effects of both mod-
erate and low doses of alcohol on the gestational process
and the fetus have been proven [14-19].

In order to determine the level of alcohol consump-
tion during pregnancy for the purpose of earlier diagno-
sis and treatment of fetal lesions, as well as prevention,
in addition to existing questionnaires, it is also necessary
to pay attention to the study of maternal blood mark-
ers. As is known, there are direct and indirect groups
of blood biomarkers, which are determined by the lab-
oratory method.

In practice, direct markers of alcohol consumption
are practically not used today, since the period of their con-
tent in biological fluids varies from 8-12 hours to no more
than 7 days, and itis also impossible to differentiate a single
alcohol intake from chronic alcoholism. Direct markers in-
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clude ethyl esters of fatty acids, ethylglucuronide, and ethyl
sulfate. On the contrary, the group of indirect biomarkers,
such as aspartate aminotransferases, alanine aminotrans-
ferases, and gamma-glutamyltransferases, can vary quite
widely [20, 21].

To date, there are many studies devoted to the study
of another direct biomarker of ethanol, phosphatidyleth-
anol (PEth), in order to obtain an objective picture of al-
cohol consumption. Due to the long elimination half-life
of alcohol, it accumulates in the blood. In this case, it be-
comes possible to detect it within 28 days after the last al-
cohol intake [21].

Thus, as a result of the analysis of domestic and for-
eign literature, it was found that the problem of alcohol
consumption by women in the prenatal period is rele-
vant and promising. Therefore, the study of this problem
and the conduct of research through modern laboratory
research methods will be of great theoretical and practi-
cal importance.

In this regard, the aim of our study was to determine
the characteristics of the course of the gestational process
in women who consumed alcoholic beverages in the prena-
tal period, confirmed by a survey and laboratory, depend-
ing on the levels of phosphatidylethanol.

MATERIALS AND METHODS

A total of 863 women who were under observation
at the Irkutsk Regional Perinatal Center for the period
from 2014 to 2021 were interviewed.

For the purpose of a more convenient perception,
the groups in which the survey was conducted are indi-
cated by Arabic numerals (1st and 2nd), and the groups
with laboratory confirmation of blood alcohol are indicat-
ed by Roman numerals (I and II).

545 women were examined by the survey method,
using validated questionnaires, to identify the fact of alco-
hol consumption in the prenatal period.

Group 1 (n = 261) included women who had never
consumed alcoholic beverages during pregnancy (con-
trol group).

The 2nd group (n = 284) included women who con-
sumed alcoholic beverages in the prenatal period.

The average age of pregnant women in group 1 was
29.64 + 5.9 years, and group 2 was 28.75 + 6.1 years. No sta-
tistically significant differences were found when compar-
ing the age indicators (p > 0.05).

To determine the PEth biomarker in the blood, that is,
for laboratory confirmation of alcohol consumption, only
318 women were examined. Out of 318 pregnant wom-
en, 194 women never consumed alcoholic beverages
throughout pregnancy (group | — control), 121 women
consumed alcoholic beverages in the prenatal period
(group 1l). Clinical and laboratory parameters of the ges-
tational process and childbirth were evaluated in com-
parative groups.

The main group includes women who meet the fol-
lowing criteria: alcohol consumption during gestation;



belonging to the European race; absence of severe so-
matic pathology; signing of informed consent; accessi-
bility throughout the duration of the study; current preg-
nancy; willingness of the participant to comply with all re-
search procedures.

The control group included women with the follow-
ing criteria: non-use of alcohol and nicotine during preg-
nancy; belonging to the European race; absence of severe
somatic pathology; willingness of the participant to com-
ply with all research procedures; signing informed con-
sent; current pregnancy; accessibility throughout the du-
ration of the study.

Excluded from the study were women who had se-
vere somatic pathology; exacerbation of chronic diseases;
presence of exacerbations of infectious diseases (bacterial
and viral); presence of sexually transmitted infections, in-
cluding HIV infection; woman'’s use of nicotine and narcot-
ic drugs; chronic alcohol dependence, as well as the stud-
ied women who changed their place residents and those
who refused further supervision.

In working with pregnant women, the ethical princi-
ples set forth in the World Medical Association Declaration
of Helsinki (1964; last revised in October 2013) were ob-
served. All pregnant women have received informed con-
sent to conduct the study. The conduct of this study was ap-
proved by the Ethics Committee of the Scientific Centre
for Family Health and Human Reproduction Problems (Pro-
tocol No. 2 dated March 4, 2021).

So, in the study groups, which were formed on the ba-
sis of the fact of alcohol consumption during pregnan-
cy, diagnosed by the survey method, questionnaires
(screening tools) [8-10] T-ACE, TWEAK, AUDIT were used.

90,25 %

71,7 %

28,3 %

9,75 %

Combinations PEth 18:1/18:1

of 2 or 3 markers

FIG. 1.

PEth 16:0/18:1

At the same time, the information is subject to subjectiv-
ity, since patients can often make deliberately false data.
As described above, biomarkers are used to obtain an ob-
jective picture.

In this regard, for laboratory confirmation of alcohol
consumption, the presence of such ethanol biomark-
ers in the blood of pregnant women as PEth:16:0/16:0,
PEth:16:0/18:1, PEth:18:1/18:1 was determined. Moreo-
ver, the presence of each of the three PEth and their com-
binations was determined separately in the blood (Fig. 1).

Blood sampling in pregnant women was performed
in fasting state from the ulnar vein at 38-40 weeks of ges-
tation. The determination of phosphatidylethanol bio-
markers was carried out on the basis of the Laboratory
of Personalized Medicine of the Scientific Centre for Fam-
ily Health and Human Reproduction Problems on a mass
spectrometer. The analytical complexis based on an ultra-
high-performance liquid chromatograph Shimadzu Nex-
era X2 (Kyoto, Japan) with an auto-injector and a pump-
ing unit for creating a gradient on the high-pressure side
and a tandem three-quadrupole mass-selective detec-
tor Shimadzu LCMS 060 (Kyoto, Japan) with a hybrid ion
source DUIS.

During the observation of the course of the gesta-
tional process and the development of the fetus, a gravi-
dogram was filled in, which indicated the initial body
weight, the height of the woman, an increase in the cir-
cumference of the abdomen and the height of the uter-
ine fundus. Blood pressure and basic biochemical
and hemodynamic parameters were determined in dy-
namics. According to the generally accepted stand-
ard, all pregnant women were examined by a therapist,
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PEth 16:0/16:0

Laboratory confirmed fact of alcohol consumption in the prenatal period
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neurologist and electrocardiography. The examination
of other narrow specialists was carried out only accord-
ing to indications.

According to the generally accepted standard,
ultrasound with measurement of uteroplacental and
fetal blood flow was used on Voluson E8 (GE Health-
care, USA), Philips 22, 11 (Philips, Netherlands) devi-
ces operating in real time to assess the fetal condi-
tion of the fetus. Using cardiotocography on Sonicaid
Team devices (Oxford Medical, UK), Advanced Fetal
Monitoring System BFM-800 (BIONICS Co. Ltd., South
Korea), fetal cardiac activity in the antenatal period
was determined.

We also analyzed the available medical documenta-
tion (exchange cards and birth histories).

A frequency analysis was performed, comparing the
results of PEth:16:0/16:0, PEth:18:1/18:1 with a diagnos-
tic biomarker of alcohol consumption (PEth:16:0/18:1).
In the process of analyzing the literature and obtained
data, it was found that PEth:16:0/18:1 was the most in-
formative marker in comparison with PEth:16:0/16:0
and PEth:18:1/18:1 [22].

According to the literature [23], a limit of < 8 ng/ml
was taken for PEth:16:0/18:1 in order to classify pregnant
women into the control group (the group of non-drink-
ing women). The group of pregnant women who drink
alcoholic beverages, depending on the concentration
of PEth:16:0/18:1 (> 8 ng/ml), was divided into catego-
ries, and the dose of alcohol consumed was determined
(Table 1).

The statistical analysis of the obtained data was car-
ried out using the Statistica 10 statistical and application
software package (StatSoft Inc., USA; the license holder
is the Scientific Centre for Family Health and Human Re-
production Problems). Depending on the type of data
distribution, various statistical analysis algorithms
were used. Descriptive statistics were used to represent
quantitative data. In the statistical analysis of the data,
the differences in the compared indicators were con-
sidered significant at p < 0.05.

TABLE 1

THE RESULTS OF A STUDY OF WOMEN
BEFORE AND DURING PREGNANCY
BASED ON A SURVEY

According to the analysis of the data obtained, no sta-
tistically significant differences in family status, education,
and socio-demographic indicators were revealed (p > 0.05).
In both groups of pregnant women, extragenital patholo-
gy (kidney, liver, bronchial asthma, diabetes mellitus, in-
cluding gestational, thyroid diseases, heart defects, hyper-
tension, epilepsy, etc.) occurred with the same frequen-
cy (p > 0.05).

The study revealed that every second woman of re-
productive age consumed alcohol before pregnancy,
and 24.2 % of them continued to drink alcoholic beverag-
es during the present pregnancy (p < 0.05) (Fig. 2).

80 75,8 %

Before pregnancy

During pregnancy

®Women who consumed alcohol
m\Women who did not consume alcohol
FIG. 2.

Alcohol consumption before and during pregnancy based on a sur-
vey data: * - p < 0.05

GROUP OF PREGNANT WOMEN WHO HAD LABORATORY CONFIRMED BLOOD LEVELS OF PETH:16:0/18:1

PEth concentration:16:0/18:1

Number of pregnant women

Doses of alcohol consumed

in the blood of pregnant women, ng/ml (N=121)
8 < PEth:16:0/18:1 < 45 52 % (n=63) <1
45 < PEth:16:0/18:1 < 127 31 % (n=38) =1
PEth:16:0/18:1 = 127 17 % (n = 20) =1

Obstetrics and gynaecology



The data obtained show that of all women who con-
sumed alcohol during pregnancy, 20.4 % did not stop drink-
ing alcoholic beverages in the first trimester of pregnancy,
which leads to a high risk of congenital malformations, in-
cluding fetal alcohol syndrome and fetal alcohol spectrum
disorders. As a result of studying the qualitative character-
istics of alcohol consumption by women before and dur-
ing pregnancy, it was found that before pregnancy 35.5 %
of women consumed beer, 40.6 % - wine, 3.8 % - vodka.
In the prenatal period, 20.7 % of pregnant women pre-
ferred wine, 13.4 % beer, and 1.2 % vodka from alcohol-
ic beverages.

The results of the study show that almost every second
pregnant woman was diagnosed with anemia, but statis-
tically significantly more in the group of pregnant drink-
ers. So, in the control group, this indicator was 40.23 %,
and in the group of women who consumed alcoholic bev-
erages during pregnancy - 48.24 % (p < 0.05).

Of the congenital malformations in the fetus,
it was found that congenital heart disease (CHD) of the fe-
tus turned out to be significant. In the third trimester
of pregnancy, according to the results of screening ultra-
sound examination, the diagnosis of fetal CHD was diag-
nosed in 9.96 % of pregnant women of the 2nd group.
In the control group, this figure was 1.41 %. Thus, in fetus-
es of pregnant women who consumed alcoholic beverag-
es in the prenatal period, CHD was diagnosed more often
than in the control group (p < 0.05).

It was found that of the complications of labor, labor
anomalies (LA) (discoordinated contractions of the my-
ometrial muscle) They were statistically significantly

TABLE 2

more common (p < 0.05) in the group of women drink-
ers: in the group of non-drinkers, the frequency of LA was
3.07 %, in the group of drinkers - 6.34 %.

It was revealed that, according to the results of the
analysis of the indicators of complications of the postpar-
tum period, a statistically significant sign was uterine sub-
involution. In the control group, its frequency was 11.6 %,
and in the 2nd group - 19.54 % (p < 0.05).

It was determined that prematurity of gestation-
al age was noted in 4.78 % of newborns in the control
group and in 10.95 % of children born to drinking women
(p < 0.05). The influence of alcohol on the degree of matu-
rity and development of the fetus has been proven, as sta-
tistically significant differences were obtained when com-
paring the indicators of the 1st and 2nd groups.

THE RESULTS OF A STUDY OF WOMEN
DURING PREGNANCY

BASED ON LABORATORY-CONFIRMED
ALCOHOL CONSUMPTION

IN THE PRENATAL PERIOD

As a result of the analysis of the obstetric history, it was
revealed that the parity of childbirth (the presence of child-
birth in the anamnesis) it was statistically significantly more
common in pregnant drinkers (p < 0.05). There were no sta-
tistically significant differences in other indicators (p > 0.05)
(Table 2).

Table 3 shows the parameters characterizing the course
of areal pregnancy in the study groups. As shown in the ta-

OBSTETRIC HISTORY OF PREGNANT WOMEN WITH LABORATORY CONFIRMED ALCOHOL CONSUMPTION

IN THE PRENATAL PERIOD

The entire sample

Parameters (M £ SD) (N=318)

Delivery parity

Group | (control):

Group Il (comparison):

Outcome of previous pregnancies (M + SD)

The birth of a living child 1.21+1.30
The birth of a stillborn child 0.02+0.14
Spontaneous miscarriage 0.26 +£0.55
Medical abortion 0.51+1.08
Ectopic pregnancy 0.02+0.18

Note. *-p<0,05.
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PEth:16:0/18:1 < 8ng/ml PEth:16:0/18:1 > 8 ng/ml p
(N=194) (N=121)
283 +1.96 342+235 0.024*
1.14+1.27 1.34+1.35 0.175
0.01+0.12 0.02+0.16 0.890
0.22+0.53 0.34£0.58 0.141
0.42 £0.85 0.68 £1.37 0.196
0.01+0.14 0.03+£0.22 0.771



TABLE 3

CHARACTERISTICS OF THE PARAMETERS OF THE PRESENT PREGNANCY COURSE IN THE STUDY GROUPS

The total number
of women in the study
groups, n/N (%)

Parameters

Nausea, vomiting, early toxicosis

Anemia

Vaginal bleeding

UTS diseases

Increased BP

Feverort > 37.8 °C

Diabetes mellitus

Swelling of the lower extremities

Swelling of the upper extremities

173/315 (54.92)

177/315 (56.19)

32/315(10.16)

55/314(17.52)

43/315 (13.65)

40/314 (12.74)

52/315(16.51)

94/313 (30.03)

74/315 (23.49)

70/313 (22.36)

Candidiasis vaginitis

ble, in the studied groups, when comparing the indica-
tors of pregnancy (early toxicosis, anemia, vaginal bleed-
ing, diseases of the urinary track system (UTS), increased
blood pressure (BP), fever or t > 37.8 °C, diabetes melli-
tus, edema of the upper and lower extremities, candidia-
sis vaginitis). There were no statistically significant differ-
ences (p > 0.05).

When analyzing the state of fetal intrauterine develop-
ment, it was found that fetal intrauterine growth retardation
(IUGR) was statistically significantly more common in wom-
enwho drank compared with non-drinkers, which amount-
ed to 2.6 % and 0.6 %, respectively (p < 0.05).

Among the complications of labor, it was revealed
that preterm delivery was statistically significantly more
common in the group of women who consumed alcohol-
ic beverages in the prenatal period, which was confirmed
by laboratory method, compared with the control group -
8.0 % and 4.8 %, respectively (p < 0.05).

Summing up the results of this study, it can be con-
cluded that every second woman of reproductive age
took alcohol before pregnancy, and 24.2 % of them con-
tinued to drink alcoholic beverages during the present
pregnancy (p < 0.05). It was found that in the first trimes-
ter, 20.4 % of pregnant women consumed alcoholic bev-
erages, which increases the risk of congenital malforma-
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Group | (control):
PEth:16:0/18:1 < 8ng/ml
(n=194), n/N (%)

Group Il (comparison):
PEth:16:0/18:1 > 8 ng/ml p
(n=121), n/N (%)

107/194 (55.15) 66/121 (54.55) 0.447
116/194 (59.79) 61/121(50.41) 0.103
21/194(10.82) 11/121 (9.09) 0.642
34/193 (17.62) 21/121(17.36) 0.728
32/194 (16.49) 11/121 (9.09) 0.063
29/194 (14.95) 11/120(9.17) 0.234
30/194 (15.46) 22/121(18.18) 0.606
57/193 (29.53) 37/120(30.83) 0.912
42/194 (21.65) 32/121 (26.45) 0.347
39/193 (20.21) 31/120 (25.83) 0.245

tions, including fetal alcohol syndrome and fetal alcohol
spectrum disorders.

The results of the study obtained on the basis of the sur-
vey show that the following pathological conditions are sta-
tistically significantly more common in women who con-
sumed alcohol in the prenatal period: anemia, fetal CHD,
prematurity of gestational age, labor anomalies, uterine
subinvolution (p < 0.05).

In our study, the diagnostic biomarker of alcohol con-
sumption was PEth:16:0/18:1, which was determined
in 37.11 % of pregnant women. The results of the study,
based on laboratory confirmation of alcohol consumption,
indicate that the parity of childbirth (the presence of child-
birth in the anamnesis), fetal sound, premature birth, were
statistically significantly more often determined in pregnant
women with confirmed alcohol consumption in the prena-
tal period (p < 0.05).

ADVANTAGES AND LIMITATIONS
OF THE STUDY

The advantage of the study is that for the first time
in the Irkutsk region, a laboratory analysis method
was used, in particular, the determination of alcohol bio-



markers (PEth:16:0/16:0, PEth:18:1/18:1, PEth:16:0/18:1),
to confirm the fact of alcohol consumption in the prena-
tal period.

This study also had a number of limitations. First-
ly, the study was partially based on the results of the
survey, which reduces the diagnostic value of the data
obtained. As mentioned above, information obtained
in this way is subject to subjectivity. Based on this, bio-
markers (PEth) are used to obtain an objective picture,
which determine both the fact and the amount of alco-
hol consumed.

Secondly, for laboratory confirmation of alco-
hol, only a single blood sample was taken through-
out pregnancy - at 38-40 weeks of gestation, which
alsoreduces the diagnostic value of the data obtained.
Due to the long half-life of alcohol consumption, PEth
accumulates in the blood and can only be detected
within 28 days after the last intake. Therefore, itis nec-
essary that further studies be based on the determina-
tion of PEth at the screening time of the examination
of pregnant women (in each trimester and at the end
of pregnancy).

Despite the above, the conducted research has
great theoretical and practical significance and will al-
low the use of a laboratory method to confirm the fact
and amount of alcohol consumption in the practice
of doctors. This will help in determining one of the most
important risk factors (alcohol) during pregnancy and re-
duce the risk of complications of the gestational process
and fetal complications.

CONCLUSION

An analysis of domestic and foreign literature,
as well as the results of our study, show that the prob-
lem of alcohol consumption by women at reproduc-
tive age and during pregnancy is relevant and promis-
ing. There is a need for pregravid training, abstinence
from alcohol consumption by women. It is extremely im-
portant to conduct the most extensive studies using bi-
omarkers of maternal blood to determine the level of al-
cohol consumption during pregnancy throughout the
gestation period, which will allow us to obtain more in-
formative and high-quality results and further introduce
this method into the practical activities of doctors, in par-
ticular obstetricians and gynecologists. From the point
of view of the medical and social significance of the cur-
rent problem, further studies of the mechanisms of alco-
hol’s effect on the fetus and effective preventive meas-
ures should be developed.

Every pregnant woman should realize that alcohol
is toxic to a growing fetus throughout the entire 40 weeks
of pregnancy and that there is no safe dose of alcohol dur-
ing pregnancy!
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ABSTRACT

Polycystic ovary syndrome (PCOS) is considered a common endocrine disorder among
women of reproductive age, and the associated health risks persist throughout life.
Atthe same time, there is a wide range of variations in the incidence of the syndrome
(4-21 %), which in turn is explained by the influence of the study population char-
acteristics, including ethnicity and race, as well as the applied diagnostic criteria.
The aim of the study. To systematize the available data on the prevalence of poly-
cystic ovary syndrome using the Rotterdam 2003 criteria in a population of women
of reproductive age.

Materials and methods. The search for information was carried out using In-
ternet resources (PubMed, EMBASE, Google Scholar, eLibrary). Literature sources
for the period 1990-2023 were analyzed. As a result, the article presents current
data on the prevalence of PCOS using the Rotterdam 2003 definitions, the features
of the PCOS incidence in hospital and non-selective (medically unbiased) popula-
tions, as well as in various ethnic groups. The review also discusses current guidelines
for conducting studies on the PCOS prevalence.

Conclusion. The latest guidelines on the diagnosis and management of patients
with PCOS, published in 2018, propose to consider the provisions adopted in Rot-
terdam as the basis for the diagnosis of the syndrome; at the same time, the need
to take into account racial and age characteristics is noted.

Key words: PCOS, prevalence, ethnicity, population, Rotterdam criteria, women
of reproductive age
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of women of reproductive age using Rotterdam 2003 criteria (literature review). Acta
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PE3IOME

CuHOpoM nNosuKUCMO3HbIx Au4HUKos (CIKA) cuumaemcs pacnpocmpaHéHHbIM
3HOOKPUHHbIM 3a6071e8aHueM cpedu XeHWUH penpoo0yKmugHO20 803pacmad, d cés-
3AHHbIe C HUM pUcKU 0115 300p08bs COXpAaHAMCA 8 medyeHue XU3HU. B mo xe epemsa
ommeyaemca Wupokul duandsoH 8apuayuli 4acmomel 8CMpeYaemMocmu CuH-
opoma (4-21 %), umo 8 ceoro o4epedb 06BACHAEMCSA 8/IUSHUEM Xapakmepucmuk
ucciedyemoli NonysIayuU, 8 MOM YUC/le SMHUYecKoU U paco8oli NPUHAOIeXHO-
CMblo, a Makxe NpuMeHaeMbIMU OUA2HOCMUYeCKUMU Kpumepusamu.

Lenb uccnedosanusa. Cucmemamu3supo8ames umerujuecs 0dHHbIE O pac-
NpOCMpPAHEHHOCMU CUHOPOMA NOJTUKUCMO3HbIX AUYHUKO8 NpU UCNO/Ib308aHUU
kpumepues Rotterdam 2003 8 nonynayuu xeHWUH penpo0ykmusH020 803pacma.
Mamepuansi u memoodsl. [Touck UHGHOpMAYUU NPOBOOUJICA C UCNOJIb308AHUEM
uHmepHem-pecypcos (PubMed, EMBASE, Google Scholar, eLibrary). [lpoaHanu3u-
pOBAaHbI IUMepamypHsle UCMOYHUKU 3a nepuod 1990-2023 zz. B pesynemame
8 pykonucu npedcmassieHbl CO8pEMeHHbIe OaHHbIE O pacnpoCMpaHéHHOCMuU
CIMKA npu npumeHeHuu degpuHuyuli Rotterdam 2003, ocobeHHOCMU Yacmomel
8CMpeyaemMocmu CUHOPOMA 8 20CNUMAJIbHBIX U HeceseKmueHblX (MeOUYUHCKU
Henpe0s3amsix) nonysayUAX, d MAKXe 8 Paz/IuYHbIX dMHUYecKux 2pynnax. Bob3sope
make 0bCyx0armcs cospeMeHHble peKoMeHOayuu No Npo8eOeHUo UCC1e008a-
Hul no pacnpocmpaHéHHocmu CITKA.

3aknioyeHue. BnocrnedHem pykosodcmee no Oud2HOCMUKe U 8e0eHUo nayueH-
mos ¢ Cl1KA, onybnukogaHHom 8 2018 2., npednazaemcs paccMampusams noJio-
XKeHus, npuHamele 8 Pommepoame, kak 6a3oevie OMHOCUMEbHO OUA2ZHOCMUKU
CUHOPOMA; NPU 3MOM OmMeyvdemcs HeobXo00UMOCMb y4UMbI8AMb PACOBbIE U 803-
pacmtele 0CobeHHOCMU.

Knioyeesoie cnoea: CI1KA, pacnpocmpaHéHHOCMb, SMHUKA, NONY/IAYUSA, Kpume-
puu Rotterdam, xeHwuHbl penpodykmueHo20 803pacma

Ana uyntnpoBaHuaA: Jlasapesa J1.M. PacnpocTpaHEHHOCTb CMHAPOMA MOSINKUCTO3HbIX
ANYHNKOB B NMOMYNALUNN XKEHLWMH penpodyKTUBHOro Bo3pacTa Npu UCMonb30BaHMUU
Kputepues Rotterdam 2003 (0630p nutepatypbl). Acta biomedica scientifica. 2023; 8(4):
59-67.doi: 10.29413/ABS.2023-8.4.7
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is considered a com-
mon endocrine disorder among women of reproductive
age, and the associated health risks persist throughout
life. Even postmenopausal women with PCOS may exhib-
it hyperandrogenism and insulin resistance [1-3]. In re-
cent years, the prevalence of PCOS has been increasing
[4], which may be due to improved methods of diagnos-
ing the disease. At the same time, there is a wide range
of variations in the incidence of the syndrome (4-21 %) [5-
71, which in turn is explained by the influence of the study
population characteristics, including ethnicity and race,
as well as the applied diagnostic criteria. Nevertheless,
it is estimated that up to 105 million women of childbear-
ing age suffer from PCOS worldwide [8].

The criteria presented by the European Society of Hu-
man Reproduction and Embryology (ESHRE) in 2003
are the most frequently used in research and clinical
practice. In Rotterdam (Rotterdam 2003) [8], according
to which the presence of at least two of the following three
signs is required to establish the diagnosis of PCOS: clini-
cal or biochemical hyperandrogenism (HA); oligo/ameno-
rrhea (OA); polycystic ovarian morphology (PCOM) accord-
ing to ultrasound, — after the exclusion of PCOS-simulat-
ing states. These conditions include, first of all, congenital
adrenal hyperplasia (CAH), thyroid dysfunction, hyperpro-
lactinemia [1, 9]. A large contribution to the development
of diagnostic criteria was made by a group of experts from
the National Institutes of Health (NIH) in 2012 [10]. The im-
provement consisted in maintaining the broad inclusive
diagnostic criteria of Rotterdam 2003 while differentiat-
ing the syndrome into phenotypes. The proposed pheno-
typesincluded the following manifestations: 1) hyperan-
drogenism + ovulatory dysfunction; 2) hyperandrogen-
ism + polycystic ovarian structure by ultrasound; 3) ovu-
latory dysfunction + polycystic ovarian structure by ul-
trasound; 4) androgen excess + ovulatory dysfunction +
polycystic ovarian structure by ultrasound [11].

In 2018, there was another revision of the Interna-
tional Recommendations for the Diagnosis and Treat-
ment of PCOS [1], where new provisions were proposed.
The main change was the possibility to take into ac-
count elevated levels of androstenedione (A4) and de-
hydroepiandrosterone sulfate (DHEA-S) in the diagnos-
tic process if the values of free or total testosterone are
within the reference values. In addition, a new "cut-off
point" for the number of follicles per ovary was deter-
mined due to the fact that the progress of equipment
has increased the sensitivity of ultrasound [1] in relation
to the diagnosis of PCOS.

THE AIM

To systematize the available data on the prevalence
of polycystic ovary syndrome using the Rotterdam 2003
criteria in a population of women of reproductive age.
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MATERIALS AND METHODS

The search for information was carried out using Inter-
net resources (PubMed, EMBASE, Google Scholar, eLibrary).
Literature sources for the period 1990-2023 were analyzed.
As a result, the article presents current data on the preva-
lence of PCOS using the Rotterdam 2003 definitions, the fea-
tures of the PCOS incidence in hospital and non-selective
(medically unbiased) populations, as well as in various eth-
nic groups.

There are 6 published systematic reviews and meta-
analyses summarizing comparative studies of PCOS preva-
lence using the Rotterdam 2003 definitions [8].

For example, a meta-analysis involving a total
of 19,226 Iranian women aged 10 to 45 years showed
that, according to the Rotterdam 2003 criteria, PCOS
was diagnosed in 19.5 % of cases [12]. In another study,
24 articles were analyzed, which presented the over-
all prevalence of the syndrome - 10 % [5, 7] in accord-
ance with the Rotterdam 2003 definitions. In addition,
the study revealed a high incidence of isolated hirsutism,
HA, OA and PCOM - 13 %, 11 %, 15 % and 28 % respec-
tively. The authors focus on the heterogeneity of re-
search, and therefore, consider it necessary to strengthen
the standardization of methods to improve the compara-
bility of the prevalence of PCOS worldwide.

In 2018, M.A. Skiba et al. analyzed 21 studies of the in-
cidence of PCOS over the period from 1990 to 2018 [13].
In this review, the authors presented a unified definition
of PCOS prevalence based on the NIH and Rotterdam 2003
criteria and confirmed the statistical significance of the dif-
ferences when using these criteria (p < 0.0001). On the con-
trary, when comparing the data obtained using the diag-
nostic classifications Rott and AES (Androgen Excess Soci-
ety), there were no differences in the incidence of the syn-
drome (p = 0.201). The authors suggested that the higher
prevalence of PCOS reported in studies using the latest di-
agnostic approaches was due to the inclusion of the ultra-
sound diagnostic criterion. Moreover, differences in esti-
mates of PCOS prevalence could be explained by the lack
of standardization of criterion values, the diversity of clin-
ical phenotypes and the study groups.

In 2021, Chinese scientists [14] assessed the preva-
lence of polycystic ovary syndrome in Chinese women
based on an analysis of 69 studies. A total of 154,599 par-
ticipants were included, of which 12,845 women were di-
agnosed with PCOS. The prevalence of PCOS was 10.01 %
(95 % confidence interval (95% Cl): 8.31-11.89 %). The au-
thors note a lower incidence of PCOS among Chinese
women compared, for example, with the prevalence
of the disease among women in the Middle East (16 %)
[15] and associate such variability with both racial char-
acteristics and optimization of approaches to diagnosing
the syndrome. In addition, the heterogeneity of the occur-
rence of PCOS in China was noted, depending on the af-
filiation of the surveyed audience to a certain economic
zone. The analysis of the subgroups showed that the inci-
dence of the syndrome in different regions was as follows:
13.35% in the West, 7.82 % in the East, 14.24 % in the cen-



ter and 8.68 % in the North-East. At the same time, a me-
ta-analysis of Indian scientists in 2022, including 11 stud-
ies, found the overall prevalence of PCOS among Indian
women at 11.33 %.

A meta-analysis of F. Chiaffarino et al. (2022) not-
ed the same prevalence of PCOS in European countries
and the United States using the same criteria for diagnos-
ing the syndrome [16]. As a result, the overall prevalence
of the disease, according to the Rotterdam 2003 defini-
tions, was about 19.5 % in the absence of significant het-
erogeneity by geographical region [16]. However, differ-
ences in the prevalence of PCOS phenotypes were not-
ed: the incidence of phenotype A was higher, and pheno-
type Cis lower in the USA compared to European coun-
tries (Table 1).

A. Yasmin et al. in their systematic review of 2022, af-
ter analyzing 118 studies, they noted the presence of var-
iations in the clinical manifestations of PCOS depending
on geographical regions among different ethnic groups
[18]. So, in one of the largest studies of the prevalence
of PCOS among the American population living in different
geographical territories, the prevalence of the syndrome
in the southern regions was 47.5 % higher than in the rest
of the country [19].

It is believed that the prevalence of PCOS differs sig-
nificantly in non-selective and hospital populations. Re-
cent studies show that PCOS is usually characteristic
of patients with acne, hirsutism, oligoanulation, obesity
and infertility. So, 12 % of PCOS prevalence was report-
ed among women with hirsutism [13], 82 % in patients
with clinically pronounced androgen excess [20]. It is im-
portant to note that a significant proportion of women
with clinical hyperandrogenism had the classic pheno-
type of the syndrome [21].

S.E. Allen et al. analyzed the frequency of hyperan-
drogenism and PCOS among women with oligoanula-
tion [20]. The authors demonstrated that the prevalence
of PCOS in the group of patients with a long history of ol-
igoovulation reached 38 % vs. 5 % in the cohort of wo-

men with episodes of ovulatory dysfunction. In general,
up to 40 % of nulliparous women with a menstrual cycle
of 45 days or more were identified as patients with PCOS
[20-23]. The Australian authors noted that the incidence
of polycystic ovarian structure according to ultrasound
data among 100 female partners of infertile men reached
23 %, while 12 % of women were diagnosed with three
of the three criteria of the disease in accordance with Rot-
terdam 2003 [24]. Moreover, in a cross-sectional study con-
ducted at the University infertility Clinic, PCOS was identi-
fied in 46 % of infertile women as one of the main causes
of infertility [25]. There is some evidence that the preva-
lence of the syndrome in infertile women depends on race.
For example, it is significantly higher among South Asians
compared to Caucasians (44.2 % vs. 11.5 %; relative risk
(RR)-6.1;95 % Cl: 2.2-16.7) [26]. Similar results were dem-
onstrated by Russian researchers when studying the caus-
es of infertility in women of Caucasian and Asian ethnic-
ity living in Eastern Siberia. The peculiarity of the group
of women in the Caucasian population was also the high
incidence of PCOS compared to the Asian population
(33 (22.92 %) cases vs. 9 (8.65 %) cases) [27-31].

A clear link has been established between PCOS
and obesity [32]. B.O. Yildiz et al. conducted a study of Tur-
kish data on two population-based studies of the prevalence
of PCOS and the hospital database of all patients with PCOS
who had not received treatment before. In this study,
in women with underweight, normal, overweight and obese
in Turkey, the prevalence of the syndrome was 8.2 %, 9.8 %,
9.9 % and 9.0 %, respectively. The highest proportion of pa-
tients with PCOS (12.4 and 11.5 %) was found in women
with a BMI of 35-40 kg/m? and more than 40 kg/m?, re-
spectively [33]. The incidence of PCOS in 421 obese Chi-
nese patients was quite high (67 %), but it did not correlate
with the presence of metabolic syndrome [34].

Databases of public health authorities and resourc-
es of health insurance systems were also used to study
the prevalence of PCOS. In a cross-sectional study con-
ducted by L. Gabrielli et al., the medical records of 859 Bra-

TABLE 1
SYSTEMATIC REVIEWS AND META-ANALYSES OF THE PCOS PREVALENCE USING THE ROTTERDAM 2003 DIAGNOSTIC
CRITERIA
Authors Year Design (as suggested by the authors) Rotterdam 2003, % [95% Cl]
Jalilian A. et al. [12] 2015 Meta-analysis 19.5[2.24-8.14]
Bozdag G. et al. [5] 2016 Systematic review and meta-analysis 10[8-13]
Skiba M.A. et al. [13] 2018 Systematic review and meta-analysis 12[10-15]
Wu Q. etal.[14] 2021 Meta-analysis 10.01 [8.3-11.8]
Bharali M.D. et al. [17] 2022 Systematic review and meta-analysis 11.33[7.69-15.59]
Chiaffarino F. et al. [16] 2022 Systematic review and meta-analysis 19.5[17.3-21.6]



zilian women undergoing cervical cancer screening in pri-
mary health care facilities were analyzed [35]. It was found
that according to the Rotterdam 2003 criteria, the preva-
lence of PCOS is 8.5 %.

Limited epidemiological data were obtained from sec-
ondary analysis of databases and registries of non-PCOS
studies. In 2010, C. Moran et al. reported a lower estimate
of the prevalence of PCOS in Mexican female volunteers —
6.6 % (Rotterdam 2003) [36]. Among 827 women participat-
ing in a cross-sectional study of relatives of patients with car-
diovascular diseases in the Dallas study (2000-2002), PCOS,
according to the Rotterdam 2003 criteria [8], was diagnosed
in 19.6 % of the examined [37].

Undoubtedly, the above studies are important and val-
uable. Nevertheless, the results of PCOS assessment in spe-
cialized medical institutions are definitely at risk of bias
due to the characteristics of the sample of participants
[38]. Therefore, non-selective (medically objective) studies
are more representative and therefore preferable for epi-
demiological studies. These cases, identified in preclinical
conditions, allow scientists to establish population "con-
trol" and determine the prevalence of PCOS.

Population-based research is the "gold standard"
for estimating prevalence, but the method has its limita-
tions. When conducting such experiments, different ap-
proaches are used to recruit participants. For example,
they use a random sample from families, communities,
and age groups. In Sri Lanka in 2008, V. Kumarapeli et al.
conducted a cross-population study to identify the preva-
lence of PCOS and its phenotypes [39]. The authors com-
piled a questionnaire and offered it to the interview-
ers to fill out in order to identify probable cases of PCOS,
and then sent the probable cases to experts for further
analysis. With previously identified cases, the overall prev-
alence according to the Rotterdam 2003 diagnostic crite-
ria was 6.3 % [39]. Later, in a retrospective study of a cer-
tain age group conducted in 2010, W.A. March et al. dem-
onstrated that the prevalence rates of PCOS in accordance
with the Rotterdam 2003 definitions and AES were twice
as high as those obtained using the NIH criteria. Signifi-
cantly 68-69 % of PCOS patients identified in this study
had not been diagnosed with polycystic fibrosis before.

In a population-based study involving women of re-
productive age living in randomly selected areas of Iran,
the prevalence of PCOS, depending on diagnostic cri-
teria, was 7.1-14.6 % [40]. These figures are consistent
with the previously announced frequency of PCOS detec-
tion in Iranian women referred for mandatory premarital
screening: the indicator was 7-15.2 % with various diag-
nostic criteria [41].I1n 2014, in Iran, H. Rashidi et al. conduct-
ed an epidemiological study estimating the prevalence
of PCOS at 14.1 % in accordance with the Rotterdam ap-
proach [42]. However, in 2013 in China, a large-scale study
among ethnic communities showed a much lower prev-
alence of PCOS in accordance with the Rotterdam 2003
criteria, which was 5.6 % [43]. At the same time in 2014,
J. Zhuang et al. noted that the prevalence of PCOS in Chi-
nese women aged 12 to 44 years varied from 7.1 t0 11.2 %,
depending on the diagnostic criteria used [44].
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The population model identifies PCOS in non-selec-
tive groups of the population who need medical exami-
nation for non-medical reasons: annual medical examina-
tion at work, before applying for a job, etc. For example,
the prevalence of PCOS among employees of a public in-
stitution in Turkey, according to the Rotterdam 2003 crite-
ria, reached 19.9 % [45].

Another model of objective epidemiological research
uses population groups undergoing medical examination
for non-productive medical reasons. In 2008. X. Chen et al.
analyzed 915 Chinese women of reproductive age during
the annual survey. This representative epidemiological
study revealed a 2.4 % prevalence of PCOS in accordance
with the Rotterdam 2003 criteria [46].

An analysis of healthy volunteers and medical staff may
be useful, but its quality is lower due to a systematic se-
lection error. Among women of reproductive age working
at the University of Copenhagen Hospital, the overall preva-
lence of PCOS was 16.6 % according to the Rotterdam 2003
criteria. However, the researchers noted that the frequency
of PCOS detection decreased significantly when the sub-
jects were divided by age categories: from 33.3 % in wom-
en under 30 years of age to 10.2 % in women over 35 years
of age (p < 0.001). The authors suggest that the studied
population (healthcare practitioners) and the exclusion
of women taking hormonal contraceptives (HC) could have
caused a systematic selection error [47].

Obviously, we can argue that ethnicity and race influ-
ence the heterogeneity of the prevalence and clinical mani-
festations of PCOS. Thus, PCOS is less common in East Asians
than in Caucasians, so the Asian phenotype of PCOS attracts
the attention of researchers [52]. The incidence of PCOS
(according to NIH 1990 criteria) in black and white women
is comparable and amounts to 8.0 and 4.8 %, respective-
ly [53]. T. Ding et al. (2017) [15] using various criteria ana-
lyzed the prevalence of PCOS by ethnicity in a systematic
review and meta-analysis in 13 studies. They found the low-
est prevalence of PCOS (5.6 % (95% Cl: 4.4-7.3 %) accord-
ing to Rotterdam 2003 criteria) among the Chinese group.
This review showed how important it is to develop ethnic-
ity-sensitive recommendations to prevent under- or over-
diagnosis of PCOS [15]. Relatively recently, H.J. Kim et al. re-
ported the impact of race and ethnicity on the standardiza-
tion of PCOS diagnosis [15, 54].

To improve the quality and comparability of PCOS prev-
alence studies, AES has announced the release of practi-
cal recommendations for the development and conduct
of epidemiological and phenotypic studies of PCOS [55].
The published document describes the main recommenda-
tions for the study plan, it also provides some recommen-
dations on the selection of the study population, diagnos-
tic criteria, type of observational study, as well as primary
and secondary endpoints. According to the recommenda-
tions, it is important to use generalized population groups,
broad diagnostic criteria and high sensitivity methods in as-
sessing the individual characteristics of PCOS in the study
of its prevalence. It is also important and strongly recom-
mended to give a precise definition of what is "normal"
for the study population. It is noteworthy that the rec-



TABLE 2

PREVALENCE OF PCOS ACCORDING TO ROTTERDAM 2003 DEFINITIONS IN NON-SELECTIVE POPULATIONS

Authors (year)

Chen X. et al. (2008)
[46]

Kumarapeli V. et al.
(2008) [39]

March W.A. et al.
(2010) [48]

Moran C. et al. (2010)
[36]

Mehrabian F. et al.
(2011) [49]

Tehrani F.R. et al.
(2011) [40]

Gabirielli L. et al.
(2012) [35]

Yildiz B.O. et al.
(2012) [45]

LiR. etal. (2013) [43]

Lauritsen M.P. et al.
(2014) [47]

Rashidi H. et al.
(2014) [42]

Zhuang J. et al.
(2014) [44]

Deswal R. et al.
(2019) [50]

Ganie M.A. et al.
(2020) [51]

Note. * — by definition of the authors.

Country

China

Sri Lanka

Australia

Mexico

Iran

Iran

Brazil

Turkey

China

Denmark

Iran

China

India

Kashmir,
India

Study design*

Observational study

Cross-sectional study
of certain communities

A retrospective study
of a certain age group

A prospective
cross-sectional study

Cross-sectional study

The study of certain
communities

Observational

Cross-sectional study

The study of certain
communities

A prospective
cross-sectional study

The study of certain
communities

Cross-sectional study
of certain communities

Cross-sectional study,
stratification sampling
method

Cross-sectional study

Population

915 women aged 20-45 years living
in Guangzhou, examined during
the annual medical examination

A random sample of 2,915 women
aged 15-39 years permanently residing
in the Gampaha area

728 women born in 1973-1975
in one maternity hospital in Adelaide,
examined in adulthood, 27-34 years old

150 female volunteers from Mexico,
20-45 years old, employee of the Hospital
of Obstetrics and Gynecology

of the Mexican Institute of Social Welfare
(Mexico City)

820 women aged 17-34 years selected
during mandatory premarital medical
examination in Isfahan

1126 women aged 18-45 years, randomly
selected from the population of various
geographical regions of Iran

859 women subject to cervical screening

392 women aged 18-45 years, employees
of the State Institute in Ankara

15,924 women aged 19-45 years
from 152 cities and 112 villages
in 10 provinces and municipalities of China

447 women (20-40 years old), employees
of the University Hospital of Copenhagen.

646 women aged 18-45 years living
in urban areas of three randomly selected
cities in Khuzestan province

1,645 Chengdu residents aged 12-44 years

2,248 women aged 16-45 years,
urban and rural residents

962 women aged 15-45 years
from educational institutions in Kashmir
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Prevalence,% [95% Cl]
(if available)

2.4 %

6.3 %
[5.9-6.8]

11.9%

6.6 %
[2.3-10.9]

15.2%

14.6 %
[12.3-16.9]

8.5%

19.9 %

5.6 %

16.6 %

14.1 %

11.2%

4.21 %
54 %

353 %



ommendations provide researchers around the world
with tools for conducting very high-quality reliable epide-
miological studies of PCOS [55].

The latest guidelines on the diagnosis and manage-
ment of patients with PCOS, published in 2018 [1], propose
to consider the provisions adopted in Rotterdam as the ba-
sis for the diagnosis of the syndrome [1]; at the same time,
the need to take into account racial and age characteris-
tics is noted [1].

CONCLUSION

Based on the results of the analysis, it can be con-
cluded that the prevalence of PCOS according to the cri-
teria of Rotterdam 2003 in the USA, Spain, Brazil, Mexi-
co, Iran and Asia ranges from 6 % to 19.5 %. According
to the Rotterdam 2003 definitions, the prevalence of PCOS
in Indian women was the highest (35.3 %), while in Chi-
nese women it was the lowest. The presence of the influ-
ence of race or ethnicity on the prevalence of the disease
is also confirmed. The differences are often very small,
which may be due to the variety of study designs, sampling
characteristics, as well as the limitations of classical epi-
demiological studies of the prevalence of PCOS in a non-
selective population.

Further epidemiological studies are needed to bet-
ter understand PCOS and finalize its diagnostic criteria.
The data currently available are insufficient to make defini-
tive conclusions about the exact prevalence of the disease.
The known facts about PCOS and its incidence in different
geographical regions are not convincing enough to con-
firm significant differences in the prevalence of the syn-
drome in different ethnic groups.
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ABSTRACT

The aim. To carry out a comparative morphological characteristic of the uteropla-
cental area with abnormal placentation — pl. accreta, pl. increta, pl. percreta.
Materials and methods. The study included 47 patients with atypical placentation;
the comparison group included 10 healthy pregnant women with uterine scar after
a previous caesarean section. A histological study of uteroplacental area samples
was performed with hematoxylin and eosin, methylene blue staining. An immuno-
histochemical study with primary antibodies to cytokeratin 7 (CK7), Hif2a, vascular
endothelial growth factor, a-SMA was carried out. The differences between the com-
pared values were considered to be statistically significant at p < 0.05.

The results of the study. Pl. accreta was determined in 12 (25.5 %), pl. increta -
in 30 (63.9 %), pl. percreta —in 5 (10.6 %) patients. In all patients of the main group,
the decidua was completely or partially absent in the area of abnormal placenta-
tion or was replaced by an uneven layer of fetal fibrinoid. Cases when placental villi
unevenly penetrated into the thickness of myometrium in the form of "tongues"
or "coves"bordered by fetal fibrinoid and often located intermuscularly were defined
aspl.increta (n = 26). Cases with the placental villiingrowth to the serous membrane
were considered as pl. percreta (n = 5). In cases with deep variants of ingrowth
(pl. increta and pl. percreta) (n = 31), the villi were visualized in the lumen of the ves-
sels and the thinning of the lower uterine segment with the presence of stretched
muscle bundles was revealed. Aseptic necrosis of the myometrium was found:
in2(16.7 %) of 12 women with pl. accreta, in 26 (86.7 %) of 30 women with pl. increta
and in 5 (100 %) women with pl. percreta. There were no areas of necrosis in the
myometrium of the women of comparison group.

Conclusion. The appearance and increase of myometrial necrosis zones in response
to an increase in the depth of placental villus ingrowth were detected. Myometrial
necrosis zones could be the cause of activation of angiogenic factors and an impor-
tant stimulus for the development of abnormal vascularization in placenta accreta
spectrum.

Key words: angiogenesis, aseptic necrosis, placenta accreta spectrum, invasion
in the myometrium, trophoblast, fetal fibrinoid
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PE3IOME

Ljens uccnedoearus. [posecmu cpagHumersbHyio MOp@oa02u4ecKyto xapakme-
pUCMUKY Mamo4Ho-n1ayeHmapHoU obiacmu npu aHOMAsIbHOM NPUKpensieHuU
naayeHmsi — NJIOMHOM NpUKpensieHuU, 8pacmanuu u npopacmaHuu naayeHmel.
Mamepuanel u MemoOel. B uccinedosaHue 8kil0YEHO 47 NAyUEHMOK ¢ amu-
nuyHoU naaueHmauyuel; epynna cpasHeHuUsa — 10 300po8bix 6epeMeHHbIX XeH-
WUH € pybyom Ha Mameke nocsie npedbiOywe20 Kecapesa ceyeHus. BeinonHeHo
2ucmoro2uy4eckoe uccedosaHue obpasyos MamoyHo-naaueHmapHol obnacmu
C OKpawugaHuem 2eMamoKCUIUHOM U 303UHOM, MemuJieHO8bIM CUHUM, d MAaKxe
nposedeHo UMMYHO2UCMOXUMUYECKOe UCC/1e008aHUE C NepBUYHbIMU AHMuUmMesnd-
MU K 4umoKepamuHy-7, pakmopy pocma 3H0omesius cocyoos, 271a0KOMbILUEeYHOMY
aKkmuHy-anega. Paznudusa mexoy cpagHuUsaemMbiMu 8eU4UHAMU NPU3HABAIUCL
cmamucmuyecku 3Ha4umbimu hpu p < 0,05.

Pe3ynemamel uccnedoeanus. [11omHoe npukpensieHue ninayeHmel (pl. accreta)
6b1710 onpedeneHoy 12 (25,5 %), spacmaHue nnaueHmel (pl. increta) -y 30 (63,9 %),
npopacmarue nnayeHmel (pl. percreta) — y 5 (10,6 %) nayueHmok. Y 8cex nayu-
€HMOK OCHOBHOU 2pynnbl 0eyudyasnbHAs 0607104Ka NOIHOCMbIO UU YaCMUYHO
omcymcmeosasia 8 30He AHOMAIbHOU niayeHmayuu uau 6el1a 3ameweHa
HepasHOMepHbIM CJ10eM NJI0OH020 hubpuHouda. lpu pl. increta (n = 26) 8opcuHobl
naayeHms! NPOHUKAIU 8 MOJIWY MUOMEMPUS HEPABHOMEPHO, 8 8UOE «A3bIKOB»
unu «6yxmy, oKaliMaEHHbIX NJTIOOHLIM PUOPUHOUOOM, U Hacmo pacnosiazanuce
MexmblwedHo. Ciiyyau c npopdcmaHuem 80pcuH 00 cepo3HoU 060/104KU paccma-
mpusanu kak pl. percreta (n = 5). lpu eiybokux sapuaHmax epacmatus (pl. increta
upl. percreta) (n = 31) 8BopcuHsbI 8U3yanU3UpPOBAIUCL 8 NpOC8eme cocy0os, Habo-
0a/10Cb UCMOHYEHUE HUXHE20 MAMOYHO20 CezMeHma ¢ npucymcmeauem pacms-
HymbIx MbleYHbIx ny4ko8. ObHApyXeHbl acenmuyeckue HeKpo3bl MUOMempus:
y 2 (16,7 %) u3 12 xeHwuH c pl. accreta, y 26 (86,7 %) u3 30 xeHWuH c pl. increta
u 85 (100 %) cny4asx npu pl. percreta. Yuacmku HeKpo308 8 MUOMempuu 2pynnsl
CpdgHeHUs 0MCcymcmaeosanu.

3aknioyeHue. O6HApyXeHO noss/ieHUe U ysesludeHuUe 30H HeKpo3d MuomMempus
8 omeem Ha ysesiuyeHue 2y6UHbl 8pACMAHUSA 8OPCUH NJIAUEHMbI, KOmopble
Mo2ym A871AMbCA NPUYUHOU aKmusu3ayuu aHeUO2eHHbIX haKmopos U 8aXKHbIM
cmumyJioM pa3eumus aHOMAa’sibHOU 8acKyAApuU3ayuu.

Knioueewle cnoea: aHeuozeHes, acenmudeckue HEKPO3bl, BpACManue nJiayeHmsi,
UHBAsus 8 Muomempud, mpogpobiacm, n100HsIlU pubpuHOUO

Ona untuposBaHua: Kynukos W.A., Hussaesa H.B., Cyxauésa T.B., Cepos P.A., TuxoHo-
Ba H.b., ®oknHa T.B., MunosaHos A1, benoycosa T.H., Muniotna E.P, Muxanesa J1.M.
CpaBHuTeNbHaA Mopdoriornyeckas xapaktepuctka MaTouyHo-naLeHTapHom obnactu
npu aHoManbHOM NPUKpPEerJIeHny NnaueHTobl. Acta biomedica scientifica. 2023; 8(4): 68-79.
doi: 10.29413/ABS.2023-8.4.8
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INTRODUCTION

Placenta accreta spectrum (PAS) is a complication
of pregnancy associated with its abnormal attachment
to the uterine wall, in which the placenta does not sepa-
rate spontaneously after childbirth, which can lead to peri-
natal complications, massive blood loss and maternal mor-
tality. Worldwide, the incidence of placenta accreta var-
ies from 1.7 to 900 per 100,000 births (an average of 189
per 100,000), which is associated with variability in the for-
mulation of the diagnosis and its clinical confirmation [1],
andin recent decades has been about 1 case per 500 births
[2-5].

According to the FIGO (International Federation of Gy-
necology and Obstetrics) classification, which includes clin-
ical and pathomorphological criteria, there are several de-
grees of placenta accreta: 1st degree (placenta accreta) -
dense attachment or increment of the placenta to the mus-
cle layer; 2nd degree (placenta increta) - villi germinate
the muscle layer; 3rd degree (placenta percreta) - the pla-
centa sprouts all layers of the uterus. Placenta percreta
is divided into subtypes: 3a — invasion within the serous
membrane of the uterus; 3b - invasion into the bladder;
3c - invasion into other organs/tissues of the pelvis [6].

In addition to the above FIGO classification, there
is an equivalent Russian systematization of atypical placen-
tation [7]. According to the Russian authors, the English-lan-
guage terms correspond to the following Russian-language
equivalents: pl. accreta - pathological growth of the placen-
ta with complete or partial absence of the basal (main) part
of the falling shell; pl. increta - placenta accreted to the my-
ometrium and/or placenta penetrated into the myometri-
um; pl. percreta — placenta fused to the perimeter either
with the uterus and organs lying next to it/the placenta
penetrated into the perimetrium or with penetration into
adjacent structures [7].

Anincrease in the frequency of placenta accretioninre-
cent decades has been associated with an increase in indi-
cations for cesarean section (CS). However, placental over-
growth is also found in women without a scar on the uter-
us, but who have undergone other manipulations that lead
to a violation of the integrity of the endometrium (surgical
abortions, diagnostic or therapeutic curettage) [8-11]. Stud-
ying the morphofunctional features of the uteroplacental
region during placenta accreta and identifying the mecha-
nisms of formation of this complication will allow us to bet-
ter understand its nature and further develop prevention
and treatment tactics. Due to this, the aim of the study
was to conduct a comparative morphological characteri-
zation of the uteroplacental region in abnormal placental
attachment - dense attachment, ingrowth and germina-
tion of the placenta.

MATERIALS AND METHODS

The present study included 57 women, of whom
47 patients made up the main group (gestation period -
36.3 (35; 38) weeks) with histologically confirmed placen-
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tal ingrowth. The comparison group consisted of 10 wom-
en at 38.5 (38; 39) gestation weeks with the presence
of a scar on the uterus after a previous cesarean section,
but without signs of placenta accretion. The work is based
on the morphological analysis of samples of the myome-
trium and placenta. The study did not include patients
with severe fetal pathology, multiple pregnancies, and fe-
tus birth defects.

The study was performed in accordance with the ethi-
cal principles of the World Medical Association Declaration
of Helsinki [12] and the Rules of Clinical Practice in the Rus-
sian Federation (Order of the Ministry of Health of the Russian
Federation dated June 19,2003 No. 266) [13]. The study was
approved by the Bioethical Commission of the Avtsyn Re-
search Institute of Human Morphology (Protocol No. 35 (11)
dated March 23, 2022).

The FIGO classification was used to assess the depth
of placental ingrowth [6, 14].

The material for the study was obtained during surgical
delivery. Fragments of the myometrium with areas of dense
attachment and ingrowth of placental villi were excised ac-
cording to the operational tactics developed at Vidnovsky
Perinatal Center [15].

For histological examination, the obtained pieces were
fixed in a 10 % solution of neutral formalin, pH = 7.4 (Bio-
vitrum, Russia) for 24 hours, then enclosed in paraffin, ac-
cording to the standard procedure. Serial paraffin sections
with a thickness of 4 microns were dewaxed and stained
with hematoxylin and eosin. To prepare semifine sections
with a thickness of 1 um, samples of the uteroplacen-
tal region in the zone of dense attachment and ingrowth
were fixed in a solution of 2.5 % glutaraldehyde and 1 %
paraformaldehyde in a 0.1 M phosphate buffer (pH = 7.4);
then additional fixation was carried outin a 1.5 % OsO, so-
lution, dehydration and pouring to araldit. The average
area of the semifine section was 0.97 + 0.3 mm?2. The sem-
ifine sections were stained using the PAS method and fin-
ished with methylene blue.

Immunohistochemical staining of micropreparations
was performed on a closed-type immunostainer (Ven-
tana; Roche, UK) using primary antibodies to cytokeratin-7
(SK-7, cytokeratin-7; Thermo Fisher, USA; dilution 1:300;
cat. No. PA5-82291) - for trophoblast visualization; to hy-
poxia-induced factor Hif2a (Abcam, UK; dilution 1:250,
cat. No. ab109616) - to assess the severity of local hypox-
ia; to smooth muscle actin-alpha (a-SMA, a smooth-muscle
actin; Cell Mark, Sweden; without dilution, cat. No. 202M) —
to characterize the myometrium and vascular wall; to en-
dothelial vascular growth factor (VEGF, vascular endotheli-
al growth factor; Spring Bioscience, USA; without breeding,
cat. No. E2611) - for visualization of vascular endothelium.
The product of the immunohistochemical reaction was de-
termined in the form of brown staining in the membrane
and/or cytoplasm of cells. The negative and positive con-
trols were set in accordance with the manufacturer’s rec-
ommendations.

Statistical analysis of the research results was performed
using MS Excel 2010 application software packages (Mi-
crosoft Corp., USA) and Statistica 10 software (StatSoft Inc.,



USA). The descriptive characteristics of quantitative indica-
tors are presented in the form of median (Me), 25 % and 75 %
percentiles (P25 and P75). The Mann — Whitney non-para-
metric test of the statistical significance of was used to as-
sess the representative sampling of the compared groups.
For indicators characterizing qualitative characteristics,
the absolute value and the relative value were indicated
as a percentage. The differences were considered statis-
tically significant when the significance criterion was less
than 0.05.

STUDY RESULTS

When analyzing the comparability of the comparison
groups, there were no intergroup differences (p > 0.05)
in age, patient body mass index, birth parity and the num-
ber of previous cesarean sections (CS) (Table 1).

Macro- and microscopic characteristics
of the placenta and myometrium

The areas of ingrowth looked intraoperatively like a her-
nia with thinning of the uterine wall (Fig. 1a). In addition,
in some cases (n = 33), areas of dense yellowish consist-
ency with sizes from 0.5 to 3 cm? in diameter were visual-
ized in the myometrium, which, during histological exam-
ination, represented areas of myometrial necrosis. Some-
times (n = 31) a network of large-diameter blood vessels
was present in the myometrium in the uteroplacental re-
gion (Fig. 1b).

In the main group (n = 47), 22 (46.8 %) pregnant wom-
en had a medical history of one CS; 17 (36.2 %) had two CS;
4 (8.5 %) had three CS; 2 (4.25 %) had four CS, and 2 (4.25 %).
In women, ingrowth was diagnosed in the absence of a scar
on the uterus after cesarean section.

As a result of histological examination, it was re-
vealed that 12 (25.5 %) patients showed dense attach-
ment of the placenta (pl. accreta), 30 (63.9 %) - pl. increta,
5(10.6 %) - pl. percreta, of which 2 patients had involvement
of the bladder wall (3b), and in 3 patients the villi of the pla-

TABLE 1

centa germinated myometrium, located up to the serous
layer of the uterus (3a).

In all patients of the main group, the decidual mem-
brane was completely or partially absent in the zone of ab-
normal placentation or was replaced by an uneven lay-
er of eosinophilic homogeneous substance visually cor-
responding to the deposits of fetal fibrinoid (FF). Cases
when placental villi penetrated the thickness of the my-
ometrium unevenly in the form of "tongues" or "bays"
(Fig. 1c), bordered by fetal fibrinoid (Fig. 1d), and often lo-
cated intermuscularly, were defined as pl. increta (n = 26).
Cases with the placental villi ingrowth to the serous mem-
brane were considered as pl. percreta (n = 5). In deep var-
iants of ingrowth (pl. increta and pl. percreta) (n = 31),
villi were visualized in the lumen of the vessels (Fig. 1e),
and there was also thinning of the lower uterine segment
with the presence of stretched muscle bundles (Fig. 1e),
(Fig. 1b-f).

In 2 (16.7 %) in cases out of 12 with pl. accreta,
in 26 (86.7 %) out of 30 with pl. increta and in all cases
with pl. percreta, the presence of necrosis zones in the my-
ometrium was noted (Table 2), representing varying
degrees of eosinophilic, with an uneven mesh-granu-
lar structure, areas in the absence of nuclear basophil-
ia (Fig. 19).

In some women, there was a slight focal and diffuse
inflammatory infiltration in the uteroplacental region
(detected in 1-2 out of 10 visual fields at magnification
x400), represented mainly by macrophages and lympho-
cytes with an admixture of single neutrophils (p > 0.05).
Due to the weak inflammatory infiltration, these areas
of necrosis can be called aseptic. Along with this, FF depos-
its were present in the uteroplacental region. In the area
of necrosis, villi embedded in FF with dystrophic changes,
the so-called "shadow villi" (Fig. 1g), took place.

No necrosis zones were found in the myometrium
of the comparison group. In the main group, areas of necro-
sis were observed in all forms of ingrowth, and the frequen-
cy of their occurrence in the group increased with the depth
of ingrowth of villi into the uterine wall (Table 2).

COMPARABILITY OF COMPARISON GROUPS (MANN - WHITNEY U-TEST, p < 0.05)

Patient groups

The studied indicators,

Me (P25; P75) Main group
(n=47)
Age, years 35(32.5; 36.5)
BMI, kg/m? 27.7 (25.5;30.7)
Delivery parity, n 2(1;2)
The number of cesarean sections 2(2:3)

in the anamnesis

The level of statistical significance,
Mann - Whitney

Comparison group U-test (p < 0.05)

(n=10)
34 (29; 36) 0.32
29.4(26.8;31.6) 0.33
1(1;2) 0.23
3(2;4) 0.1



When analyzing the maturity of the villous tree
in the comparison group, the villi corresponded
to the gestation period with a balance of mature interme-
diate (20-30 %) and terminal (up to 60-70 %) villi (Fig. 1h).
In patients with placental ingrowth, the predominance
of mature intermediate villi was noted; the proportion
of fully capillarized terminal villi reached 10-20 %, sin-
gle immature intermediate villi were found in small lim-
ited areas.

FIG. 1.

Trophoblast cells were poorly visualized when
stained with hematoxylin and eosin (Fig. 1c—j), howev-
er, they were well detected when stained with methyl-
ene blue (Fig. 2a—c), including in the area of aseptic ne-
crosis of the uterine wall (Fig. 2d). Trophoblast cells were
also intensively stained during immunohistochemical
examination with primary antibodies to cytokeratin-7
(Fig. 2f-h). The trophoblast in myometrium was repre-
sented both as single cells (Fig. 2h) and as groups of cells

d

Morphological features in placenta accreta spectrum. a — uterine aneurysm with pronounced vascular collaterals on the anterior surface
of the uterus (pl. increta). b — coagulated vessels between the posterior wall of the bladder and the anterior wall of the uterus (pl. percreta)
(intraoperative picture). ¢ — invasion in the form of "tongues" or "bays"; hematoxylin and eosin staining (marked by arrow), magnification
%x20.d - an increased amount of fibrinoid against the background of the absence of decidual cells, contributed to the adhesion of the villus
and does not prevent the penetration of invasive trophoblast into the myometrium thickness; hematoxylin and eosin staining, magnifica-
tion x100. e - thinning of the uterine wall to the serous membrane (marked by arrow), a lack of a decidual plate and accumulation of fibri-
noid deposits; magnification x20. f — visualization of placental villi in the lumen of blood vessels (marked by arrow); hematoxylin and eosin

staining, magnification x100.



FIG. 1. (continued)

Morphological features in placenta accreta spectrum. e — thinning of the uterine wall to the serous membrane (marked by arrow), a lack
of a decidual plate and accumulation of fibrinoid deposits; magnification x20. f - visualization of placental villi in the lumen of blood
vessels (marked by arrow); hematoxylin and eosin staining, magnification x100. g — aseptic necrosis of the myometrium is represent-

ed by monomorphic eosinophilic fields with local hemorrhages; there are "ghost villi" with the absence of nuclear basophilia and dys-
trophic changes; no inflammatory infiltration; aseptic necroses are associated with deep placenta accreta spectrum; hematoxylin and eo-
sin staining, magnification x100. h - villous tree in pl. increta (syncytiotrophoblast without any signs of damage) in its structure corre-
sponds to the physiological course of pregnancy; methylene blue staining, magnification x600. i - placental villi ingrowth into the lumen
of the vessel; the vessel wall is replaced by fetal fibrinoid (marked by arrow); hematoxylin and eosin staining, magnification x40. j - vessel
in the ingrowth area with a thinned wall; hematoxylin and eosin staining, magnification x100
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TABLE 2
REVEALING OF MYOMETRIUM ASEPTIC NECROSES DEPENDING ON THE DEPTH OF INVASION

The depth The presence of necrosis zones The proportion of women with necrosis zones
of invasion in the myometrium in the myometrium of UPA

Healthy with CS 0/10 0%

Placenta accreta 2/12 17 %

Placenta increta 26/30 87 %

Placenta percreta 5/5 100 %

Note. (S - cesarean section; UPA — uteroplacental area.

c d
FIG. 2.
Morphological features of the placenta and myometrium in placenta accreta spectrum. a —invasive trophoblast cells are separated from
the villus in the zones of the syncytial sprouts and penetrate into myometrium in the form of a beam (group with placenta accreta spec-
trum); fetal fibrinoid does not prevent trophoblast invasion (marked with arrows); methylene blue staining, magnification x1200. b - in-
creased deposits of fetal fibrinoid against the background of the destruction of the decidual plate; fetal fibrinoid does not limit tropho-
blast invasion (marked with arrows); in the myometrium, the dystrophic changes in the cells are visible, which is confirmed by the presence
of pink granules (marked with asterisks); methylene blue staining, magnification x600. ¢ — abnormal invasion into the myometrium during
placenta ingrowth; methylene blue staining (trophoblast cells are marked with arrows), magnification x400. d - "ghost villus" in the zone
of myometrial necrosis (homogeneous bluish masses), trophoblast is visualized around the villus (marked with arrows); magnification
Xx600.
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I J
FIG. 2. (continued)
Morphological features of the placenta and myometrium in placenta accreta spectrum. e — replacement of the endothelium of myometrial
vessel with trophoblast cells (marked by arrows) during physiological pregnancy; methylene blue staining, magnification x1000.
f-replacement of the vascular endothelium during uncomplicated pregnancy with trophoblast cells; trophoblast cells are stained brown
with primary CK7 antibodies (marked by arrows), magnification x400. g, h — trophoblast cells in the area of myometrium aseptic necro-
sis are stained with primary CK7 antibodies; magnification x200 (g), x400 (h). i, j — immunohistochemical study with primary a-SMA an-
tibodies, positive staining of the vessel wall outside the area of ingrowth (marked by arrows) (f) and negative staining of the vessel wall
in the area of the placental bed (g) (trophoblast cells are marked by asterisks); magnification x200 (i), x400 (j))
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FIG. 3.

d

Expression of hypoxia, and angiogenesis markers in placenta accreta spectrum: a —immunohistochemical study of myometrium with pri-
mary Hif2a antibodies during uncomplicated pregnancy, magnification x200; b — aseptic myometrium necrosis with the presence

of stained cells(Hif2a+) of invasive trophoblast, magnification x400; ¢, d —immunohistochemical study with primary VEGF antibodies dur-
ing uncomplicated pregnancy (a weak staining of the myometrium), moderately stained cells of invasive trophoblast (VEGF+) in the zone
of aseptic myometrium necrosis in the area of ingrowth, magnification x200 (c), X100 (d)

(Fig. 2f-h). If in the comparison group during physiological
pregnancy, the transformation of uterine vessels occurred
by replacing the endothelium and smooth muscle mem-
brane of the vessel with an invasive trophoblast (Fig. 2e, f),
then when the placenta grew, a violation of the topogra-
phy of trophoblast invasion was observed and trophoblast
cells were found not only in the vessels of the myometri-
um and among muscle fibers, but also in the scar tissue
of the myometrium (Fig. 2b, ).

Smooth muscle cells were detected in the wall of non-
modeled vessels (Fig. 3i) and were absent in the remodeled
vessels of the placental bed area (Fig. 3j).

There were no villiin the myometrium of the uteropla-
cental region of the comparison group, and the hypoxia
index Hif2a was practically not detected histochemically
(Fig. 3a), as well as VEGF (Fig. 3¢). In women with atypical
placentation, there was a marked increase in Hif2a expres-
sion in trophoblast-like cells in areas near necrosis zones
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(Fig. 3b). In addition, an increase in VEGF expression was
noted in these areas (Fig.3d)

DISCUSSION

The main factor contributing to abnormal attach-
ment of placental villi and further invasion of the myo-
metrium is considered to be previous uterine surgery,
which leads to pathological decidualization in the scar area
[6, 9, 10]. In our study, we conducted a comparative char-
acterization of the uterine scar zone in women with nor-
mal pregnancy and women with placental villi ingrowth.
As in the works of other authors, we have revealed the in-
growth of villi in the area of scar tissue. We found that dam-
age to the uterine wall was accompanied by the forma-
tion of necrotic zones, which were absent in cases of scars
without ingrowth. Moreover, the proportion of cases



with necrosis zones increased with the depth of ingrowth
(Table 2), possibly reflecting the outcome of the process
of myocyte damage as a result of abnormal trophoblast
invasion with a violation of the architectonics of the uter-
ine wall and vascular network (Fig. 2b, ¢), which most like-
ly leads to impaired blood supply and ischemia of the ad-
jacent myometrium.

Significantly, during physiological pregnancy, tropho-
blast invasion is strictly programmed and stops at the lev-
el of the spiral arteries, leading to an expansion of their di-
ameter without affecting the radial and arcuate arter-
ies located closer to the surface of the uterus [16-18].
When the placenta grows, trophoblast invasion becomes
unregulated and often goes beyond the boundaries of scar
tissue, affecting the adjacent layers of the myometrium
[19] and the intravascular space, as shown in our study
(Fig. 1c-g).

To confirm the hypothesis about the leading role of im-
paired blood supply to the uterine wall during the ingrowth
of placental villi and subsequent ischemia in the appear-
ance of necrotized areas of the myometrium, we studied
the content of hypoxia factor Hif2a and vascular endothe-
lial growth factor in the uteroplacental region. Previous-
ly, the important role of Hif2a in the first trimester in cho-
rionic invasion was established [20], which is to some ex-
tent due to hypoxic conditions. All the women includ-
ed in our study were in the third trimester of pregnancy,
and we did not find data on the content of Hif2a in the uter-
oplacental region at this time in the literature. We found
a more pronounced expression of Hif2a in trophoblast
cells in the myometrial necrosis zones of the main group
(Fig. 3b) compared with the myometrium of the compari-
son group (Fig. 3a). The content of VEGF in the myometrium
in the main group during this gestation period was higher
compared to the comparison group, which was consistent
with the findings of other researchers [21, 22]. Surprising-
ly, a living trophoblast was found in the necrotized zones,
actively expressing hypoxia factors, which could probably
stimulate an increase in VEGF content in surrounding liv-
ing tissues and promote enhanced angiogenesis directed
to these zones; the presence of fetal fibrinoid in these zones
may also contribute to its survival [23, 24] and be a mani-
festation of one of the programmed types of cell death -
programmed necrosis — necroptosis [25].

As a result, necrosis zones with the expression fac-
tor of hypoxia Hif2a trophoblast may be one of the main
causes of the abnormal vascular network observed in PAS
(Fig. 1a, b).

The analysis of the maturity of the villous tree indicat-
ed that the maturation period of the villous tree was ahead
of 2-3 weeks, given that the delivery period of patients
with placenta accreta corresponded to 36-37 weeks [10].

CONCLUSION

Morphological examination of the uteroplacen-
tal region in PAS revealed the appearance and increase
of myometrial necrosis zones in response to an increase
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in the depth of ingrowth of placental villi. During normal
pregnancy, foci of uterine wall necrosis were absent. Necro-
sis zones may be the cause of activation of angiogenic fac-
tors and an important stimulus for the development of ab-
normal vascularization in PAS. In view of this, there is an in-
creasing need for careful excision of areas of altered my-
ometrium, especially areas of aseptic necrosis, to ensure
the quality of subsequent metroplasty [15].
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ABSTRACT

The ixodid tick Haemaphysalis concinna (Koch, 1844) is a carrier of pathogens
of vector-borne diseases of viral, bacterial and protozoal etiology. This tick was pre-
viously considered an adventive relict species in the Baikal region, but has recently
shown a tendency to increase its numbers and expand its habitat.

The aim of the study. To generalize the available and newly received information
on the distribution of the H. concinna tick in the Irkutsk region and the Republic
of Buryatia; to carry out the comparative analysis of the results in order to iden-
tify the dynamics of the development of populations of this species of ixodid ticks
in the Baikal region.

Materials and methods. The coordinates of H. concinna detection points in our
studies were obtained using a GPS navigator directly in the field. Ticks were caught
during the period of their maximum activity from plants using a flannel flag. Approxi-
mate geographic coordinates of H. concinna tick detection points were established
when analyzing the maps published by other researchers.

Results. As a result of the generalization of our own data and data from literary
sources, 52 georeferenced detection points of H. concinna were obtained on the ter-
ritory of the Baikal region. A map showing the distribution of H. concinna in the ter-
ritory of the Irkutsk region and the Republic of Buryatia is presented. It is shown
that in anumber of surveyed areas there are stable populations of this species of tick,
which tend to increase in their numbers and expand their range.

Conclusions. Considering these data, as well as the fact that H. concinna ticks
are actively involved in the circulation of pathogens of natural focal diseases in hu-
mans and animals, we can conclude that it is necessary to systematically monitor
the populations of this vector species in the Baikal region.

Keywords: Haemaphysalis concinna, population, geographical distribution, vector-
borne infections, natural foci

For citation: Doroshchenko E.K., Lisak O.V., Suntsova O.V., Savinova Ju.S., Kozlova l.V. Data
on the distribution of the Haemaphysalis concinna tick in the Irkutsk region and the Repub-
lic of Buryatia. Acta biomedica scientifica. 2023; 8(4): 80-91. doi: 10.29413/ABS.2023-8.4.9
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PE3IOME

Wkcodoswil knew, Haemaphysalis concinna (Koch, 1844) sgnsemca nepeHocuu-
KoM 8036y0umesneli mpaHcMuccugHblx 3abonegaHuli 8upycHol, bakmepuasnbHoU
U npomo3oliHOU 3muoJsio2uu. Smom Kiew, paHee cdiumaswulics 8 [pubalikanve
3AHOCHbIM PesTUKMOBbIM 8UOOM, 8 NOC/IEOHEE BpEMSA OeMOHCMPUpPYem meHOeH U
K ygesnuyeHuro cgoeli YUC/IEHHOCMU U pacliupeHuro meppumopuu 06umaHus.
Leno uccnedoesanus. ObobweHue umerowelicss U 8HO8b nosly4eHHOU UHGOp-
mayuu o pachpocmpaHeHuu Knewa H. concinna Ha meppumopuu Vipkymckou
obsacmu u Pecnybnuku bypamus; cpagHumenbHell aHaaus pe3ysibmamos
0151 8bIA8/IEHUA OUHAMUKU pA3sumus NoNysayul 3mozo 8uda UKCO008bIX Kiewell
8 batikanbckom pezuoHe.

Mamepuaneiumemoodsl. KoopduHamel Mecm obHapyeHus H. concinna 8 Hawux
ucc1e008aHUAX NOJTyYeHbI C UCNosb3o8aHuem GPS-Haguzamopa HenocpedcmeeHHO
8 nosesbix yciogusx. Knewel omnagnusanu 8 nepuo0 ux MakCumasabHOU akmue-
HOCMU C pacmumesieHoCMu ¢ NOMOWblo hriaHesneso2o aaza. [pubnusumesnoHoie
2eozpaghuyeckue KOOpoOUHamMel mouek 0b6HapyxeHus kneujel H. concinna opyaumu
uccnedosamernamu 6blIU yCMAHOBIEHbI HAMU 8 X00€e aHAIU3d ony6/IUKOBAHHbIX
umu kapm.

Pe3ynemamel. B pe3ynbomame 0606weHus cob6cmeaeHHbIX OaHHbIX U OaHHbIX
U3 JlUuMepamypHbIx UCMOYHUKO8 bbl10 NOJIyHeHO 52 2eonpusa3aHHbIX MOYKU
06HapyxeHus H. concinna Ha meppumopuu batikanscko2o pezuoHa. [Tpedcmas-
JleHa Kapma, ompaxarouas pacnpocmpaseHue H. concinna Ha meppumopuu
Wpkymckol obnacmu u Pecnybnuku bypsmus. [TokazaHo, Ymo 8 psaode 06¢s1edo-
8aHHbIX palioOHO8 NpUCYMcmMayom cmabusibHble NoNyAayUU Kielyd 3mozo 8uod,
Komopbie UMetom meHOeHUUIO K y8eiuyeHUo caoell YUCIeHHOCMU U pacuiupeHuro
apeana.

Bb1800bI. Y4umsigds 3mu OaHHble, d Makxe mom ¢akm, umo knewu H. concinna
aKmugHO yuyacmayom 8 YupKy/ayuu 8o36youmeseli npupoOHO-04a208bix 3a60-
J1e8aHuli Yyesio8eKa U XXUBOMHbIX, MOXHO cO0esidmb 861800 0 Heobxooumocmu
cucmemamudeckux Habo0eHul 3a NonyIayUAMU 3MO020 8UOAd NePeHOCYUKA
Ha meppumopuu balikanbckozo pe2uoHa.

Knrouessie cnosa: Haemaphysalis concinna, nonynayus, 2eo2pagudeckoe pac-
npocmpaHeHue, MpaHCMUCCUBHbIE UH(beKYUU, NPUPOOHbIe o4dau

Ona yntmposanua: JopouweHko E.K., Jlncak O.B., Cynyosa O.B., CasuHosa 10.C., Kos-
nosa W.B. laHHble 0 pacnpocTpaHeHuu Knewa Haemaphysalis concinna Ha Tepputopum
WpkyTckoit obnactn u Pecnybnukm Bypatus. Acta biomedica scientifica. 2023; 8(4): 80-91.
doi: 10.29413/ABS.2023-8.4.9
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INTRODUCTION

The ixodid tick Haemaphysalis concinna (Koch, 1844)
(class Acari, family Ixodidae, genus Haemaphysalis Koch.)
is the type species for the genus Haemaphysalis, is an an-
cient relict species that evolved in the humid and warm cli-
mate of the Tertiary period. Currently, these ticks have sur-
vived only in those biotopes where the combination of hy-
drothermal factor is favourable for their existence [1].
Itis the northernmost representative of the ticks of the ge-
nus Haemaphysalis, the majority of species of which are
inhabited in the humid tropics and subtropics. It colo-
nises deciduous and mixed forests in the warm temper-
ate climate zone of Eurasia, especially humid habitats
such as the shores of lakes and rivers. H. concinna is an ex-
ophilic tick with three hosts, uses a pasture type of lurk-
ing. During the warm season, ticks in various developmen-
tal phases may be active simultaneously on vegetation
and feeders. The development period of one generation
is 3-5 years [2-4]. Among the hosts of H. concinna, 60 spe-
cies of wild mammals and 77 species of birds have been re-
corded. The species composition of the hosts that sup-
ply blood to ticks is different in each region. The great-
est species diversity of H. concinna hosts has been found
in the Russia’s Far East. These ticks also frequently feed
on livestock as well as domestic animals [1].

The duration of the H. concinna activity season largely
depends on the region of their habitat. Thus, in the south
of the Russia’s Far East, in the foothills of the Crimea
and the Caucasus, the adults are active from March-April
to September-October. The peak of their activity is ob-
served in June-July. In the foothills of the Altai and Say-
an mountains, adult ticks appear in late April, but disap-
pear as early as mid-August. The maximum of tick activi-
ty in this area can be observed at the end of May - begin-
ning of June. The maximum number of larvae and nymphs
is found everywhere at approximately the same time -
in June and July [1].

H. concinna is a reliably confirmed vector of vari-
ous tick-borne pathogens that cause human and ani-
mal diseases, and is endemic to vast territories of Europe
and Asia [5].

In a study by F. Rubel et al. (2018) an analysis of scien-
tific literature data was undertaken, as a result of which 656
geo-linked locations of H. concinna in Eurasia were ob-
tained, modern maps reflecting the geographical distribu-
tion and climatic adaptation of this tick species were pre-
sented. According to the authors, the distribution area
of H. concinna extends from the Spanish Atlantic coast
in the west to the Russian Kamchatka in the east and is di-
vided into a large number of clusters or individual habitats.
H. concinnais the second most common species of ticks tak-
en from birds, after Ixodes ricinus and the third most com-
mon species of ticks collected from vegetation in Central
Europe [5].

The south-to-north distribution of H. concinna rang-
es from about 28-64° North latitude. The northern li-
mit of H. concinna distribution can be reasonably deter-
mined by the southern regions of the Republic of Yaku-
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tia, where the tick can be observed up to 63.8° north lat-
itude [6]. In Central China, the tick H. concinna was pre-
dominantly observed up to 28° north latitude. However,
the three locations in China south of 28° north latitude, in-
cluding the southernmost distribution at 21.93° north lat-
itude/101.29° east longitude, described by R.-X. Sun et al.
(2017) [7], should be interpreted with caution. These data
have not been confirmed by other publications. The larvae
and nymphs of H. concinna are also being known to be mi-
grated long distances by birds, and described tick findings
have been found in the path of East Asian/Australasian mi-
gratory birds [5]. The same may be also true for the finding
of ticks of this species far to the north of the Russian Fed-
eration in the area of 87.71° east longitude/68.06° north
latitude on the Taimyr Peninsula and in the vicinity of Ya-
kutsk, where ticks are probably carried in birds [1]. In con-
nection with these findings, F. Rubel et al. (2018) considered
the above-mentioned locations as outliers and not as part
of the distribution range of H. concinna [5].

In the European part of Eurasia, this type of tick
has been found in Spain, France, Germany, Austria, Hun-
gary, the Czech Republic, Slovakia, Italy, Croatia, Bosnia
and Herzegovina, Serbia, Poland, Romania, Greece, Turkey,
Iran. In eastern Eurasia, H. concinna has been found in Chi-
na, Mongolia, Vietnam, Japan, North Korea, and South
Korea [1, 5]. A significant part of the H. concinna range
can be found in territories that were formerly belonged
to the Soviet Union. In the former USSR republics, H. concin-
nawas found in Belarus, Moldavia, Georgia, Armenia, Azer-
baijan, Kazakhstan, Kyrgyzstan, Turkmenistan, and Uzbek-
istan [1, 3].

The most extensive habitats of H. concinna in Russia (for-
merly in the Soviet Union) are usually located in the foot-
hills of large mountain systems in the south of the coun-
try (Caucasus, Pamir and Tien Shan, Altai and Sayan Moun-
tains) and in the Russian Far East. In the European part
of Russia, H. concinna inhabits the Crimean region, Kras-
nodar and Stavropol territories, as well as the northern
lowland areas of the Chechen Republic and the Republic
of Dagestan, as well as the Republic of Ingushetia. The only
finding of a tick of this species in the northern part of Ros-
tov region was most likely due to being carried by birds.
In the south of the Urals, the tick H. concinna can be found
in a strip along the valley of the Ural River in the Orenburg
and Chelyabinsk Regions and the Republic of Bashkorto-
stan [1].

The largest parts of the H. concinna range are located
in the Asian part of the Russian Federation. Extensive hab-
itats are found in the Omsk, Novosibirsk, Tomsk regions,
in the foothills of the Altai Mountains (Kemerovo Region,
Altai and Krasnoyarsk Territories) [1, 8, 9] and Sayan Moun-
tains (south of the Irkutsk Region, Republic of Buryatia) [10-
13], in Yakutia [6] and in the Russian Far East (Zabaikalsky
Territory (formerly — Chita region), Amur region, Khabarovsk
and Primorsky Territories) [1, 14]. H. concinna tick was deliv-
ered to Petropavlovsk-Kamchatsky together with rats (a sin-
gle larva was found). Ticks of this species are periodically
imported to Sakhalin Island with livestock from Primorsky
Territory, but they do not adapt to the island [1].



In the Crimean mountains, the habitat altitude of this
tick reaches 1200 m, in the Caucasus — 2000 m, in the Tien
Shan - 2500 m, in Sikhote—Alin - 700-800 m [1, 2].

Theidentification of the peculiarities of H. concinna distri-
bution has become of scientific interest both from the point
of view of studying the evolution and zoogeography
of ixodid ticks belonging to the genus Haemaphysalis,
as well as in view of their possible role in the transmis-
sion of some vector-borne diseases. This species is a vec-
tor for the transmission of tick-borne encephalitis virus.
The natural infection of adult H. concinna ticks and their abil-
ity to preserve and transmit pathogens of tularemia, brucel-
losis, listeriosis, North Asian tick-borne typhus, piroplasmo-
sis, Western equine encephalitis, and Japanese encephalitis
have been established [1, 5]. There is evidence that H. concin-
na is a vector of Rickettsia heilongjiangensis, the causative
agent of Far Eastern spotted fever [15, 16]. In addition, nu-
cleic acids of Buran virus (BURV) and murine gamma herpes
virus 68 [17, 18], bacteria Anaplasma ssp. [19], Ehrlichia sp.
[19, 20], Candidatus Neoehrlichia mikurensis, Borrelia sp.,
Rickettsia sp., Coxiella burnetii [5], protozoa Babesia sp.,
Theileria sp. were isolated from ticks of this species [5, 21].
The problem of the possible role of H. concinna in the circu-
lation of the above-mentioned pathogens in a certain area
is beyond the reach of a clear understanding about the dis-
tribution peculiarities of this species.

THE AIM OF THE STUDY

Comparison of the results of our own long-term ob-
servations conducted in the Irkutsk Oblast and the Repub-
lic of Buryatia with the data of other authors since the first
mention of H. concinna finding here to reveal the dynam-
ics of population development of this species of ixodid ticks
in the Baikal region of the Russian Federation.

MATERIALS AND METHODS

In order to monitor habitats and further surveys
for the existence of pathogens, H. concinna ticks were col-
lected from vegetation on the flag. Tick sampling was un-
dertaken from mid-April to the end of June. The coordi-
nates of the tick collection points were determined using
the GPSMAP 78s multifunction navigator (Garmin, Taiwan).
21 out of 33 districts of the Irkutsk region and 9 out of 21 dis-
tricts of the Republic of Buryatia were surveyed.

The map published by F. Rubel et al. was used as a ba-
sis for visual graphical presentation of information about
the distribution of the H. concinna tick in the Baikal region.
The points marked on it were digitized and supplemented
with the results obtained during our own long-term ob-
servations. The authorship of the points of H. concinna tick
findings previously indicated on the map was determined
using text and graphical data published by N.N. Lebedeva
etal.(1981) [1], G.A. Danchinova et al. (2012) [22]. In select-
ing tick collection sites, we relied on previously published
data of our colleagues from the Irkutsk Research Institute
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of Epidemiology and Microbiology [10, 22, 23] and the Ir-
kutsk Research Anti-Plague Institute of Siberia and the Rus-
sia’s Far East [11, 12].

RESULTS AND DISCUSSION

One of the cluster regions where a concentration
of H. concinna habitats is observed is the Baikal region,
a mountainous area in the south of Eastern Siberia, adja-
cent to Lake Baikal from the west and east in the Irkutsk re-
gion and the Republic of Buryatia.

At the first stage of our study, we analysed data pub-
lished in the scientific literature concerning the distribution
of H. concinna in the Baikal region from the time of the first
findings to the beginning of our research, which allowed
us to identify points for monitoring. So far, only a few
maps describing the distribution of this tick species in Eur-
asia have been published [1, 2, 14]. In the study by F. Rubel
et al. (2018), all previously obtained data were summa-
rised, analysed using a digital map of the world according
to the Koppen - Geiger climate classification and present-
ed in the form of modern maps reflecting the geographical
distribution and climatic adaptation of H. concinna in Eura-
sia. One of these maps we have taken as a basis for a visual
geographical presentation of the material. Table 1 presents
the data that have been collected by the authors of the arti-
cle since 1990 to the present and data previously published
by other authors.

Until the end of the 70s of the twentieth centu-
ry, only two isolated finds of H. concinna ticks were re-
corded in the Baikal region. This species was considered
to be a non-native species and only occasionally found
on vegetation and feeders [4]. The first report of find-
ing N. concinna near Irkutsk dates back to 1950. [24]. Lat-
er, the nymph of H. concinna was met on a grouse in Uso-
Isky district [25]. This fact casts doubt on the assumption
that H. concinna was brought to the Baikal region by birds,
since the grouse is not a migratory bird [23]. Since the late
1970s N. concinna has been consistently found on the ter-
ritory of Usolskiy District in an average of one to five spec-
imens, which also excludes bringing it by birds as a cause
of its presence here. In June 1983, 57 individuals of this spe-
cies were collected in this area, and its abundance in one
of the sites amounted to 38 specimens per 1 flag/km.
The tick was found on the above-floodplain terraces in birch
and mixed mixed-grass forests on the gentle slopes of hills
in cuttings. But more often than in other places, it was found
on the sides of old logging roads [4, 23]. The existence of sta-
ble local populations of this tick has been shown in the low-
erreaches of the Belaya River, in the valley of the Haita River,
in the vicinity of the Aransahoy settlement. In 2008, we col-
lected 5 specimens of H. concinna ticks per flag in the vicin-
ity of this settlement. During the 2019-2022 monitoring,
a survey of the vicinity of Aransakhoy village and the flood-
plain of the Haita river was undertaken. It should be not-
ed that tick collection points and route length were simi-
lar in these years. The number of H. concinna ticks captured
from vegetation per flag is shown in Table 1. 88 specimens



were collected in 2019, 108 specimens in 2020, 141 speci-
mens in 2021, and 167 specimens in 2022.

During monitoring studies in natural foci of tick-borne
infections in suburban areas of Irkutsk, single specimens
of H. concinna were found along the main highways (Ta-
ble 1).1n 1992, we collected 2 specimens (43 km) from veg-
etation on the road adjacent to the Baikalsky Tract. In 2020,
1 specimen was found on the 53 km of this tract. H. concin-
na. In 2014, 1 specimen was collected on the 7-9 km
road to Mel'nichnaya Pad. H. concinna. In 2021 and 2022,
we found 1 specimen of tick in the vicinity of Dobrolet village
(Goloustnensky Tract). In June 2011, a male tick of this spe-
cies was found on vegetation in the Angarsk region [26].

Since the early 1980s, H. concinna has been regular-
ly found in single specimens in other areas of the Baikal
region. Thus, in 1970 ticks of this species were observed
in the Alarsky district [13], in 1987 — in Bayandaevsky [23],
in 2007 —in Nukutsky [22]. 22 years later, we managed to col-
lect 2 specimens of H. concinna ticks in the vicinity of the vil-
lage of Turgenevka in Bayandaevsky district. Tick habitats
were observed in the territories of the Ust-Ordynsky Buryat
district. The thesis work of O.V. Melnikova (2018) reported
the capture of 163 specimens of H. concinna on the Kachug-
sky Tract and the territory of the Ust-Ordynsky Buryat dis-
trict in the period from 2005 to 2015. In 2008, we captured
51 specimens of H. concinna per flag in this area on the side
of the road Yelovka — Krasny Yar village; 1 specimen
of this tick was collected in 2009, in 1 km from Ust-Orda vil-
lage. E.A.Vershinin et al. reported the detection of a sustain-
able tick population of this species inhabiting a swampy area
of an abandoned forest road between spruce-green-moss
forest and ploughed farmland in the vicinity of the Yelov-
ka village. The number of H. concinna in this area reached
14 specimens per flag-hour [27]. Between 2009 and 2012,
we collected 169 specimens of H. concinna from vegeta-
tion per flag in the Ekhirit-Bulagatsky district. H. concin-
na. During the 2013-2022 monitoring period, we cap-
tured a total of 388 specimens of H. concinna. The ticks
were collected from vegetation in a mixed forest, in birch
forest outliers, along paths and roads, in shrubby thick-
ets and on the territory of a swampy meadow. We noted
a slight decrease in the number of H. concinna ticks since
2016, which may be associated with the drying up of bogs,
as well as with the relocation of livestock grazing to oth-
er pastures. Only 6 specimens of H. concinna were possi-
ble to collect at these locations in 2021, which was caused
by flooding of the monitoring sites due to the extreme-
ly snowy winter and abundant rainfall in early spring
of this year.

The first mention of H. concinna ticks being found
in the Cheremkhovsky district dates back to 1970 [13].
We found ticks of this species in the vicinity of Talniki village
in 1992 (2 specimens) and near Nizhnyaya Iret village in 2020
(17 specimens). There is evidence in the literature about
the presence of H. concinna ticks in the Ziminsky, Kachug-
sky and Slyudyansky districts of the Irkutsk region [22, 271.

The H. concinna tick is much less likely to attack humans
and is of less epidemiological importance in the transmis-
sion of infectious agents than the taiga tick. This is confirmed
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by the data of the Center for the Diagnosis and Prevention
of tick-borne infections of the Scientific Centre for Fam-
ily Health and Human Reproduction Problems. During
the period 2007-2011, only 7 cases of human bites by ticks
of this species were registered (4 females and 3 males).
The attacks occurred throughout the spring-summer period,
from April to August. The geography of H. concinna tick bites
once again proves their widespread distribution in the Pre-
Baikal region: these are the Ekhirit-Bulagatsky district (Gakh-
any, 2007), the vicinity of Shelekhov (2008) and Irkutsk (2008)
cities, Kachugsky district (2010), Usolsky district (2011), Oyok
and Revyakino villages of Irkutsk district [26]. These data
were also considered in preparing a map of the distribution
of the H. concinna tick in the Irkutsk region.

H. concinna tick in the Republic of Buryatia is character-
ized by sporadic occurrence and mosaic distribution over
the territory. There are references in the literature about
single finds of ticks of this species in Barguzinsky, Pribai-
kalsky [10, 11], Ivolginsky, Selenginsky [4, 12, 14], Kabansky
and Tunkinsky districts [4, 10]. We discovered H. concinna
ticks in 1992 in the vicinity of the Mishikha River (Kabansky
district, 1992), the floodplain of the Irkut River (Tunkinsky
district, 1992, 2019), and the vicinity of Gusinoozersk (Se-
lenginsky district, 2019). In 2021, we observed ticks of this
species on the road leading to Ust-Barguzin village (1 spec-
imen) and on the Holy Nose peninsula (2 specimens) (Bar-
guzin district, 2021).

Within the territory of the Baikal region there are zones
of sympatry of ticks of different species, while in forest
and taiga landscapes, as a rule, the I. persulcatus tick domi-
nates, and in steppe dominates tick of Dermacentor genus.
These tick species differ significantly both in territorial dis-
tribution and in activity peaks, so it is rarely possible to col-
lect representatives of all three genera in one natural hab-
itat at the same time.

During monitoring studies (2018-2022) in the Uso-
Isky, Ekhirit-Bulagatsky and Cheremkhovsky districts,
we collected ticks of I. persulcatus and Dermacentor spe-
cies along with H. concinna. At the same time, H. concin-
na accounted for from 51.4 to 95.4 % of the total collec-
tion of captured ticks in the Usolsky district, and from 11.3
to 28.9 % in the Ekhirit-Bulagatsky district. One should note
that the number of ticks of different species was compared
when they were captured simultaneously at the same mon-
itoring point. In 2020, ticks of three species were simultane-
ously collected from vegetation in the Cheremkhovsky dis-
trictin the vicinity of Nizhnyaya Iret village, and H. concinna
was the most abundant of them (46 %).

According to our observations, in the Usolsky dis-
trict, we can assume the displacement of the I. persulca-
tus tick by the H. concinna tick. While in the 80s only sin-
gle specimens were found in this area [27], the current
percentage of H. concinna from the total number of ticks
caught here is 51-95 % (Table 2). In the Ekhirit-Bulagat-
sky district, the abundance of H. concinna varies signifi-
cantly over the years. At the same time, the share of ticks
of this species from the total number of ticks in the collec-
tionis 11-30 %. These data indicate the presence of stable
populations of the H. concinna tick in these three areas.



TABLE 1

LOCATIONS OF HAEMAPHYSALIS CONCINNA TICKS IN THE SURVEYED AREAS OF IRKUTSK REGION

AND THE REPUBLIC OF BURYATIA

Area where H. concinna ticks have been found

Irkutsk district
Recreational area of Irkutsk*
Surroundings of Irkutsk*
Mill pad, 7-9 km of road 25N-218
Baikal Tract, 43 km
Bolshaya Rechka village, 53 km of the Baikal Tract

Goloustnensky Tract, floodplain of the Ushakovka river*

Goloustnensky Tract, Dobrolet village

Alexandrovsky Tract, floodplain of the river*
The surroundings of Ust-Baley* village

The surroundings of Moskovshchyna village
Kachugsky Tract, Oyok* village

Revyakina* village

Angarsk district*

of collection

Irkutsk region

Shelekhovsky district, the surroundings of Shelekhov*

Slyudyansky district
Surroundings of Slyudyanka* city
Highway R-258, near the Murino* village
Usolsky district
The floodplain of Haita river*

The floodplain of Haita river*

The floodplain of Haita river, the road to Aransakhoy
village
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Year

1950

2008

2014

1992

2020

2021
2022

2006

2006

2022

2011

2011

2011

2008

2011

201

1965

1970

2019
2020
2021
2022

Coordinates of the area

52.292° N, 104.238°E

52.1749°N, 104.3145°E

52.0345° N, 104.6454° E

51.957°N, 104.755° E

52.330°N.,104.810°E

52.2517°N, 104.8402° E

52.887°N, 103.797° E

52.648° N, 103.984° E

52.547°N,104.116° E

52.576°N., 104.470° E

52.582° N, 104.623° E

52.406° N, 103.965° E

52.209° N, 104.133°E

51.712°N, 103.583°E

51.465°N, 104.414°E

52.646° N, 103.350°E

52.694° N, 103.286° E
52.702°N, 103.280° E
52.701°N, 103.276°E
52.694° N, 103.282°E

Qty.
of findings

1 nymph

45
56
79
70

Ref.



TABLE 1 (continued)

1.7 km southwest of Aransakhoy village, floodplain
of Haita river

Surroundings of Aransakhoy village
In the lower course of Belaya river*
In the valley of Haita river*
Alarsky district*
Nukutsky district*
Bayandaevsky district
Highway 25N-013 between Olzony village and Lura village*
Turgenevka village
Ekhirit-Bulagatsky district
Floodplain of Murin river*
Near Gakhana village*

3-4 km from Yelovka village on the way to Krasny Yar vil-
lage (roadside)

6-7 km from Yelovka village on the way to Krasny Yar vil-
lage (roadside)

4.5 km from Yelovka village, (mixed forest, birch forest
outliers, shrubby thickets, slightly swampy meadow)

1 km from Ust-Orda
Cheremkhovsky district
The road to Nizhnyaya Iret village*
Surroundings of Talniki village
Surroundings of Nizhnyaya Iret village
Ziminsky district, the bank of Kimiltey river*

Kachugsky district

2009-2012
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2019
2020
2021
2022

2008

1987

1987

1970

2007

1987

2009

2006

2007

2008

2008

2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

2009

1970

1992

2020

2007

52.624° N, 103.234°E
52.622°N, 103.235°E
52.622° N, 103.232°E
52.624°N,103.230°E

52.636°N, 103.221°E

53.209°N, 103.191° E

53.77°N, 103.12°E

52.932°N,105.370°E

53.016° N, 105.656° E

52.720° N, 104.875° E

53.048°N, 104.893° E

52.593°N, 104.835°E
52.585° N, 104.845° E

52.575°N, 104.868° E
52.569° N, 104.880° E

52.584° N, 104.849° E

The territory within the co-

ordinates:
52.578°N, 104.877° E

52.568° N, 104.860° E
52.591°N, 104.852° E

52.579°N, 104.832°E

52.822°N, 104.810°E

52.825° N, 102.496° E

52.784° N, 102.440° E

52.969° N, 102.501° E

54.185°N, 102.017° E

43
52
62
97

2-57

32

19

169
84
80
59
21
15
27
21
31

44

17

[23]

[23]

[13]

[22]

[23]

[22]

[26]

[13]

[22]



TABLE 1 (continued)

The floodplain of Manzurka river, highway 25N-013*
The floodplain of Kulenga river®

The surroundings of Kachug village*

The Republic of Buryatia

Barguzinsky district
The floodplain of Barguzin river*
The road to Ust-Barguzin
Svyatoy Nos Peninsula
Pribaikalsky district
The floodplain of Irkilik river, the R438 road*
The floodplain of Khaim river*
Ivolginsky district
The section along the A-340 highway*
The coast of Selenga river along the R-258 highway*
Selenginsky district
Surroundings of Gusinoozersk
The floodplain of Selenga river along the A-340 highway*
Kabansky district
Mishikha river
The floodplain of the Bolshaya Kultushnaya river*
The floodplain of Bolshaya Rechka river*
The floodplain of Selenga river near Nikolsk village*
Surroundings of Oymurskoye village*
Tunkinsky district
Highway A-333, the floodplain of Irkut river*
The surroundings of Tunka village, Akhalik river*
The floodplain of Irkut river

The river bank away from the A-333 highway

n_n

Note. *—data are obtained from literary sources; "—" — no data available.
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2006

2006

2010

1970

2021

2021

1962

1970

1974

2006

2019

2006

1992

1970

1970

1966

2006

1970

1970

1992

2019

53.700°N, 105.978° E

53.774°N, 105.361° E

53.867°N, 109.953° E

53.2914°N, 108.8439° E

53.6805° N, 108.9885° E

52.154°N, 107.753° E

52.688° N, 108.509° E

51.687°N, 107.162° E

51.539°N, 107.346° E

51.234°N, 106.586° E

51.033°N, 106.653° E

51.629°N, 105.539°E

51.883°N, 106.135°E

51.743°N, 106.463° E

52.061° N, 106.864° E

52.338°N, 106.851° E

51.696° N, 102.041° E

51.770°N, 102.604° E

51.6179°N, 102.7160° E

27

[22]

[22]

[26]

[22]



CONCLUSION

Thus, in the course of this study we have summa-
rised and substantially supplemented the available data
about the distribution of the H. concinna tick throughout
the territory of the Baikal region. This tick was found in 12
out of 21 surveyed districts of the Irkutsk region and in 6
out of 9 studied districts of the Republic of Buryatia. The re-
sults obtained indicate the sporadic occurrence and mo-
saic distribution of the tick of this species in the territory
of the Baikal region. The tendency to expand the range
of thermophilic ticks H. concinna has been observed in re-
cent decades as aresult of favourable changes in the ther-
mal regime. It isincreasingly being observed on old logging
roads, cuttings, in secondary mixed forests, drying bogs
in the Irkutsk region, where it has not been found before.

The existence of stable local populations of H. concin-
na at the territory of Ekhirit-Bulagatsky, Usolsky, and, ap-
parently, Cheremkhovsky districts of the Irkutsk region
has been confirmed (Table 2). We can assume, based on our
observations of the ixodid tick population in Usolsky dis-
trict, that in certain natural habitats there is a displacement
of the I. persulcatus tick by the H. concinna tick. In the Ir-
kutsk region, H. concinna is regularly found on roads adja-
cent to major highways, but in single specimen.

Figure 1 shows all the habitats of H. concinnain the ter-
ritory of the Baikal region, which we have succeeded in ob-
taining so far. The habitat of this tick species can be as-
sumed to be confined to the southern regions of Irkutsk re-
gion. The distribution of H. concinna has been established
in the range from 51.465° to 54.185° N. Among the sur-
veyed areas in which this tick was not observed, all are north
of these boundaries. However, this may be explained
by the greater remoteness of these territories from Irkutsk
city, and hence by their less frequent monitoring. The north-
ernmost areas were not surveyed during this study. Nei-
ther did we find in the literature any reports by other au-
thors about findings of this tick in more northern territories
of the Irkutsk region.

TABLE 2

Several new H. concinna tick detection points
have been added in the Republic of Buryatia. These are two
geo-linked points in the Barguzinsky district and one point
each in Kabansky, Selenginsky and Tunka districts (Table 1).
The others have been determined by analysing publica-
tions of other authors [10, 13, 14] and distribution maps
of this tick species that they submitted [1, 5, 22]. Simi-
lar to the Irkutsk region, the areas adjacent to Lake Baikal
and on the way of the main highways turned out to be more
surveyed (Table 1, Fig. 1). The distribution of H. concinna
has been established in the range from 51.033° to 53.867°
N. We can, however, assume that the probability of find-
ing H. concinna in the territory of other districts of the Re-
public of Buryatia that are located to the south of Lake
Baikal is quite significant, since this tick has been found
in the southern districts of the Trans-Baikal Territory (for-
merly Chita region) [1, 14] and in the northern districts
of Mongolia [4].

Despite the fact that H. concinna is not the domi-
nant species of ixodid ticks in the territory of the Baikal re-
gion, it can play a certain epidemiological role as a vector
of a number of vector-borne diseases. It isimportant to con-
sider that some natural foci at the territory of the Baikal re-
gion are zones of sympatry of ticks of the genera Ixodes,
Dermacentor, Haemaphysalis. These closely related ticks
may be able to preserve and transmit the same pathogens
by feeding on the same feeders, which facilitates a wid-
er spread of pathogens across different biotopes. In turn,
the transfer of pathogens of vector-borne diseases from one
vector to another through the same reservoir hosts can con-
tribute to their more intense genetic variability and thus ac-
celerate the evolution of pathogens.

The present data collection and analysis can be con-
sidered only as a first step towards a more complete de-
termination of the distribution of H. concinna and subse-
quent identification of its involvement in the persistence
and transmission of vector-borne pathogens of human
and animal diseases in natural foci throughout the territo-
ries adjacent to Lake Baikal.

PERCENTAGE OF TICKS OF DIFFERENT SPECIES IN THREE DISTRICTS OF THE IRKUTSK REGION

District

of Irkutsk region Type of tick

2018

I. persulcatus 197 /86.4

Ekhirit-Bulagatsky H. concinna 27/11.8

Dermacentor sp. 4/1.8

I. persulcatus
Usolsky

H. concinna

I. persulcatus
Cheremkhovsky H. concinna

Dermacentor sp.

88

Number of collected specimens / percentage by year

2019 2020 2021 2022
69/76.7 139/81.8 47/88.7 108/71.1
21/23.3 31/18.2 6/11.3 44/28.9

6/64 102/48.6 25/25.1 8/46
88/93.6 108/51.4 141/84.9 167 /95.4

- 13/35.1 - -
- 17/46.0 - -
- 7/18.9 - -



FIG. 1.

Points of H. concinna tick detection in the districts of the Irkutsk region and the Republic of Buryatia: yellow colour indicates the points iden-
tified in our study and superimposed on the map published earlier (cited in [5]).]
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ABSTRACT

Background. Obesity is a significant social problem among the population
of the world. The leptin gene (LEP) is currently considered as a potential candidate
gene influencing metabolic disorders associated with predisposition to overweight
and obesity. Leptin plays an important role in body weight homeostasis by influencing
food intake and energy expenditure and maintaining constant energy stores. A defect
in the leptin gene may be one of the causes of obesity and, as a result, of various
obesity-associated pathologies.

The aim of the study. To search for single-nucleotide polymorphisms (SNP)
of the leptin gene in adolescents with different weight status.

Methods. The study involved 20 adolescents aged 11-17 years with normal
body weight and overweight/obesity. Research methods: assessment of clinical
status with anthropometry; Sanger sequencing of the leptin gene fragment lo-
calized in the intron of this gene — (5-AGCCTTGTTTTCATCATCTGGA, 3-TGGGAG-
GAATCGCTCTCAGA). We also carried out bioinformatic processing of sequencing
results.

Results. As a result of the study, the optimal conditions for amplification
ofthe 891 bps leptin gene region were selected for the above mentioned primer pair
ofthe LEP gene (s16_L891,s16_R891). Based on the results of sequencing, 45 single
nucleotide substitutions of the LEP gene were identified, including 23 single nucleotide
substitutions which were not previously registered in GenBank. In the group of ado-
lescents with overweight and obesity, 14 unregistered single nucleotide substitutions
of the LEP gene and 13 registered SNPs were identified in the GenBank database.
In the group of adolescents with normal body weight, these SNPs were not found.

Key words: leptin gene, sequencing, overweight, obesity, leptin
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PE3IOME

OxupeHue — 3Ha4umMas coyuanbHas npobnema cpeou HaceseHus 8ce20 Mupd.
B HacmosAwee spems 2eH nenmuHa (LEP) paccmampusaemca Kak nomeHyuaioHelt
2eH-KaHouoam, enusowult Ha Memabosuyeckue HapyweHus, acCoyuupOB8aHHble
C NPedpacnooXeHHOCMbIO K U36bIMOYHOU Macce mena u oxupeHuro. JlenmuH
uepaem 8axHyto poJib 8 20Me0CMase Maccbl mesia, 871U Ha hompebrieHue nuuwju
U pacxo0 3Hepauu u no00epKueas NOCMOsHHbIe 3anacsl 3Hepauu. [Jechekm eeHa
JlenmuHa moxem 6bimbs 00HOU U3 NPUYUH 0XUPEHUS U, KaK C/1e0cmaue, pas/iuyHbIX
namousnoautl, C8A3AHHbIX C OXXUPeHUeM.

Llenb uccnedosaHus. [Mouck 00HOHYKeomuoHbix noaumopgpusmos (SNF, single-
nucleotide polymorphism) 2eHa nenmuHa y noOpocmxo8 ¢ pa3HbIM Cmamycom 8eca.
Memooel. BuccnedosaHuu npuHsau yyacmue 20 noopocmkos 11-17 nem ¢ Hop-
MasbHoU Mmaccol mesa u u3bsimoyHol maccoli mena/oxupeHuem. Memooel uccie-
008aHUSA: OYeHKA KIIUHUYeCK020 cmamyca c aHmponomempuel; CeKeeHUpo8aHue
no memooy CeHzepa (hpazmeHma 2eHa 1IeNMuUHd, IOKAsU308aHHO20 8 UHMPOHe
0aHHO20 2eHa — (5-AGCCTTGTTTTCATCATCTGGA, 3-TGGGAGGAATCGCTCTCAGA).
Takxe npogedeHa 6UOUHEHOPMAYUOHHAS 06pabomKa pe3ysibmamoes cek8eHUpo-
8aHUS.

Pesynemamel. Bpe3ynemame ucciedosaHus npose0éH no06op onMuUMAaAsbHbIX
ycio8ull amnauukayuu y4acmea 2eHa ienmuxa pasmepom 891 n. H. 014 sbiwe-
yKazaHHoU napel npatimepos 2eHa LEP (s16_L891, s16_R891). lo pesynemamam
CeK8eHUpPOBaHUA UOeHMUPUYUPOBAHO 45 00HOHYK/IEOMUOHbIX 3ameH 2eHa LEP,
8 Mom qucsie 23 00OHOHYK/1eoMUOHble 3aMeHbl paHee He 3dpe2ucmpupo8aHHbIE
8 GenBank. B 2pynne nodpocmkos ¢ u3bbimo4Hol mMmaccoli mena u oxupeHuem
uoeHMuUpUYUPOBAHO 14 Hezape2ucMpupoB8aHHbLIX OOHOHYK/IEOMUOHbIX 3aMEeH
2eHa LEP u 13 3apeaucmpupogatHbix SNP 8 6a3e daHHbix GenBank. B 2pynne noo-
pocmkos ¢ HopmasbHoU Mmaccolti mesia 0aHHble SNP He 06HapyxeHsl.

Knroyeswie cnosa: 2eH 1enmuHa, ceKkeeHuposedaHue, u3bbiImoy4Has macca mend,
oXxXupeHue, 1IenmuH

Ona untuposBanusa: banposa T.A,, Epwosa O.A., Cambanosa A.lO., bensiesa E.B., ChHb-
KoB B.B., PbiukoBa J1.B. CekBeHVpoBaHyie GpparmeHTa reHa IenT1Ha y NoApOCTKOB C Pa3HbIM
cTatycom Beca. Acta biomedica scientifica. 2023; 8(4): 92-100. doi: 10.29413/ABS.2023-8.4.10
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INTRODUCTION

Childhood obesity is a major public health prob-
lem. Currently, there is a significant increase in the num-
ber of overweight and obese children and adoles-
cents, with a majority of them being obese in adult-
hood as well [1]. The risk of obesity and its consequenc-
es in adulthood is higher if the problem begins in child-
hood. Obesity is the cause of type 2 diabetes mellitus,
non-alcoholic fatty liver disease, cardiovascular and oth-
er diseases [2-9].

Body weight regulation is a complex process of neu-
rohumoral regulation involving various neurotransmit-
ters, including leptin. Leptin is a polypeptide hormone se-
creted by adipose tissue and provides regulation of ener-
gy, neuroendocrine and metabolic processes in the body.
Leptin has an impact on the processes of energy intake
and consumption, fat and carbohydrate metabolism,
and the production of hypothalamic and pituitary hor-
mones [10].

The leptin gene (LEP) is located on chromosome 7
and consists of three exons separated by two introns
[11, 12]. According to the National Center for Bio-
technology Information (NCBI), 4,239 single nucleo-
tide substitutions have been described for this gene
[13]. Today, 2 polymorphisms (rs2167270, rs7799039)
are of the greatest interest, the contribution of which
to the formation of metabolic disorders in obese pa-
tients has been proven [14].

The search for other, including new, polymorphisms
of the leptin gene, their contribution to the formation
of metabolic disorders in patients of different races, pop-
ulations, and different age groups is still relevant.

THE AIM OF THE STUDY

To search for single-nucleotide polymorphisms (SNP)
of the leptin gene in adolescents with different weight
status.

TABLE 1
CHARACTERISTICS OF STUDIED GROUPS OF ADOLESCENTS

Indicators Control group (n = 8),

MelQ,;Q,]
Age (years) 16.5[14.75; 17]
Height (cm) 167.2[161.825; 183.1]
Weight (kg) 63 [57.95; 66.25]
BMI (kg/m2) 20.4[19.625; 21.575]
SDS BMI 0.04 [-0.49; 0.9225]

METHODS

The study included 20 adolescents aged 11 to 17 years
(14.8 + 0.45 years), including 14 girls and 6 boys, with dif-
ferent weight status: 12 overweight and obese adoles-
cents (standard deviation score (SDS) of body mass in-
dex (BMI) > 1), 8 adolescents with normal body weight
(SDS BMI < 1). All teenagers are representatives of Europe-
an ethnicity (at the example of Russians). The characteris-
tics of the groups are presented in Table 1.

Thus, the groups are comparable in gender and age.
The mean values of anthropometric indices are statisti-
cally significantly different between groups with different
weight status — normal and overweight.

In working with adolescents, we observed the ethi-
cal principles required by the World Medical Association
Declaration of Helsinki (World Medical Association Dec-
laration of Helsinki, 1964, as revised in 2013; amended
at the 64th General Assembly of the World Medical As-
sociation, Brazil) and paragraph 5 of Article 24, "Rights
of Minors" Fundamentals of Legislation of the Russian
Federation about the Protection of Citizens’ Health
0f22.07.1993 No. 5487-1 (as amended on 20.12.1999). All
participants have informed parental consent (if the age
of the subject is less than 14 years old) or informed con-
sent of the surveyed sample (if the age of the subject
is 14 years or older).

At study inclusion, adolescents had their linear height
and body mass (BM) measured, then body mass index (BMI;
kg/m?) was calculated. The trial subjects were weighed
with an accuracy of 0.1 kg in standard light clothing
and without shoes on a platform hand scale. Height
was measured with a stationary height meter with an accu-
racy of 0.1 cm.BMl was calculated as a person’s weight in kg
divided by his height in m2. The height and weight param-
eters of adolescents were evaluated using WHO reference
values using the AnthroPlus calculator [15]. Standard devia-
tion values from population mean values were determined
for BMI — SDS was calculated using the Auxology 1.0 b17
computer software application (Pfizer, USA). BW was con-

Overweight and obese group (n = 12),

Me[Q,; Q] S
14.5[13.5; 16] 0.97
158.5[155.25; 163.125] 0.031*
74.8 [72;82.975] 0.001*
30.05[27.80; 33.15] 0.000016*
2.845 [2.335; 3.065] 0.000016*

Note. *—the noted criteria are statistically significant at the level of p < 0.05, Mann — Whitney U test was used in the comparison.
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sidered excessive at a BMI in the range of 25.0-29.9 kg/m?,
obesity — at a BMI = 30 kg/m? [16].

Blood samples were collected into 5 ml vacuum tubes
containing K;-ethylenediaminetetetraacetic acid (K,ED-
TA) in order to analyse DNA. DNA isolation was carried out
by the sorbent method using the DNA sorb-B kit (Feder-
al Budget Institution of Science Central Research Institute
of Epidemiology of Rospotrebnadzor, Russia).

The primers were selected using the Primer-BLAST soft-
ware [17] (Fig. 1). Oligonucleotides were synthesized in Eu-
rogen CJSC.

One of the primer pairs was matched to an 891 bps
fragment of the leptin gene localised in the intronic part
of this gene:

1) s16_L891 — 5'-AGCCTTGTTTTCATCATCTGGA (ab-
solute number of nucleotides - 22, molecular weight
6670 (Mw)g/mol);

2) s16_R891 - 3'-TGGGAGGAATCGCTCTCAGA 9 (ab-
solute number of nucleotides - 20, molecular weight
6163 (Mw)g/mol).

Optimal amplification conditions were selected for this
pair.

Stock solutions with a concentration of 100 umol/ml
were prepared from lyophilised oligonucleotide samples
by dilution with deionised water and further diluted to a fi-
nal concentration of 20 umol/ml.

Two approaches were used to select the annealing tem-
perature of the primers. The first one is calculated using
the formula: T=2(AT) + 4(GC) (instructions for the ScreenMix
reagent), where Tis the annealing temperature of the prim-
ers; AT is the number of nucleotides adenine and thymine;
GC is the number of nucleotides guanine and cytosine in-
cluded in the primer. The second - by using the online cal-
culator Thermo Fisher (Thermo Fisher Scientific, USA) [19].

Experimental polymerase chain reaction (PCR) as-
says were performed in a volume of 10 pl of reaction mix-
ture. The PCR components were mixed in the sequence
and volumes shown in Table 2, according to the protocol
for the ScreenMix reagent (5X ScreenMix, Eurogen CJSC,
Russia).

FIG. 1.
Reference Sequence LEP screenshot [18]
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TABLE 2

SEQUENCE AND VOLUMES OF PCR MIX COMPONENTS
APPLIED FOR 1 DNA SAMPLE AND TOTAL PCR MIX
VOLUME OF 10 ML

Components Quantity (pL)
Sterile water 52
Screen Mix 2.0
PCR primer 1 (L - left) 0.4
PCR primer 2 (R - right) 0.4
DNA matrix 2.0
Total PCR mixture volume 10.0

PCR was performed using the amplifier DT prime (NPO
DNA-Technology LLC, Russia) according to the ScreenMix
manufacturer’s software program presented in Table 3.

The amplicon fragment sizes for each sample were es-
timated by electrophoresis in a 1.5 % agarose gel in 1XTAE
buffer admixed with ethidium bromide, at an electrical volt-
age of U= 146V, over a period of 2 hours.

BigDye™ Terminator v. 3.1 Cycle Sequencing Kit (Ther-
mo Fisher Scientific, USA) reagents were used for sequenc-
ing according to the manufacturer’s instructions. The re-
action products were purified by precipitation with 75 %
isopropyl alcohol. The nucleotide sequences were deter-
mined using the NANOPHOR 05 automatic sequencer
(Syntol LLC, Russia). This study has been performed using
the equipment of the Center for the Development of pro-
gressive personalized Health Technologies of the Scien-
tific Centre for Family Health and Human Reproduction
Problems (Irkutsk).



TABLE 3
AMPLIFICATION PROGRAM

Stage Temperature, °C Incubation time Number of cycles
1 Pre-denaturation: 95° 5 min 1
Denaturation 95° 30s
2 Annealing of primers 52-70° 30s 40
Elongation 72° 30s
3 Storage 4° - -

The sequencing results have been bioinformatical-
ly processed. The quality of chromatograms was assessed
using the UGENE software (Unipro, Russia). The chromato-
grams were processed using the Rv. 4.2.3 software. The ob-
tained nucleotide sequences were aligned to the reference
sequence of the LEP gene — NG_007450.1 RefSeqGene -
and compared with each other in the MEGA 11 software
(Pennsylvania State University, USA).

Ethical review

The conduct of this study was approved by the Eth-
ics Committee of the Scientific Centre for Family Health
and Human Reproduction Problems (Protocol No. 9 dated
October 8, 2014).

RESULTS

At the first stage, the selection of PCR temperature
conditions for the analyzed pair of primers (oligonucle-
otides s16_L891, s16_R891) was carried out. According
to the above formula for selecting the annealing tem-
perature of primers, the temperature for both left (s16_
L891) and right (s16_R891) primers was 62 °C. A simi-
lar calculation using the online calculator Thermo Fish-
er Scientific (USA) showed an annealing temperature
of 63.2 °C. It is known that the annealing temperature
gradient should start at a temperature 6-10 °C below
the calculated annealing temperature; therefore, three
variants of primer annealing temperature have been
determined at the first stage of the experiment: 56 °C,
58 °C, and 60 °C.

PCR was performed with 5 DNA samples. The re-
agents were introduced in the sequence and volu-
mes shown in Table 2. The PCR was performed using
the software program shown in Table 3. An electro-
phoregram with the results of the experiment is shown
in Figure 2.

Amplification was satisfactory in all three experimen-
tal PCR assays. PCR products with a size of 891 bps are ob-
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served in the gel in tracks with DNA amplicons. The an-
nealing of primers at a temperature of 60 °C was the most
optimal, because in this mode of amplification, the least
amount of non-specific amplification products is observed
in the gel.

As a result, the next step in selecting the amplification
conditions for the primer pair under study was an experi-
ment in which the number of primers was reduced by 10 %
of that indicated in Table 2, the primer annealing temper-
ature was gradiently increased by 2 °C (62 °C annealing)
and 4 °C (64 °C annealing) (Fig. 3).

FIG. 2.

Electrophogram: the LEP gene primers —s16_L891,s16_R891;
three variants of the temperature shelf for the annealing stage -
56 °C, 58 °Cand 60 °C

Analysis of the separation of PCR products shown
in Figure 3 showed that a 10 % decrease in the number
of primers with primer annealing at all temperature con-
ditions led to the expected result - specific PCR products
with a size of 891 bps are present in the in tracks with DNA



amplicons and there are no products of non-specific am-
plification.

FIG. 3.

Electrophogram: LEP gene primers —s16_L891, s16_R891, the num-
ber of primers reduced by 10 %; three variants of the temperature
shelf for the annealing stage — 60 °C, 62 °C and 64 °C

Thus, optimal conditions for PCR have been selected
for the analyzed fragment of the leptin gene.

The next step of work with the analysed primer pair
is amplification of 20 DNA samples using the selected con-
ditions in the volume of reaction mixture equal to 50 pl.
Reagents for PCR mixtures were introduced in sequence
and volumes, according to Table 4. DNA samples were add-
ed at the rate of 10 pl each. The result of PCRis shown in Fi-
gure 4.

TABLE 4

SEQUENCE AND VOLUMES OF PCR MIXTURE
COMPONENTS APPLIED FOR 20 DNA SAMPLES
AND A TOTAL PCR MIXTURE VOLUME EQUAL TO 50 ML

Component Quantity (pL)
Sterile water 528
Screen Mix 200
PCR primer 1 (L - left) 36
PCR primer 2 (R - right) 36
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FIG. 4.

Fragment of the electrophogram: LEP gene primers —s16_L891,
s16_R891; number of primers reduced by 10 %; primer annealing
at 60 °C; DNA samples from 1to 16

The obtained amplicons were used for sequenc-
ing the LEP gene using the Sanger method, according
to the protocol of the reagent kit manufacturer.

At the next stage, chromatograms were analyzed
to search for the SNP leptin LEP gene in Caucasian adoles-
cents with different weight status.

We identified 45 SNPs, including 22 SNPs previous-
ly reported and 23 SNPs not previously reported in Gen-
Bank (01.02.2022) (Table 5), based on the results of aligning
the obtained data to the reference sequence of the leptin
gene from the NCBI database (NG_007450.1).

Therefore, 14 SNPs of the leptin gene not registered
in the GenBank database were found in the group of over-
weight and obese adolescents.

Moreover, according to the results of sequencing prim-
ers s16_L891 and s16_R891 of the LEP gene, we identified
12 new nucleotide substitutions in 22 previously registered
SNPs (Table 6).

An application has been submitted for registration
in GenBank of 23 leptin gene polymorphisms newly diag-
nosed in the world.

SUMMARY

Sequencing of the LEP gene fragment for a pair of prim-
ers (s16_L891, s16_R891) revealed both new and pre-
viously described single nucleotide substitutions. A to-
tal of 45 single nucleotide substitutions were identified
in the study groups. SNPs previously registered in GenBank



TABLE 5

LIST OF SNPS OF THE LEPTIN GENE NEWLY DIAGNOSED (NOT REGISTERED IN GENBANK) IN ADOLESCENTS
WITH DIFFERENT WEIGHT STATUSES

Seq
No.

1

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Position in the gene

Ch 7:128254003

Ch 7:128254031

Ch 7:128254086

Ch 7:128254131

Ch 7:128254135

Ch 7:128254139

Ch 7:128254145

Ch 7:128254146

Ch 7:128253548

Ch 7:128253560

Ch 7:128253561

Ch 7:128253565

Ch 7:128253877

Ch 7:128254051

Ch 7:128254064

Ch 7:128254070

Ch 7:128254083

Ch 7:128254084

Ch 7:128254089

Ch 7:128254094

Ch 7:128254121

Ch 7:128254133

Ch 7:128254138

Identified nucleotide
substitution

G>CT

G>T

A>TG

A>T

G>T

T

A>T

G>T,C

T

AST

A>T

T>C

G>A

G>A

G>C

T

G>C

G>A

G>T

G

T

T

G>T

The number of adolescents

98

with SDS BMI < 1 (abs.)

Number of adolescents with
SDS BMI > 1 (abs.)



TABLE 6

NUCLEOTIDE SUBSTITUTIONS IN IDENTIFIED LEP GENE POLYMORPHISMS IN ADOLESCENTS WITH DIFFERENT WEIGHT

STATUS

?\le: Single nucleotide polymorphism
1 rs1795301406
2 51795303962
3 rs1795304377
4 rs1795306221
5 rs1795306653
6 rs1033530971
7 rs1795307023
8 rs1010492815
9 rs188857788
10 rs1795307445
1 11795307524
12 rs1430150874

were identified in obese adolescents: rs917105894 G>T,
rs1795301406 G>A, rs1795303962 G>A, rs1795304377 A>C,
rs1795304438 G>T,rs1318987243 G>T,rs3793162 G>A,C/T,
rs1795306653 G>T, rs1795307023 A>G, rs1010492815 A>G,
rs1795307445 G>A, rs1795307524 A>G, rs1430150874 G>A.
SNPs not previously registered with GenBank were iden-
tified: Ch 7:128254131, Ch 7:128254139, Ch 7:128254145,
Ch 7:128253548, Ch 7:128253560, Ch 7:128253561,
Ch 7:128253565, Ch 7:128253877, Ch 7:128254070,
Ch 7:128254084, Ch 7:128254089, Ch 7:128254121,
Ch 7:128254133,Ch 7:128254138. This study should be con-
tinued to evaluate the contribution of these SNPs to meta-
bolic disorders in overweight and obese adolescents by ex-
panding the study cohorts of adolescents and further an-
alysing clinical and metabolic parameters in these study
groups.

CONCLUSIONS

Optimal conditions for PCR for a pair of primers (5-AGC-
CTTGTTCATCATCTGGA, 3-TGGGAGGAATCGCTCTCAGA)
of the leptin gene: primer concentration - 0.18 uM; prim-
er annealing at a temperature of 60 °C. Based on the re-
sults of LEP gene sequencing, 12 new nucleotide substi-
tutions were identified in the SNPs previously registered
in GenBank. In the analysed intron fragment of the lep-

GenBank-registered nucleotide

Identified nucleotide substitution

substitution

29

G>A G>C
G>A G>T
A>C A>T
G>A G>T
G>T G>T
T CA
A>G A>C
A>G A>T
C>A G
G>A G>CT
A>G A>T
G>A G>T

tin gene (5-AGCCTTGTTCATCATCATCTGGA, 3-TGG-
GAGGAATCGCTCTCTCTCAGA), 23 SNPs were identified
for the first time.
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INFECTIOUS DISEASES

ABSTRACT
BorodulinaE.A. ", Background. The stability of human organism for different kind of infection, in-
Vasneva Zh.P.?, cluding SARS-CoV-2 is significantly defined by the immune system. The mechanisms
VdoushkinaE.S. ", of the cellular immunity to the SARS-CoV-2 are not exactly defined and are under
Borodulin B.E. ", study.
Povalyaeva L.V.' The aim. To study the features of cell immunity parameters in patients with lung

damage up to 30 % in COVID-19.
Material and methods. 73 people were examined during the 2020-2021 pandemic.

! Samara State Medical University The study group consisted of 31 patients with lung damage up to 30 % with COVID-19,
(Chapaevskaya str. 89, Samara 443099, the comparison group consisted of 42 people not infected with SARS-CoV-2. A com-
Russian Federation) plete clinical blood count was carried out using a Medonic M20 hematological
2 Samara Diagnostic Center analyzer (Boule Medical, Sweden), the level of lymphocyte subpopulations was de-
(Myagi str. 7A, Samara 443093, termined using a FACS Calibur cytometer (BD, USA) and FITC- and phycoerythrin-
Russian Federation) labeled monoclonal antibodies (Sorbent, Russia). Differences were considered

statistically significant at p < 0.05.

Results. Patients with COVID-19 with lung damage according to computed
tomography (CT)< 30 % before the treatment had a restructuring in the ratio
of lymphocyte subpopulations in 67.7 % of cases. Lymphopenia (< 1.1 x 10° cells/L)

Corresponding author: was detected in 34.4 % of patients: a decrease in the absolute count of CD3" lym-
Elena A. Borodulina, phocytes by 30.8 %, CD3TCD4* - by 35 %, CD3*CD8* - by 6.7 % (p < 0.05),
e-mail: borodulinbe@yandex.ru CD16*CD56" natural killer (NK) cells — by 29.4 % (p = 0.009). The level of CD95" lym-

phocytes in COVID-19 is 3.2 times higher than in healthy individuals. Elevated
levels of HLA-DR* (> 20 %) and CD3* HLA-DR* lymphocytes (> 6 %) are recorded
in 60 % and 86.7 % of patients, respectively. Elevated levels of CD19* Blymphocytes
(> 17 %) in COVID-19 are 2.6 times more common than in healthy individuals. Cor-
relation dependences of the count of NK cells with a wide range of T lymphocyte
subpopulations were revealed.

Conclusion. Cellularimmunity indicators in COVID-19 have a number of features
that can serve as predictors of the progression of the severity of the disease.

Key words: COVID-19, new coronavirus infection, immune state, cellularimmunity,
lymphocytes, SARS-CoV-2
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PE3IOME

O60cHoBsaHue. Ycnex npomuegooelicmaus opeaHUu3Ma yesnoseka UHGeKYUsIm
83Ha4yumMesibHoU Mepe 3agucum om UMMYHHOU cucmembl. MexaHu3mel peazuposa-
HUA KJ1Iemo4YH020 uMMyHUMema Ha supyc SARS-CoV-2 ewjé moyHo He onpedesieHbl
u usyyaromcs.

Lens pabomel. ViccnedosaHue ocobeHHocmel nokazamersel K/1emo4YHO20 38eHa
UMMYHUMemMa y nayueHmos ¢ nopaxeHuem aézkux 0o 30 % npu COVID-19.
Mamepuan u memoodewl. O6c1e008aHo 73 Yesoseka 8 nepuod naHoemuu 2020-
2021 22. [pynny usyyeHus cocmagun 31 nayueHm ¢ nopaxeHuem nézkux 0o 30 %
npu COVID-19, 2pynny cpagHeHus — 42 yenoseka, He UHGUYUposaHHbix SARS-CoV-2.
O6wul KNUHUYeCKU aHAMU3 Kposu Npo8oouJIU C UCNOJIb308AHUEM 2eMamoJio2uye-
cko20 aHanuzamopa Medonic M20 (Boule Medical, lLlseyus), ypogeHs cybnonynayudi
JIUMgoyumos onpedesnssiu c ucnosb3osaHuem yumomempa FACS Calibur (BD, CLLA)
u medeHHbIx OUTL] u huKO3PUMPUHOM MOHOKIOHAbHBIX aHmumen (CopbeHm,
Poccus). Pasnu4ua caumanuce cmamucmuyecku 3Ha4yumeimu npu p < 0,05.
Pe3synemamel. Y nayueHmos ¢ COVID-19 npu nopaxeHuu n1é2kux no 0aHHbIM
komnetomepHol momoepagpuu (KT) < 30 % 0o Ha4ana neyeHUs ommedaemcs
nepecmpolika 8 CcOomHoweHuu cybnonynayul aumgpoyumos 8 67,7 % ciyyaes.
Jlumeponenrus (< 1,1 x 10° kn1./n) eviseneHa y 34,4 % nayueHmos: CHuxeHue abco-
JIlomHo20 codepxaHus CD3*-numgpoyumos — Ha 30,8 %, CD3TCD4* - Ha 35 %,
CD3*CD8* — Ha 6,7 % (p < 0,05), CD16*CD56* HamypaneHbix kunnepos (HK) -
Ha 29,4 % (p=0,009). YposeHb CD95*-numepoyumos npu COVID-19 8 3,2 pasa ebiue,
uem y 300p08bix suy. NosviweHHsbie yposHU HLA-DR*- (> 20 %) u CD3* HLA-DR*-
numgoyumos (> 6 %) pecucmpupyromces y 60 % u 86,7 % nayueHmos coomeem-
cmeeHHo. lMosblweHHbIl yposeHb CD19* B-numgpoyumos (> 17 %) npu COVID-19
6bi8aem 8 2,6 paza yauje, 4em y 300p08bix /1UY. BbiseneHsl KOppenayuoHHble
3asucumocmu codepxaHus HK-knemok ¢ wupokum cnekmpom cybnonynayud
T-numghoyumos.

3aknioyeHue. [lokazamesnu Kiaemo4Ho20 ummyHumema npu COVID-19 umeiom
pAO0 XapakmepHbix 0cobeHHOCMel, Komopble Mo2ym CJlyXXumb npeduKmopom
npozpeccuposaHus maxecmu 3a60/1€8aHUS.

Kniouesole cnoea: COVID-19, Hogasa KopoHABUPYCHAA UHpeKyUs, UMMYHHbIU
cmamyc, KnemoyHsil uMMyHUmMem, numgoyumel, SARS-CoV-2

[Ona umtnposBaHma: bopoaynuHa E.A., BacHesa »K.l., BooywkuHa E.C., BopogynuH B.E.
MNoBansesa J1.B. OcobeHHOCTN NOKa3aTesei KNeToOYHOro MUMMyHKTeTa nepm¢epmquK0|7[
KPOBY Y MaLMEHTOB C nopakeHmem nérkux ao 30 % npu COVID-19. Acta biomedica
scientifica. 2023; 8(4): 101-108. doi: 10.29413/ABS.2023-8.4.11
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OBJECTIVES

Since the beginning of the COVID-19 pandemic,
it has been observed that the infection manifests in hu-
mans in a variety of ways, ranging from simple infec-
tion without clinical manifestations to severe condi-
tions with multi-organ damage. Progressive lung dam-
age was most often the cause of death in patients. Per-
sons over 65 years of age and those with chronic dis-
eases are most susceptible to the severe course [1].
Lymphocytes and their subpopulation structure play
an important role in antiviral immune protection [2].
Viral infections lead to changes in the number and ac-
tivity of the main subpopulations of lymphocytes (T
and B lymphocytes) and natural killer (NK) cells in-
volved in humoral and cytotoxic antiviral immune re-
sponse [3, 4]. Studies conducted during 2020 have
shown that SARS-CoV-2 has a unique pathological ef-
fect on the immune system compared to other corona-
viruses [5, 6]. Typical characteristics of SARS-CoV-2 in-
fection are a dramatic decrease in lymphocyte counts,
changes in the ratios of T lymphocyte subpopulations,
including CD4* and CD8* T lymphocytes [7]. The sever-
ity of changes in the T cell component of immune sys-
tem determines the severity of the disease [2]. An im-
portant point to note is that the success of human re-
sistance to SARS-CoV-2 infection, like the success of vac-
cination, depends to a large extent on the initial state
of the immune system [8]. Studying the development
of the macro-organism immune system response to
SARS-CoV-2 infection is important for understanding
the pathogenesis of the disease, as well as for develop-
ing therapeutic strategies and preventing the develop-
ment of severe conditions caused by COVID-19.

THE AIM OF THE STUDY

To study the features of cellimmunity parametersin pa-
tients with lung damage up to 30 % in COVID-19.

MATERIALS AND METHODS

Study design. We analysed the results of 73 pa-
tients during the 2020-2021 pandemic, including 31 pa-
tients on the 5th-7th day from the first signs of infection
with SARS-CoV-2 virus with up to 30 % lung damage (study
group) and 42 patients not infected with SARS-CoV-2 (com-
parison group). Study participants underwent an examina-
tion including assessment of patients’ history, complaints,
blood tests, computed tomography (CT) of the chest or-
gans, and polymerase chain reaction (PCR) testing for SARS-
CoV-2 infection. The survey data were recorded in a stan-
dardised questionnaire.

Compliance criteria. Patients in the study group
had positive PCR test results for SARS-CoV-2, lung
changes on CT < 30 %, blood oxygen saturation > 95 %,
and were not taking antibacterial or hormonal drugs

at the time of admission to the hospital. The compari-
son group had an appropriate gender and age structure
and included practically healthy individuals with negative
levels of antibodies to SARS-CoV-2 virus at the time of med-
ical surveillance.

Procedure situation. All patients underwent gen-
eral clinical blood examination using Medonic M20 hae-
matological analyser (Boule Medical, Sweden), including
determination of absolute number of leukocytes, plate-
lets, lymphocytes, microscopic determination of leu-
kocyte formula. The percentage and absolute content
of T lymphocyte subpopulations (CD4* T helper cells,
cytotoxic CD8* T lymphocytes, CD16* T lymphocyte kill-
ers, HLA-DR* activated T lymphocytes), NK lymphocyte
subpopulations (CD16*CD56%, CD3-CD8*) were de-
termined, B lymphocytes (CD19%), expression level
of HLA-DR* and CD95* markers in the total blood lym-
phocyte pool (BP) by flow cytofluorimetry using FACS
Calibur cytometer (BD, USA) and FITC- (Fluorescein Iso-
ThioCyanate) and phycoerythrin-labelled monoclonal
antibodies (Sorbent, Russia).

The leukocyte shift index (LSI) according to N.I. Yabu-
chinsky was determined by the ratio of the number of gran-
ulocytes (neutrophils, eosinophils and basophils) to agran-
ulocytes (lymphocytes and monocytes). The leukocyte
T cell index (LTI) according to A.M. Zemskov was deter-
mined by the ratio of the absolute number of leuko-
cytes to that of CD3* T lymphocytes. The immunoregu-
latory index (IRl) was determined by the ratio of the per-
centage of CD3*CD4* lymphocytes to the percentage
of CD3*CD8* lymphocytes.

The diagnosis of COVID-19 was verified using a PCR
test for SARS-CoV-2, the levels of IgG antibodies (At)
to the recombinant structural protein S1 spike of the SARS-
CoV-2 virus in BP serum were determined using a semi-
quantitative immunoenzymometric assay (IEMA) (Euro-
immun AG, Germany), levels IgM-At and 1gG-At to the re-
combinant protein SARS-CoV-2 - using high-quality IEMA
(Vector-Best, Russia).

All the studied age, anamnestic and laboratory data
were documented in the form of a standardised database
(state registration certificate No. 2022620741 dated April 5,
2022) [9].

Ethical review. The study was carried out in ac-
cordance with the World Medical Association Declara-
tion of Helsinki "Ethical principles of conducting scientific
medical research with human participation as a subject".
Written informed consent was obtained from each study
participant before performing the procedures. The re-
search protocol was approved by the Bioethics Commit-
tee of the Samara State Medical University of the Ministry
of Health of the Russian Federation (Protocol No. 211 dat-
ed October 7, 2020).

Statistical processing was carried out using
the SPSS 22.0 software (SPSS Inc., USA). Median (Me), 25th
(Q1, first quartile) and 75th (Q3, third quartile) percentiles,
Mann - Whitney rank test, Pearson's x? test, Spearman’s
rank correlation (R). The level of statistical significance (p)
was assumed to be < 0.05.
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RESULTS

Among those examined, 66% were female. The average
age 50.8 + 15.4 years. A comparative analysis of the num-
ber of white cells and BP platelets showed that in the ma-
jority of patients the median values were within the refer-
ence values (Table 1).

The percentage and absolute lymphocyte levels were
23 % (p = 0.003) and 26.3 % (p = 0.003) lower, respective-
ly, in the COVID-19 patient group than in the comparison
group (Table 1). Severe lymphopenia (< 1.1 x 10° cells/L)
was observed in 34.4 % of patients and was not observed
in healthy individuals. In addition, with a higher neutro-
phil level (by 17.3 %; p = 0.004), there is also a 1.5-fold in-
creased LSI relative to the comparison group (p = 0.001).
In 21 (67,7 %) patients the pronounced rearrangements
in the population structure of BP white cells were noted,
among which in 12 (57 %) cases the increase of LS| values
due to lymphopenia on the background of neutrophilia was
noted (against 4 (10,7 %) healthy persons).

The percentage of atypical neutrophils ranged
from 1 to 16 % (mean 8 %) and atypical lymphocytes
from 2 to 15 % (mean 4.1 %) during microscopic examina-
tion of blood smears in patients with COVID-19. No atypical
forms were observed in the comparison group.

When assessing the cellular link of immunity, it was ob-
tained that in most cases the content of the examined sub-
populations of Tand B lymphocytes did not exceed the ref-
erence values (Table 2).

Against the background of the decrease in the abso-
lute content of CD3* lymphocytes by 30.8 % (p = 0.001)
in patients with COVID-19 relative to the comparison group
there is an increase in LTl by 20 % (p = 0.002), which may
indicate the presence of a deficiency of T lymphocytes
(Table 2).

TABLE 1

Relative to the indices of the comparison group,
the patients with COVID-19 showed statistically signifi-
cantly lower values of the absolute content of the exam-
ined subpopulations of T and NK lymphocytes (Table 2).
While the percentage of CD3*CD4* and CD3*CD8" lym-
phocytes in patients with COVID-19 and in healthy indi-
viduals did not differ statistically significantly, analysis
of individual immunograms indicates significant variabil-
ity in these lymphocyte parameters. Thus, in the group
of patients with COVID-19 there were 1.5 times more fre-
quent cases of reduced content (< 35 %) of CD4" T lym-
phocytes: 35.5% (n=11) versus 26.2 % (n=11) in the com-
parison group (Table 2).

When studying the distribution of CD19* B lympho-
cyte percentage content, it was found that elevated le-
vels (> 17 %) were 2.6 times more frequent in patients
with COVID-19 than in the comparison group.

When studying the NK cell system, it was found
thattheindicator of the absolute numberof CD16*CD56" lym-
phocytes was 29.4 % (p = 0.009) lower than that of the com-
parison group (Table 2). Absolute CD16*CD56* lymphocyte
content in patients with COVID-19 is below the reference
value by 0.13 x 10° cells/L in 50 % of cases (versus 21.4 %
of the comparison group).

No statistically significant changes in the percent-
age of both CD3*CD16* and CD3°CD8* lymphocytes
were found during the average period in the group
of patients with COVID-19 relative to the comparison
group (Table 2). Comparative analysis of the distri-
bution of these lymphocyte subpopulations showed
that elevated levels of CD3*CD16* and CD3-CD8* lym-
phocytes (> 8 %) were 2-fold more frequent in patients
with COVID-19: 21.4 % (n = 3) versus 9.4 % (n = 3), re-
spectively, and 22.2 % (n = 6) versus 9.1 % (n = 3) among
healthy individuals.

GENERAL CLINICAL BLOOD EXAMINATION VALUES OF PATIENTS WITH NEW CORONAVIRUS INFECTION (STUDY GROUP)

AND HEALTHY DONORS (COMPARISON GROUP)

Comparison group (n =42)

Indicators [reference values]

Me
Leukocytes, x 10° cells/L [4-9] 6
Lymphocytes, % [20-50] 35.1
Lymphocytes, x 10° cells/L [1.13-2] 1.9
Platelets, x 10° cells/L [180-320] 222
Neutrophils, % [48.5-84] 56
Monocytes, % [3-11] 7.7
LS|, units [1.46-2.36] 1.26

Note. pis the level of statistical significance according to the Mann — Whitney test (p < 0.05).

Study group (n=31)

Q1-Q3 Me Q1-Q3 g

[5-7] 6 [5-7.8] 0.5
[28.1-43.6] 27 [12.5-34] 0.003*
[1.6-2.4] 14 [0.9-1.9] 0.001*

[165-248.2] 204 [173-298] 0.6
[49.2-65.2] 65.7 [58.3-81.4] 0.004

[6.6-8.75] 7.2 [4.4-9] 0.3
[0.95-1.9] 1.9 [1.4-4] 0.001*
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No statistically significant changes in the content
of HLA-DR* lymphocytes at the average in the group of pa-
tients with COVID-19 relative to the comparison group
were observed (p = 0.1). In the analysis of individual immu-
nograms, it was noted that in patients with COVID-19, ele-
vated (> 20 %) HLA-DR* lymphocyte content was observed
in 18 (60 %) patients (versus 14 (33.3 %) patients in the com-
parison group; X? = 5; p = 0.03). The level of CD3* HLA-
DR* lymphocytes in patients with COVID-19 is statistical-
ly significantly higher than that in the comparison group
(Table 2). Elevated (> 6 %) CD3*HLA-DR' lymphocyte con-
tent was observed in 36 (86.7 %) COVID-19 patients (ver-
sus 18 (58.3 %) comparison group individuals).

TABLE 2

Athree-foldincrease in the CD95* lymphocyte ratio was
observed in the average group of patients with COVID-19
relative to the comparison group (Table 2).

The results of the correlation analysis showed
that the percentage level of CD3*CD16* lymphocytes
showed a correlation with a wide range of other parame-
ters of cellular immunity: the reverse — with IRl (R = -0.62;
p=0.02), the absolute content of CD3*lymphocytes (R=-0.6;
p = 0.02), the absolute content of CD3*CD4* lymphocytes
(R = -0.7; p = 0.005); direct — with LTI (R = 0.6; p = 0.02)
and CD3*HLA-DR* lymphocytes (R=0.63; p=0.016). The ex-
istence of multiple negative correlations between the con-
tent of NK cells and T-lymphocyte subpopulations may indi-

CELLULAR IMMUNITY INDICATORS IN PATIENTS WITH COVID-19 (STUDY GROUP) AND HEALTHY DONORS

(COMPARISON GROUP)

Indicators Comparison group (n = 42) Study group (n=31)

[reference values] Me Q1-Q3 Me Q1-Q3 P
CD3, % [6-85] 71 [64.5-75] 70 [60.5-76] 0.5
CD3, x 10 cells/L [0.94-2.1] 1.3 [11.6-7] 0.9 [0.5-1.4] 0.001*
CD3*CD4*, % [35-55] 40.9 [32.5-46.3] 39 [30.3-45.3] 0.4
CD3*CD4*, x 10° cells/L [0.58-1.3] 0.77 [0.56-0.9] 0.5 [0.3-0.9] 0.009*
CD3*CD8%, % [19-35] 23.15 [17-34.1] 234 [17.3-31.2] 0.7
CD3*CD8*, x 10° cells/L [0.37-1] 0.375 [0.3-0.7] 0.35 [0.17-0.48] 0.02*
CD3-CD8*, % 4.2 [3-6.8] 5.75 [2.8-11.1] 0.14
CD3-CD8", x 10° cells/L 0.09 [0.06-0.14] 0.07 [0.03-0.1] 0.13
CD16*CD56", % [10-23] 10.25 [7.4-14.25] 9.4 [5.1-14.4] 0.4
CD16%CD56%, x 10° cells/L [0.13-0.5] 0.17 [0.14-0.24] 0.12 [0.06-0.19] 0.009*
CD3*CD16%, % [5-8] 3.2 [2-5] 3 [1.6-9.6] 0.8
CD19%, % [7-17] 8 [6-11.3] 9 [6.2-13.6] 0.26
CD19%, x 10° cells/L [0.1-0.38] 0.15 [0.1-0.23] 0.13 [0.07-0.2] 0.12
CD3* HLA-DR*, % [1-6] 7 [5-11.3] 10 [7.4-14.8] 0.025*
HLA-DR*, % [7-20] 18.8 [15.35-22.3] 21.55 [17-27.2] 0.1
CD95%, % [5-43] 9.3 [4.3-33.45] 29.6 [13-39.75] 0.05*%
LTI [4-7] 4.5 [3.3-5] 54 [4.2-14.1] 0.002*
IRI [1.5-2.6] 1.7 [1-2.6] 1.9 [0.9-2.5] 0.81

Note. pisthe level of statistical significance according to the Mann — Whitney test (p < 0.05).
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cate increased cytotoxicity against the background of CD3*
and CD3*CD4" lymphocyte deficiency.

In the study of correlations, it was found that the per-
centage level of CD167CD56" lymphocytes shows an inverse
relationship with the percentage of CD3* and CD3*CD4*
lymphocytes (R =-0.7 and R =-0.34, respectively; p < 0.05),
adirect relationship with the percentage and absolute levels
of CD3-CD8* lymphocytes (R=0.8 and R=0.5, respectively;
p < 0.05). A wide range of correlations between the levels
of CD167CD56" NK cellsand CD16* T lymphocytes with oth-
er T-lymphocyte subpopulations may indicate a conjugat-
ed response of different lymphocyte subpopulations in re-
sponse to SARS-CoV-2 virus infection.

The level of HLA-DR* lymphocytes in patients
with COVID-19 showed an inverse correlation with the ab-
solute content of CD3-CD8* lymphocytes (R = -0.49;
p=0.007) and a direct correlation with the percentage lev-
el of CD3*CD16* lymphocytes (R=0.63; p=0.016). Anin-
verse correlation between the index of the percentage
level of HLA-DR* lymphocytes and the percentage level
of CD3* lymphocytes was observed (R =-0.37; p = 0.05).

The CD95*-lymphocyte indices showed inverse cor-
relations with the percentage level of CD3"CD8* lym-
phocytes (R = -0.48; p = 0.02) and direct correlations
with CD3*CD4* lymphocytes (R = 0.43; p = 0.037).

DISCUSSION

In patients with COVID-19, according to the results
of the general blood analysis, the average leukocyte lev-
el in the group does not exceed the reference values [10],
while 67.7 % of patients have marked rearrangements
of the percentage of granulocytes and agranulocytes in BP,
among which 57 % of cases show lymphopenia on the back-
ground of neutrophilia. The evidence of the rearrange-
ments that occurred in patients with COVID-19 is con-
firmed by both a 1.5-fold increase in the group mean LSI
value and the presence of opposite correlations of lympho-
cyte levels (R = -0.47; p = 0.07) and neutrophils (R = 0.45;
p =0.012) with 30 % lung lesion according to CT.

The numbers of atypical neutrophils and lymphocytes
were as high as 8 % and 4.1 %, respectively, during the mi-
croscopic examination of blood smears in COVID-19. Atypi-
cal morphological changes of neutrophils and lymphocytes
atthe early stage of the disease development were also ob-
served by some foreign researchers [11].

Severe lymphopenia (< 1.1 x 10° cells/l) was observed
in 34.4 % of COVID-19 cases. Statistically significant de-
crease in the absolute content of the studied subpop-
ulations of T and NK cells in patients with COVID-19, in-
cluding the absolute content of CD3*CD4* lymphocytes
(by 35 %; p = 0.009) and CD3*CD8* lymphocytes (by 6.7 %;
p = 0.02) may be used to define this general lymphope-
nia. Many authors consider a decrease in the absolute con-
tent of CD4* T cells and a change in their internal subpop-
ulation structure to be a characteristic feature of COVID-19
[5, 7, 12]. However, no statistically significant changes
in the percentage contents of CD4*and CD8* Tlymphocytes
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and IRl were obtained. The involvement of T lymphocytes
in the pathogenesis of the disease is considered by many
authors to be determinant [5].

In our study, no statistically significant changes
in CD19* lymphocyte indices were found in patients
with COVID-19 relative to the comparison group. A pos-
sible reason for this may be the considerable variability
in both percentage and absolute B-lymphocyte content
in COVID-19 patients. In particular, 35.5 % of patients have
a decreased (< 7 %) level of B lymphocytes and 13 % have
an increased (> 17 %) level. An increase in the percentage
of CD19* B lymphocytes in patients with COVID-19 was re-
vealed in the study of F. Wang et al. (2020) [13].

Alterations in cellular immunity have been identified
by many authors as a characteristic feature [1, 14]. A typ-
ical characteristic of COVID-19 infection is a dramatic de-
crease in lymphocyte levels and, in particular, absolute le-
vels of CD3*,CD3*CD4" and CD3*CD8* lymphocytes[12, 15].
Migration of lymphocytes from the BP to the lungs is con-
sidered one of the causes of progressive lymphopenia [5,
16, 171. Direct cytotoxic action of SARS-CoV-2 virus against
theimmune cells is considered as another cause of lympho-
penia by a number of authors. Viral particles and the SARS-
CoV-2 genome were not only found in monocytes and lym-
phocytes, but also proved their ability to replicate intracel-
lularly in the in vitro system [1, 18, 19]. Infection of T lym-
phocytes and macrophages/monocytes located in lymph
nodes, lungs and spleen in autopsy specimens has been re-
ported [1, 20, 21].

Some authors note an increase in the content
of cytotoxic cells and their functional activity in pa-
tients with COVID-19 [13, 14, 22]. A decrease in NK cell
content correlating with the severity of the disease
in COVID-19 has been observed in the works of other au-
thors [4, 7]. Our study revealed a 29.4 % (p = 0.09) decrease
in absolute CD16*CD56™ lymphocytes content in patients
with COVID-19 relative to the comparison group. As con-
cerns peculiarities of CD3*CD16* and CD3CD8* lym-
phocytes level indices distribution, no statistically signif-
icant changes in their percentage content were revealed
at the average in the group of patients with COVID-19 rel-
ative to the comparison group. However, a high variabili-
ty in the level indices of these subpopulations can be ob-
served, which may level out the average group values. In ad-
dition, the presence of multiple negative correlation interde-
pendencies of the content of these populations of NK-cells
with those of T lymphocyte subpopulations may indicate
an increase in the cytotoxic activity of these cells against
the background of CD3* and CD3*CD4" lymphocyte defi-
ciency. High correlation coefficient of the percentage level
of CD3*CD16* lymphocytes with LTI (R = 0.6; p = 0.02) may
serve as evidence of these findings.

The increasing expression level of activation mark-
ers in COVID-19, including HLA-DR, has been document-
ed in a number of studies [12, 13, 23, 24]. Studies show
increased expression of a variety of activation markers
on T lymphocytes triggering a "cytokine storm" in patients
with COVID-19[6, 18]. A dramatic increase in the level of cells
expressing HLA-DR against a statistically significant de-



crease in the levels of CD3*CD4" lymphocytes and NK cells
has been indicated as a sign of excessive activation of cel-
lular immunity [17]. In the absence of statistically signif-
icant differences in the percentage of HLA-DR* lympho-
cytes in patients with COVID-19 relative to the comparison
group, the analysis of individual immunograms is 1.8 times
more likely to have an increased content of HLA-DR* lym-
phocytes (> 20 %) (x 2 = 5; p = 0.03). In addition, patients
with COVID-19 showed a statistically significant increase
in the content of CD3* HLA-DR* lymphocytes by 42.8 %
(p=0.025). Changes in the indicators of cellular and humor-
al immunity in COVID-19 reconvalescents within 1.5-2.0
months after the infection were also revealed in the stud-
ies of other authors [25, 26].

According to our study, in response to infection
of the organism with SARS-CoV-2 there is a change in quan-
titative and functional indices of cellular immunity, the de-
gree of expression of which and the direction of dynamics
largely depend on the initial state of the immune system.

CONCLUSION

Consequently, in 67.7 % of the examined patients
with COVID-19 with lung lesions according to CT < 30 % before
theinitiation of treatment there is a rearrangement in the ratio
of lymphocyte subpopulations, among which in 57 % of cas-
es there is lymphopenia on the background of neutrophilia,
which is expressed in the increase of LS| values.

Pronounced lymphopenia (< 1.1 x 10° cells/L) was ob-
served in 34.4 % of patients with COVID-19; it was caused
by a decrease in the absolute content of the main subpopu-
lations of both T lymphocytes (CD3* - by 30.8 %, CD3*CD4* -
by 35 %, CD3*CD8* - by 6.7 %; p < 0.05), and NK cells
(CD16*CD56™ — by 29.4 %; p = 0.009), which was accompa-
nied by an increase in LTI by 20 % (p = 0.002).

The features revealed in COVID-19 patients, such as a 3.2-
fold increased fraction of CD95*-lymphocytes (30 %), high
(>209%) content of HLA-DR*-lymphocytes registered in 60 %
of patients, and increased (> 6 %) content of CD3* HLA-
DR* lymphocytes observed in 86.7 % of patients, may
be characteristic of the cellular level of the immune system
in the course of SARS-CoV-2 infection. The degree of severity
and dynamics of changes in quantitative and functional indi-
ces of cellularimmunity in the course of SARS-CoV-2 infection
are defined by the initial type of immune system response.

The use of immunological screening to deter-
mine the levels of CD3tCD4*, CD3*CD8*, CD167CD56™,
CD3*CD16%, CD3* HLA-DR*, CD19*, CD95* lymphocytes
allows to assess the specific features of immune response
to SARS-CoV-2 infection and can be recommended as an ad-
ditional to the general clinical blood test.
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ABSTRACT

Background. Identification of the characteristics of the pulmonary tuberculosis
process using multi-layer spiral computed tomography (MSCT) in patients with tu-
berculosis and HIV infection isimportant in the diagnosis of tuberculosis, determining
the dissemination of the process and its dynamics during treatment.

The aim. To determine the initial characteristics and dynamics of infiltrative tuber-
culosis according to MSCT in patients with and without HIV infection, with and with-
out multidrug resistance (MDR) of Mycobacterium tuberculosis who were treated
in a hospital.

Materials and methods. 126 patients aged 19-59 years with tuberculosis, com-
bined with HIV infection and without HIV infection were examined. For statistical
processing, we used MS Excel (Microsoft Corp., USA) software package.

Results. Patients with tuberculosis and HIV infection in comparison with patients
with tuberculosis and without HIV had more expressed intoxication syndrome
and respiratory impairement in the clinical picture (p < 0.00001). Patients with co-
infection were more likely to suffer from alcohol (p < 0.05) and drug addiction
(p <0.001).

According to MSCT, the pathological process in HIV-positive patients with pulmonary
tuberculosis was more disseminated (p < 0.05), included severe intrathoracic lym-
phadenopathy (p < 0.0001), more common pleural lesions (p < 0.005), less common
destructive changes (cavities) (p < 0.001) and outcomes in form of fibro-cavernous
tuberculosis (p < 0.01). Process regression was slower in patients with tuberculosis
and HIV (p < 0.005).

According to MSCT, extensive lung damage, intrathoracic lymphadenopathy
were more often found in patients with MDR in coinfection (p < 0.05). Cavities
and fibro-cavernous tuberculosis outcomes were more common in patients with tu-
berculosis without HIV infection and with MDR (p < 0.05).

Conclusion. MSCT provides detailed information about the pathological process
in the lungs and its dynamics under the treatment of tuberculosis and HIV infection.

Key words: infiltrative tuberculosis, tuberculosis combined with HIV infection, com-
puted tomography, multidrug resistance of Mycobacterium tuberculosis
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teristics of new cases of infiltrative pulmonary tuberculosis in patients having HIV infec-
tion with multidrug resistance of the pathogen according to multi-layer spiral computed
tomography. Acta biomedica scientifica. 2023; 8(4): 109-116. doi: 10.29413/ABS.2023-8.4.12
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PE3IOME

O6ocHosaHue. BvissneHuexapakmepucmuk mybepKyné3Ho2016204H020 npoyec-
camemoodom MysibmucnupasnsHol komnetomepHol momozpaguu (MCKT) y nayu-
eHmos ¢ mybepkynésom u BUY-uHpekyuel asnaemcsa 8axHoIM 8 Oud2HOCMUKe
my6epkynésa, onpedeseHuU pacnpocmpaHéHHOCMU npoyecca u e2o OUHAMUKU
Ha ¢hoHe sieyeHus.

Lene uccnedosanusa. Onpedesiume UCXOOHYIO Xapakmepucmuky u OUHAMUKY
UHGuUnLbMpamusHoz20 mybepkynésa no daHHeiM MCKT y nayueHmos ¢ BUY-
uHpekyuel u 6e3 BUY-uHgekyuu c MHOXecmeeHHOU lekapcmeeHHOU ycmouyu-
socmeio (MJ1Y) u 6e3 MJ1Y mukobakmepuli mybepKynésa, noay4aswux nedyeHue
8 cmayuoHape.

Memodel. O6cnedosaHsl 126 nayueHmos 19-59 nem ¢ mybepkynésom, coveman-
HbIM ¢ BUY-uHpekyuet, u 6e3 BUY-uHpekyuu. Jng cmamucmuyeckoli obpabomku
UCnos1b308as1CS Nakem NPuKaaoHoix npozpamm MS Excel (Microsoft Corp., CLLA).
Pesynemamel. Y nayueHmos ¢ mybepkynésom u BUY-uHpekyuel 8 cpasHeHUU
€ nayueHmamu ¢ mybepkynésom 6e3 BUY e knuHuueckol kapmuHe dawje 6uiau
8bIpAXXeHbl CUHOPOM UHMOKCUKAYUU U HapyuweHUe hyHKUUU BHEUWIHE20 ObIXaHUS
(p <0,00001). Jluya c kouHgekyuel yauje cmpadanu ankozosbHol (p < 0,05) u Hap-
Kkomuyeckou 3agucumocmeto (p < 0,001). [lamonoauyeckuli npoyecc N0 OaHHbIM
MCKT y BUY-no3umusHbix nayueHmos ¢ mybepKynésom nézkux umesn 601swyro
pacnpocmpaHéHHocms (p < 0,05), 8bIpaxxeHHY0 8Hympu2pyoHyto TUMEBOAoeHO-
namuto (p < 0,0001), yawe scmpeuanoce nopaxeHue nnespel (p < 0,005), pexe
8bI8/1A/1UCL 0eCMpPyKMuUBHble uzMeHeHus (p < 0,001) u ucxoosl 8 pubpo3Ho-Kasep-
Ho3HbIlU mybepkynés (p < 0,01). Pezpeccus npoyecca bbisia 3amedsieHa y nayueHmos
¢ mybepkynésom u BUY (p < 0,005). Mo daHHbiMm MCKT pacnpocmpaHéHHoe nopa-
XKeHue N1éz2Kux, 8HympuzpyoHas aumMgoadeHonamus yauje pe2ucmpuposanocs
y nayueHmos ¢ MJ1Y npu kouHgpekyuu (p < 0,05). JecmpykmugHseie usmeHeHUA
U Ucxo0 8 pubpo3HO-KaBEPHO3HbIU MybepKyné3 uawje Hab1ooaaucs y NnayueHmos
¢ mybepkynésom 6e3 BUY-uHpexyuu c MJTY (p < 0,05).

3aknoyeHue. MCKT 0aém demasnbHyto UHGhopmMayuto 0 Namosio2u4eckom npo-
yecce 8 1é2kUx U 0 €20 OUHAMUKe noo delicmguem sledeHUs npu mybepkynése
u BUY-uHgpekyuu.

Knroueeole cnosa: uHpunsmpamusHsil mybepkynés, mybepKyés e codvemaHuu
¢ BUY-uHpekyueli, komnbromepHas momozpagpus, MHOXeCmeeHHAs JiekapcmeeH-
Hasa ycmol4usocms Mukobakmepul mybepkynésa

Ona yntupoBaHmA: baxeHosa l0.B., 3opkanbuesa E.10., MNMnoTtHmKkoBa 0.K., Bopobbe-
Ba O.A. XapaKTepucTiKa BriepBble BbIAIBIEHHOTO MHGUIBTPATUBHOIO Ty6epKynésa Nérkmx
y 60nbHbIX ¢ BUY-MHbeKUmMel ¢ MHOXeCTBEHHOW IeKapCTBEHHOW YCTOMUYMBOCTHIO BO3-
6yauTens no faHHbIM MyJSIbTUCMIMPaNbHON KOMMbloTepHol Tomorpaduu. Acta biomedica
scientifica. 2023; 8(4): 109-116. doi: 10.29413/ABS.2023-8.4.12
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In the Russian Federation, there is a tendency to in-
crease the proportion of HIV-infected patients among pa-
tients with newly diagnosed tuberculosis, it has a nega-
tive impact on the epidemiological process of these in-
fections [1].

Despite the considerable variety of anti-tuberculosis
drugs for treating for tuberculosis patients [2], the effica-
cy of treatment of coinfected patients is significantly low-
er than of HIV-negative tuberculosis patients [3]. The prob-
lem of multidrug resistance (MDR) to anti-TB drugs is also
an ongoing issue. In patients with a combination of tuber-
culosis and HIV infection, MDR is detected much more fre-
quently, cure is more difficult to achieve, and at the same
time, a full range of new highly effective antituberculosis
drugs is available [4-6].

Patients with co-infection of pulmonary tuberculo-
sis and HIV infection have higher rates of drug resistance
and therefore increased mortality according to J.W Wilson
etal [7].

The main contribution to the determination of the lo-
calization, prevalence, and activity of the tuberculosis pro-
cess is made by methods of radiation diagnostics: radiog-
raphy, multi-layer spiral computed tomography (MSCT).
MSCT method significantly complements traditional X-ray
examination when assessing morphological changesin pa-
tients with pulmonary tuberculosis, and in the group of per-
sons with tuberculosis and HIV co-infection in the presence
of immunosuppression significantly increases the efficien-
cy of X-ray examination [8].

Consequently, detection of characteristics of tubercu-
lous pulmonary process by MSCT among tuberculosis pa-
tients, and especially in patients with tuberculosis combined
with HIV infection, is important in primary diagnosis of tu-
berculosis, determination of process prevalence and its dy-
namics against the background of specific treatment. A de-
tailed study of the radial semiotics of tuberculosis in co-in-
fected patients, including in their dynamics, will help to im-
prove treatment approaches and contribute to the preven-
tion of relapses.

THE AIM OF THE STUDY

To determine the initial characteristics and dynamics
of infiltrative tuberculosis according to multi-layer spiral
computed tomography in patients with and without HIV
infection, with and without multidrug-resistant Mycobac-
terium tuberculosis treated in hospital.

MATERIALS AND METHODS

Inclusion criteria: microbiologically confirmed infiltra-
tive tuberculosis as the most frequent clinical form of tu-
berculosis; three MSCT studies of the chest organs — on ad-
mission, after 2 and 6 months of treatment.

A total of 126 patients aged 19 to 59 years with new-
ly diagnosed infiltrative tuberculosis were examined:
68 (44 males and 24 females) with isolated pulmonary tu-

berculosis (TB) and 58 (45 males and 13 females) with TB
and HIV co-infection (TB/HIV). The mean age of patients
in the TB/HIV group was 32.9 £ 0.9 years and in the TB group
35.9 % 1.1 years. In the TB/HIV group, all patients had stage
4B of HIV infection, with CD4*-lymphocyte counts ranging
from 90 to 420 cells/uL.

Among 68 patients in the group with newly diagnosed
infiltrative TB without HIV infection, MDR was detected
in 23 (33.8 %), and among 58 patients with TB/HIV coinfec-
tion, MDR was detected in 44 (75.8 %; p < 0.01).

All patients received inpatient treatment in pulmonary
tuberculosis departments and the department for tubercu-
losis patients with HIV infection of the Irkutsk Regional Clin-
ical Tuberculosis Hospital.

All patients were examined with general clinical
and biochemical methods of examination. Microbio-
logical examination methods included molecular-ge-
netic (GeneXpert) with determination of rifampicin re-
sistance, luminescence microscopy, cultures performed
on dense and liquid nutrient media. All patients un-
derwent chest MSCT before the initiation of treatment,
and in 2 and 6 months of treatment. Human immunode-
ficiency virus RNA and CD4* lymphocyte count were ob-
tained in HIV co-infected patients.

In order to identify statistically significant differenc-
es, MS Excel application package (Microsoft Corp., USA)
was used, the mean (M), standard error of the mean (m)
were calculated, and the x? method with Yates correc-
tion was applied. The specified critical significance level
was p < 0.05.

The work was carried out in accordance with the princi-
ples of the World Medical Association Declaration of Helsin-
ki. Study protocol was approved by the Committee on Ethics
of Scientific Research of the Irkutsk State Medical Academy
of Postgraduate Education, a branch of the Russian Medical
Academy of Continuing Professional Education of the Min-
istry of Health of the Russian Federation (Protocol No. 10
dated December 24, 2021).

RESULTS AND DISCUSSION

Infiltrative tuberculosis was diagnosed at preventive
fluorographic examination in 41 (60.3 %) tuberculosis pa-
tients without HIV infection and 25 (43.0 %) with HIV infec-
tion (p > 0.05).

During clinical examination, 19 (28.0 %) tuberculosis pa-
tients and 6 (10.0 %) coinfected patients had no complaints
(x? = 2.95; p < 0.05). Moderately severe symptoms of intox-
ication and a small, low-productive cough were statistical-
ly significantly more common in the TB group of patients:
34 (50.0 %) versus 6 (10.0 %) patients in the TB/HIV group
(x? = 13.4; p < 0.0005). A severe intoxication syndrome, fe-
ver, cough, and dyspnoea were only observed in 15 (22.0 %)
patients with infiltrative tuberculosis and in the vast majori-
ty, 46 (79.0 %), of patients with infiltrative tuberculosis com-
bined with HIV infection (x? = 24.2; p < 0.00001).

The social profile of the studied patients is shown in de-
tail in Table 1.



Table 1 indicates that drug and alcohol addiction
were statistically significantly more common in the TB/HIV
co-infected group of patients. No statistically signifi-
cant difference was observed between the compared
groups in the presence of nicotine addiction, wheth-
eror not there is official employment, and time spent in de-
tention facilities.

X-ray examinations play an important role in de-
tecting pathological changes in patients with pulmo-
nary tuberculosis. The radiologist’s opinion is considered
to be the basis for the formation of a clinical diagnosis ac-
cording to the current clinical classification. Classical radi-
ological characteristics of tuberculosis in co-infected pa-
tients are more common in the early stages of HIV infec-
tion. Against the background of severe immunodeficiency,

TABLE 1

radiological symptoms often begin to acquire an atypical
character. In this case, MSCT becomes the main method
for detection and evaluation of lung changes against
the background of tuberculosis infection. The semiotics
of infiltrative tuberculosis according to MSCT is present-
ed in Tables 2-4.

The localisation of the tuberculosis process
was «classical» in almost 90 % of the patients in both
groups, with lesions in the apical (S1), posterior (S2)
and upper basal (56) segments of the lungs. Howev-
er, a more prevalent tuberculosis process (involve-
ment of three or more lung segments) was statistically
significantly more frequently diagnosed in the TB/HIV
group — 70.6 % (41/58) versus 35.3 % (24/68) in the TB
group (x* = 8.47; p < 0.05).

CHARACTERISTICS OF THE SOCIAL PROFILE OF PATIENTS IN THE TB AND TB/HIV STUDY GROUPS

TB group (n = 68)

Social characteristics

abs.
Alcohol addiction 19
Drug addiction 3
Smoking (more than 10 cigarette per day) 15
Lack of legal job 43
Stay in corrective-labour institutions 9

Note. * — hereinafter differences are statistically significant.

TABLE 2

TB/HIV group (n = 58)

LOCALISATION AND PREVALENCE OF INFILTRATIVE PULMONARY TUBERCULOSIS ACCORDING TO MSCT

IN TB AND TB/HIV GROUPS

Indicators

Typical (S1, S2, S6)

Localization .
of the pathological process Atypical
(segments of the lower
lobe)
1 segment
2 segments
The prevalence 3 segments
of the pathological process 9
4 segments
5 segments

p
% abs. %
27.8 30 517 p <0.05% x?=4.21
44 22 37.9 p <0.001%x2=10.7
22.0 23 40.0 p>0.05
63.2 42 724 p>0.05
13.2 9 15.5 p>0.05
TB group (n = 68) TB/HIV group (n =58)
p
abs. % abs. %
59 86.8 50 86.2 p>0.05
9 13.2 8 13.8 p>0.05
9 13.2 5 8.6 p>0.05
35 514 12 20.7 p <0.007*
20 29.4 20 345 p>0.05
4 5.9 14 241 p < 0.005*
0 0 7 12.0 p < 0.005*
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TABLE 3

INTRATHORACIC LYMPH NODE ENLARGEMENT BY MSCT IN TB AND TB/HIV GROUPS

The number of groups of enlarged

TB group (n = 68)

TB/HIV group (n =58)

lymph nodes of the mediastinum abs. o abs. o P
1 group 6 315 7 17.9 p >0.05
2 groups 11 57.8 23 58.9 p >0.05
3 or more groups 2 10.5 9 23.0 p >0.05
Total 19 27.9 39 67.2 p < 0.0001*
TABLE 4

RADIOLOGICAL SEMIOTICS OF INFILTRATIVE TUBERCULOSIS ACCORDING TO MSCT IN TB AND TB/HIV GROUPS

TB group (n = 68)

Indicators
abs. %
Thickening of pulmonary pleurae 8 1.7
Pleural fluid 6 8.8
Decay cavity 31 45.6

Patients with a TB/HIV combination have a high inci-
dence of intrathoracic lymphadenopathies with escalat-
ing immunodeficiency. The lymph nodes of the following
groups are most commonly enlarged: paratracheal, trache-
obronchial, bifurcation and bronchopulmonary. Multi-lay-
er spiral computed tomography is a reliable method for de-
tecting the condition of mediastinal lymph nodes. MSCT
method enables not only to detect lymph node enlarge-
ment (short diameter — more than 10 mm) and their num-
ber, but also to assess the structure of lymph nodes,
changes in their contours, the perinodular and mediasti-
nal fibre condition. Generally, lymph nodes of mediasti-
num and lung roots have spindle or oval shape, therefore,
it is appropriate to measure the short and long diameters
during MSCT, which will coincide only in case of rounded
shape of the lymph node.

In our study, enlargement of intrathoracic lymph
nodes (ITLNs) was statistically significantly more common
in the group of HIV positive patients with infiltrative tu-
berculosis. No statistically significant difference was ob-
served in the number of affected groups of the ITLNs in pa-
tients with infiltrative pulmonary tuberculosis depending
on the HIV infection status.

Pathological changes of the pleura in tuberculous lung
disease occur in 30 to 50 % of cases as indicated in the lit-
erature. Pleural lesions were detected statistically signif-
icantly more often in the presence of immunodeficiency
in our study. The existence of pleural fluid was also more
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TB/HIV group (n = 58)

p
abs. %
18 31.0 p<0.01% x2=7.097
17 29.3 p<0.01% x2 = 8.804
10 17.2 p<0.001%x2=5.8

common in the group of patients with tuberculosis and HIV
co-infection.

Destructive processes of lung tissue in HIV-positive
patients from the TB/HIV group were diagnosed statisti-
cally significantly less frequently than in the group of pa-
tients with isolated tuberculosis. The outcome to fibrotic
cavernous tuberculosis was also diagnosed statistically
significantly more often in the TB group, in 29.4 % (20/68)
versus 10.3 % (6/58) in the TB/HIV group (x? = 6.949;
p < 0.008).

The X-ray dynamics of pathological tuberculosis pro-
cess in the lungs was assessed according to MSCT af-
ter 2 and 6 months of treatment. The data is presented
in tables 5 and 6.

According to the data of multi-layer spiral comput-
ed tomography, as evident from Tables 5 and 6, against
the background of the ongoing treatment, positive dy-
namics after 2 and 6 months of treatment was registered
statistically significantly more often in patients with iso-
lated tuberculosis. After 2 months, almost 60.0 % of pa-
tients in both groups had no dynamics on the background
of the conducted treatment. After six months, no sig-
nificant change was observed in every second patient
in the TB/HIV group and in 36.7 % (25/68) of the TB group.

Negative dynamics after 2 months was registered
in every third patient in the group with TB and HIV co-in-
fection. The negative results obtained in the TB/HIV group
require further, more detailed study of this issue.



TABLE 5

DYNAMICS OF PULMONARY TUBERCULOSIS PROCESS AFTER 2 MONTHS OF TREATMENT ACCORDING TO MSCT DATA
IN TB AND TB/HIV GROUPS

TB group (n = 68) TB/HIV group (n =58)
Dynamics according to MSCT p
abs. % abs. %
None 39 57.3 35 60.3 p >0.05
Positive 23 338 6 103 p < 0.005% x> =4.8
Negative 6 8.8 17 29.3 p < 0.005% x?>=6.3

TABLE 6

DYNAMICS OF PULMONARY TUBERCULOSIS PROCESS AFTER 6 MONTHS OF TREATMENT ACCORDING TO MSCT DATA
IN TB AND TB/HIV GROUPS

TB group (n = 68) TB/HIV group (n =58)
Dynamics according to MSCT P
abs. % abs. %
None 25 36.7 29 50.0 p>0.05
Positive 39 57.3 19 32.7 p<0.01%x2=4.1
Negative 4 5.8 10 17.2 p<0.05%x2=3.8

TABLE 7

RADIOLOGICAL SEMIOTICS OF INFILTRATIVE TUBERCULOSIS ACCORDING TO MSCT IN TB AND TB/HIV GROUPS
IN MULTIDRUG-RESISTANT PATIENTS

TB + MDR group TB/HIV + MDR group
(n=23) (n=44)
Indicator p
abs. % abs. %
Atypical localization
of the pathological process (lower lobe) 4 17.4 8 181 p>0.05
A common process 14 60.8 38 86.3 p<0.05%x2 =4.278
(lesion of 3 or more lung segments)
Intracoracic lymphadenopathy 9 39.1 32 72.7 p<0.01%x2=7.180
Thickening of pulmonary pleurae 4 17.3 14 31.8 p>0.05
Pleural fluid 3 13.0 13 29.5 p>0.05
Decay cavity 10 434 8 18.1 p <0.05% x2=3.716
Outcome in fibrocavitary tuberculosis 12 52.1 5 1.3 p <0.005% x>=11.218
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Drug-sensitive tuberculosis patients received inpa-
tient treatment with chemotherapy regimen | or Il if their
TB was confirmed to have DNA with preserved sensitivity
to rifampicin before the results of the drug sensitivity test.
MDR-TB patients were treated with IV empirical (according
to rifampicin-resistant molecular genetic methods) or test
(according to culture results on liquid or dense nutrient me-
dia) chemotherapy regimens.

Radiation semiotics of drug-resistant patients with
isolated infiltrative tuberculosis and those with co-in-
fection of tuberculosis and HIV infection are presented
in Table 7.

According to MSCT data, widespread lung damage
(3 segments or more) and intrathoracic lymphoadenopathy
were statistically significantly more often diagnosed in pa-
tients with MDR in the TB/HIV group. As opposed to this,
destructive changes and outcome in fibrotic cavernous tu-
berculosis were statistically significantly more often diag-
nosed in multidrug-resistant patients in the group with iso-
lated pulmonary tuberculosis. No statistically significant
difference was observed in the localisation of the tuber-
culosis process and the presence of pathological changes
in the pleura in drug-resistant patients with isolated infil-
trative tuberculosis and in those co-infected with tubercu-
losis and HIV infection.

CONCLUSION

The data obtained indicate the need for further im-
provement of work on the early detection of tuberculosis
in HIV-infected patients, the use of chest X-ray examinations
and immunodiagnostics [7]. Radiological diagnostics in im-
munodeficient patients should be optimised, with a prior-
ity being assigned to thoracic MSCT. Particular attention
should be provided to patients from risk groups (drug and
alcohol addiction) for tuberculosis towards early detection
and timely diagnosis. MSCT methods should be performed
to assess the dynamics of the tuberculosis process against
the background of treatment, as it is not possible to track
the dynamics of specific changes in the lungs of immuno-
deficient individuals based on radiological examination,
which may lead to unwarranted termination of treatment
and early relapses of the disease.
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ABSTRACT

Background. People who previously had COVID-19 infection have an increased risk
of developing cardiovascular diseases. Left ventricular diastolic dysfunction is an early
marker of the development of cardiac pathology. Its early detection is important
for the adequate therapy order and dynamic monitoring of patients. In this regard,
it seems relevant to study the effect of a recent COVID-19 infection on the left ventricu-
lar diastolic function and transmitral blood flow parameters in apparently healthy
individuals without clinical and instrumental signs of cardiovascular pathology.
The aim of the study. To assess the changes in the diastolic and systolic
function of the left ventricle, its anatomical parameters and transmitral
blood flow parameters in two groups of apparently healthy individuals: those
who had and those who had not COVID-19 infection.

Materials and methods. Transthoracic echocardiography was performed accord-
ing to the standard technique and its results were analyzed in 66 examined patients
who were recognized as apparently healthy according to the results of regular
comprehensive clinical and instrumental studies. The first group included 30 indi-
viduals who underwent an echocardiographic study before or during the COVID-19
pandemic, but did not have a coronavirus infection; the second group consisted
of 36 people who recovered from COVID-19. The indicators of the presence of left
ventricular diastolic dysfunction and the transmitral blood flow parameters were as-
sessed. The study was approved at a meeting of the Medical Ethics Committee under
the Ministry of Health of the Republic of Karelia and of Petrozavodsk State University
(Minutes No. 47 of 01.11.2023).

Results. The frequency of the left ventricular diastolic dysfunction did not dif-
fer in the first and second groups of patients. Statistically significant differences
were recorded in the average flow deceleration time for both early and late filling
of the left ventricle in people who had and did not have COVID- 19 infection. A change
in the phase structure of the transmitral blood flow may be an early manifestation
ofintracardiac hemodynamic disorders in people who have recovered from COVID-19.

Key words: COVID-19, diastolic function, left ventricle, transmitral blood flow,
echocardiography

For citation: Vasilev V.A,, Karapetyan T.T., Larionova V.A., Solyanikova I.N., Tsekh-
anovich K.B. Left ventricular diastolic dysfunction and transmitral blood flow parameters
in patients after COVID-19. Acta biomedica scientifica. 2023; 8(4): 117-125. doi: 10.29413/
ABS.2023-8.4.13
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PE3IOME

O6ocHoeaHue. Y nuu, nepeHécuiux uHgekyuro COVID-19, umeemcs nosbilieHHbIU
puck passumus 3abonegaHuli cepdeyHo-cocyoucmou cucmemel. Juacmonuye-
CKasA OUChyHKUUSA J1e8020 Xes1y004Ka A8/IAemcsa paAHHUM MapKepom passumus
kapouosnoaudeckoli namosozuu. Eé caoespemeHHoe 8bifgneHue uMeem 8axHoe
3HayeHue 019 Ha3Ha4yeHUs doeKk8amHoU mepanuu u OUHAMUYECKO20 Hab1lo0eHUs
3a nayueHmamu. B cgsa3u ¢ smum npedcmassisemcs akmyasbHbiM UCC/IE008aHUe
8/1UAHUA nepeHecéHHoU uHpekyuu COVID-19 Ha duacmonuyeckyto hyHKLUO S1e8o-
20 Xesly004Ka U nokasamesiu mpaHcMumpanabHO20 KpOBOMOKA y Npakmuyecku
300p08bIXJIUY NPU OMCYMCMBUU Y HUX KIIUHUKO-UHCMPYMeHMA 1bHbIX NPU3HAKO8
cepoeyHO-cocyoucmol namoso2uul.

Lenwb uccnedosanuna. OueHka uzmeHeHUU duacmosuyeckol u cucmosnuyeckoul
(hyHKYUU 51e8020 Xey004Kd, €20 AHAMOMUYECKUX napamempos u nokasameseli
MPAaHCMUMpanbHO20 KPOBOMOKA 8 08YX 2pynnax NPpAaKmMu4ecku 300po8bix uy:
nepeHécuwiux u He nepeHécuiux uHgexkyuro COVID-19.

Mamepuanel u memoosl. [IposedeHa MpAaHCMOPAKaAibHAA 3XOKApouopagus
no cmaHoapmHoU MemoouKe U NPOaHaIU3upo8aHsel €€ pesysiemamel y 66 06¢se-
008AaHHbIX, NPU3HAHHbBIX NPAKMUYeCcKU 300p08bIMU NO Pe3y/IbMamam pe2yssapHoix
KOMNJIEKCHBIX KIUHUKO-UHCMPYMeHMAsbHbIX ucciedosaHudl. B nepsyio epynny
6b11U 8KI0YeHbl 30 U, Npowedwux 3XoKapouozpagpuyeckoe ucciedo8aHue
0o naHoemuu COVID-19 unu 8 nepuod naHoemuu, HO He 6oslesLUe KOPOHABUPYC-
Hol uHpexyuel,; emopyto epynny cocmasusnu 36 nuy, nepeboneswue COVID-19.
OueHusasnuce nokazamersu, caudemesibcmayrowjue 0 Haau4yuu oudcmosnuyeckol
OuchyHKUUU 71e8020 Xesly0ouKd, U hapamempsl mpaHcMumpaabHO20 NOMoKa
Kposu. ViccnedosaHue 0006peHo Ha 3acedaHuu Komumema no meduyuHcKoU smuke
npu MuHucmepcmae 30pasooxpaHeHus Pecnybnuku Kapenus u @r60Y BO «[lempo-
3a800cKuli 20cydapcmeaeHHbil yHugepcumems» (npomokos N° 47 om 11.01.2023).

Pe3ynemamel. Yacmoma geifgsneHusa duacmosudeckol OuchyHKYUU s1e8020
XKesry0ouKa He omJiu4anace 8 nepgoli u smopoli 2pynnax nayueHmos. 3ape2ucmpu-
pOBAHbLI CMamucmu4yecku 3Ha4uMble pazauyus 8 CpeOHUX NOKA3ameJsisx spemMeHu
3ame0sieHUs NOMOKA KaK PAHHE20, Mak U N030He20 HaNOJTHEHUS J1e8020 XesTy00uKa
y /Uy, nepeHécwux u He nepeHéciux uHgexyuto COVID-19. VameHeHue ¢pazosoli
CMPpYKMypbl MPAaHCMUMPAabHO20 KPOBOMOKA MOXKem bblMb paHHUM NPOABJIEHU-
eM HapyweHul 8Hympucepoe4yHoU 2eMOOUHAMUKU y iUy, nepeboneswiux COVID-19.

Knioueeole cnoea: COVID-19, duacmonuyeckas ¢pyHKYUA, 51e8bil xesyoouek,
MpaHcMumpanbHelli KDOBOMOK, 3XOKapOUo2pagus

Ana yntupoBaHua: Bacunbes B.A., KapanetaH T.T., JlapnoHoBa B.A., ConaHnkosa W.H.,
LlexaHoBuy K.b. inactonnueckas gnucoyHKUMA NEBOrO XenyfouKa 1 napameTpbl TPaHC-
MUTPaNIbHOro KPOBOTOKa Y L, nepeHécwmx COVID-19. Acta biomedica scientifica. 2023;
8(4): 117-125. doi: 10.29413/ABS.2023-8.4.13
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RELEVANCE

The coronavirus (COVID-19) pandemic has provided
some new conditions and serious new challenges in the di-
agnosis and treatment of various diseases. Studies and clin-
ical observations have established that the respiratory tract
and lungs are not the only targets for coronavirus; the car-
diovascular system is also frequently involved in the path-
ological process [1-3]. Available publications and medical
reports, as well as experts of the World Health Organisation
show statistics of higher morbidity and mortality of elderly
people with various cardiological diseases against the back-
ground of a new infection [4]. Therefore, the cardiovascu-
lar implications of COVID-19 continue to be actively under
discussion [5].

Patients with coronavirus infection have an increased
risk of thrombotic events, including myocardial infarction
and pulmonary embolism, myocarditis and other cardiac pa-
thologies [6, 7]. The pathophysiological mechanisms of car-
diomyocyte injuries in COVID-19 may be hypoxia, throm-
botic complications, side effects of pharmacotherapy, and
hemodynamic disturbances in the lesser circulation/pulmo-
nary circulation [8-11].

The majority of studies that have been undertak-
en in this area have involved predominantly elderly pa-
tients, many of whom have previous cardiovascular dis-
ease, as well as chronic diseases of other organs [2, 6, 12].
However, there is an evidence of cardiac lesions during
COVID-19 in patients without previous cardiovascular dis-
ease, which has been obtained from clinical studies, mag-
netic resonance imaging and echocardiography (EchoCG)
[1,10,13].

The determination of left ventricular diastolic dys-
function (LV DD) is one of the most used and informa-
tive methods to diagnose cardiac lesions of various eti-
ologies at early stages [11, 14]. It is observed in almost
all cardiac disorders and often precedes the develop-
ment of systolic dysfunction, changes in LV morphomet-
ric parameters, as well as clinical signs of chronic heart
failure syndrome.

Three different types of diastolic dysfunction
can be categorised, differing primarily by the degree
of its progression - relaxation disorder (type 1), pseudo-
normal variant (type 2) and restrictive variant (type 3). As-
sessing of early diastolic disorders in the left ventricle dur-
ing EchoCG, both morphometric parameters of the left ven-
tricle and left atrium in M- and B-modes and parameters
of transmittal blood flow and mitral valve fibrous ring mo-
tion in spectral Doppler analysis and tissue Doppler modes
should be performed [15-17].

At the same time, as shown in several recent stud-
ies, LV DD can be diagnosed in patients without clini-
cal or instrumental signs of cardiac pathology (so-called
subclinical dysfunction) [11, 18, 19]. In particular, such
changes can be observed in a proportion of patients
who have had a coronavirus infection [15]. In COVID-19,
diastolic dysfunction can be considered as an early mark-
er of changes in intracardiac haemodynamics as a result
of infection in the absence of anamnestic, clinical and in-
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strumental data suggestive of cardiac pathology. Conse-
quently, the LV DD detection may be an important part
of a comprehensive assessment of cardiac changes during
EchoCG in reconvalescents for risk stratification and deve-
lopment of a more targeted treatment approach [5, 16,
19-21]. One of the most informative indicators for detect-
ing early hemodynamic disorders of non-specific genesis
are the parameters of the transmittal blood flow, in par-
ticular, the ratio of E/A peaks [16, 19].

However, previous echocardiographic follow-up data
are important when assessing the impact of coronavi-
rus infection on the cardiovascular system in previously
healthy patients, as pointed out by some authors [1]. Be-
sides, it should be confirmed that they have no cardiolog-
ical pathology based on a sufficiently complete clinical
and instrumental examination. The majority of studies de-
voted to the determination of LV DD in patients with or af-
ter COVID-19 infection have performed echocardiographic
studies only when the disease has been diagnosed. This pre-
vents the identified changes from being reliably correlated
with the coronavirus infection factor. As a result, it is of in-
terest to study the effect of COVID-19 infection on LV dias-
tolic function in practically healthy individuals with previous
EchoCG data in order to detect early abnormalities of intra-
cardiac haemodynamics.

In 2018-2019, before the pandemic of coronavirus in-
fection, we evaluated the presence and degree of LV DD
in patients with arterial hypertension, while a group of es-
sentially healthy individuals was examined with transtho-
racic EchoCG [22]. In all patients, parameters of LV DD
were determined, including determination of transmitral
blood flow parameters. They were also followed up regu-
larly at our medical facility: this group of individuals formed
the basis for the present study.

THE AIM OF THE STUDY

To assess the changes in the diastolic and systol-
ic function of the left ventricle, its anatomical parame-
ters and transmitral blood flow parameters in two groups
of apparently healthy individuals: those who had and those
who had not COVID-19 infection.

METHODS

The study was conducted on the basis of the De-
partment of Ultrasound Diagnostics of the Clinical Hos-
pital <RZhD-Meditsina» of Petrozavodsk and the Depart-
ment of Radiation Diagnostics and Radiation Therapy
with a course of critical and respiratory medicine of Petro-
zavodsk State University.

In the period from 2019 to 2022, we performed tran-
sthoracic EchoCG according to the standard technique
and analysed its results in 66 individuals considered prac-
tically healthy according to the annually conducted com-
plex clinical and instrumental examination in the condi-
tions of the therapeutic hospital and polyclinic. The study



participants signed a voluntary informed consent for an ul-
trasound scan.

All those examined are employed as locomotive driv-
ers or driver’s assistants in railway transport and there-
fore undergo an annual medical examining board to de-
termine their job suitability. Examination of these individ-
uals includes clinical and biochemical analyses, electro-
cardiography (ECG), daily ECG monitoring, transthoracic
EchoCag, triplex scanning of brachiocephalic vessels, in-
tegral body rheography, examination by narrow special-
ists, and, if necessary, coronarography or stress EchoCG
(in a central departmental clinic). According to the re-
sults, no cardiovascular pathology was recorded in all ex-
amined individuals.

All those who entered the study were male and their
ages ranged from 21 years to 59 years, with a median
of 44 years and a mean age of 43.5 years. The control
group (group 1) included 30 individuals who underwent
transthoracic EchoCG examination before the COVID-19
pandemic, between 2019 and 2020, and during the pan-
demic, between 2021 and 2022, but who did not have
COVID-19. Group 2 consisted of 36 individuals who had
experienced coronavirus infection and were examined
between 2021 and 2022. The groups were comparable
in age: the minimum age in the group 1 was 21 years,
the maximum was 56 years, the mean was 43.3 years,
and the median was 45.5 years. In the group 2, the min-
imum age was 31 years, the maximum was 59 years,
the mean was 43.9 years, and the median was 43 years.

Confirmation of the COVID-19 disease in all patients
of the group 2 was performed by examination of the pa-
tient’s history (interview after EchoCG), data of outpatient
and inpatient examination records (presence of the di-
agnosis of coronavirus infection), results of polymer-
ase chain reaction (PCR) study and enzyme-linked im-
munosorbent assay (ELISA) [23]. Positive PCR test results
were available in 100 per cent of the group 2 and ELI-
SA test results in 45 per cent. Individuals with a positive
ELISA test and no history of positive PCR, anamnes-
tic and documentary evidence of coronavirus infection
were not included in the study. The severity of the dis-
ease, as well as the assessment of the presence of lung le-
sions, was not analysed, as the majority of patients (61 %)
were treated as outpatients, and some of them lacked
the necessary results, such as SpO, level, spiral computed
tomography findings, etc.

The absence of a coronavirus infection history was de-
termined according to the results of anamnesis collection,
data from outpatient and inpatient records, conclusions
of regular medical examinations (2 to 4 times a week) for ad-
mission to work in the period preceding the examination,
negative results of PCR and ELISA tests.

Transthoracic echocardiographic study with Doppler
analysis was performed according to the standard tech-
nique of the American Society of Echocardiography (ASE,
American Society of Echocardiography) using ACUSON
S1000 HELX Evolution series devices (Siemens, Germany)
in 2021-2022 and VIVID-3 Expert (General E lectric Health-
care, USA) in 2018-2019 with the determination of a num-

ber of generally accepted morphofunctional parameters
[16, 19]. To assess LV diastolic function, transmitral flow
was studied by pulsed-wave Doppler analysis from apical
access in a 4-chamber section with the control volume lo-
cated at the level of the mitral valve leaflet ends (according
to ASE 2009 and 2016 recommendations).

In our study, such morphometric parameters of the heart
were evaluated as the left ventricular end-diastolic diame-
ter (LV EDD) and left atrium end-systolic diameter (LA ESD),
left ventricular end-diastolic volume (LV EDV) and its index
(to body surface area (BSA)), left atrium end-systolic vol-
ume (LA ESV) and its index (to BSA), interventricular sep-
tum thickness and left ventricle posterior wall in the dias-
tole (Ts and T|va' respectively), left ventricular mass (LVM).
The values of ejection fraction (EF) and shortening fraction
(SF) in per cent calculated by Simpson’s formula in B-mode
[19] were assessed as indices of left ventricular systolic func-
tion. The following indicators were taken as normal values:
55 % or more for EF, 27 % or more for SF.

In addition, if morphometric indices deviated
from the standard, their ratio was determined to de-
tect the presence and type of left ventricular remodel-
ling. If signs of left ventricular myocardial hypertrophy
were observed, the LVM and the index of left ventricu-
lar relative myocardial thickness (RMT) were used to as-
sess its nature. The mass of the myocardium was deter-
mined according to the formula recommended by the ASE:
LVM (g) = 0.8 x (1.04 x (T),, + LVEDD + T, )* -
(LVEDD)3 + 0.6, the relative thickness was caIcuIatedpusing
the formula: RMT= (Tt T|va) / LV EDD in M-mode under
the control of B-mode. According to the results of the ex-
amination, the following types of LV geometry disorders
were distinguished: concentric hypertrophy, concentric re-
modeling and eccentric type of hypertrophy.

From the parameters of the transmittal blood flow,
the following were estimated: the maximum flow rate
of rapid (early) filling (E, m/s); the maximum flow rate of slow
(late) filling (A, m/s); the rate ratio E/A; the acceleration time
of the rapid filling phase (AT, ms); the deceleration time
of the rapid filling phase (DTg, ms). We also determined
the following indices, which are not usually used in stud-
ies: the acceleration time of the slow filling phase (AT,, ms);
the deceleration time of the fast filling phase (DT,, ms).
The parameters of the mitral valve ring movement indicat-
ed in the 2016 recommendations were not taken into ac-
count by us, since they were not determined in patients ex-
amined on the VIVID-3-Expert ultrasound machine (General
Electric Healthcare, USA) due to the lack of tissue Doppler
analysis mode init. In our opinion, this is not a critical short-
coming of the study, as it is illogical to expect the presence
of type 2 or 3 LV DD in the patients with no clinical or in-
strumentally detectable signs of cardiovascular pathology.
In initial (subclinical) disorders of intracardiac haemody-
namics, type 1 LV DD may be observed; the estimated in-
dices are sufficient for its detection.

The study was conducted by double-blind sampling.
If patients met the requirements for selection for the study
(the assessment was performed by a specialist not in-
volved in performing the EchoCG), they were interviewed
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and their medical records were reviewed by a physician after
the EchoCG. Accordingly, the patient’s history was known
to the clinician only after all indicators had been assessed
and a conclusion had been formed. Patients were also un-
aware of their participation in the study and which group
they belonged to prior to the survey. The analysis of indi-
vidual dynamics of echocardiographic indices for each pa-
tient was not performed since the examined patients un-
derwent examinations in different time periods at various
diagnosticians, so the obtained data will have low validity.
Here it is necessary to consider the operator’s error during
measurements, which can be critical in case the estimat-
ed parameter exceeds the normal values during individual
assessment. During the statistical processing of group in-
dicators it was considered by us using the determination
of the standard confidence interval.

We have performed calculations of average values
of the assessed indicators by groups and their statistical
assessment. Standard tools and formulas of the MS Excel
spreadsheet processor from the Microsoft Office 2019 soft-
ware package (Microsoft Corp., USA) were used for statistical
processing. The statistical assessment of all data had a nor-
mal distribution (the test for normal distribution was per-
formed using the Shapiro — Wilk criterion). The parametric
Student’s t test was chosen for comparison of mean values;
differences in the values of indicators were considered sta-
tistically significant at p < 0.05. The hypothesis of equali-

TABLE 1

ty of variance was pre-tested in checking the hypothesis
of position (hypothesis of equality of mean values in two
samples) using Student'’s criterion. For this purpose, Fisher’s
criterion (¢*) was used to compare the indices of the same
sample measured in different conditions; differences
in the values of indices were considered statistically signif-
icant at p < 0.05. These results present the data in the form
of mean values of the estimated indices with a standard er-
ror of mean square.

RESULTS

We obtained the following results during the assess-
ment of morphometric indices at EchoCG, as presented
in Table 1. In the groups 1 and 2 of the examined patients,
the indicators of LA ESD, as well as LA ESV and its indexed
values were almost the same; the differences were not sta-
tistically significant (t > 0.05). However, the maximum val-
ues of these indices were slightly outside the normal range
in only one COVID-19 non-diseased and 3 overdiseased pa-
tients, respectively.

When left ventricular parameters were assessed,
the mean left ventricular EDD values in the group 1
were 50.8 £ 3.3 mm and in the group 2 were 49.8 £ 2.4 mm;
the differences were also statistically non-significant
(t > 0.05). The same results were obtained when compar-

MORPHOMETRIC AND FUNCTIONAL INDICES OF THE LEFT VENTRICLE AND LEFT ATRIUM IN THE TWO GROUPS

OF PATIENTS STUDIED

Indicators Group 1 (n=30)

LA ESD, mm 356+33
LA ESV, ml 531+6.2
LA IESV, ml/m? 27.9+25
LV EDD, mm 50.8+3.3
LV EDV, ml 122.7 £27.8
LV IEDV, ml/m? 64.5+3.2
Tiys, MM 106 +1.3
Tlvalmm 1031
ILVM g/m? 843+53
RMT 0.42 £0.04
LVEF average value, % 64.0+4
LVSF average value, % 35.1+4.1

Group 2 (n =36) t-test
366+2.8 0.25
56.6 £5.7 0.31
208+27 0.23
498+24 0.18

11715+ 245 0.45
614+3.9 0.41
11.1£1.2 0.74
10.3+0.9 0.65
90.2+6.9 0.53

0.42 £0.04 0.17
653+4.8 0.25
363 +39 0.79

Note. LA IESV — indexed left atrium end-systolic volume; LV IEDV — indexed left ventricular end-diastolic volume; ILVM — indexed left ventricular myocardial mass.
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ing mean LV end-diastolic volumes and their indexed val-
ues — 64.5 + 3.2 ml/m? for the group 1 and 61.4 + 3.9 ml/m?
for the group 2.

The analysis of the average values of the T,
in the groups 1 and 2 also obtained almost identical re-
sults. At the same time, signs of minor myocardial hyper-
trophy of the IVS were detected in three examined pa-
tients of the group 1 (T,s = 12 mm) and in 5 individuals
from the group 2 (T,s=12-13mm). When estimating the av-
erage value of LVPW diastolic thickness in the group 1, the in-
dicator was 10.3 £ 1 mm, in the group 2 - 10.3 + 0.9 mm
(t>0.05).

LV myocardial mass indices did not differ statistical-
ly significantly in the groups 1 and 2 and were within nor-
mal values; the average values of RMT in the groups 1 and 2
were almost identical. At the same time, signs of LV remod-
eling were detected in 3 (10 %) examined from the group 1,
of them by type of concentric - in 2 cases, by type of con-
centric hypertrophy - in 1 case. In the group 2, chang-
es in LV geometry were detected in 7 (19 %) patients, ac-
cording to the type of concentric remodeling - in 4 ex-
amined patients, according to the type of concentric hy-
pertrophy — in 2 cases. Criterion ¢* = 1,084, the difference
in the frequency of detection of the sign is not statistical-
ly significant. In general, deviations of anatomical param-
eters from the norm out of 66 examined patients were no-
ted in 6 (9 %) individuals who did not have COVID-19
and 8 (12 %) individuals who had coronavirus infection;
the difference is not statistically significant (¢ =0.218).

As for the assessment of LV systolic function, the av-
erage EF index (Table 1) in the examined groups 1 and 2
were within normal values; the differences were not sta-
tistically significant (t > 0.05). Similar results were obtained
when calculating the SF index, while the minimum values
also did not exceed the normal ones.

TABLE 2

When evaluating the parameters of the transmittal
flow, we obtained the results presented in Table 2; the in-
dicators are presented as an average value with a stand-
ard deviation. Differences in the average values of peak
E in the groups 1 and 2 were not statistically significant
(t > 0.5), while indicators above the age norm were not-
ed in 6 examined patients who did not have COVID-19
and in 7 patients who had COVID-19; criterion ¢* = 0.556.
The calculated average values of AT also did not dif-
fer significantly in the groups 1 and 2 (t > 0.05); this indi-
cator was not taken into account to determine the pres-
ence and type of LV DD. The average values of DT,
were 115.1 £45.2 ms (group 1) and 84.2 + 26.3 (group 2);
deviation from normal values was detected only in 1 indi-
vidual who did not have COVID-19. The difference in indi-
cators for ATcisnot statistically significant (¢t > 0.05), for DT,
it is statistically significant (t < 0.05).

For A peak, the calculated average valuesin the groups 1
and 2 were almost the same (t > 0.05). The AT, average val-
ues in those who had and did not have coronavirus infec-
tion were quite close (t > 0.5), while for the DT, they differed
significantly: 115.1 £ 45 ms (group 1) and 84.22 + 2.3 ms
(group 2), respectively. There are no generally accept-
ed normal values for these indicators, so it is not possi-
ble to say whether they deviate from the normal values.
The difference in the groups in the first case is not statisti-
cally significant (t > 0.05), in the second - statistically sig-
nificant (t < 0.05).

When assessing the E/A ratio in the groups 1 and 2,
the average values were similar (t > 0.05), while chang-
es characteristic of LV DD according to type 1 were de-
tected in 18 of the 66 (27 %) examined: 9 (30 %) patients
of the group 1and alsoin 9 (25 %) individuals of the group 2;
the differences obtained in the two groups are not statisti-
cally significant (¢ = 0.453).

LEFT VENTRICULAR DIASTOLIC DYSFUNCTION AND TRANSMITTAL BLOOD FLOW PARAMETERS IN TWO GROUPS

OF PATIENTS

Parameters

E average value, m/s 0.82+0.15
AT_ average value, ms 60 £ 20.5
DT, average value, ms 115.1+£45.2
A average value, m/s 0.63+0.11
AT, average value, ms 82.1+14.7
DT, average value ms 115.1 +45
E/A 1.35+0.28
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Group 1 (n=30)

Group 2(n =36) t-test
0.83+0.16 0.89
786135 0.31
84.2+26.3 0.02

0.64 +0.1 0.76
786135 0.74
138.8 £29.9 0.01
1.32+£0.28 1.32



DISCUSSION

Thus, in our study, there were no statistically signif-
icant differences in the frequency of detection of signs
of LV DD in the two groups of examined patients. This does
not suggest the existence of a correlation between the de-
velopment of dysfunction and COVID-19 infection. How-
ever, when evaluating the results of our study, it is neces-
sary to take into account certain limitations of the sample
and the fact that measurements at different points in time
for the diagnosis of LV diastolic dysfunction can lead to po-
tential heterogeneity of results [11].

We identified a fairly significant percentage (27 %)
of LV diastole disorders in the control group of the ex-
amined patients. Consideration and analysis of the caus-
es of LV diastole disorders in echocardiographic examina-
tion of practically healthy individuals, demonstrated in our
previous study and a number of other works, are beyond
the scope of this article [18, 20, 24]. In this case, it is ad-
visable to talk about the so-called subclinical LV DD,
which can be an early sign of disorders of intracardi-
ac hemodynamics and subclinical systolic dysfunction,
which is not detected by traditional echocardiographic
parameters [20, 25].

We have identified statistically significant differenc-
es in the average time of slowing down the flow of both
early and late filling of the left ventricle in individuals
who have and have not had COVID-19 infection. No such
differences were found in other parameters of the trans-
mittal flow. This may indicate the initial manifestations
of a violation of the phase structure of the transmittal
flow in the group 2 of examined patients. At the same
time, patients who have had coronavirus infection have
signs indicating some statistically significant differences
from the control group in the phases of both active and pas-
sive relaxation of the left ventricle. Thus, during the period
of active filling, there was a shortening of the time of decel-
eration of the flow of DT ; compared with the group 1 (al-
thoughiits indicators were within the normal range for most
of the examined patients), which indicates an increasein LV
filling pressure. In the phase of passive filling, an elonga-
tion of the DT, index was noted, which characterizes a de-
celeration of this process.

The clinical significance of the revealed differences
in the parameters of transmittal blood flow in patients
with COVID-19 compared with the control group is cur-
rently unclear, however, they may indicate initial violations
of intracardiac hemodynamics. It cannot be excluded that
they are the result of the damaging effect of the COVID-19
virus, which, according to a number of studies, has an af-
finity to the myocardium and endocardium, and myocar-
dial damage can be detected even after recovery [25-27].
For a more accurate assessment and correlation of the re-
sults obtained with the COVID-19 factor, a promising
study is needed to determine the parameters of the trans-
mittal blood flow and the movement of the fibrous ring
of the mitral valve in the mode of tissue Doppler sonog-
raphy in the examined group 2.
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CONCLUSIONS

Signs of left ventricular diastolic dysfunction were de-
tected in two groups of examined patients, while the fre-
quency of its detection did not differ statistically signifi-
cantly in those who had and had not suffered COVID-19
infection. In patients with COVID-19, certain statistically
significant differences in the phase structure of the trans-
mittal flow were registered compared with the control
group, which may be a marker of early disorders of intra-
cardiac hemodynamics. There were no statistically signif-
icant differences in the estimated morphometric parame-
ters and indicators of systolic function of the left ventricle
in the examined patients with a history of COVID-19 infec-
tion and without it.
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ABSTRACT

Recently, it has become common to identify type D personality, which is predisposed
to the development of psychological distress. Negative behavioral characteristics
ofindividuals with type D personality contribute not only to the development of car-
diovascular diseases, but also to other comorbid pathologies that can influence
the progression and prognosis of coronary heart disease.

The aim of the study. To identify clinical and psychological correlations with type D
personality in patients with chronic coronary syndrome.

Methods. The study included 113 patients (68 men and 45 women; median age -
64 years) admitted for planned percutaneous coronary intervention at the Research
Institute for Complex Issues of Cardiovascular Diseases (Kemerovo, Russian Federa-
tion). Based on the results of the DS-14 test, patients were divided into two groups:
patients with type D personality (n = 40) and patients without this type (n = 73).
Results. In patients with chronic coronary syndrome with type D personality, com-
pared with patients without this type, concomitant diabetes mellitus (35 % and 15 %,
respectively; p = 0.018), signs of diastolic dysfunction of left (E/e’ ratio 7.1 [6.48; 8.0]
and 5.0 [4.55; 5.74], respectively; p = 0.0038) and right (Et/At ratio — 0.8 [0.66; 1.35]
and 1.38[1.28; 1.63], respectively; p = 0.014) ventricles were more often diagnosed.
Correlation analysis revealed associations of diabetes mellitus with type D personality
(r=0.243; p=0.011), severity of negative excitability (r = 0.253; p = 0.008) and social
suppression (r=0.224; p =0.020), as well as association of ankle-brachial index (ABI)
with the severity of negative excitability (r= 0.393; p = 0.004) and social suppression
(r=0.414;,p=0.002).

Conclusion. Inpatients having chronic coronary syndrome with type D personality,
concomitant diabetes mellitus, as well as left and right ventricular filling disorders
are more often detected. Correlation analysis revealed associations of diabetes
mellitus with type D personality and its subscales; the ABI level was associated
with subscales of type D personality, but not with the level of anxiety and depression.

Keywords: type D personality, psychological risk factors, chronic coronary syndrome
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PE3IOME

B nocniedHee 8pemMs NpUHAMO 8bIOesIAMb MuUn IUYHOCMU ], npeopacnosoxeHHbIl
K pazsumuto ncuxosioeuyeckozo oucmpecca. HeeamusHolie nosedeH4eckue ocobeH-
HOCMU JIUY, C MUNOM JIuUYHOCMU J] cnocobcmaytom He moJibKo pa3sumuio cepoey-
HO-cepOeyHbIx 3a601es8aHull, Ho U Opy20l KOMOpPOUOHOU hamMoJ102uU, CNOCO6HOU
8J1USMb HA NPO2PeccUposaHuUe U NpozHo3 uuwiemudeckol 6onesHu cepoya (MbC).
Lenwb uccnedoeanusa. Bviagume KAUHUKO-NCUXO/102U4eCcKUe Koppenayuu
npu mune au4Hocmu [] y 60716HbIX XPOHUYECKUM KOPOHAPHbLIM CUHOPOMOM.
Memooel. BuccnedosaHue gktoueHsl 113 nayueHmos (68 MyxXUUH u 45 XeHUWUH;
MeOuaHa 8o3pacma— 64 200a), nocmynuguiue Ha NJIaHOB0e YPECKOXHOEe KOPOHAp-
Hoe emewamesnscmeo (YKB) 8 OIbHY «HayuHo-ucciedosamesnsckuli uHCMumMym
KOMNJIeKCHbIX Npob1eM cepOeyHO-cocyoucmelx 3abosesaHuli». [lo pesyssmamam
mecma DS-14 nayueHmeol 6bi51u paszdesieHbl Ha 08e 2pynnsi: NayueHMmMsl ¢ MUNOM
nu4yHocmu [] (n = 40) u nayueHmesl ¢ e20 omcymcmeauem (n = 73).

Pe3ynemamel. Y 60/16HbIX XpOHUYECKUM KOPOHAPHbIM CUHOPOMOM C MUNOM
Jnu4yHocmu [l no cpasHeHuto ¢ nayueHmamu ¢ omcymcmauem muna /] yawje oua-
2HOCMupo8gasau conymcmayrowul caxapHelt duabem (35 % u 15 % coomeem-
cmaeHHo; p = 0,018), npusHaku duacmosuyeckol OUCyHKYUU J1e8020 (OMHOWeHue
E/e’ - 7,1 [6,48; 8,0] u 5,0 [4,55; 5,74] coomeemcmeeHHo; p = 0,0038) u npasoz2o
(omHoweHue Et/At-0,8[0,66, 1,35]u 1,38[1,28; 1,63] coomsemcmeeHHo; p =0,014)
Xenyodouka. [pu KoppenayuoHHOM aHasiu3e 8blA8/1eHbl ACCOUUAYUU CaxapHO20
ouabema c munom nuyHocmu [ (r=0,243; p=0,011), 8bipakeHHOCMbIO He2amus-
Holi 8o36youmocmu (r = 0,253; p = 0,008) u coyuansHozo nodassneHus (r = 0,224;
p = 0,020), a makxxe accoyuayuu s100biXXe4yHo-ns1e4eso2o uHoekca (/i) c seipa-
XKeHHoCcmblo HeeamugHoU 8o3byoumocmu (r = 0,393; p = 0,004) u coyuanbHo20
nooasnerus (r=0,414; p = 0,002).

3aknoyeHue. Y 60/1bHbIX XPOHUYECKUM KOPOHAPHbIM CUHOPOMOM C MUNOM
nuyHocmu [l yawje sbigsnisemcsa conymcmayrowuli caxapHoil duabem, a makxe
HApyweHUs HanoJIHeHUs J1e8020 U Npasozo xesyoouka. [Ipu KoppenayuoHHOM
aHasu3e 8vifgJ1eHbl dccoyuayuu caxapHozo ouabemac munom ud4Hocmu [ u e2o
nodwkanamu, yposeHs JIMN 6b11 accoyuuposaH c NOOWKanamu munaaudHocmu/j,
HO He C ypoBHEM MpPe8oXHOCMU U 0enpeccuul.

Knrouesnie cnosa: mun nuyHocmu /], ncuxonoaudeckue hakmopsbl puckd, Xpo-
HUYecKuli KOpOHAPHLILU CUHOPOM

Ona untnposanua: CymuH A.H., Lernosa A.B., AHbukoBa M.U., ®egoposa [.H., LLaba-
nuHa K.A. KnuHuko-ncuxonornyeckre Koppenaumm npu tune nnuHoctv [ y 60nbHbIX
XPOHMYECKUM KOPOHapHbIM CMHAPOMOM. Acta biomedica scientifica. 2023; 8(4): 126-135.
doi: 10.29413/ABS.2023-8.4.14
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INTRODUCTION

Currently, the main trend in medical care is a patient-ori-
ented approach. Thisis a fairly broad term that includes both
personalized medicine (assessment of genetic and epigenetic
factors, consideration of gender, ethnic, and social character-
istics) and indicators focused on the personal traits of the pa-
tient (the effect of treatment on quality of life, the patient’s
choice of the nature of treatment depending on the profes-
sion, psychological characteristics, etc.). In the latter case,
it is inevitably necessary to take into account the psycho-
logical characteristics of the patient, for example, attitude
to the disease [1], ways to overcome stressful situations [1-
3], manifestations of psychological distress [2, 4, 5]. Recent-
ly, it has been customary to identify a special type of person-
ality predisposed to the development of psychological dis-
tress (or type D personality). Itis characterized by a combina-
tion of pessimistic emotions in response to stressful situations
and introversion [6]; people with this type of personality
more often develop depressive reactions [2, 7]. The presence
of type D personality is associated with poor quality of life [8—
10] and with an unfavorable prognosis for various diseases
[11,12]. Cardiovascular diseases have been studied most of all
in this regard; exactly in these diseases that this type of per-
sonality was firstidentified and proposed for clinical use [13].
Further studies have made some clarifications to the prognos-
tic effect of type D personality: a negative effect on the prog-
nosis was confirmed in patients with coronary heart disease
(CHD) and in younger patients [14, 15] and none was found
in chronic heart failure (CHF) and in older age groups [16].
The adverse effect on the prognosis in patients with CHD
with type D personality makes us think about both the pos-
sible mechanisms through which this prognosis is realized,
and ways to correct this effect. In general, two main patho-
genetic mechanisms of realization of the negative impact
of type D personality in patients are considered: biological
(exposure through activation of neurohormonal systems
in response to stressful effects, development of endothelial
dysfunction, etc.[16-18]) and behavioral (tendency to an un-
healthy lifestyle, negative reaction to doctor’s recommenda-
tions, less frequent seeking medical help [19]). In addition,
negative behavioral features of individuals with type D per-
sonality contribute not only to the development of cardio-
vascular diseases, but also to other comorbid pathologies
that can influence the progression and prognosis of coronary
heart disease [16, 20]. Therefore, there is a need for a broad-
er assessment of the clinical condition of patients in order
to identify the possible additional effect of comorbid con-
ditions on the prognosis in patients with coronary heart dis-
ease with type D personality. This served as the basis for this
study, the aim of which was to identify clinical and psycholog-
ical correlations in type D personality in patients with chron-
ic coronary syndrome.

MATERIAL AND METHODS

113 patients were included in the study, 68 men
and 45 women. The median age was 64 (58.0; 69.0) years.
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All patients were admitted for elective percutaneous
coronary intervention (PCl) in the department of surgi-
cal treatment of complex cardiac arrhythmias and pac-
ing of the Research Institute for Complex Issues of Car-
diovascular Diseases in the period from October 2020
to October 2021. The inclusion criteria were as follows:
stable CHD; planned PCl; ability to adequately complete
the questionnaire. Exclusion criteria: acute coronary syn-
drome; severe concomitant diseases; inability of the pa-
tient to complete the questionnaire; refusal of the pa-
tient to participate in the study. The study was approved
by the Ethics Committee of Research Institute for Complex
Issues of Cardiovascular Diseases (extract from meeting
No. 8 dated October 10, 2022) and was conducted in ac-
cordance with the World Medical Association Declaration
of Helsinki. After signing the voluntary informed consent,
the patient was included in the study.

At the hospital stage, a standard preoperative exam-
ination was performed, including an echocardiographic
examination using an extended protocol on Vivid S5 (Gen-
eral Electric Healthcare, USA). The images were obtained
using the long and short axes of the parasternal and api-
cal projections. When analyzing left atrium and ventri-
cle of the heart, its structural characteristics were evalu-
ated: left ventricular (LV) end-systolic and end-diastolic
volumes, LV mass, and left atrium (LA) maximum trans-
verse diameter in the diastole. The left ventricular ejection
fraction (LVEF) was calculated using the Simpson meth-
od. When analyzing the structural characteristics of right
atrium and ventricle of the heart, the following indicators
were evaluated: right ventricle wall thickness in diastole
(RVWd), the size of the right ventricle (RV) and right atri-
um, tricuspid annular plane systolic excursion (TAPSE).

LV functional parameters were studied in the Doppler
mode: isovolumic relaxation time (IRT), maximum velocity
of early (E) and late transmitral filling (A) of LV and their ratio
(E/A). In the analysis of RV diastolic function, velocity of ear-
ly (Et) and late transtricuspid filling (At) of RV and their ra-
tio (Et/At) were estimated. The velocity of early/late dias-
tolic/systolic excursion of rings of mitral/tricuspid of valves
and their ratios (e’, a’, '/a’, E/e’; e't, a't, e't/a’t, Et/e't, s', s't),
as well as Tei index of the left and right ventricles was meas-
ured in the mode of spectral tissue Dopplerometry. RV dias-
tolic dysfunction was considered to be cases when the val-
ue of the Et/At ratio was < 0.8 or > 2.1 and/or the Et/e't ra-
tio was > 6.

All patients in the hospital were additionally exam-
ined using volumetric sphygmography (VaSera VS-1000,
Fukuda Denshi, Japan). The device automatically calcu-
lates vascular stiffness indicators — cardio-ankle vascular
index (CAVI), blood pressure, ancle-brachial index (ABI)
on the right and left.

During the examination, additional patient ques-
tionnaires were conducted. In order to identify patients
with type D personality, the DS-14 questionnaire was used,
including the subscales NA («negative affectivity») and SI
(«social inhibition») in 14 questions [21]. Type D personality
was diagnosed with 10 points or more for each of the stud-
ied subscales. The patients were divided into two groups



TABLE 1

CLINICAL AND DEMOGRAPHIC CHARACTERISTICS OF COMPARED GROUPS

Indicators
Male, n (%)
Age (years), Me [LQ; UQ]
BMI (kg/m?), Me [LQ; UQ]
Disability, n (%)
Employed, n (%)
Retired, n (%)
Smokers, n (%)
Arterial hypertension, n (%)
Diabetes mellitus, n (%)
Prior stroke, n (%)
Prior myocardial infarction, n (%)
Prior coronary bypass surgery, n (%)
Prior carotid endarterectomy, n (%)
Angina pectoris, n (%)

CHF, n (%)

Total cholesterol (mmol/L), Me [LQ; UQ]
HDL (mmol/L), Me [LQ; UQ]

LDL (mmol/L), Me [LQ; UQ]
Triglycerides (mmol/L), Me [LQ; UQ]
Urea (mmol/L), Me [LQ; UQ]

Creatinine (mmol/L), Me [LQ; UQ]

Glucose (mmol/L), Me [LQ; UQ]

Type D (n = 40)
18 (45.0)
64.0 [56.0; 70.0]
24.9[21.8;27.3]
12 (30.0)

14 (35.0)

26 (65.0)

16 (40.0)

33 (82.5)

14 (35.0)
4(10.0)

19 (47.5)
4(10.0)
2(5.0)
33(82.5)

37 (92.5)

Laboratory parameters
4.15[3.4; 4.85]
1.26 [0.93; 1.77]
2.67 [1.75; 3.84]
141[1.1;1.9]
6.85[5.75;8.2]
84.5[75.0;99.5]
6.35[5.15;7.7]

Lesion of vascular beds

Stenosis of one coronary artery, n (%) 28 (70.0)
Stenosis of two coronary arteries, n (%) 8(20.0)
Stenosis of three coronary arteries, n (%) 3(7.5)
Stenosis of left main coronary artery, n (%) 1(2.5)
Stenosis of the internal carotid artery more than 50%, n (%) 4(10.0)
Stenosis of the internal carotid artery more than 30%, n (%) 3(7.5)

Note. CHF — chronic heart failure; HDL — high density lipoproteins; LDL — low density lipoproteins.
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Not Type D (n =73)
27 (37.0)
64.0 [58.5; 69.0]
21.3[21.3;27.7]
22 (30.1)
32(43.8)

41 (56.2)

34 (46.5)

60 (82.2)

11 (15.0)
6(8.2)

43 (58.9)
6(8.2)
1(1.4)

10 (86.3)

4 (94.5)

4.0[3.5;5.2]
1.03[0.85; 1.22]
2.62[1.81;3.03]

1.3[1.1; 1.6]

6.4 [5.35;8.2]
92.0[78.0; 114.0]

5.9[5.3; 6.8]

50 (68.5)
16 (21.9)
6(8.2)
1(1.37)
9(12.3)

4 (5.48)

0.4

0.64

0.66

0.95

0.365

0.265

0.38

0.735

0.018

0.806

0.16

0.81

0.26

0.635

0.7

0.58

0.18

0.7

0.51

0.38

0.11

0.12

0.76

0.811

0.892

0.66

0.71

0.67



based on the test results: patients with type D personality
(n = 40) and patients without type D personality (n = 73).
Additionally, the level of anxiety and depression in pa-
tients was assessed using the Hospital Anxiety and De-
pression Scale (HADS) [22]. Four possible answers cor-
respond to each HADS statement. The higher the over-
all score, the more pronounced the symptoms of anxie-
ty or depression.

Statistical processing was carried out using the Statis-
tica 8.0 software package (StatSoft Inc., USA). The distribu-
tion of quantitative variables for normality was checked
using the Shapiro - Wilk test; due to the fact that the distri-
bution was different from normal, these variables are rep-
resented as median and quartiles (25th and 75th percen-
tiles). Mann - Whitney and x? (chi-squared) test were used
to compare groups with and without type D personality.
The Spearman correlation was used to evaluate the as-
sociations of clinical indicators with type D personality,
its subscales (NA and Sl), levels of anxiety and depres-
sion. The value of 0.05 was taken as the level of critical
significance (p).

STUDY RESULTS

The median age of patients in both groups was 64 years.
It should be noted that male patients prevailed in the group
with type D personality, in contrast to the group with-
out type D personality (45.0 % vs. 37.0 %, respectively;

TABLE 2

p = 0.4). Most patients had arterial hypertension. Type 2
diabetes mellitus was more common in patients with type
D personality (p = 0.018). A history of myocardial in-
farction was detected equally often in patients of both
groups, as well as a history of stroke. As the results show,
there were no statistically significant differences in glu-
cose, creatinine, urea concentrations and lipid profile pa-
rameters between the study groups. According to color
duplex scanning of extracranial arteries, no differences
were found in the groups. According to the coronarogra-
phy data, no statistically significant intergroup differenc-
es were obtained (Table 1).

The analysis of volumetric sphygmography indicators
among the entire cohort of patients with coronary heart
disease is presented in Table 2.

The median systolic blood pressure (SBP), diastol-
ic blood pressure (DBP) and heart rate (HR) were with-
in the normal range. The median stiffness index (CAVI)
was within the boundary values in patients with type D per-
sonality, and in patients without type D personality, the me-
dian stiffness of CAVI exceeded 9.0 and was pathologi-
cal, but no statistically significant difference was achieved
in the groups (p > 0.05). ABI < 0.9 was more often detect-
ed in patients with type D personality (p > 0.05).

Table 3 shows the assessment of structural and func-
tional parameters according to echocardiography data.

The median left ventricular ejection fraction
in both groups was in the range of normal values. Eval-
uation of transtricuspid flows in the group of patients

INDICATORS OF VOLUMETRIC SPHYGMOGRAPHY (VASERA VS-1000, FUKUDA DENSHI, JAPAN)

Indicators

SBP on the right (mmHg), Me [LQ; UQ]
SBP on the left (mmHg), Me [LQ; UQ]
DBP on the right (mmHg), Me [LQ; UQ]
DBP on the left (mmHg), Me [LQ; UQ]
HR (min), Me [LQ; UQ]

CAVI on the right, Me [LQ; UQ]
CAVI on the left, Me [LQ; UQ]
CAVI >9.0

ABI on the right, Me [LQ; UQ]
ABI on the left, Me [LQ; UQ]

ABI<0.9

Note. SBP — systolic blood pressure; DBP — diastolic blood pressure; HR — heart rate; CAVI — cardio-ankle vascular index; ABI — ancle-brachial index.

Type D (n = 40) Not Type D (n =73) p
131.5[117.0; 144.0] 131.0[119.0; 141.0] 0.63
130.0 [121.0; 144.0] 127.5[118.0; 139.0] 043

80.0 [76.0; 90.0] 80.0 [73.0; 84.0] 0.29
78.0[72.0; 86.0] 78.0[73.0; 86.0] 0.83
59.0 [54.0; 65.0] 61.0 [55.0; 73.0] 0.12

8.5[7.9;10.4] 9.2 [7.6;10.5] 0.614

8.3[7.8;9.3] 9.3[7.6; 10.1] 0.252

12 (30.0) 24(32.2) 0.192
1.02 [0.92; 1.16] 1.09 [0.96; 1.18] 0.53
1.01 [0.85; 1.13] 1.01[0.92; 1.12] 0.61

13 (32.5) 19 (26.0) 0.563
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TABLE 3

ECHOCARDIOGRAPHY INDICATORS DEPENDING ON THE PRESENCE OF THE TYPE D PERSONALITY

Indicators

Ao (mm), Me [LQ; UQ]

LA (mm), Me [LQ; UQ]

LV EDS (mm), Me [LQ; UQ]
LV ESS (mm), Me [LQ; UQ]
LV EDV (ml), Me [LQ; UQ]
LV ESV (ml), Me [LQ; UQ]
LVEF (%), Me [LQ; UQ]

IE (ml), Me [LQ; UQ]

LV mass (g), Me [LQ; UQ]
LV MMI, Me [LQ; UQ]

ISTd (cm), Me [LQ; UQ]
LVPVTd (cm), Me [LQ; UQ]

LV IRT (ms), Me [LQ; UQ]
E (cm/s), Me [LQ; UQ]

A (cm/s), Me [LQ; UQ]
E/A, Me [LQ; UQ]

e’ (cm/s), Me [LQ; UQ]
a’(cm/s), Me [LQ; UQ]
e'/a, Me [LQ; UQ]
s'(cm/s), Me [LQ; UQ]
E/e; Me [LQ; UQ]

LV Tei-index, Me [LQ; UQ]

RV (mm), Me [LQ; UQ]
RVEF (%), Me [LQ; UQ]
RA (mm), Me [LQ; UQ]

PAP av. (mmHg), Me [LQ; UQ]

Et (cm/s), Me [LQ; UQ]

At (cm/s), Me [LQ; UQ]
Et/At, Me [LQ; UQ]

et (cm/s), Me [LQ; UQ]
at (cm/s), Me [LQ; UQ]
e't/a't, Me [LQ; UQ]

s't (cm/s), Me [LQ; UQ]
Et/e't, Me [LQ; UQ]

RV Tei index, Me [LQ; UQ]

Type D (n = 40)
3.5([3.3;3.7]
441[4.1;4.7]
5.2[5.0;5.5]
3.3[3.2;3.5]

124.0[118.0; 147.0]

44.0 [38.0; 51.0]

62.0 [58.0; 65.0]

85.0[77.0; 96.0]

213.0[181.0;262.0]
116.0 [100.5; 136.5]
1.1[1.0; 1.3]
1.1[1.0; 1.3]
Indicators of LV diastolic function
88.5[88.0; 90.0]
65.0[51.0; 78.0]
63.0 [56.0; 80.0]
0.81[0.68; 1.27]
9.8[7.5;10.4]
9.4[8.0; 11.0]

0.86 [0.7; 1.06]
9.2[8.4;11.2]
7.1[6.48; 8.0]

0.29[0.23;0.32]

Indicators of the right ventricle before CABG

2.0[2.0;2.2]

50.0 [46.0; 54.0]

118.0[109.0; 129.0]

13.0[11.0; 17.0]

Indicators of diastolic function

41.0[36.0; 48.0]

44.0 [34.0; 56.0]

0.8 [0.66; 1.35]

11.6[10.6; 11.9]

14.5[12.5; 15.6]

0.82[0.69; 0.95]

13.0[12.5; 14.6]

3.58[3.19;4.47]

0.27[0.24; 0.29]

Not Type D (n =73)
3.5[3.5;3.9]
4.3[3.9;4.6]
5.5[5.1;6.1]
3.5[3.2;4.2]

147.0 [124.0; 180.0]

51.0[41.0;79.0]
63.0[51.0; 68.0]
90.0 [77.0; 96.0]

247.0[200.0; 287.0]

118.0[100.0; 151.0]
1.0[1.0; 1.2]
1.0[1.0; 1.2]

90.0 [88.0; 90.0]
54.0 [47.0; 70.0]
67.0 [50.0; 88.0]
0.77[0.67;1.31]
10.6 [9.6; 12.5]
10.0 [7.5; 11.0]
1.32[1.06; 1.59]
10.4[9.0; 12.0]
5.0 [4.55;5.74]
0.27[0.25; 0.35]

2.0[1.9;2.2]
50.0 [47.0; 55.0]
122.0[113.0; 131.0]
13.0[12.0; 15.0]

49.5[45.0; 51.0]
36.0[33.0;39.0]
1.38[1.28; 1.63]
9.8[8.6; 11.3]
12.5[11.1;15.2]
0.68 [0.58; 0.95]
12.5[11.6; 14.6]
5.0[4.17;5.81]
0.27[0.23;0.29]

0.48
0.21
0.197
0.129
0.079
0.067
0.73
0.14
0.311
0.48
0.68
0.311

0.162
0.43
0.84
0.72
0.21
0.66

0.082
0.19

0.0038
0.71

0.81
0.78
0.39
0.68

0.013
0.062
0.014
0.033
0.26
0.06
0.43
0.014
0.81

Note. Ao — aorta; LA — left atrium (diameter); EDS — end-diastolic size; LV — left ventricle; ESS — end-systolic size; EDV — end-diastolic volume; ESV — end-systolic volume; EF — ejection fraction; IE — impact ejection;
MMI —myocardial mass index; ISTd — interventricular septum thickness in the diastole; LVPVTd— left ventricular posterior wall thickness in the diastole; IRT — isovolumic relaxation time; E— velocity of early diastolic filling
of the left ventricle; A — velocity of late diastolic filling of the left ventricle; e’ — lateral early diastolic mitral annular velocity; a' — lateral late diastolic mitral annular velocity; s’ — lateral systolic mitral annular velocity;
RV — right ventricle; RA — right atrium (diameter); PAP av. — pulmonary artery average pressure; Et — rate of early diastolic filling of the right ventricle; At — rate of late diastolic filling of the right ventricle; e't - rate
of early tricuspid annular plane diastolic excursion a't — rate of late tricuspid annular plane diastolic excursion; s't — rate of tricuspid annular plane systolic excursion.
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with type D personality revealed a decrease in the ve- ic transtricuspid flow (Et/At) was within the normal val-
locity of early tricuspid annular plane diastolic excursion  ues in all patients, however, the ratio of Et/At in patients
(e't) compared with the group without type D personal-  with type D personality was lower compared with the group
ity (p = 0.033). The median ratio of early and late diastol-  without type D personality (p = 0.014). It was revealed

TABLE 4

PSYCHOLOGICAL STATUS OF PATIENTS WITH CORONARY HEART DISEASE DEPENDING ON THE PRESENCE OF TYPE D
PERSONALITY

Indicators Type D (n = 40) Not Type D (n=73) p

Scales of the DS-14 questionnaire

NA (score) 14.0[12.0; 16.0] 8.0[6.0;9.0] <0.001

Sl (score) 12.5[11.0; 14.0] 8.0[6.0;9.0] <0.001
HADS scale

Personal anxiety (score) 7.0 [5.0; 10.0] 5.0[3.0;7.0] < 0.001

Depression level (score) 5.0[3.0;9.0] 4.0[2.0; 6.0] 0.0102

Note. NA — negative affectivity; Sl — social inhibition.

TABLE 5
CORRELATIONS OF PSYCHOLOGICAL STATUS WITH CLINICAL INDICATORS

Type D NA Sl Anxiety Depression
Indicators
r p r p r p r p r p
Age (years) 0.059 0.550 -0.009 0.921 0.107 0.282 0.215 0.029 -0.009 0.930
Weight (kg) -0.197 0.046 -0.057 0.567 -0.051 0.616 -0.159 0.109 -0.036 0.716
BMI (kg/m?) -0.128 0.195 -0.018 0.854 -0.119 0.229 -0.136 0.172 0.059 0.550
Smoking 0.008 0.935 0.071 0.474 0.148 0.134 0.141 0.155 0.115 0.249
Prior Ml -0.1179 0229  -0.016  0.876 0.069 0.489 0.047 0.662 -0.029  0.768
Prior stroke 0.073 0.466 0.211 0.033 0.091 0.363 -0.097 0.328 0.093 0.350
Prior AH -0.018 0.855 0.072 0.467 0.106 0.283 -0.117 0.239 -0.014 0.890
Prior diabetes 0.243 0.011 0.253 0.008 0.224 0.020 0.075 0.435 0.018 0.851
SBP 0.153 0.274 0.301 0.028 0.051 0.716 0.144 0.303 0.263 0.057
DBP 0.186 0.182 0.122 0.383 0.006 0.962 0.295 0.032 0.103 0.461
ABI < 0.9 0.266 0.054 0.393 0.004 0414 0.002 0.181 0.897 0.089 0.526
CAVI >9.0 -0.104 0.456 0.086 0.539 0.171 0.220 0.058 0.678 -0.009 0.947
HDL 0.246 0.185 0.331 0.073 0.001 0.999 0.144 0.448 0.462 0.01
LDL -0.133 0.481 -0.389 0.034 -0.228 0.226 -0.062 0.745 -0.189 0.315
Creatinine -0.107 0.573 -0.011 0.995 -0.039 0.834 -0.124 0.506 0.122 0.521
Glucose -0.051 0.792 0.215 0.252  -0.105 0.579  -0.081 0.667  -0.047  0.804

Note. NA —negative affectivity; S| - social inhibition; BMI — body mass index; Ml — myocardial infarction, AH — Arterial Hypertension, DM — diabetes mellitus; SBP —systolic blood pressure; DBP — diastolic blood pressure;
CAVI - cardio-ankle vascular index; ABI — ancle-brachial index; HDL — high density lipoproteins; LDL — low density lipoproteins.
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that the ratio of Et/et was statistically significantly lower
in the group with type D personality (p = 0.014).

In patients with type D personality, the median
scores on the scales of «negative affectivity» and «so-
cial inhibition» were significantly higher than in patients
without type D personality (p < 0.001). It was also not-
ed that the level of personal anxiety and the level of de-
pression were higher in the group with type D personali-
ty (p < 0.05) (Table 4).

When studying the correlations of psychological
status with clinical indicators, a negative dependence
of weight on the presence of type D personality was es-
tablished (r = 0.197; p = 0.046). Associations of diabetes
mellitus with type D personality (r = 0.243; p = 0.011), se-
verity of negative affectivity (r = 0.253; p = 0.008) and so-
cial inhibition (r = 0.224; p = 0.020) were revealed. Nega-
tive affectivity component of type D personality had a sta-
tistically significant correlation with a history of stroke
(r=0.211;p=0.033),SBP level (r=0.301; p=0.028), ABI < 0.9
(r=0.393; p=0.004) and low density lipoprotein (LDL) lev-
els (r =-0.389; p = 0.034). An association of an increased
level of anxiety with age (r=0.215; p = 0.029) and the lev-
el of DBP (r = 0.295; p = 0.032) was established. The level
of high-density lipoproteins (HDL) had a statistically sig-
nificant correlation with an increased level of depression
(r=0.462; p =0.01) (Table 5).

DISCUSSION

This study shows that patients having chronic coro-
nary syndrome with type D personality, concomitant di-
abetes mellitus, as well as left and right ventricular filling
disorders are more often detected. Correlation analysis re-
vealed associations of diabetes mellitus with type D per-
sonality and its subscales; the level of ABI was associated
with the subscales NA and SI, but not with the level of anx-
iety and depression.

In previous studies, it was shown that with type
D personality in patients with coronary heart disease,
not only manifestations of psychological distress (anx-
iety and depression) and a decrease in quality of life
are more common, but also certain changes associated
with the severity of the process in the cardiovascular sys-
tem. Thus, in patients with coronary artery disease, coro-
nary angiography revealed a greater degree of coronary
artery lesion on a scale with type D personality compared
with patients without type D personality (26.21 + 12.03
and 15.49 + 8.89, respectively; p < 0.001) [23]. In patients
with type D personality, optical coherence tomography
of the coronary arteries revealed more pronounced signs
of instability of atherosclerotic plaques [24]. In the co-
hort of patients with coronary artery disease before cor-
onary bypass surgery, the presence of type D personal-
ity was associated with a greater prevalence of the ath-
erosclerotic process, which was manifested by more
frequent detection of multifocal atherosclerosis [20].
In the population cohort of the ESSAY study, more pro-
nounced calcification of the coronary arteries was detect-
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edin individuals with type D personality [25]. In this study,
we were unable to identify associations of personality
type with either the number of affected coronary arter-
ies or with manifestations of peripheral atherosclerosis
(the values of ABl and the frequency of stenosis of the in-
ternal carotid artery did not differ in the groups). Nev-
ertheless, we have identified more pronounced chang-
es in the filling indices of both the left and right ventri-
cles in patients with type D personality. This is consist-
ent with the data of V.R. Enatescu et al. [23], which re-
vealed in patients with type D personality an increase
in the E/e ratio (13.49 £ 4.15 and 10.24 * 3.25; p = 0.03)
and left atrium volume (85.79 + 34.4and 71.03 + 26.49 m|;
p = 0.012) compared with patients without type D per-
sonality. In contrast to the present study, in this study,
the deterioration of left ventricular filling was accompa-
nied by systolic dysfunction (decrease in left ventricular
ejection fraction and s’ index), apparently due to the more
frequent presence of postinfarction atherosclerosis
in this group. The deterioration of the filling of the ven-
tricles in our study is explained by the more frequent de-
tection of diabetes mellitus in patients with type D per-
sonality, which was accompanied by a decrease in myo-
cardial elasticity, but did not lead to a decrease in heart
pump function.

The presence of somatic manifestations in individuals
with type D personality may mediate the influence of var-
ious behavioral factors and biomarkers on the prognosis
of patients with coronary heart disease. So, Y. Wang et al.
showed that patients with coronary heart disease
with type D personality had higher levels of tumor necrosis
factor a, interleukin 6, total inflammation indices (with ad-
ditional inclusion of highly sensitive C-reactive protein),
kynurenine and the kynurenine/tryptophan ratio (activat-
ed kynurenine pathway of tryptophan metabolism is as-
sociated with MACE (major adverse cardiac events) in pa-
tients with coronary heart disease). In addition, during
prospective observation, it was noted that increased to-
tal inflammation indices and the level of the kynurenine/
tryptophan ratio mediated the influence of type D per-
sonality on vulnerable coronary plaques and the progno-
sis of patients with coronary heart disease [17]. The same
group of authors revealed that for patients with type D
personality not only was there a low level of fruit and veg-
etable consumption, but this was largely due to the high
incidence of stent restenosis after PCI. It has also been
shown that it is the nutrients of fruits and vegetables, in-
cluding vitamin C, vitamin E and fiber mediated the in-
fluence of type personality on the development of stent
restenosis [19].

What is the clinical significance of the data ob-
tained? The revealed differences in the clinical manifes-
tations of CHD patients with type D personality empha-
size the assumption of N. Kupper and J. Denollet [16]
that there is not a chain of events in the influence of type
D personality on the prognosis, but a network of poten-
tial biological and behavioral mechanisms, as well as a va-
riety of pathophysiological «routes» that can be realized
in them. Since coronary heart disease is multifactorial in na-



ture, it is not surprising that type D personality also exerts
its influence through a group of interacting mechanisms,
each of which contributes.

CONCLUSION

In patients with chronic coronary syndrome
with type D personality, compared with those without
this type, concomitant diabetes mellitus (35 % and 15 %,
respectively; p = 0.018), signs of left diastolic dysfunc-
tion of left (E/e ratio — 7.1 [6.48; 8.0] and 5.0 [4.55; 5.74],
respectively; p = 0.0038) and right (Et/At ratio 0.8 [0.66;
1.35]and 1.38[1.28; 1.63], respectively; p = 0.014) ventri-
cle were more often diagnosed. Correlation analysis re-
vealed associations of diabetes mellitus with type D per-
sonality (r=0.243; p = 0.011), severity of negative affec-
tivity (r=0.253; p =0.008) and social inhibition (r=0.224;
p =0.020), as well as association of ABI with the severity
of negative affectivity (r=0.393; p = 0.004) and social inhi-
bition (r=0.414; p =0.002). These results should be taken
into account in rehabilitation programs for psychological
problems affecting the course of coronary heart disease.
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LECTURES

ABSTRACT

The article is presented in the format of a lecture. Peyronie’s disease (induratio penis
plastica) is a progressive fibrotic disorder of the penile tunica albuginea that results
in fibrotic penile plaques and can cause penile deformity. The issues of etiology,
pathogenesis, clinical picture and diagnosis of Peyronie’s disease (PD) are reviewed
in the lecture from the modern points of view. PD is frequently associated with penile
pain, erectile dysfunction, and a secondary anxiety-depressive state. Despite the exist-
ence of this problem for several centuries, no unified concept of the Peyronie’s disease
pathogenesis can be found in literature. A growing amount of research has shown
that PD is a chronical disorder of local wound healing process within the tunica
albuginea and the Smith’s space. Over the past 40 years, multiple lines of evidence
have pointed to a genetic factor that predisposes some men to the development
of Peyronie’s disease. Treating men with PD remains a challenging problem for clini-
cians working in urology. Given the high prevalence of PD and its significant impact
on affected men, its better understanding is essential. Treatment methods for PD
are varied and include oral, local, intralesional and traction therapy, and surgical
treatment. Current clinical care standards for PD are aimed at the symptom sup-
pression, as there are currently no treatment for PD that can eliminate its causes
or progression. Clostridium histolyticum collagenase has shown its effectiveness
in treating PD, but its efficacy and safety remain controversial. Surgery remains
the most effective method for PD treatment and is considered to be "gold standard".
The choice of the surgical technique depends on the length of the penis, degree
of deformity, erectile function, patients’ expectations and surgeon’s preferences. Vari-
ous surgical techniques and grafting materials (autologous and non-autologous)
can be used for the coverage of the tunica albuginea defect after partial plaque
excision or incision.

Key words: fibroplastic penile induration, Peyronie’s disease, curvature of the penis,
erectile dysfunction, substitutive corporoplasty, buccal graft

For citation: Lelyavin K.B. Current concepts of Peyronie’s disease (clinical lecture). Acta
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PE3IOME

Cmames npedcmasneHa 8 popmame 1eKUUOHHO20 Mamepuara. bonesxe MetipoHu
(pubponnacmuueckas uHOypayus nos08020 YseHa) npedcmasssgem cobol npo-
2peccupyroujee pubposzHoe 3ab6osesaHue 6es04HOU 060/104KU NOSI0BO20 Y/IEH,
Komopoe npusooum K 06pazosaHuto hpubpo3Hbix b1UeK U Moxem npugooume
K neHusbHOU depopmayuu. B nekyuu ¢ cospemeHHbIX no3uyuli paccMompeHsi
80NPOCHI 5MUO0JI02UU, NAMO2eHe3d, K/TUHUKU U duazHoCmuKu 6ose3Hu llelipoHu
(BI). BIT yacmo covemaemcs ¢ 60/1bi0 8 NOJIOBOM UJIEHE, 3peKMuJibHOU Ouc-
hyHKyuel u 8MOpUYHbBIM MPEBOXHO-0enpeccusHbiM cocmosHuem. Hecmomps
HA Mo, Ymo 3ma npobsieMa coxpaHsemcs He 0OHO cmoJsiemue, Ha Ce200HAWHUU
OeHb 8 lUMepamype Hem edUHOU KOHYUenyuu namozeHesd. Pacmywul 06s-
ém uccnedosaHuli nokaselieaem, ymo bI1 npedcmasnisem coboli xpoHu4yeckoe
HapyweHue JIOKAsbHO20 NPOYeccad 3aKue/ieHus paH 8 bes104HoU 060/104Ke U Npo-
cmpaHcmee Cmuma. 3a nocsiedHue 40 iem MHO204UC/IeHHble 00Ka3amenbcmad
yKaselgaimom Ha zeHemudeckul ¢gakmop, npedpacnosndzaroujuli HeKomopsix
MYX4UH K pazgumuto bl1. JleueHue myx4uH ¢ bITocmaémca cnoxHou npobnemod,
cmosAwel neped KNUHUYUCcMamu, pabomaroujumu 8 obacmu yposozuu. Memoosi
nederus bl pazHoo6pasHbl U 8K/IOYAOM NepopasibHy0, MECMHYIO, BHyMpUoO-
yazosylo U MpAakYUOHHYI mepanuto, onepamugHoe sedeHue. Jelicmayroujue
cmaHOapmel KiuHu4Yeckol nomouwu npu bI1 HanpaeneHsl Ha ycmpaHeHue cum-
NMoMO8, NOCKOJIbKY 8 Hacmosujee 8peMsa He pa3pabomarsl Memoobl jiedeHus,
HanpasJieHHvble Ha JIUK8UOAUUIO NPUYUH, 8bI3bI8AIOUUX €€ U cnocobcmayowux
npoepeccuposaHuto 3abonesarus. KonnazeHasa Clostridium histolyticum nokasana
€8010 3¢hchekmusHoCcMeb 8 iedeHuu bI1, HO eé 3¢hchekmusHOCMb U 6e30NACHOCMb
ocmaromcs cnopHeiMu. Xupypaus ocmaémcsa Hauborsee 3¢hgheKmusHsIM MemMOOoM
neyveHus bI1u cyumaemcs 301omeim cmaHoapmom. Beibop xupypeuyeckol mex-
HUKU 3a8ucum om 0JIUHbl N0J1I08020 YsieHd, cmeneHu 0eghopmauuu, 3pekmusibHou
hyHKYuU, oXXuOaHuli nayueHmMos u npednodymeruli xupypea. [ 3akpeimus
Oeghekma b6es104HOU 060/104KU NOCIIE HACMUYHOR0 UCCeYeHUS UU pa3pesa 6/1awKu
MOXHO UCN0J16308aMb pPA3/iIuYHble Xupypaudeckue MemoOuKU U mpaHcniaHma-
YUOHHble Mamepuasel (aymosio2uyHsle U Heaymosio2uyHsble).

Knrouessie cnosa: ubponnacmuyeckas UHOypayus nos108020 4sieHd, 6o1e3Hb
[MelipoHu, uckpugieHue NoI08020 YJIeHd, 3peKMUIbHAS OUCHYHKYUS, 3amecmu-
mesibHAs KOpNopoNIacmukd, 6yKkaibHell mpaHcnaaHmam

Ona untupoBaHusa: JlenssuH K.b. AKTyanbHble npeactaBneHns o 6onesxu MelipoHn
(knuHnueckan nekuma). Acta biomedica scientifica. 2023; 8(4): 136-146. doi: 10.29413/
ABS.2023-8.4.15
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The strategy of preserving men'’s health in the Rus-
sian Federation is an important and integral part
of the health of the nation. In the conditions of mod-
ern life, more and more attention in the scientific lit-
erature is paid to diseases that lead to a significant de-
crease in the quality of life of patients and their social
maladjustment. This clinical lecture presents generally
accepted, effective methods of diagnosis and treatment
of an urgent problem of modern uroandrology that caus-
es pathological dysfunction of the penis; it also describes
new strategies used in the treatment of this disease,
which have successfully proven themselves in clinical
practice. Peyronie’s disease (PD), as well as erectile dys-
function and premature ejaculation, are attributed to vi-
olations of male sexual function. This rather mysterious,
although not rare disease was named after the French
surgeon, physician in ordinary to Louis XV Francois Gi-
got de La Peyronie (Frangois Gigot de La Peyronie, 1678-
1747) [1]. It should be recognized that much attention
has been paid to the problem of fibroplastic penile in-
duration for several centuries, but it is far from being re-
solved, leaving many unresolved issues related not only
to the disruption of the appearance of the erect penis,
but also to changes affecting various spheres of a man's
life (intimate, psychosocial, functional). The prevalence
of erectile dysfunction among PD patients ranges from 40
to 60 % [2]. Another aspect that should be paid attention
to is sexual distress, which negatively affects the quali-
ty of life not only of the patients themselves, but also
of their partners.

In his book on the violation of ejaculation (1743),
one of the founders of the French Academy of Surgery,
F.G. de La Peyronie wrote about the "lumps" of cavern-
ous bodies in the form of "rosaries", leading to curvature
of the penis. However, several centuries before the publi-
cation of de La Peyronie pathological curvature of the pe-
nis has been studied and described by many surgeons
and anatomists: Theodoricus Borgognoni (1205-1298),
Guilielmus of Saliceto (1210-1276), Gabriele Falloppio
(1523-1562), Andreas Vesalius (1514-1564), Giulio Cesare
Aranzi (1530-1589), Claas Pieterzoon Tulp (1593-1674),
and Anton Frederik Ruysch (1638-1731). The latter are sup-
posed to have left the first "posthumous" illustration of this
pathological condition on a copper engraving (1691).
Of all the listed predecessors, F.G. de La Peyronie, only Guil-
lelImus of Saliceto and Falloppio were involved in the treat-
ment of the disease.

DEFINITION AND TERMINOLOGY

Fibroplastic penile induration (induratio penis plas-
tica), or Peyronie’s disease, is understood to be a rela-
tively common, acquired, progressive, benign connec-
tive tissue disease associated with the uncontrolled for-
mation of fibrous/calcified inelastic plaques on the tuni-
ca albuginea and adjacent cavernous tissue of the penis,
accompanied by deformation (curvature, shortening) pe-
nis in an erect or semi-erect state, with a painful erection,
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followed by the development of erectile dysfunction (ED)
and a decrease in the quality of life of a man. In most cas-
es, PD develops as a result of repeated, often unrecogniz-
ed and minor micro-injuries of the penis during sexual in-
tercourse. The progression of the condition can occur over
several years. In some cases, it can occur as a spontaneous-
ly self-healing condition (13 %) [3]. Clinically, PD is man-
ifested by the presence of a palpable plaque, curvature
or penis shortening / narrowing, the occurrence of pain
discomfort during erection or sexual intercourse, ED, var-
ious psychological disorders. Currently, the pathological
condition is considered to be a local manifestation of sys-
temic collagenosis.

EPIDEMIOLOGY

To date, there are no cohort data clearly describ-
ing the incidence and/or prevalence of PD in the gener-
al population, and epidemiological data on the disease
in different countries are limited and ambiguous. Differ-
ent levels of epidemiological studies were conducted
in the USA, Germany, Italy, Australia, Turkey, and Japan,
while in Eastern Europe, including Russia, epidemiologi-
cal data on PD is very small. The prevalence rate of PD, ac-
cording to the first study conducted in the USA in 1991,
is 0.38 % (388.6 per 100,000 population), and the aver-
age age of patients who sought medical help reached 53
years with a range from 19 to 83 years [4, 5]. The results
of the first large-scale cross-sectional study, published
in 2001 in the British Urological Journal, allowed us to es-
tablish the prevalence of fibroplastic induration of pe-
nis in a sample (n = 8000) of surveyed German men aged
30-80 years at the level of 3.2 %, which is much higher
than indicated in previous studies [6]. Generalized preva-
lence of PD in the general adult male population, accord-
ing to M.G. Manka et al. (2021), ranged from 3 % to 9 %,
and in certain groups of the adult population — from 0.39 %
to 22.5 % [7]. Modern scientific data suggest that the ac-
tual number of patients reaches higher values, and PD it-
self is usually attributed to an undiagnosed pathology.
It was found that in the US population it ranges from 0.5 %
to 13 % [8], Italy - 7.1 % [9], Germany — 2.7 % [10], Japan -
0.6 % [11], Turkey - 5.3 % [12]. According to P.A. Shche-
plev et al., the prevalence of PD in the Russian Federation
reaches 3-8 % in terms of urological care and up to 25 %
according to the results of pathoanatomical autopsies
[13]. PD is registered everywhere, but the number of cas-
es in the population varies depending on the continent,
race, and age. The disease is more common in the popu-
lation of men of the older age group - usually 50-60 years
old. At the same time, personal experience shows that PD
occurs at an earlier age: thus, the prevalence in adulthood
is about 8 %, is characterized by an acute onset and is ac-
companied by a lower incidence of ED [14, 15]. The prev-
alencein the four age groups of adult men (30-39, 40-49,
50-59 and 60-69 years old) was 1.5 %, 3 %, 3 % and 4 %,
respectively, and its peak was in men over 70 years old
(6,5 %) [14, 15].



RISK FACTORS

The leading risk factors for the development of PD
are diabetes mellitus, lipid metabolism disorders, arterial
hypertension, ED, smoking, alcohol abuse, androgen defi-
ciency and operations on organs of the genitourinary system
(radical prostatectomy, transurethral resection), ischemic
cardiomyopathy, autoimmune diseases [16]. PD is detected
in 8 % of cases in patients with type 2 diabetes mellitus (DM)
and in 20 % of patients with hyperglycemia and ED. The risk
of developing PD increases by 16 % among Caucasian men
after radical prostatectomy [17]. When screening for pros-
tate cancer in a cohort of 534 men, 6 % of patients report-
ed the presence of penis curvature, and 8.9 % had a Peyro-
nie plaque on physical examination [18]. Smoking is close-
ly related to PD, and a connection has been established be-
tween the incidence of the disease and the number of cig-
arettes consumed per day [19], the early onset of tobacco
smoking and its duration [20]. A fairly strong argument
in favor of a causal relationship indicating a genetic predis-
position of the disease is the identification of the features
of the prevalence of PD among different ethnic groups. PD
is more common in men of the Caucasian race than in rep-
resentatives of other nationalities, which suggests the pres-
ence of a «founder» mutation effect (loss of genetic varia-
bility). Dupuytren contracture is common in patients with
PD (8.3-39 %), and PD is detected in 4-26 % of patients
with Dupuytren contracture. At the same time, genet-
ic changes in men with both PD and Dupuytren contrac-
ture are independent factors supporting the risk of devel-
oping cancer of the genitourinary system and gastrointes-
tinal tract compared with men of the same age only with
ED and the control group [21, 22]. These data suggest that
men with PD should be closely monitored not only after di-
agnosis, but also after treatment of the disease [22]. Men
with PD had an increased risk of developing stomach cancer
(hazard ratio (HR) - 1.43; 95% confidence interval (95% Cl):
1.06-1.14), testicular cancer (HR = 1.39; 95% Cl: 1.05-1.84)
and melanoma (HR=1.19; 95% Cl: 1.02-1.38) due to genet-
icabnormalities contributing to the development of PD: du-
plications of chromosomes 7 and 8, Y-chromosome dele-
tions and structural changes such as reciprocal transloca-
tions 46XY,t(11;12)(q11,p11),46XY,t(1;5)(q25;911) and oth-
ers [23]. However, the specific genetic factors that predis-
pose PD patients to develop not only a number of hereditary
diseases, but also malignant neoplasms, have not been de-
finitively established.

Non-gonococcal urethritis, inflammatory diseases
of the genitourinary systemin a partner, as well as fibroma-
tous lesions of the genitals are among the modifiable risk
factors that can be influenced. The study of the role of hor-
monal shifts as a factor contributing to the development
of PD did not lead to convincing evidence, even though
low testosterone levels were found in 74.4 % of patients
with PD [23]. In 2022, Japanese scientists have identified
a correlation between ABO blood groups and the develop-
ment of PD: Japanese men with blood type 0 had a high
risk of developing PD, while men with group B had a low
risk [24].
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ETIOLOGY AND PATHOGENESIS

The etiology of PD is multifactorial, and the mecha-
nisms of disease development continue to be insufficient-
ly studied. In most cases, sexual intercourse and vaginal
intromission are considered to be provoking PD events
with semi-erect penis. Currently, many researchers share
the opinion that there are several theories of the patho-
genesis of PD: microtraumatic (posttraumatic), endocrine,
genetic, connective tissue pathology, chemical and vege-
tative. From the numerous proposed theories, micro/mac-
rotrauma of the tunica albuginea and damage to the mi-
crocirculatory bed of the penis in genetically predisposed
men are postulated. Penile injury can be caused by acute
and chronic conditions such as accidents or surgical in-
terventions, but it can also be associated with repeated
microtrauma during sexual intercourse. Despite the fact
that all men are more or less exposed to penis micro-
trauma during sex, only very few develop PD. An inter-
esting fact indicating the multifactorial nature of the dis-
ease is the observation of PD in sexually inactive men
who have never had sexual intercourse with penetration
[25]. The anatomical location of the vessels crossing the tu-
nica albuginea of the penis is unique. Repeated traumatic
damage to the microvessels of the tunica albuginea caus-
es local aseptic inflammation with destruction of elastic
fibers and deposition of fibrin. Fibrin deposition is one
of the initial consequences of damage to microvessels
in the penis. A prolonged inflammatory response leads
to the remodeling of connective tissue into dense fibrous
plaques, and the formation of the latter causes curvature,
which, if severe, can interfere with the copulatory func-
tion of a man. The arteries are protected by a cuff made
of loose areolar tissue, while the veins are in direct con-
tact with the fibrous membrane. If the fibers of the tuni-
ca albuginea of the penis are damaged by micro/macro-
trauma with extravasation, then edema and cellular infil-
tration compress neighboring venous vessels and form
a «trap» for an inflammatory reaction. The production
of intercellular matrix and collagen fibers is further stim-
ulated by the secretion of leukocytes and macrophag-
es, as well as the release of cytokines. Since inflammation
is limited, cytokines cannot disperse and break down, stim-
ulating the production of even more cytokines, which con-
sistently provoke the production of intercellular matrix
and collagen [26]. All of the above allows us to consid-
er PD as an abnormal wound healing process in response
to local aseptic inflammation (a genetically aberrant
healing process), which is limited by layers of the tuni-
ca albuginea (Smith space, Buck’s fascia). The triggered
mechanism with the accumulation of inflammatory cells
and the formation of reactive oxygen intermediates, acti-
vation of fibroblasts and myofibroblasts, excessive colla-
gen production between the layers of the tunica albugin-
ea leads to a violation of function and structural balance
— active growth of collagen fibers, fragmentation of elas-
tic fibers, accompanied by histological changes of an in-
flammatory nature, which ultimately leads to the re-accu-
mulation of collagen and the formation of a Peyronie fi-



brous plaque. Oxidative stress in the form of free radicals
such as superoxide, peroxynitrite and the resulting per-
oxides leads to lipid peroxidation and further tissue dam-
age [26]. Peroxynitrite, a profibrous compound, has a cy-
totoxic effect through various mechanisms of lipid perox-
idation, DNA fragmentation, damage and nitration of pro-
teins directly on the smooth muscle tissue of the penis
cavernous part [26]. Fibrin is a powerful chemoattract-
ant, a chemical that directs the migration of cells sensitive
to them. The final process of fibrin replacement in the tu-
nica albuginea of the penis lasts from 12 to 18 months,
the curvature of the penis is completely formed, passing
through seven successive stages: from injury to the tuni-
caalbuginea, loss of fibrinogen, increased local inflamma-
tion, growth of myofibroblasts with abnormal location, for-
mation of collagen and deposits, pathological deposition
of fibrin and to the formation of plaque [26]. The regula-
tion of collagen synthesis by many endogenous and exog-
enous peptides plays a key role in the pathogenesis of PD.
Tumor growth factor 3 (TGF-f3) in recent studies has inter-
ested scientists as a cytokine that affects the deposition
of intracellular matrix and induces fibrosis in the tunica
albuginea of the penis [27]. TGF- is also a cause of vari-
ous chronic fibrotic conditions. Overexpression of TGF-3
is also observed in plaques in PD. Some studies have shown
that vascular injury leads to the formation of osteoids
through osteoblast-like cells originating from the vascular
lumen [28]. More recent reports have focused on the ac-
tivation of certain genes, namely factor 1, specific to os-
teoblasts, which may be responsible for plaque calcifica-
tion [29]. At the beginning of the pathological process, in-
flammation and swelling irritate the nerve endings, caus-
ing pain. As the inflammatory reaction subsides, nerve
fibers may become ischemic and necrotic. In the chron-
ic phase of the formation of the Peyronie plaque, fibrosis
accelerates and prevents the development of an erection,
which often leads to ED. Arterial insufficiency caused by di-
rect obstruction by fibrous plaques of nearby cavernous ar-
teries is believed to impede blood flow [30]. In the chron-
ic phase of PD, when the plaque is stable, it often pene-
trates into the architecture of the penis smooth muscles,
which leads to venoocclusive dysfunction.

Numerous studies indicate that there is a genetic con-
tribution that predisposes men to the development of PD:
changes in gene expression in plaques; karyotypic abnor-
mality; single nucleotide polymorphism; frequent detection
of class Il antigens of the HLA - HLA-DR3 and HLA-DQW?2
systems [26, 31]. At the same time, despite the progress
made in understanding the role of genetic factors in PD,
the data remain extremely contradictory, and the genes
responsible for the development of the disease have
not been identified.

Clinical and experimental studies indicate animportant
role in the formation of pathological penis deviation the pa-
thology of connective tissue: Dupuytren contracture, Led-
derhose disease, scapulohumeral periarthritis, scleroderma,
dermomyositis and sclerosis of the auricles, as well as hor-
monal imbalance (the participation of androgens in colla-
gen metabolism and wound healing) [32].

PHASES OF THE PROGRESSION.
CLINICAL MANIFESTATIONS.
CLASSIFICATION

Considering PD from the perspective of the dynam-
ic progression of the disease, it is extremely important
to distinguish between two phases accompanied by dif-
ferent symptoms, which further determine the choice
of treatment method (conservative or surgical). Accord-
ing to international recommendations [33], the first
(active) or acute inflammatory phase is distinguished,
which is characterized by a variety of dynamically chang-
ing clinical signs and symptoms. The duration of the ac-
tive phase ranges from 12 to 18 months. The first phase
is accompanied by penile pain syndrome in the non-erect
and erect state; at this stage, soft nodules /plaques form
and begin to palpate; sometimes it can simultaneous-
ly be accompanied by the development of penis curva-
ture, in some cases, signs of ED appear. A distinctive fea-
ture of the first phase is the presence of an inflammato-
ry infiltrate in the tunica albuginea of the penis. Most of-
ten, the first manifestation of PD is penis deformation
(52-94 %), followed by pain, which is noted in the early
stages of the disease by 20 to 70 % of patients. The sec-
ond phase - fibrotic (chronic, stable) - is character-
ized by the formation of hard / hard palpable plaques,
which can later calcify, bringing the pathological pro-
cess closer to the stabilization of the disease. This phase
is characterized by the disappearance of pain during
erection and increased penis curvature for three months.
In some cases, stabilization of the process may begin ear-
lier — at the 5th or 7th month from the onset of the dis-
ease. Over time, penis curvature increases in 21-48 %
of patients, and in 36-67 % of patients it remains stable
[33]. Spontaneous improvement of the disease is rare
(3-13 %), in most cases there is progression (21-48 %)
and stabilization of the disease (36-67 %) [34]. Pain syn-
drome is usually present at an early stage and in 90 %
of cases resolves within the first 12 months [34].1n 39 %
of patients, palpable plaques appear first, most often lo-
cated on the penis dorsal surface [34]. At a later date,
thereis alack of tumescence of distal to the penis affect-
ed area. In addition to pain and painful erections, penis
curvature, erectile dysfunction, the presence of palpa-
ble lumps in the penis, the most terrible thing for a man
is the inability to participate in sexual relations with pen-
etration. In addition to the physical and sexual symptoms
of PD, many men experience emotional and psycholog-
ical disorders.

According to the coding criteria of the Internation-
al Classification of Diseases of the tenth revision, fibro-
plastic penile induration and fibrosis of the cavernous
bodies were assigned to one nosological group - plas-
tic penile induration. The stage classification of V.E. Maso
(1984) subdivides pathology into four stages. At the first
stage, the Peyronie plaque is not palpated or visualized,
the only clinical manifestation is pain during erection.
The second stage of PD is characterized by the appear-
ance of a palpable fibrous-elastic formation on the tuni-
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ca albuginea of the penis. At the third stage of PD, dense
fibrous-elastic fibers are detected during histological ex-
amination. The appearance of calcifications in the Peyro-
nie plaque indicates the fourth stage of the process [35],
which is divided into two periods — painful and functional.
The pain period is characterized by the presence of only
pain both during arousal and without it, and the function-
al period is characterized by penis curvature, which pre-
vents sexual intercourse, ED. Researchers F. lacono et al.
(1993) proposed a classification based on the duration
of the progression (up to 6 months; from 7 to 12 months;
more than a year) of the disease [36]. The classification
of A. Kelami (1983) has become widespread, which implies
the allocation of three degrees (light, medium, severe):
thus, the angle of penis curvature up to 30° and the size
of the Peyronie plaque 2 cm is attributed to a mild degree;
the angle of penis curvature from 30 to 60° and the size
of the plaque from 2 to 4 cm is medium; the angle of penis
curvature is greater than 60 ° and the size of the plaque
more than 4 cm is severe. [37]. The shape of an erect penis
depends on the size of Peyronie’s plaques. The classifica-
tion of PD proposed by I.I. Gorpinchenko and Yu.N. Gur-
zhenko is the most complete, focused on various as-
pects of the disease (features of the progression, clini-
cal manifestations, plaque localization, direction of cur-
vature, complications, concomitant diseases), balanced
for the choice of surgical tactics [38]. According to the pro-
gression, the authors differentiate PD into slowly and rap-
idly progressing forms. Among the clinical manifestations
are: pain (0 - absence; 1 - minor pain during erection; 2 -
significant pain, hindering sexual activity; 3 - pain dur-
ing erection and without erection); curvature (0 - ab-
sence; 1 - up to 30° without restriction of sexual activity;
2 — up to 60° with restrictions on sexual activity; 3 - more
than 60° with the impossibility of sexual activity); lump (0 -
absent; 1 - up to 1 cm in diameter; 2 - 1-3 cm in diame-
ter; 3 - more than 3 cm in diameter). According to the lo-
calization of Peyronie plaques, there are: 1 - at the root
of the penis; 2 — in the area of the stem of the penis; 3 -
at the head of the penis; in the direction of curvature -
dorsal, lateral, dorsolateral, dorsolateral right; by the pres-
ence of complications — with or without preservation
of erectile function; by the presence of concomitant dis-
eases — with or without concomitant diseases.

DIAGNOSTICS

The best diagnostic indicators of the disease are
still a detailed medical history and physical examina-
tion. The purpose of the clinical examination of patients
is to establish the correct diagnosis necessary for the time-
ly initiation of both conservative and surgical treat-
ment, which is the main method at a late stage (stabili-
zation) of the disease. In most cases, the patient active-
ly complains about the curvature and penis shortening,
the pain during erection, the formation of lumps/nod-
ules in the penis, as well as the impossibility of introjec-
tion, in some cases - the absence of erections and the ap-
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pearance of psychoemotional disorders. The above com-
plaints are not always the reason for immediate medical
attention. The survey allows you to determine not only
the trigger that provoked the appearance of complaints,
but also the timing of their appearance and disappear-
ance, especially pain syndrome, the first signs of ED, pe-
nis curvature and deformation. It is advisable to obtain in-
formation about the family history of the disease, cases
of PD or other fibrous processes (Dupuytren contracture
and Ledderhose disease in close relatives, etc.).

Psychometric analysis makes it possible to evalu-
ate sexual function using the International Index of Erec-
tile Function. An important question should be asked:
"Would you be able to have full sexual intercourse if you
did not have a penile deformity?". A tool has been devel-
oped to assess the progression and severity of symptoms
of the disease, known as the Peyronie’s Disease Question-
naire, containing 15 questions [39]. In the presence of de-
pression, it is recommended to use the Beck Depressive
Inventory scale [39]. The development of ED and psycho-
logical changes has a significant influence on the choice
of treatment.

The purpose of the physical examination is not only
to detect penile deforming changes but also to identi-
fy contractures, sclerodermic changes. Vacuum erectors
are used to determine the severity of the curvature. The fol-
lowing types of penis deformation are distinguished: dorsal
(68 %) — upward curvature; ventral (1 %) - downward cur-
vature; lateral (15 %) - sideways curvature; dorsolateral -
upward and sideways curvature; ventrolateral - downward
and sideways curvature; <hinge» type deformation - local
curvature narrowing and instability of the part of the pe-
nis located behind the narrowing; narrowing of the organ
along the circumference is an "hourglass" type deforma-
tion [39]. Determining the size, localization of the Peyro-
nie plaque, its extent, presence/absence of narrowing, type
of curvature are among the main tasks of physical examina-
tion. Multiple Peyronie plaques are usually located on op-
posite sides of the penis. The consistency of plaques var-
ies from soft, which is found in the early stages of the dis-
ease, to calcified or even ossified, which is found later
with the progression of the disease. Formation of the chon-
droid/osteoid tissue is an unfavorable prognostic sign
of the disease, and therefore determining the consist-
ency of plaques is an important diagnostic technique.
In combination with other diagnostic methods, photofix-
ation (autofixation) of penis curvature in both the anterior
and lateral planes makes it possible to determine the an-
gle, the surface of the penis curvature (ventral, dorsal, lat-
eral) and its localization relative to the penis longitudi-
nal axis. Measurement of the degree of penis curvature
can also be performed on standard photographs using
two intersecting lines (A and B) passing through the cent-
ers of the distal and penis proximal rods, as well as using
a special smartphone application - University of Washing-
ton Peyronie’s Examination Network [40]. In 70 % of pa-
tients with PD, there is objectively a shortening of the pe-
nis, which can reach 10 cm, most often it does not exceed
1 cm [39].



When conducting differential diagnosis, it is nec-
essary to recognize diseases in the clinical picture
of which there is a curvature/deformation of the penis.
If we turn to the list of diseases, penis curvature can oc-
cur with developmental abnormalities, dorsal vein throm-
bosis, posttraumatic cavernous fibrosis, secondary syph-
ilitic lesion, epithelial sarcoma, and sometimes with me-
tastases of malignant tumors from other organs and sys-
tems. Laboratory tests are not required to diagnose PD, al-
though, given the link between PD and systemic diseases,
including hypogenitalism, chronic hyperglycemia and car-
diovascular diseases, screening and examination of these
conditions in men may be justified. You also need to get
information about previously conducted treatment meas-
ures for PD.

PD can be diagnosed by palpation of penis plaques,
however, changes in the septum, intracavernous and ven-
tral tunica albugineas of the cavernous bodies cannot
be detected. Ultrasound examination, including pharma-
co-Dopplerography of penis vessels, is a valuable meth-
od in the diagnosis of penis diseases, allowing to de-
termine their early forms and identify non-palpable le-
sions, the degree of fibrosis and assess the condition
of blood vessels [41]. In PD, the method is used not only
to confirm the diagnosis; in some cases, penile lesions
can only be identified by ultrasound. Uncalcified Peyro-
nie plaques on ultrasound are isoechogenic or hypere-
chogenic compared to the tunica albuginea. With focal
thickening of the pericavernous tissue, plaques are hypo-
echoic, which is rare. Ultrasonography in shades of gray
allows to recognize the involvement of plaques in pe-
nis septum. Ultrasound shows 100 % sensitivity in de-
tecting and measuring coarse calcifications in the Pey-
ronie plaque. Peyronie plaques are more often located
on the dorsal side of the penis, but they can also be found
ventrally or, less often, in other places [41]. Penis pharma-
co-Dopplerography allows to determine: the angle of cur-
vature, the shape of deformation, the functional parame-
ters of vascular blood flow and predict the necessary sur-
gical intervention. The assessment of the state of the pe-
nile vascular bed with the determination of the erectile
response to the injection of a pharmacological vasoac-
tive drug (papaverine, prostaglandin or TriMix, including
papaverine, phentolamine and prostaglandin E1) is car-
ried out after achieving a full erection [41]. If necessary,
compression of the penis at the base is used to increase
the rigidity of the penis and revise the dose of the vas-
oactive drug. In some patients, under direct observa-
tion a significant psychogenic inhibition of the erectile
response may occur [41]. The minimum dose is the ad-
ministration of 10 ug of prostaglandin E1 (caverject, al-
prostadil). On MRI, plaques look like hypointensive areas
of thickening in the tunica albuginea in both T1 and T2-
weighted images. Calcification of Peyronie’s plaques
is better manifested on ultrasound than on MRI [41]. Mag-
netic resonance imaging and computed tomography,
as well as sonoelastography, cavernosography, and scin-
tigraphy, are not routine methods used in clinical prac-
tice for the diagnosis of PD.
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GENERAL PRINCIPLES OF TREATMENT

There is no adequate universally recognized treat-
ment regimen for PD, so the problem of effective treat-
ment of PD remains a very difficult task. As the evidence
base expanded, the range of surgical and non-surgical op-
tions for PD patients narrowed. Conservative therapy is in-
dicated for patients in the first phase of the pathological
process progression, with moderate penis deviation, small
size of the Peyronie plaque (up to 1 cm). Complex drug
therapy is considered as a first-line therapy as an addition-
al way to relieve pain, prevent disease progression in pa-
tients with contraindications or unwillingness to perform
surgical correction of deviation. In this situation, patients
are offered several treatment options, including oral ther-
apy, injections into the Peyronie plaque, remote low-en-
ergy shockwave therapy, etc. Due to the fact that the re-
sults of scientific research on the conservative treatment
of PD are contradictory, experts from the European Asso-
ciation of Urology (EAU; 2021) and the American Associ-
ation of Urology (AUA; 2021) do not give recommenda-
tions on its use in routine clinical practice [39]. The EAU
task force (2021) does not support the appointment of oral
therapy for PD, including pentoxifylline, vitamin E, tamox-
ifen, procarbazine, potassium paraaminobenzoate (pota-
ba), omega-3 fatty acids, a combination of vitamin Eand L-
carnitine, due to the lack of their proven effectiveness [39].
The clinical feasibility of prescribing of above mentioned
drugs to patients with PD may be limited by the manifes-
tation of side effects; in particular, high doses of vitamin E
can lead to cardiovascular disorders. Even in the absence
of adverse events from the use of these drugs, inadequate
treatment may lead to the later appointment of other more
effective methods. The options for conservative treatment
in the active phase of the disease, which have a strong ev-
idence level, include only the use of nonsteroidal anti-in-
flammatory drugs (NSAIDs) (diclofenac, indomethacin
in candles up to 100 mg) in order to relieve pain and low-en-
ergy shockwave therapy (LEST) [39]. LEST can be used only
in the acute phase when there is no plaque: it does not lead
to lysis of the Peyronie plaque, it only contributes to a fast-
er relief of pain syndrome.

The scientific literature has published positive results
of the effective use of NSAIDs, type 5 phosphodiesterase
inhibitors, enzymes (collagenase, etc.), verapamil, nica-
rdipine, interferon (IFN) alpha-2b, hyaluronic acid, botuli-
num toxin in the treatment of Peyronie’s disease [40]. In-
tralesional injections may be offered to patients who re-
fuse surgical treatment. Even F.G. de La Peyronie him-
self was the first to use mercury and thermal mineral water
(holy water of Bareges) locally to treat plaques, eventu-
ally reporting efficacy with regular use of mineral water
[41].In 1901 W.J. Walsham and W.G. Spencer were the first
to inject mercury and iodide directly into the plaques
on the penis, trying to dissolve them [42]. Modern inject-
able agents can be divided into two groups, namely anti-
inflammatory/proliferative agents and lytic agents. In ad-
dition to the above, there is evidence of a positive effect
of intraocular administration of clostridial collagenas-



es, purified Clostridium histiolytica collagenase (0.58 mg
with a difference of 24-72 hours every 6 weeks for 4 cy-
cles) on reducing the degree of penile deviation (in 32-
42.9 %) [43]. Clostridial collagenase became the first treat-
ment for PD approved by the U.S. Food and Drug Admin-
istration (FDA) in 2013 [41]. Collagenase is injected direct-
ly into the primary plaque at the point of maximum bend-
ing of the penis, using only one puncture point to deliver
the drug. Injections into the plaque (5 x 10 units of IFN-a-
2bin 10 ml of saline solution 2 times a week for 12 weeks)
can reduce the penile curvature, the size of the plaque
and its density, as well as pain compared with placebo,
therefore IFN-a-2b is recommended for the treatment
of PD in the second stable phase [39].

Traction therapy of penis (> 5 hours a day for 6 months)
or devices for vacuum erection (promotes the expansion
of the cavernous sinuses) can be used as monotherapy
orin combination with other treatment methods to reduce
the penile deviation, however, the «promising» effective-
ness has yet to be proven [43].

Surgical correction of PD with or without prosthetics
remains the main method of PD treatment and the gold
standard for correction of penile deformation [44]. No sur-
gical method has been singled out as the standard of med-
ical care. Surgical operations performed to correct penile
deviation are divided into interventions performed with-
out preservation (operations with resection on the con-
vex side of the tunica albuginea of the penis — Nessbit,
Essed - Schroeder, STAGE, etc.) and with preservation
of the length of the penis (operations on the concave side
of the tunica albuginea using a graft), as well as opera-
tions with simultaneous the installation of penile implants
with or without lengthening of the penis in the presence
of ED [44]. The patient should understand that the pur-
pose of the operation is to make his penis "functional-
ly straightened"; in clinical practice, after most interven-
tions, there is a penis residual deviation of more or less
20°. All surgical correction procedures involve some loss
of length. Based on the opinion of experts from the Rus-
sian and European Associations of Urologists, it is recom-
mended that clinicians evaluate and begin surgical treat-
ment of patients with PD only if they have sufficient ex-
perience and the medical institution has the appropri-
ate technological capabilities [45, 46]. In the stable stage
of the disease, the formation of further surgical interven-
tion tactics depends on the presence/ absence of ED,
the effectiveness of previously performed conservative
therapy, the initial erectile status of the patient, the ini-
tial penile length / thickness, the angle and the presence
of complex forms of penile deviation. Important criteria
influencing the choice of surgery for PD are the surgeon’s
experience and the patient’s preference [45, 46].

Shortening methods of surgical correction include
operations with and without opening the tunica albugin-
ea (plication techniques). The first method (with opening
of the tunica albuginea) includes the Nesbit surgery, Nes-
bit — Saalfeld (longitudinal incisions no more than 1 cm
long on the curved side of the tunica albuginea of the pe-
nis and suturing in the transverse direction), Nesbit - Lem-
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berger (longitudinal incision on the curved side of the tu-
nica albuginea of the penis with suturing in the transverse
direction), Nesbit — Hellstrom (excision of several flaps
depending on the degree of curvature), Nesbit - Yachia.
The second method (without opening the tunica albugin-
ea or plication techniques) includes Nesbit — Shcheplev sur-
gery, Essed - Schroder (invagination of the tunica albugin-
ea using screwing seams), Nesbit — Lue [45].

The advantages of these surgery include the straight-
ening of the penis (it is possible to achieve in 80 % of pa-
tients), a low incidence of recurrences of curvature, ED
and decreased sensitivity [45]. A significant disadvantage
is that 85 % of patients after Nesbit surgery have a short-
ening of the penis; at the same time, it does not exceed
1-1.5 cm and does not lead to a significant violation of sex-
ual function. Shortening techniques should be the method
of choice and be performed in patients with PD and a cur-
vature angle of less than 45° [45].

Tunica albuginea lengthen surgery are preferred in pa-
tients with severe shortening of the penis, pronounced
curvature and/or complex deformations (like an hourglass
or screw), but without the initial ED. A curvature of more
than 60°is considered to be pronounced. An important as-
pect when performing lengthening operations on the pe-
nis is the dissection of the Peyronie plaque along the line
of the maximum angle of curvature. Complete removal
or excision of the Peyronie plaque is associated with a high
rate of ED due to the development of venous leakage,
butin the case of severe calcification, partial excision is ac-
ceptable. Itis necessary to inform patients about the signif-
icant risk of ED development up to 50 % after surgery [45].
The risk of shortening can be minimized by penis stretch-
ing. No less significant is the characteristic of the mate-
rial used to replace the tunica albuginea defect. Tradi-
tionally, grafts are the main material. There are four types
of grafts: autologous transplants from the patient himself
(dermis, vein, temporal fascia, broad fascia, tunica albug-
inea and cheek mucosa); allografts from a cadaveric do-
nor (pericardium, broad fascia and dura mater); xenografts
(taken from various animal tissues - bovine pericardium,
submucosal layer of pig intestine, bovine and pig dermis,
horse collagen matrix); synthetic grafts [47, 48]. Synthetic
grafts are not recommended for use in PD [39]. For more
than forty years, it has been proposed to use the cheek
mucosa as an autologous material during reconstruc-
tive urological operations, including for penis deforma-
tion correction in PD [47, 48]. Substitutive corporoplas-
ty allows to achieve satisfactory aesthetic and function-
al results in 90 % of patients and is the preferred method
for curvature angles of more than 45-90° and significant
size of the Peyronie plaque.

In patients with Peyronie’s disease and ED, with the in-
effectiveness of pharmacotherapy and severe penile de-
formation, implantation of penile prostheses with addi-
tional techniques (modeling, plication, dissection or ex-
cision of plaque with transplant surgery) is indicated
[39, 49]. A strict program of postoperative rehabilita-
tion reduces the risk of recurrence of penis curvature
and shortening.



THE MAIN POINTS OF THE LECTURE

Peyronie's disease has been haunting humanity for cen-
turies.

The key to successful treatment of the disease
is the knowledge underlying its pathophysiology, which
is still not fully understood, and the lack of such knowledge
leads to the inability to prevent the onset and progression
of the disease, which makes fibroplastic induration of penis
difficult to treat the disease. Perhaps a vital part of the un-
derlying mechanism is still eluding us, and when it is dis-
covered, it will allow us to differentiate patients whose dis-
ease can resolve spontaneously from those whose disease
can progress.

The main focus of treatment should be on relieving
acute pain and restoring sexual function by reducing pe-
nile curvature and associated erectile dysfunction.

Many of the proposed conservative treatment options
have either failed or produced contradictory results. NSAIDs
and LEST are indicated for the treatment of penile pain syn-
drome, but should not be used to eliminate penis deforma-
tion/curvature or Peyronie plaque.

Intralesional injection therapy IFN-a-2b and clostridi-
al collagenase are recommended for the treatment of PD
in the second stable phase in specially selected patients.

Surgery to correct penile deformation in PD with
an emphasis on preventing organ length loss remains a dif-
ficult task, despite the fact that various techniques have
appeared over the past few years. Penis reconstructive sur-
gery is mainly based on the restoration of the functional
state of the organ, that is, its straightening while main-
taining sufficient rigidity and the possibility of sexual in-
tercourse.
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ABSTRACT

Background. Cold injury is one of the most significant problems for the northern
regions of the Russian Federation. Frostbite is defined as a complex of changes caused
by the action of low temperatures, which lead to morphological changes in damaged
tissue structures. As a result, the skin with underlying tissues and the intercellular
matrix, the components of which are collagen fibers, are damaged, which eventually
leads to remodeling and a protracted course of the wound process. Morphometric
studies in combination with quantitative analysis of microphotographs (histological
specimens) using GIS technologies make it possible to distinguish altered collagen
fibers under the influence of low temperatures from relatively healthy tissues.

The aim of the study. To assess the possibility of using computer analysis of mi-
crophotographs in a complex of morphometric studies of collagen fibers in local
cold injury.

Materials and methods. The study included 84 patients with Il and IV degree frost-
bite of the lower extremities. Morphological study of tissues and microphotography
were performed using Leica DM2500 microscope (Leica, Germany). The thickness
of collagen fibers was measured based on visual measurements of characteristic
areas of the microphotograph. Computer analysis of tissue microphotographs
of the zone of cryoinjury was performed using the ArcINFO software (Esri, USA).
Statistical processing of the study results was carried out using the SPSS Statistics
software package (IBM Corp., USA). Graphs and diagrams were constructed using
MS Office Excel (Microsoft Corp., USA).

Results. With frostbite, severe tissue damage occurs, accompanied by the destruc-
tive processes of the extracellular matrix components. Low temperatures contribute
to changes in the width and orientation of collagen fibers in the damaged area.
In this regard, a change in the texture of the histological specimen image leads
to a change in the numerical characteristics of the standard deviation of the curva-
ture coefficient in the studied area of the microphotograph. Thus, in the late reactive
period, the described complex of morphometric studies makes it possible to classify
particular microphotograph as having pathological signs or as a sample of healthy
tissue.

Key words: morphometry, collagen fibers, cryoinjury, frostbite, standard deviation,
curvature coefficient, raster image

For citation: Gruzdeva O.S., Gruzdev R.V.,, Rylskiy I.A., Shapovalov K.G. Automated mor-
phometric studies of collagen fibers as an auxiliary method for diagnosing cold injury.
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PE3IOME

AkmyanbHocmes. Xo10008as8 mpasma Aaesisemcs 00HoU u3 Haubosiee 3Ha4UMbIX
npobiiem 0115 CegepHbIX pe2UoHO8 Hawlel cmpaHbl. OmMOpoXXeHUs onpedensiomcs
KaK KOMNJIeKC U3MeHeHUU, 803HUKarWuUx eciedcmaue delicmaus HU3KUX mem-
nepamyp, Komopwle NpugoodsM K Mopgo102uUHeCcKUM CO8U2AM 8 NOBPEXOEHHbIX
MmKaHesbix cMpykmypax. B pesysismame nospexxoaromcs Koxa ¢ N00sIexawumu
MKAHAMU U MeXK/1emOYHbIU MAampuKc, KOMNOHEHMAmMUu KOmMopo20 A8/IAI0MCA
KOJ171a2eH08ble 80/I0KHA, YMO 8 KOHEYHOM UMOoze Npusoodum K pemMooesIupo8aHuUIo
U 3amsxHOMy meyeHuro paHeso20 npoyecca. Mopgomempuyeckue ucciedosaHus
8 KOMNJIeKce C KOsu4eCmeeHHbIM aHAau30M Mukpogomoepagul (2ucmonoeu-
Yyeckux npenapamos) ¢ nhomouwibto [MC-mexHo02uli NO38OAAOM OMAUYUMb
U3MeHéHHble KoJ1/1azeHo8ble 80/IOKHA NO0 OelicmeuemM HU3KUX memMnepamyp
0m omHocumesibHO 300p08biX mKaHed.

Lenb uccnedosanusa. OyeHUMb 803MOXHOCMb NPUMEHEHUS KOMNbIOMepHO20
aHanu3a Mukpogomoepaguli 8 Komnsiekce MopghoMmempuyecKux ucciedosaHuli
KOJ1/12€HO08bIX 80JIOKOH NPpU MeCMHOU x0/100080U mpasme.

Mamepuanel u memoobl. BuccnedosaHue 8K/oHeHbl 84 60/1bHbIX COMMOpPOXe-
HUAMU HUXHUX KoHe4dHocmed lll u IV cmeneHu msxecmu. Mopghonozudeckoe usyye-
Hue mkaHel U MUKpOpOMOoCsEMKA 8bINOJIHAIUCL HA MUKpOcKone Leica DM2500
(Leica, lepmaHus). 1amepeHue moswuHbl KOJ1J1G2eHO8bIX 80JIOKOH 8bINOJIHEHO
Ha 0CHOBe 8U3YAJIbHbIX U3MepeHUU XapakmepHbIX y4acmKos8 Mukpogomozpaguu.
KomnbtomepHebil aHanus mukpogomoepaguli mkaHeli 30Hbl KpUONOBpPeX0eHUs
sbinosiHeH 8 npoepamme ArcINFO (Esri, CLLUA). Cmamucmuyeckas obpabomka
pe3ysibmamos ucc1e008aHUs OCYyUecmaesisanacs C NOMOWbIO Nakema npozpamm
SPSS Statistics (IBM Corp., CLLIA). TocmpoeHue 2paghukos u ouazpamm 8binOsIHeHO
¢ nomowbro nakema MS Office Excel (Microsoft Corp., CLLA).

Pe3synemamel. [Ipu ommopoxeHUAX NPoOUCXooum 8bipaxeHHoe nospexoeHue
mkaHel, conposoxoaroujeecs 0eCmpyKmusHbIMU nNPoyeccamu KOMNOHEeHMo8
8HEKJIeMOYH020 Mampukca. Huskue memnepamypsi cnocobcmayiom UsmeHeHUo
WUPUHbI U OpUeHMayuu KosijiazeHo8bIX 80JIOKOH 8 30He nospexoeHus. Bamoti ces-
3U U3MeHeHUe meKCMypbl U306PaxxeHUs 2UCMOJI02UYeCcK020 npenapamanpusooum
K U3MeHeHUI0 YUC/IeHHbIX XapaKkmepucmuK CmaHOapmHo20 OMKJ/I0HeHUS Ko3gpgu-
yueHma kpususHel 8 uccriedyemoli obacmu mukpogomoezpacguu. Takum o6pasom,
8 N030HEM pedKmuBHOM nepuode ONUCAHHbIU KOMNJIeKC MOopgoMempuyeckux
ucc1e008aHuUli N0380/IIeM OMHECMU MY U/U UHYI0 MUKPOpOmMozpaguio K Yucsy
UMeruux namoJsioauyeckue NPU3HAKU U6o K 06pasyy 300po8bix mkaHed.

Knioueesle cnoea: mopgomvempus, KossiazeHo8ble 80/10KHA, Kpuompagma, om-
MOpPOXKeHUS, CMaHOdpmHoe OMKJIOHeHUe, KO3hguuyueHm KpusU3sHsl, pacmpogoe
u3obpaxeHue

Ona untnposanumsa: pysgesa O.C, [py3ges P.B., Poinbckuin U.A., LLlanosanos K.I. AsTo-
MaTV3UPOBaHHble MOPHOMETPUYECKIE NCCNIEAOBAHUS KOMIAareHOBbIX BOSIOKOH Kak BCMO-
MoraTesibHbI CNocob AMarHOCTUKI XONOA0BOM TpaBMbl. Acta biomedica scientifica. 2023;
8(4): 147-154. doi: 10.29413/ABS.2023-8.4.16
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INTRODUCTION

Frostbite is one of the most severe types of cold injury
and often leads to a high level of disability and death of vic-
tims [1]. During cold alteration, severe dystrophic, inflam-
matory, and necrotic changes develop after tissue warm-
ing, which contribute to damage to cells, intercellular mat-
ter, and connective tissue [2, 3].

One of the most characteristic symptoms of the de-
velopment of pathological processes in tissues is a change
in the structure of collagen fibers. In general, the changes
include a change in the thickness of the fibers and a transi-
tion from a highly dispersed fine-fiber structure to a coarse-
dispersed one with thickened linear structures. The listed
changes in collagen fibers are visually recorded during mor-
phometric studies.

In order to reduce the subjective component in the eval-
uation of tissue samples, it seems advisable to apply some
numerical estimates of microphotographs, in particu-
lar, the study of the texture of the sample. This approach
would reduce the time for mass evaluation of samples
and eliminate the features introduced by the level of train-
ing of the specialist performing the diagnosis. The gener-
al purpose of this approach is to develop a set of numeri-
cal characteristics that would allow us to classify a sample
as having pathological features or as a healthy tissue sam-
ple. Similar studies are known in the work on the assess-
ment of the structure and condition of collagen by the sec-
ond harmonic generation signal, which provides the results
of numerical characterization of collagen fibers in a bundle
and the mutual organization of bundles of collagen fibers
[4]. It should also be noted that there is no universal me-
thod to quantify microphotographs suitable for any colla-
gen structure [4].

Any rasterimage, in particular microphotography of col-
lagen fibers, can be represented as a surface, the height
of which corresponds to the numerical characteristic
of brightness [5]. In this case, the black pixel (brightness 0)
will correspond to a height of 0 m, and the white pix-
el (brightness 255) will correspond to a height of 255 m.
Taking the pixel size as a fixed spatial value (for example,
also for 1 m), we get a three-dimensional surface. It should
be noted that the direct assessment of the spectral charac-
teristics of the samples (color) is not a reliable source of clas-
sifying features. The color may vary depending on the re-
agents used and the characteristics of lighting. Therefore,
texture assessment is the most reliable and promising ap-
proach.

For surface analysis, there is a fairly set of geoinfor-
mation technology tools [6-8], traditionally used for spa-
tial analysis (regardless of spatial coverage). It is justified
to use such a surface characteristic as curvature coefficient
at a given point.

The change in the organization of collagen fiber bun-
dles, their width and length is accompanied by a large num-
ber of brightness changes, i. e. (in the representation de-
scribed above) local surface bends within a certain studied
area. The more bends such a surface has, the higher the total
and average values of the curvature coefficient (CC) will be.

It is expected that the CC value will be significantly high-
er for an image of a histological specimen (transformed
into a surface) with a large number of thin contrast fibers
than for an image with a smaller number of thicker fibers.
In this regard, the authors of the article proposed an algo-
rithm that allows using the CC value as a reliable numeri-
cal criterion for classifying a sample as having pathologies
or no pathologies.

THE AIM OF THE STUDY

To assess the possibility of using computer analysis
of microphotographs in a complex of morphometric stud-
ies of collagen fibers in cold injury.

MATERIALS AND METHODS

The study included 84 patients with frostbite
of the lower extremities of the Ill and IV degrees of se-
verity in the period of granulation and epithelialization
(day 30). The age of the victims ranged from 25 to 45 years.
Men made up the majority of the group of patients —
78 %, women - 22 %. All the victims with local cold in-
jury of the distal segments of the feet underwent sur-
gical treatment at the regional center for thermal trau-
ma at the Chita City Clinical Hospital No. 1 in the peri-
od from 2016 to 2020. All the patients gave written vol-
untary informed consent. Tissue fragments measuring
1 x 1 x 0.5 cm were taken with a scalpel under local an-
esthesia during surgical treatment in the affected area
at the border of damaged and healthy tissues (in the de-
marcation zone). The study was performed in accordance
with the Regulations of Declaration of Helsinki of the World
Medical Association (rev. 2013).

Autopsy material was used as a control. Tissue sampling
from the lower extremities was performed within 24 hours
after the biological death of the patients. The control group
consisted of 50 patients who died from acute trauma, with-
out severe concomitant diseases, of a similar age category.

Exclusion criteria: age — under 18y. 0.and over 50y. 0.;
tuberculosis; cachexia of various etiologies; sepsis; chron-
ic obstructive pulmonary disease; diabetes mellitus; vascu-
lar and nerve diseases of extremities; rheumatism; premor-
bid heart rhythm disorders; acute inflammatory diseases;
atherosclerosis; acute cerebral circulation disorder.

Histological specimens were prepared according
to agenerally accepted method. Sections of 5-10 um thick-
ness were stained with hematoxylin, eosin and picrofux-
in according to Van Gieson. Histological microslides of tis-
sues of patients with local cold injury and tissues of patients
of the control group were examined using Olympus CX21
microscope (Olympus, Japan), microphotography was per-
formed using a Leica DM2500 microscope (Leica, Germa-
ny), at the Department of Pathological Anatomy of the Chi-
ta State Medical Academy.

Morphometric studies to determine the thickness
of collagen fibers were performed for the control group
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and patients with frostbite on day 30 with local cold in-
jury. The measurement of the thickness of collagen fib-
ers was performed on the basis of visual measurements
of characteristic areas of microphotograph, the areas
for measurements were selected based on diagnostic ex-
perience. For each microphotograph, at least 10 measure-
ments of the thickness of collagen fibers were performed
at the same magnification of the microscope (x 5). The com-
plex of morphometric studies includes computer analysis
of images of collagen fibers, which suggests the author’s
method of evaluating microphotographs in the field of view.
The following sequence of actions was adopted for process-
ing microphotographs:

Step 1. Creating surfaces. To perform this task,
the RGB image in JPG format was converted to grayscale
by channel-by-channel averaging (the numerical values
of the brightness of each pixel in R, G, B channels are add-
ed and divided by 3). Contrast, gamma and histogram
correction, other digital brightness correction methods
were not applied in order to ensure the most homo-
geneous, content-independent spectral brightnesses
of the samples. The resulting gray image is transformed
into an ArcINFO GRID type surface (matrix with height
values), where each cell is assigned a height numerical-
ly equal to the brightness of the gray image on a scale
from 0 to 255.

Step 2. Surface filtration. The resulting image may
contain digitization (technical features of the micro-
scope) and compression (defects in the JPG algorithm)
defects. Samples from different researchers may have dif-
ferent types of artifacts. For this purpose, the final sur-
face was filtered. The sliding window method with a radi-
us of 2 pixels is used for filtering, window shape - circle.
The idea of the filtering algorithm is that a circle with a ra-
dius of 2 pixels is built around the current cell of the sur-
face, the brightness of all pixels inside the circle is added
and divided by the number of cells. The resulting average
value is assigned to the current cell. Next, the analysis win-
dow moves one pixel to the side.

Step 3. Calculation of the curvature surface. The sur-
face is calculated using the ArcGIS package using the Cur-
vature function. The calculation of the numerical character-
istic of the curvature goes along a 3 x 3 cell section, the final
results are assigned to the central cell. The calculated cur-
vature coefficient is multiplied by 100 for ease of use —it al-
lows us to work with whole numbers, not fractional num-
bers. The result is a surface of CC values, the range of val-
ues is from 0 to 1800.

Step 4. Calculation of Curvature statistics. For each
image, a block structure was formed in the form
of squares measuring 100 x 100 pixels (which corresponds
to a 64 x 64 um matrix cell). The size of the block is deter-
mined by the size of the digital image, the field of view
and the size of the collagen fibers. It is necessary to fol-
low the principle when the block size is at least an or-
der of magnitude larger than the average fiber thickness
and when the field of view is at least an order of magni-
tude larger than the block. The size of 100 x 100 pixels sat-
isfies these conditions.

Statistics of CC values were calculated for each im-
age and for each block. The «Average» value is not rep-
resentative, as it is close to 0 for all blocks and images —
this is a consequence of peculiarities of the algorithm itself.
However, the value of the standard deviation for CC values
shows the presence of two well-defined classes correlating
with the presence or absence of pathologies in the images.
Calculating the values of standard deviations not for the en-
tire images, but for blocks (with their subsequent filtering)
allows us to exclude from consideration tissue samples
and structures present on tissue samples, but not the sub-
ject of analysis (background, extraneous inclusions, accom-
panying tissues, etc.).

Step 5. Displaying the results. The results of the com-
puter analysis of microphotographs are presented
in the form of classified images by class: Control — Transi-
tional class — Patients.

Statistical processing of the study results was carried out
using the SPSS Statistics software package v. 25.0 (IBM Corp.,
USA). The results of the study are presented in the form
of median, quartiles 1 and 3 - Me (Q1; Q3). Taking into ac-
count the number of the studied groups, the assessment
of the normality of the distribution of quantitative charac-
teristics was carried out using the Kolmogorov-Smirnov test.
The statistical significance of the differences in the indica-
tors was assessed by comparing the calculated and critical
values of the Kruskal-Wallis test, followed by determining
the significance level of p.

The results are presented in the form of boxplots of col-
lagen fiber thickness and values of CC standard deviations
in the studied area of the microphotograph for the groups
(Control, Patients) in the figures. The image of the results
of the computer analysis of microphotographs is present-
edin the form of classified images by class: Control — Tran-
sitional class — Patients in the pictures.

THE RESULTS OBTAINED
AND DISCUSSION

As aresult of the study, a significant increase in the thick-
ness of collagen fibers was revealed in a group of patients
with cold injury in the late stages of cryoinjury relative
to the control group.

Figure 1 shows an example of the results of determina-
tion the thickness of collagen fibers for microphotographs
from the control group and the group of patients.

In the field of view of the microphotograph, significant
differences are observed in the form of changes in the thick-
ness and orientation of the collagen fibers of the cryoinjury
zone. This fact confirms the significant damage to the tis-
sues of the frostbite zone at a late date (on day 30). De-
structive processes in collagen fibers manifest themselves
in the form of changes in their thickness and orientation.
The so-called tissue disorganization of the cryoinjury zone
occurs.

In the late reactive period, in patients with cryoinjury,
the fiber thickness is 2.8 times higher relative to the con-
trol group (p < 0.001).
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FIG. 1.

Thickness of collagen fibers in the control group and in the group of patients with frostbite. Van Gieson picrofuxin staining. Magnification

during microphotography x5. Photo made by the author
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FIG. 2.
Fiber thickness (microns) in the control group and in the group
of patients with local cold injury

Collagen disorganization has enzymatic and non-enzy-
matic mechanisms. Enzymatic mechanisms are carried out
by the interaction of collagenases and their inhibitors, which
regulate the intensity of catabolic processes. Non-enzymat-
ic mechanisms are associated with the formation of addi-
tional intermolecular links under the influence of end-prod-
ucts of glycation of UV irradiation or mechanical pressure
(edema), as well as a result of carcinogenesis. Different reg-
ulatory pathways and degradation mechanisms intersect
with each other at different stages, rather than working in-
dependently of each other [9-11].

Thus, secondary dystrophic and inflammatory chang-
es in tissues under the influence of low temperatures lead
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to damageto collagen and its disorganization. This phenom-
enon pathogenetically explains the large number of late
complications in patients with frostbite and the character-
istic prolonged course of reparative processes.

As a result of computer analysis of images of colla-
gen fibers for the control group and the group of pa-
tients, the standard deviation of the curvature coefficient
in the studied area of the microphotograph was deter-
mined.

In the late reactive period, in patients with cryoinjury,
the standard deviation of CC in the studied area of the mi-
crophotograph is 1.8 times lower relative to the control
group (p < 0.001).
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FIG. 3.
Standard deviation of the curvature coefficient (standard units)
in the studied area of microphotograph



Tissues of patients with frostbite of llI-IV stage, day 30

Tissues of a patient from the control group

Class - Patients Transitional Class Class — Control
200-400 401-650 651-750 751-1 150 1151-2 000

FIG. 4.
Classification of microphotographs according to the values of the standard deviation of the curvature coefficient. Photo made by the au-
thor
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With significant cryoinjury of tissues, changes
in the thickness and orientation of collagen fibers occur,
which is well matched in the field of view of microgra-
phy. In this regard, a change in the texture of the micro-
photograph leads to a change in the numerical character-
istics of the standard deviation of CC in the studied area.
This is confirmed by a strong inverse correlation between
the measured thickness of collagen fibers and the standard
deviation of CCin the studied area of the microphotograph
(rs =-0.75; p < 0.001).

Thus, the characteristic of the standard deviation
of the CC allows us to attribute one or another micropho-
tograph to the number of pathological signs or to a sam-
ple of healthy tissues. This fact makes it possible, based
on the obtained statistical indicators of the standard devi-
ation of the CC, to classify the field of study of microphoto-
graph by classes: Control — Transitional class — Patients
(Fig. 4).

Based on the classification obtained, the difference be-
tween the microphotograph of tissues of patients with frost-
bite of lll-1V stage on day 30 and the control group is clear-
ly demonstrated (Fig. 4).

The number of colored blocks in each class characteriz-
es the area of damage to collagen fibers in the field of view
of the microphotograph.

CONCLUSIONS

Low temperatures lead to qualitative changes in colla-
gen fibers and contribute to a change in their width and ori-
entation in the area of damage. With frostbite, severe tissue
structure damage occurs, accompanied by the destructive
processes of the extracellular matrix components. Chang-
es in the tissue structure and their organization are impor-
tant for the morphological characteristics of tissues in var-
ious physiological conditions and pathologies, including
cold injury.

Computer analysis of microphotographs allows clas-
sifying the image of a histological preparation by the val-
ue of CCand classifying one or another microphotograph
as having pathological signs or as a sample of healthy
tissues. Thus, the characteristic changes in collagen fib-
ers during local cold injury in the late reactive period
are a factor that makes it possible to perform automat-
ed computer diagnostics of microphotographs using GIS
technologies.
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ABSTRACT

Background. In our previously published studies, we demonstrated a high he-
mostatic activity of a low dose of exogenous fibrin monomer during its systemic
administration in a model of dosed liver injury with preliminary inhibition of platelet
aggregation. However, the analysis of platelet involvement in the mechanisms of lo-
cal fibrin formation has not been analyzed.

The aim of the study. To conduct a comparative analysis of the cellular composi-
tion of venous and wound blood, as well as blood in the wound vessels to assess
the contribution of platelets to the hemostatic effect of exogenously administered
fibrin monomers in dosed liver injury under conditions of pharmacologically deter-
mined thrombocytopathy.

Methods. In a model of dosed liver injury in rabbits after inhibition of platelet
aggregation by acetylsalicylic acid in combination with clopidogrel, the effect
of the administration of fibrin monomer was evaluated in comparison with the use
of tranexamic acid. We studied the number of platelets in venous and wound blood
smears, as well as in the contents of wound vessels.

Results. It has been established that with the systemic administration of exogenous
fibrin monomer, the number of platelets in wound blood smears decreases by 17.2 %
in comparison with free circulating venous blood. Platelets in wound blood form
aggregates and are in an activated state. In the wound vessels, the number of these
cells was maximum (150 per lower field) compared with the number of platelets
in the placebo and tranexamic acid groups (55 and 84 per lower field, respectively).
Also in the wound blood, erythrocytes with altered forms (echinocytes, schistocytes,
stomatocytes and ovalocytes) were found.

Conclusion. Systemic administration of exogenous fibrin monomer affects the re-
distribution of platelets between the systemic circulation, wound vessels and wound
blood, determining its hemostatic effect and local wound fibrin formation in dosed
liver injury. The presence of receptor-mediated platelets recruitment due to fibrin
monomer in the wound vessels with the participation of damaged erythrocytes
is assumed.

Key words: fibrin monomer, acetylsalicylic acid, clopidogrel, tranexamic acid,
platelets, hemorrhage control
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Dolgatov A.Yu., Momot A.P. Morphological determinants for the local hemostatic effect
of exogenous fibrin monomer in its systemic administration after injury with inhibition
of platelet aggregation in the experiment. Acta biomedica scientifica. 2023; 8(4): 155-164.
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PE3IOME

O6ocHoeaHue. BonybuKo8aHHbIX HAMU paHee UcC/1e008aHUSX 6blsIa NPOOEMOH-
CMPUPOBAHA BbICOKAA 2eMOCMAMUYECKAs AKMUBHOCMb HU3KOU 003bl 9K302eHH020
pubpuH-moHomepa (DM) npu e2o cucmemHoM 88e0eHUU HAa MOOesIU 003UPOBAHHOU
mpasmel nedeHU npu nped8apumesbHOM y2HemeHuUU azpe2ayuoHHOU yHKyuU
mpomb6oyumos. OOHAKo aHanu3 yyacmus mpomboyumos 8 MexaHu3Max 10Kasb-
HO20 (hubpUHO06PA308AHUS HE AHAIU3UPOBAJICH.

Ljens uccnedosanus. pogecmu cpasHumesnbHoIl dHAIU3 KIeMOYHO20 cCOCmasa
8€HO3HOU U paHesoU KpoBU, d MAakxe Kposu 8 NpUPAHe8bIx COCydax 071 OYeHKU
8K/1a0a MpoMboyumMo8 8 obecneyeHue 2eMoCmamuyeckozo 3hgheKma 3K302eHHO
88e0éHH020 OM npu 0o3uposaHHoOU mpasme nevyeHuU 8 yca08usaxX papmMarkosou-
yecku o0byc081eHHOU mpomboyumonamuu.

MemoOdbl. Ha modenu 003upo8aHHOU mpasmel nevyeHu y KpoJIUKO8 nNocJie yeHe-
meHusA azpe2ayuoHHoU hyHKYUU mpomboyumos auemusicanuyusiosol Kuciomou
8 coO4emaHuu ¢ KJ1onuodoepesiomM oyeHU8aAsU 8usHuUe sgedeHus OM 8 cpasHeHuU
C npumeHeHuem mpaHexkcamogol kuciomel (TK). M3yyanu konuyecmso mpombo-
Yumos 8 Maskax 8eHO3HOU U paHegoU KpOBU, a MAkKe 8 COOEPXKUMOM NPUPAHEBbIX
cocyooes.

Pe3synomamel. YcmaHogsieHo, Ymo npu cucmemHOM 88e0eHUU 3K302eHH020 OM
KoJ1u4ecmao mpom6oyumos 8 MAasKax, NoJ1y4YeHHbIX U3 paHesoU KpOo8U, CHUXaemcs
Ha 17,2 % 8 cpasHeHUU cO cB0O0OHO YupKyupytoueli seHo3HOU Kposbio. Tpombo-
yumel 8 paHesoU Kposu 06pasyom azpe2amsl U Haxo0Amcs 8 akmugupo8aHHOM
cocmosHuUU. Bnpuparessix cocyoax Konuuyecmao Smux K1emok 6bl/10 MaKCuMaslb-
HbiM (150 8 nosie 3peHuUs) No CpABHEHUIO C YUCIOM 3IMUX KJIEMOK 8 2pynnax niaye6o
u cnpumeHeHuem TK (55 u 84 8 none 3peHuUs coomeemcmeeHHo). Takxe 8 paHesol
Kpo8U 8CMpedanucb 3pumpoyumel ¢ USMEHEHHbIMU hOpMaMu — SXUHOUUM b,
wu30yumel, CMomMamoyumel U 084104UMeI.

3akmoyeHue. CucmemHoe 8sedeHue 3k302eHH020 OM 8/1usem Ha nepepacnpede-
JieHue mpom6oyumos Mexoy CUCMeMHbIM KPOBOMOKOM, NPUPAHe8bIMU COCy0amu
U paHesoli Kposblo, onpedesisis e2o 2eMocmamudeckuli 3¢pgekm u J10KabHoe
npupaxesoe pubpuHoobpazosaHue npu 003upo8aHHoOU mpasme nedeHu. [pedno-
Jiazaemcs Haau4yue peyenmopHo-onocpedo8aHHO20 NpussiedeHuUs mpomooyumos
3a cuém OM 8 npupaHessix cocydax ¢ y4acmuem No8Pex0EHHbIX SpUmpoyuMos.

Knioueasole cnoea: (hubpuH-MoHOMep, auemuscanuyuiogas Kuciomd, KJonu-
0o2pesi, MpaHeKCcamosas Kucsomd, mpom6oyumsl, 0CMAHOBKA KpOBOMeYeHus

Ona yntuposaHuna: BoosuH B.M., Cyzonos E.B., laxmatos W./., Bobpos W.M., Ope-
xoB [I.A., NonraToB A.lO., MomoT A.lN. Mopdonorryeckre npeanocbifik IOKanbHOro remo-
cTaTnyeckoro 3¢ ¢peKTa 3K30reHHoro prbpPrH-MOHOMEpPaA NPV ero CUCTEMHOM BBELEHWN
rocsie TpaBMbl NPV NOAABNIEHUN arperaLMoHHON GYHKLMY TPOMOOLIMTOB B SKCNePUMEHTe.
Acta biomedica scientifica. 2023; 8(4): 155-164. doi: 10.29413/ABS.2023-8.4.17
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OBJECTIVES

The concept of the hemostasis system as a multicom-
ponent cascade reaction aimed at the formation of fibrin
strands with the participation of coagulation factors, en-
dothelial cells and formed elements of blood has under-
gone certain changesin recent years. First of all, it concerns
the regulation of this complex process.

Modern approaches to the study of blood coagula-
tion regulation are based on studies of spatial thrombo-
genesis in vitro [1], the "cellular theory" of M. Hoffman
and D.M. Monroe [2-4], within the framework of which new
data obtained by analyzing the effect of one of the fi-
brinogen derivatives, des-AABB-fibrinogen (fibrin mono-
mer (FM)) - on the hemostasis system under physiolog-
ical conditions, as well as with pharmacologically deter-
mined suppression of blood coagulation reactions. Pre-
vious studies carried out in our laboratory have shown
the presence of unique hemostatic and hemostasiologi-
cal effects with systemic administration of FM without ac-
tivation of blood coagulation reactions and pathological
thrombosis [5, 6].

From our point of view, the detected regulatory effects
of FM are realized outside the set of coagulation reactions
leading to the thrombin formation, but preceding fibrin for-
mation. It is indicated by studies conducted under condi-
tions of mediated inhibition of thrombin by unfractionat-
ed heparin [7, 8], as well as with direct suppression by da-
bigatran [9]. In both experimental models, FM demon-
strated the effect of minimizing post-traumatic blood loss.
At the same time, it contributed to local fibrin formation
without correction of hypocoagulation caused by the ad-
ministration of anticoagulants.

Based on the results presented above, our research
group suggested that the mechanisms of the hemo-
static effect of FM are realized with the participation
of blood cells, primarily platelets, despite the pharma-
cological suppression of their functional activity. The lat-
ter is indicated by the results of studies conducted us-
ing dual antiplatelet therapy and correction of post-
traumatic bleeding with tranexamic acid (TA) or FM [10].
In this work, a high local hemostatic activity of FM com-
parable to the effects of TA with a concomitant 16-fold
decrease in the intensity of ADP-induced platelet ag-
gregation compared with control values was demon-
strated. In the same series of experiments, the authors
carried out morphological analysis of tissues in the area
of injury, where high activity of wound fibrin forma-
tion was revealed [11]. In the above materials, no suffi-
cient attention was paid to assessment of the regulari-
ty of platelet redistribution between venous and wound
blood, which seems necessary for a possible decoding
of the mechanisms of the hemostatic effect of FM in vivo.

THE AIM OF THE STUDY

To conduct a comparative analysis of the cellular com-
position of venous and wound blood, as well as blood

in the wound vessels to assess the contribution of platelets
to the hemostatic effect of exogenously administered fibrin
monomers in dosed liver injury under conditions of phar-
macologically determined thrombocytopathy.

METHODS

The study included 48 healthy mature male Chinchilla
rabbits weighing 3.0-4.5 kg. Animal experiments were car-
ried out in accordance with the European Convention
and Directives for the Protection of Vertebrates Animals
used in the experiment 86/609/EEC, as well as the World
Medical Association Declaration of Helsinki and the "Reg-
ulations for Animal Use in Biomedical Research". The work
was approved by the local Ethics Committee of the Altai
State Medical University (Protocol No. 12 dated Novem-
ber 12, 2015).

To suppress platelet aggregation function, a mixture
of acetylsalicylic acid (Thrombo ACC® Lannacher Heil-
mittel GmbH, Austria) at a dose of 2.0 mg/kg and clopi-
dogrel (Plavix®; Sanofi Winthrop Industry, France) at a dose
of 8.0 mg/kg dissolved in water was administered to all ani-
mals per os. As is known, acetylsalicylic acid causes inhibition
of platelet cyclooxygenase-1 and a subsequent decrease
in the production of A, thromboxane. Clopidogrel is a pro-
drug, which is transformed into its active form through
metabolism in the liver and acts as an antagonist of P2U,,
platelet receptors [12].

Next, all the animals were divided into three groups
using the random number method. In 1 hour after taking
these antiplatelet drug, animals were injected intravenous-
ly (IV) into the marginal vein of the ear with aqueous solu-
tions of the following drugs: group No. 1 (n = 13) - place-
bo solution (3.75 M urea solution corresponding to its con-
centration in FM solution) with a volume of 0.5 ml; group
No. 2 (n = 22) — tranexamic acid solution (Tranexam®; Mos-
cow Endocrine Plant, Russia) at a dose of 15 mg/kg; group
No. 3 (n=13) - FM at a dose of 0.25 mg/kg (Technologiya-
Standart LLC, Russia). All animals underwent standard liver
injury under general anesthesia with Telazol (Zoetis, Russia;
10 mg/kg V) in accordance with available recommenda-
tions: groups No. 1 and No. 3 - 1 hour after administration
of placebo and FM, animals of group No.2 - 30 minutes af-
ter administration [13]. As it was shown earlier, FM showed
its maximum effects when administered 1 hour before in-
jury [6]. According to the manufacturer, with a high risk
of bleeding, tranexamic acid is injected into the systemic
circulation 20-30 minutes before the intervention (Instruc-
tions for use, JICP-001709/07).

To determine the morphology of erythrocytes,
the number and aggregation function of platelets in an-
imals, blood was obtained after incision of the margin-
al vein of the ear (by gravity) twice — before administra-
tion of hemostatic drugs or placebo and before liver inju-
ry. To assess the aggregation function of platelets, blood
was placed in plastic tubes containing 0.11 M (3.8 %) so-
dium citrate solution (blood-stabilizer ratio 9:1). The pro-
duction of platelet-rich blood plasma was carried out ac-

157



cording to a generally accepted method. Platelet aggre-
gation in it was evaluated using a Chronolog 490-2D ag-
gregometer (CHRONO-LOG Corporation, USA) when us-
ing adenosine diphosphate (ADP) aggregation agonist
at an initial concentration of 10 um.

To count the number of platelets and evaluate the mor-
phology of erythrocytes, smears of blood from the mar-
ginal vein of the ear and blood from the wound sur-
face 3-5 minutes after injury were obtained. The smears
were stained according to Romanovsky-Giemse followed
by oil immersion microscopy on a Nikon Eclipse E-200/F
binocular microscope with a Nikon Digital Sight 1000
camera (Nikon, Japan) at a total optical magnification
of x1000. The number of platelets by Phonio (x 10%/L),
their morphological characteristics (shape, presence
of granules and inclusions), as well as the presence of ag-
gregates of these cells in the smears were assessed. Along
with this, the morphology of erythrocytes (size and shape)
was evaluated.

After spontaneous cessation of post-traumatic bleed-
ing, liver tissue, including its wound part and a fragment
of an intact surface, was taken as part of histological stud-
ies, followed by fixation in a 10 % solution of neutral forma-
lin according to Lilly. Material histologic processing was car-
ried out using isopropyl alcohol using a TISSUE-TEK VI PTM6
carousel-type tissue processor (Sakkura, Japan). Paraffini-
zation was carried out using the TISSUE-TEK TEC 5 embed-
ding console (Sakkura, Japan). Histological sections 4-5 um
were obtained using a semi-automatic rotary microtome Ac-
cu-Cut SRM (Sakkura, Japan), the preparations were stained
with hematoxylin and eosin in a TISSUE-TEK Prisma slide
stainer with film encapsulation in TISSUE-TEK Film ma-
chine (Sakkura, Japan). The count of platelets (the number
in the field of view) was carried out on microslides, includ-
ing large vessels (venous or arterial), in five fields of view
at magnification x 1000, under oil immersion, followed
by calculation of the average number of cells in the fields
of view. Microphotography was performed using Leica DM
750 E200 microscope with Leica EC3 digital video camera
(Leica Microsystems CMS GmbH, Germany). The image anal-
ysis was performed using the "Image Tool 3.0" software.

TABLE 1
INDICATORS OF PLATELET AGGREGATION IN THE EXPERIM

The distribution of features in the samples was eval-
uated according to the Shapiro - Wilk test. Depend-
ing on the distribution of features, the Student’s t-test
and Mann - Whitney U-test or Wilcoxon test were used.
Differences in the mortality rate of animals in the groups
were established using the Fisher’s exact test. The differ-
ences were considered statistically significant at p < 0.05.
The experimental data were processed using the sta-
tistical software MedCalc 17.9.7 (license BU556-P12UT-
BBS55-YAH5M-UBES51). The data obtained are present-
ed in the form of median (Me), 25th and 75th percentiles
(Q): Me [Q ,5+Q /4]

RESULTS

The use of dual antiplatelet therapy in animals led
to an expected decrease in the intensity of ADP-induced
aggregation of venous blood platelets in study groups No.
1, No. 2 and No. 3 by 4.5, 3.0 and 16.6 times, respectively
(Table 1).

At the same time, in the control group (group No. 1),
the number of platelets in the systemic bloodstream af-
ter administration of antiplatelet agents and placebo de-
creased moderately (by 19.8 %) compared with the base-
line value (Table 2).

These cells were usually in an inactive state, their ag-
gregates were absent (Fig. 1a). In rare cases, there were sin-
gle activated platelets (up to 1-3 in the field of view).
The appearance of erythrocytes in the systemic circula-
tion was featureless. The number of platelets in wound
blood was 32.8 % less than in circulating venous blood
before traumatic exposure, and 46.0 % less than the same
indicator before the introduction of antiplatelet agents.
In the wound blood, platelets were visualized in an ac-
tivated, partially aggregated state. The granules
of the blood plates were tightly "condensed" (tightly fit-
ting to each other), which also indicated the activation
of these cells. The number of platelets in the aggregates
varied from 6 to 10 cells (Fig. 1b). During the assess-
ment of the morphology of erythrocytes in wound blood

ENTAL ANIMAL GROUPS, ME [Q25+Q75]

Group No. 1 Group No. 2 Group No. 3
Antiplatelet agents and placebo Antiplatelet agents and TA Antiplatelet agents and FM
Indicators

before after before after before after
administration  administration = administration = administration administration = administration

(1a) (1b) (2a) (2b) (3a) (3b)

. 45 8.0 1.2
QE f(;:gf“ced 20.1 [0.6+7.0] 24.0 [4.9+10.1] 19.9 [1.0:2.0]
aggregation, % |1847459] P1a1p=0.001; [19.0+46.5] P2a-25 < 0-001; [13.3+20.1] P3a-35=0.001;
A, ., =-4.5times A, ,,=-3.0times A, 5, =-16.6 times

Note. pis the level of statistical significance of the differences in the compared indicators; A s the difference in indicators.
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the presence of echinocytes up to 5-8 pieces (in the field
of view), single schizocytes, stomatocytes and ovalocytes
were noted. Histological analysis of the liver parenchyma
revealed that the count of platelets was about 55 cells
in the field of view in the vessels next to the wound sur-
face.

In the group of animals that received a fibrinolysis inhib-
itor along with antiplatelet agents (group No. 2), the num-
ber of platelets in the systemic bloodstream remained sta-
ble both before and after TA (Table 2). Platelets under mi-

TABLE 2

croscopy were predominantly in an inactive state, without
visible aggregation (Fig. 2a). The appearance of erythrocytes
also corresponded to the physiological norm, although
there were single echinocytes in the field of view. In wound
blood, the number of platelets did not significantly differ
from the count of blood plates in circulating venous blood
taken before the injury. During visualization, activated
platelets were noted in the wound blood, and their gran-
ules were densely "condensed". Along with this, platelet
aggregates (2-20 cells) were detected (Fig. 2b). Chang-

INDICATORS OF PLATELET COUNT IN SYSTEMIC BLOOD, INJURY BLOOD AND IN THE VESSELS

NEAR THE WOUND SURFACE, ME [Q25+Q75]

Platelet count in venous blood (smear)

Groups before after
the administration the administration
of drugs, of drugs,
count/FOV (a) count/FOV (b)
485.0
i:\c;iupl)a,:eol'el agents and 605.0 [436.0+540.0]
b e [571.3+648.5] Py, = 0.028;
p A=-19.8%
597.0
i:t);d?a’::{e‘:’ agents and 274 [451.8+708.5]
platelet ag [531.3+648.5] p, . =0754
tranexamic acid 2a-2b
Py o =0.109
530.0
ixiu?a’;fl.ei agents and >14.0 [470.5+546.0]
P 9 [477.8+560.5] Py, 5 = 0756
fibrin monomer 3a-3
Pyy_ap = 0403

Platelet count
in large vessels near
the wound (morphometry

Platelet count
in wound blood (smear),

count/FOV (c) on the section),
count/FOV (d)
327.0
[273.0+419.5] 55.0
Pyp_qc = 0.008; A=-32.6% (50.8+60.0]
Py qc=0.028; A =-46.0 %
602.0
: 84.0
/[:03 '0i8(f;'955] [82.0+89.5]
2b-2¢ " = A= [
0388 P1g-2 = 0:0003; A= +52.7 %
439.0 150.0

[427.0+443.0]
Pap s =0.021;4=-17.2%
=0.028;A=-13.8%

[113.5201.0]
Pigsq=0.001;A=+172.7%

P34 3c Paq.3q = 0.029; A = +78.5 %

Note. pis the level of statistical significance of the differences in the compared indicators; FOV is the field of view; A is the difference in indicators.

a
FIG. 1.

b

Visualization of rabbit blood from group No. 1 (antiplatelets and placebo): a - systemic blood smear after drug administration (non-lysed
red blood cells and platelets: Plt — non-activated platelets; RBC — normal red blood cells); b - injury blood smear (modified cell morphology:
Agr - platelet aggregate; Plt(a) - activated platelets; RBC(e) - lysed red blood cell (echinocyte)). Hereinafter: Romanovsky — Giemsa staining;

light microscopy, magnification x 100
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a
FIG. 2.

b

Visualization of rabbit blood from group No. 2 (antiplatelets and tranexamic acid): a - systemic blood smear after drug administration
(non-lysed red blood cells and platelets: Plt — non-activated platelets; RBC — normal red blood cells); b - injury blood smear (modified cell
morphology: Agr — platelet aggregate; Plt(a) — activated platelets; RBC(e) - lysed red blood cell (echinocyte))

a
FIG. 3.

b

Visualization of rabbit blood from group No. 3 (antiplatelets and FM): a — systemic blood smear after drug administration (non-lysed red
blood cells and platelets: Pt — non-activated platelets; RBC — normal red blood cells); b - injury blood smear (modified cell morphology:

Agr - platelet aggregate; Plt(a) - activated platelets)..

es in the morphology of erythrocytes concerned the for-
mation of a large number of echinocytes (25-30 cells
in the field of view). Morphometry of liver tissue revealed
that in the vessels next to the wound surface, the count
of platelets was about 84 cells in the field of view.

In the group of animals that received exogenous fibrin
monomer along with antiplatelet agents (group No. 3),
the number of platelets in the systemic bloodstream re-
mained unchanged regardless of pharmacological effects
(Table 2). They were mostly in an inactive state, and aggre-
gates of blood plates were not observed (Fig. 3a). The ap-
pearance of erythrocytes in the systemic bloodstream prac-
tically did not differ from the physiological norm, although
10-15 echinocytes per the field of vision were found among
erythrocytes. The number of platelets in the systemic cir-
culation was 17.2 % higher than in wound blood. Activat-
ed and aggregated platelets with densely "condensed"
granules were also found there. The number of platelets
in the aggregates varied from 5 to 9 cells (Fig. 3b). Single
echinocytes, ovalocytes and schistocytes (up to 3 in the field
of view) were found among erythrocytes. During microsco-
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py of histological preparations about 150 platelets were not-
ed inside the wound vessels in the field of view.

DISCUSSION

As a result of the study, we reproduced a model of co-
agulopathy caused by oral administration of two antiplate-
let agents with different mechanisms of action. It was con-
firmed by a decrease in ADP-induced platelet aggregation
in animals in all experimental groups.

After the use of antiplatelet agents, the number of plate-
lets in the systemic venous bloodstream in animals treated
with TA or FM did not change. On the contrary, in the control
group (without the use of systemic hemostatics), the num-
ber of blood plates in the systemic circulation decreased
statistically significantly from the initial level, which corre-
sponds to the data obtained in the work of O.D. Ostroumo-
va et al.[14]. Moreover, platelets of the systemic blood flow
in all groups were in an inactive state, the formation of ag-
gregates in the smears was not noted.



An important aspect necessary for studying the
mechanisms of local hemostasis when using FM, in our
opinion, was the study of the cellular composition of wound
blood and wound vessels. It was determined that in the TA
group, the number of platelets in wound blood remained
unchanged, compared with the number of these cells
in the systemic circulation. On the contrary, in the placebo
and FM groups, wound blood contained fewer blood plates
compared to systemic blood flow. Wound blood platelets
in all the observed groups were in an activated state, with
densely "condensed" granules, and formed aggregates,
which is natural for traumatic effects. As is known, the
process of convergence of granules (condensation) of
platelets leads to a change in the shape of platelets,
flattening of their cytoplasm and signals readiness for
thrombus formation [15]. A relatively higher number of cells
in aggregates were observed in the group with TA.

From our point of view, the number of platelets
in the wound vessels during histological examination
of microslides of the wound surface of the liver may reflect
the degree of involvement of cells from the general cir-
culation to the injury area. The smallest number of blood
plates in these vessels was observed in the control group,
while their maximum value was recorded in the FM group -
2.7 times.

On the other hand, a decrease in the number of plate-
lets in wound blood may be explained by their involvement
in the process of local thrombosis. To explain this phenom-
enon, we can refer to the results of our previous studies
[11]. Thus, in the placebo and antiplatelet agents groups,
we observed a low-intensity formation of thrombotic mass-
es in the area of injury, consisting of fibrin strands and un-
changed erythrocytes. On the contrary, the use of TA
and FM against the background of pharmacologically in-
duced thrombocytopathy led to an increase in the thick-
ness of thrombotic wound deposits (with a maximum value
in the group with FM) and fibrin strands in their composition.

Thus, the use of modern antiplatelet agents was not ac-
companied by the attraction of platelets to the wound sur-
face and their inclusion in the process of local thrombus
formation. A similar conclusion can be drawn for the TA
group. As is known, TA is used for increased bleeding asso-
ciated with thrombocytopathy/thrombocytopenia [16, 17].
It is also known that the hemostatic effect of TA is mediat-
ed by a change in the hemostatic balance towards thrombo-
sis due to a disruption of the plasminogen activation in plas-
min [18]. Consequently, against the background of the use
of TA, the role of platelets in local thrombosis (taking into ac-
count the suppression of their function by antiplatelet agents)
is insignificant. This is also evidenced by their stable content
in wound blood (in comparison with systemic blood flow)
and a moderate increase in their number in the wound vessels.

A new result obtained in the course of this study
is the fact of platelet redistribution in the case of FM appli-
cation. Probably, a decrease in the number of these cells
in wound blood with an increase in their number
in the wound vessels indicates their targeted attraction
to the site of injury when exogenous FM is introduced
into the bloodstream.
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The assumption of the inclusion of platelets in wound
fibrin formation with the introduction of FM is support-
ed by studies that demonstrate the independent abili-
ty of this fibrinogen derivative to enhance the aggrega-
tion activity of platelets [19-23] and erythrocytes [24].
As is known, FM is a derivative of fibrinogen with a sim-
ilar molecular structure, differing only in the absence
of four fibrinopeptides (2A and 2B), as a result of the action
of thrombin. Fibrinogen is able to bind to GP lIb/llla plate-
let receptors to form molecular bonds between cells dur-
ing their aggregation. The binding centers with these re-
ceptors are present in the FM molecule and are localized
at the C-end of y-chain (conservative sequence of Liz-GIn-
Ala-Gli-Asp-Val at position 400-411) [25, 26] and a-chain
(tripeptide Arg-Gli-Asp at position 572-574) [27, 28]. Conse-
quently, FM, like fibrinogen, has the ability to bind to plate-
lets through GP lIb/llla receptors and form fibrin-like bridg-
es between cells to stimulate their aggregation function.
In addition, itis known that platelets in the presence of col-
lagen of damaged vessels and thrombin are able to pro-
duce microvesicles enriched with a large number of recep-
tors, including lIb/llla, necessary for interaction with fibrin,
fibrinogen and fibronectin [29, 30].

Thus, we suggest that in animals with pharmacolog-
ically determined thrombocytopathy, the use of exoge-
nous FM may be accompanied by receptor-mediated in-
volvement of blood plates in the mechanisms of local
thrombosis.

Another important aspect of this study was the as-
sessment of the morphology of erythrocytes to deter-
mine the contribution of these cells to the hemocoagu-
lation process. The appearance of erythrocytes in the sys-
temic circulation in the observation groups correspond-
ed to the physiological norm. In cases involving the use
of TA and FM, the presence of single echinocytes was not-
ed, which may be represented by artifacts formed during
the preparation of blood smears [31].

There were erythrocytes with altered formsin the wound
blood of animals — echinocytes, schistocytes, stomatocytes
and ovalocytes. After passing the formed elements through
the damaged vessels of the wound surface, a disruption
of the structure of their cell membrane is noted. Previous
studies have shown that thrombotic formations in the pla-
cebo group included unchanged erythrocytes, forming
mixed-type thrombi (fibrin-erythrocyte) [11]. On the contra-
ry, thrombotic masses in the wound when using TA and FM
consisted of a large number of predominantly hemolysed
erythrocytes. In general, it can be assumed that damage
to the cell membranes of erythrocytes, up to hemolysis,
creates an additional condition for the activation of blood
coagulation, including against the background of the use
of TA and FM.

CONCLUSION

The results obtained on the model of pharmaco-
logically conditioned thrombocytopathy demonstrated
the effect of platelet redistribution between the systemic



bloodstream, wound vessels and wound blood when ex-
ogenous FMis injected into the bloodstream. It is assumed
that the targeted attraction of injected FM to the in-
jury site has a receptor-mediated mechanism for local
thrombosis, despite the action of antiplatelet agents.
The study also showed a positive contribution of eryth-
rocytes to the formation of wound thrombotic masses.
The detailed mechanisms of exogenous FM vector accu-
mulation on the wound surface will have to be clarified
in subsequent studies.
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ABSTRACT

The aim. To present a clinical case of a patient with corneal edema caused by un-
diagnosed iridocorneal endothelial syndrome after SMILE surgery.

Iridocorneal endothelial syndrome is characterized by abnormal proliferation
of the corneal endothelium beyond the Schwalbe line, blockade of the iridocorneal
angle, specific changes in the shape of the pupil and the formation of synechiae
between adjacent structures of the anterior chamber angle of the eye, which is ac-
companied by the development of pretrabecular retention of intraocular aque-
ous humour, increased intraocular pressure (IOP) and subsequent development
of glaucoma in 46-82 % of patients. One of the forms of the disease is Chandler’s
syndrome, which clinically in the initial stages may be accompanied by the formation
ofonly moderate ectropion. At the same time, endothelial dysfunction is characterized
by a significant decrease in the number of cells, a change in their shape and the ap-
pearance of epithelioid cells with a hyper-reflective nucleus (the so-called "ICE
(iridocorneal endothelial) cells"), with a violation of their natural pumping function.
The article presents a clinical case of a patient who underwent a standard exami-
nation and symptomatic treatment after laser keratorefractive surgery for myopia
correction. Low visual acuity, diffuse corneal edema, IOP decompensation of unclear
genesis were observed in one operated eye.

Conclusion. Keratorefractive operations can act as a trigger that stimulates
the transition of the latent form into a clinically developed pathological process,
which causes a decrease in corrected visual acuity due to the formation of corneal
edema and glaucoma optic neuropathy.

Key words: iridocorneal endothelial syndrome, keratorefractive surgery, corneal
edema, postoperative complications

For citation: lurevaT.N., Pisarevskaya O.V. Corneal edema caused by undiagnosed irido-
corneal endothelial syndrome after SMILE. Acta biomedica scientifica. 2023; 8(4): 165-169.
doi: 10.29413/ABS.2023-8.4.18
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PE3IOME

Lens pabomel. pedcmasumes KiauHuU4YecKul ciydati oméka poeosuubl, 8bI138aH-
HO20 HEOUAd2HOCMUPOBAHHBIM UPUOOKOPHEAIbHbIM 3HOOMeIUAbHbIM CUHOPO-
Mowm, y nayueHma nocse SMILE.

VipudokopHeasbHbIti 3HOOMeNUAasbHbIU CUHOPOM XapakKmepu3yemcs dHOMAanbHOU
nponugepayueli SHOoMesus po2os8uybl 3a hpedesivl TUHUU LLlsanbbe, 6110kadol
UpUOOKOPHEATbHO20 Y2/1a, CheyuguyeckuMuU U3MeHeHUAMU (hopMbl 3padka u obpa-
308aHuUeM cUHexul Mex0y cOCeOHUMU CmpyKkmypamu yenia nepeoHel kamepel
2/1d3d, 4Ymo conposoxodemcs pazsumuem npempabexynapHoU 3a0epXKu 8HY-
mpuznasHol 800aHUCMOU 8/1az2u, No8blleHUeM 8HympuzaazHo20 0assneHus (BI/])
U nocsiedyrowum passumuem 27aykomel y 46—82 % nayueHmos. O0HoU u3 popm
3a6onesaHus 88715emcsa CuUHOpom YaHonepa, Komopbili KIUHUYECKU HA HaYaslb-
HbIX CMaousAx MoXem conpo8oX0amsCa (POpMUPOBAHUEM JTUUWb YMePeHHO20
3KMpoNnuoHa. B mo xe epems 3H0omenuaabHas OUChyHKYUS xapakmepusyemcs
3HaYyumesibHbIM yMeHblEHUEM KOIU4ecmaa Kj1emok, UsMeHeHuUeM ux ¢hopmol
U noseieHUeM 3nUMmesiuoUOHbIX KIIemOoK ¢ 2uneppeghieKCUsHbIM 50poM (Mak Ha3bl-
saemole «kniemku ICE» (iridocorneal endothelial)) c HapyweHuem ux ecmecmeeHHoU
HacocHoU ghyHKyuU.

B cmameoe npedcmasneH knuHu4eckul ciyyali nayueHmad, npoweowe2o CMaH-
dapmHoe obcnedosaHue U cumnmomamuyeckoe jie4eHue nocsie saszepHou
Kepamope@pakyuoHHOU onepayuu no Koppekyuu 6su3opykocmu. Ha o0Hom
npoonepuposaHHoOM 2/1a3y Habs1r0aauCs HU3KAs ocmpoma 3peHus, ouggy3Hubll
0MEK po2osuUybl, dekomMneHcayus BI[] HescHoz0 2eHe3a.

Bbi80d. KepamopeppakyuoHHble onepayuu Mo2ym 8biCmynams 8 kayecmae
mpuzzepa, cCmumynupyrowe20 nepexod ckpbimol hopMbl 8 KITUHUYECKU pa3sus-
wutica namosnoaudeckuli npoyecc, Komopoil 8bi3b18aemM CHUXeHUE CKOppeKmupo-
8AHHOU 0CMpPOMbI 3peHUs U3-3a (hopMUPOBAHUS OMEKA pO208UYbI U 271aYKOMHOU
onmuyeckou Heliponamuu.

Knioueevle cnosa: upuodoKopHeasibHbIl 3HOOMeNUAIbHbIl CUHOPOM, Kepamo-
pepaKyuoHHAsA Xupypaus, 0OmeéK po2osuybl, NOC/1e0NepayUOHHbIe OC/IOXHEHUS

AnauyntnpoBanusa: tOpbesa T.H., Mrcapesckan O.B.OTEK porosuLbl, BbI3BaHHbIV Heguna-
FHOCTMPOBaHHbIM NPUAOKOPHEeabHbIM SHAOTENANbHLIM CUMHAPOMOM, nocne SMILE. Acta
biomedica scientifica. 2023; 8(4): 165-169. doi: 10.29413/ABS.2023-8.4.18
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Refractive surgery is a popular direction in ophthal-
mology, and its main task is to provide improved quali-
ty of life, safety, and high visual acuity. The results of ker-
atorefraction surgeries are usually evaluated according
to the following criteria: efficiency, predictability, stabil-
ity and safety, determined by the resulting visual acui-
ty and the presence of complications. Complications as-
sociated with surgery techniques, or with the peculiari-
ties of the early and late postoperative period, become
the main cause of patients’ disappointment. The most
common problems are the development of a dry eye syn-
drome, inadequate postoperative wound healing with fi-
broplasia, epithelial ingrowth, insufficient correction
of ametropia, various valve adaptation disorders, etc. [1,
2]. The competent intraoperative tactics or adequate post-
operative therapy can help to avoid many of the compli-
cations mentioned above.

However, in clinical practice there are situations caused
by violations of the patients’ preoperative examination al-
gorithm. Thus, undiagnosed during the fundus ophthal-
moscopy holes and peripheral degeneration of retinal tis-
sue can lead to the development of retinal detachment. Lack
of gonioscopy in the examination may lead to untimely de-
tection of pathological changes in the outflow pathways
of aqueous humour, the formation of ophthalmic hyper-
tension and glaucoma in patients with congenital and ac-
quired syndromes and diseases accompanied by disorders
of the eye hydrodynamics. At the same time, keratorefrac-
tive operations may act as a trigger stimulating the transi-
tion of the disease from a latent form to a clinically devel-
oped pathological process.

The aim of this work is to present a clinical case
of the corneal edema formation after SMILE (Small Inci-
sion Lenticule Extraction) myopia correction in a patient
with an undiagnosed iridocorneal endothelial syndrome.

CLINICAL CASE

Patient B., 35 years old, applied to an ophthal-
mology clinic for myopia correction. Preoperative di-
agnostics revealed myopic refraction, SE (spherical
equivalence) -4.5 D on both eyes, BCVA (best cor-
rected visual acuity) - 1.0, IOP (intraocular pressure) —
14/14 mmHg. No pathological changes during biomi-
croscopy and ophthalmoscopy. The patient underwent
SMILE surgery on both eyes.

One day after surgery UCVA (uncorrected visual acui-
ty) of the right eye - 1.2, of the left eye — 0.1, the refraction
of both eyes was SE = +0.5 D, IOP = 18 mmHg. Insufficient
visual acuity of the left eye was explained by the presence
of diffuse corneal epithelial edema.

Optical coherence tomography (OCT) of the cornea
of the left eye revealed insufficient adhesion of the walls
of the intrastromal space that caused the necessity to wash
it with a BSS solution and perform a tupfer massage. Posi-
tive dynamics has not been achieved.

The patient was consulted in the Irkutsk Branch
of the S. Fyodorov Eye Microsurgery Federal State Institu-

tion. During biomicroscopy, a local inversion of the pig-
ment border (vascular ectropion) and segmental compac-
tion of the iris stroma were determined at 6 o’clock posi-
tion (Fig. 1), which could demonstrate the presence of iri-
docorneal endothelial (ICE) syndrome.

FIG. 1.
Photorecording of the anterior segment of the left eye: vascular ectro-
pion, segmental destruction of the iris stroma at 6 o’clock position

Gonioscopy revealed a high planar goniosynechia
in the projection of the inversion of the pigment border, oc-
cupying 1 quadrant of the angle of the anterior chamber,
confirmed by ultrasound biomicroscopy data.

OCT revealed significant differences in the postoperative
cornealintrastromal interface: a linear stroma seal correspond-
ing to the removed lenticule was determined in the right eye
in the cornea, additional microcystic spaces, corresponding
to the corneal hydration zones in the left eye (Fig. 2).

b
FIG. 2.
OCT of the cornea: a - right eye, linear compression of the stroma
corresponding to the removed lenticule; b - left eye, insufficient ad-
hesion of the walls of the intrastromal space, small-cystic formations

Endothelial microscopy of the left eye showed the re-
duction of endothelial cells number up to 1209/mm?
(right - 2655/mm?), a change in their shape and the ap-
pearance of epithelioid cells with a hyper-reflective nucle-

167



a
FIG. 3.

b

Endothelial microscopy protocol: a - right eye, the number of endothelial cells is 2655 per mm?, the shape and size are not changed;
b - left eye, the number of endothelial cells is 1209 per mm?, polymegatism - cells with an area of more than 900 um? make up 39 %

us (Fig. 3), the so-called "ICE cells", which once again con-
firmed the preliminary diagnosis.

The results of the conducted examination allowed
us to state the final diagnosis: iridocorneal endothelial syn-
drome (Chandler’s syndrome), secondary endothelial cor-
neal dystrophy, the condition after SMILE.

Toreduce the hydrodynamic load on the corneal endothe-
lium hypotensive therapy was prescribed as symptomatic ther-
apy: drops suppressing the production of intraocular aque-
ous humour - a fixed combination of timolol 0.5 % and dor-
zolamide 1 % twice a day. After T month: IOP = 18/14 mmHg,
UCVA=1.2/1.0, transparent cornea, OCT showed complete ad-
aptation of the walls of the intrastromal space (Fig. 4).

b
FIG. 4.
OCT of the cornea of the left eye: a - before hypotensive therapy,
insufficient adhesion of the walls of the intrastromal space; b - af-
ter hypotensive therapy, complete adaptation of the walls of the in-
trastromal space, restoration of corneal transparency

DISCUSSION

In this clinical case, vascular ectropion, fibrous seg-
mental changes in the iris stroma did not alert doctors
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at the stage of preoperative diagnosis, and laser refractive
surgery served as a trigger for the transition of the syndrome
into a clinical form of the disease.

Itis known that the pathogenetic mechanisms underly-
ing the clinical changes observed in ICD are based on abnor-
mal proliferation of the corneal endothelium [3, 4]. In post-
natal age, endothelial cells are postmitotic and do not divide
under normal conditions. The pathogenic triggerin IES caus-
es endothelial cells to lose control of the cell cycle. With re-
duced regulation of expression of cyclin-dependent kinase
inhibitors, endothelial cells can proliferate and behave like
epithelial cells without undergoing malignant transforma-
tion. In this regard, the endothelial cells of the cornea are pri-
marily affected by ICE, their proliferation begins, and the abil-
ity to migrate to surrounding tissues also appears [5, 6].

It is known that the appearance of corneal endothelial
cells with morphological characteristics resembling the epi-
thelial phenotype, called by E.S. Sherrard and his colleagues
in 1985 "ICE cells", which differ from the norm in pleomor-
phism, polymegatism and the presence of a hyperreflective
nucleus, is characteristic of the ICE.

Regardless of the etiological factor, abnormal endothelial
cells migrate posteriorly beyond the Schwalbe line, block the ir-
idocorneal angle, move into the anterior chamber of the eye,
cover the anterior surface of the iris, form an abnormal base-
ment membrane, which eventually contracts, causing changes
in the shape of the pupil, atrophic damage to the iris and the for-
mation of synechiae between neighboring structures. The adhe-
sive process in the corner of the anterior chamber is accompa-
nied by the development of pretrabecular retention of intraoc-
ular moisture, an increase in intraocular pressure and the sub-
sequent development of glaucoma in 46-82 % of patients [7].

To date, there are three clinical subtypes of ICE that have
a single pathogenetic mechanism, but differ in the nature
of pathological changes in the iris. Chandler’s syndrome
is accompanied by the formation of vascular ectropion
(inversion of the pigment border). With progressive atro-
phy of the iris (essential mesodermal atrophy), the forma-
tion of "stretching" or "melting" through ruptures occurs,



with Cogan - Reese syndrome, in addition to ectropion, ne-
vus-like formations of the iris are visualized.

There is no true treatment for iridocorneal endotheli-
al syndrome, so all measures can be attributed to sympto-
matic therapy [8]:

1) treatment of corneal decompensation and related
complications;

2) solving the problem of iris atrophy and its cosmet-
ic and visually significant defects;

3) control of glaucoma associated with ICE.

In the initial stages of the disease, corneal ede-
ma can be treated with hypertensive ophthalmic drugs,
such as glucose solution 20-40 % or NaCl solution 3 %. A de-
crease in IOP, even at initially normal values of intraocular
pressure, also improves the condition of the cornea. In ad-
vanced cases with stable corneal edema with well-controlled
IOP, endothelial and descemet membrane transplantation is
possible, which is considered today as a procedure of choice
to achieve a better functional effect of vision, reduce immu-
nological rejection of the graft and reduce pain [9].

Despite the positive effect of drug and surgical reduc-
tion of IOP, the prognosis for the preservation of visual func-
tions is not favorable enough, taking into account the chron-
ic progressive course of iridocorneal endothelial syndrome
and its accompanying complications.

CONCLUSION

Manifest changes in the anterior segment of the eye
in many syndromes accompanied by the formation of glau-
coma make it possible to identify hydrodynamic disorders
at the earliest stages and prevent the destructive effect of in-
creased IOP. The diagnosis of a refractive patient should in-
clude standard examination approaches: a thorough assess-
ment of changes in the iris, gonioscopy, ophthalmoscopy
at maximum mydriasis with an assessment of the state of the
optical disc, macular zone and peripheral parts of the retina.
The complex and meaningful application of modern imag-
ing methods provides an objective assessment of patholog-
ical changesin the eye, and also allows to determine indica-
tions and contraindications to refractive surgery.
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ABSTRACT

Background. The development of diabetic retinopathy is favoured by immuno-
logical factors such as interleukins (IL) and chemokines. However, analysis of blood
interleukins in patients aged 45-59 years with diabetic retinopathy in type 2 dia-
betes mellitus, who have biological age acceleration, has not yet been presented
in publications.

The aim of the research. To study the content of blood interleukins in patients
aged 45-59 years with diabetic retinopathy in type 2 diabetes mellitus, who have
an excess of biological age over chronological age.

Materials and methods. 241 patients aged 45-59 years with diabetic retinopathy
intype 2 diabetes mellitus were examined in a clinical setting. Biological age accelera-
tion over chronological age was found in 148 patients, biological and chronological
age concorded in 51 patients. The content of interleukins in the blood was studied
in all patients using an enzyme-linked immunoassay.

Results. The concentration of blood interleukins in patients with biological age
exceeding chronological, compared with patients aged 45-59 years with concord-
ance of biological and chronological age, was statistically significantly different
for most blood interleukins and especially for IL-6, the concentration of which
was 20.8 £ 1,2 pg/ml versus 3.9 + 0.6 pg/ml, respectively (p < 0.001). IL-13, IL-17
were significantly increased among patients with biological age acceleration over
chronological; their concentrations were 2.1+ 0.4and 16.5 + 0.6 pg/mlversus 0.5+ 0.2
and 7.9 = 0.7 pg/ml in the comparison group (p < 0.001). In contrast, IL-4 and IL-10
levels were higher in patients aged 45-59 years with diabetic retinopathy in type 2
diabetes mellitus and with concordance of biological and chronological age.
Conclusion. IL-6,IL-8,IL-13,IL-17, IL-4 and IL-10 may serve as markers of biological
age dissociation in patients aged 45-59 years with diabetic retinopathy in type 2
diabetes mellitus.

Key words: biological age, chronological age, diabetic retinopathy, type 2 diabetes
mellitus, blood interleukins, adulthood

For citation: Levl.V, Agarkov N.M., Kopylov A.E. Dissociation of biological age and blood
interleukins in patients aged 45-59 years with diabetic retinopathy in type 2 diabetes
mellitus. Acta biomedica scientifica. 2023; 8(4): 170-176. doi: 10.29413/ABS.2023-8.4.19
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PE3IOME

BeedeHue. Pa3gumuto duabemuyeckoli pemuHonamuu cnocobcmayrom UMmMYHO-
J102udecKue (hakmopsl, makue Kak uHmepelkuHel (IL) u xemoKkuHel. OOHAKO aHAIU3
UHMepelKUHO8 Kposu y nayueHmos 45-59 nem ¢ duabemuueckol pemuHona-
mueli npu caxapHom ouabeme 2-20 mund, UMerwux yckopeHue bUuo102uU4ecKo20
803pacma, 00 HACMOoAWe20 8peMeHU 8 NYbIUKAUUAX HE NPEOCMABJIeH.

Ljens uccnedoeanus. V3ydeHue co0epxxaHus uHMepielKUHO8 KpOBU y NnayueH-
mo8 45-59 nem c duabemuueckoli pemuHonamuet npu caxapHom ouabeme 2-20
muna, umeroujux npesbilleHue 6U0102U4ecK020 803pacma Haod XPOHOI02UHEeCKUM.
Mamepuanel u Memoobl. B knuHuyeckux ycnosusx ob6cinedosaH 241 nayueHm
45-59 nem c duabemuueckol pemuHonamuel npu caxapHom ouabeme 2-20 muna,
Cpedu KOmopbix 8blB/IEHO NpesbluieHUe BU0I02UYeCK020 803pACMa HAo XPOHO-
nozudeckumy 148 nayueHmos, y 51 nayueHma - coomeemcmaue 6uos102u4ecko20
U XpOHOJ/102U4eCcK020 803pdcmd. Y 8cex NayueHmMo8 uy4eHo cooepxaHue uHmep-
J1eliKUHO8 8 Kpo8U UMMYHOpepMeHMHbIM dHAIU3OM.

Pesynemamel. KoHueHmpayus uHmepsielikuHo8 Kposu y nayueHmos, UMerwux
npesbilueHue 6uo102U4ecKo20 803pdcma HAod XPOHOI02UHEeCKUM, NO CPABHEHUIO
¢ hayueHmamu 45-59 nem ¢ coomsemcmeauem 6U0J/102U4eCK020 U XPOHO102U-
YecKo20 803pACMA cMamucmMuYecku 3Ha4UMo pasiuyandce no 60bWUHCMBY
UHMepneltiKUHO8 KposU U 0cobeHHO no IL-6, KoHUeHMpayus Komopoz20 cocmassisna
20,8+ 1,2ne/mnnpomus 3,9 + 0,6 n2/mn coomeemcmaeHHo (p < 0,001). 3Hayumere-
HO NOBbIWEHHBIMU Cpedu NayUeHMOo8s C npesbliuieHUeM 6U0/102U4ecK020 803pdcma
Hao xpoHonoau4eckum 6winu IL-13, IL-17, KOHUeHMpayus KomMopbix cocmasusaa
coomeemcmeeHHo 2,1+ 0,4 u 16,5 + 0,6 ne/mn npomus 0,5 + 0,2 u 7,9 £ 0,7 ne/mn
82pynne cpasHeHus (p < 0,001). Hanpomus, yposHu IL-4 u IL-10 6bi1u 8biue y nayu-
eHmos 45-59 nem ¢ duabemuyeckoli pemuHonamuel npu caxapHom ouabeme
2-20 muna c coomsemcmauem 6U0s102U4eCKO20 U XPOHOI02UYeCcKo20 803pacma.
3aknioyeHue. IL-6,IL-8,1L-13,IL-17, IL-4 u IL-10 Mo2ym ciiyxume Mapkepamu ouc-
coyuayuu buosioeuyecko20 803pacmay nayueHmos 45-59 iem c duabemudeckou
pemuHonamueti npu caxapHom ouabeme 2-20 muna.

Knrouesbie cnosa: 6uonozuyeckuli 803pacm, XxpoHosioeuyeckuli 8o3pacm, oua-
bemuueckas pemuHoNnamus, caxapHsilt ouabem 2-20 muna, uHmepieliKuHbl KpOo8U,
3pesnbili 603pacm

OnauutuposaHus: Jles W.B., Arapkos H.M., Konibinos A.E. inccoumanms 61onormyeckoro
BO3pacTa 1 MHTEPJIENKMHOB KPOBW Y NaLnMeHToB 45-59 fieT ¢ ArnabeTnyeckoi peTnHona-
TUel Npu caxapHom Anabete 2-ro Tuna. Acta biomedica scientifica. 2023; 8(4): 170-176.
doi: 10.29413/ABS.2023-8.4.19
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RELEVANCE

Diabetic retinopathy (DR) is considered one
of the main complications of type 2 diabetes melli-
tus (DM), with an increase in incidence concurrent
with the rising incidence of type 2 DM [1]. According
to the International Diabetes Federation, the number
of patients with diabetes mellitus has reached 463 million
worldwide, and by 2045 the number of patients is expect-
ed to increase up to 700 million, with the predominance
of people with type 2 diabetes mellitus [2, 3]. In our coun-
try, the prevalence of type 2 diabetes mellitus is stead-
ily increasing, reaching 3148.5 cases per 100 thousand
population. DR in type 2 diabetes mellitus leads to loss
of vision and remains a serious cause of deterioration
in the daily household and social activity of patients,
as well as the quality of life [4, 5]. The progression of DR
and a decrease in the functional activity of patients oc-
cur against the background of constant hyperglycemia
and insulin resistance, which cause neurodegenerative
processes and increase inflammaging [6-8].

Studies concerning changes in systemic interleu-
kins (IL) in patients with DR in type 2 diabetes mellitus
with both physiological and accelerated aging are incon-
sistent and ambiguous. Some publications report the in-
volvement of IL-6, IL-10 and tumor necrosis factor a (TNF-a)
in the aging process of patients with DM and DR and oth-
er somatic pathology without differentiation of aging
variants [9, 10]. Other systemic interleukins, when con-
sidering the processes of premature aging in the dis-
cussed ophthalmological complication of type 2 diabe-
tes mellitus, are usually not analyzed, although a corre-
lation of type 2 diabetes mellitus with an increase in bi-
ological age is shown compared with chronological age,
reflecting accelerated aging [11]. In this regard, it is rele-
vant to study a wide range of systemic interleukins in pa-
tients aged 45-59 years with DR in type 2 diabetes melli-
tus with premature aging.

THE AIM OF THE STUDY

To study the content of blood interleukins in patients
aged 45-59 years with diabetic retinopathy in type 2 dia-
betes mellitus, and who have an excess of biological age
over chronological age.

MATERIALS AND METHODS

Clinical studies included 241 patients aged 45-59 years
with DR with type 2 diabetes mellitus at Tambov Branch
of the S. Fyodorov Eye Microsurgery Federal State Institu-
tion in 2020-2021. Diagnosis of type 2 diabetes mellitus
and DR was carried out based on the results of a compre-
hensive laboratory and instrumental examination of pa-
tients and taking into account the criteria of clinical rec-
ommendations «Diabetes mellitus: diabetic retinopathy,
diabetic macular edema» [12].
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The verification of the diagnosis of DR was confirmed
by the data of a comprehensive ophthalmological exami-
nation, including optical coherence tomography (OCT HS-
100, Canon Medical, Japan), fluorescence angiography
(Spectralis HRA + OCT, Heidelberg Engineering Inc., Ger-
many), pulsed Doppler ultrasonography (Voluson 730 Pro,
General Electric Healthcare, USA), determination of visu-
al acuity without correction and maximum corrected visu-
al acuity. Among those included in the study, 96 patients
had a non-proliferative stage or form of DR, 78 people
had a preproliferative stage of DR and 67 people had a pro-
liferative stage of DR. The compared groups had no sta-
tistically significant differences in concomitant pathol-
ogy. The leading concomitant diseases among patients
with matching parameters of biological and chronological
ages and in the group with dissociation of chronological
and biological ages were arterial hypertension (34.3+3.2%
and 38.5 + 3.0 %, respectively; p > 0.05), respiratory diseases
(18.6 = 1.9 % and 20.3 + 2.1 %, respectively). Kidney stone
disease (13.2+ 1.6 % and 10.9 + 1.8 %, respectively), diseases
of the musculoskeletal system (14.8 + 2.2 % and 12.4 + 2.0 %,
respectively) were less common. Polymorbidity index
in the compared groups was 2.9 + 0.5 and 3.1 + 0.6, respec-
tively (p > 0.05). Information about concomitant pathology
is obtained from official medical documentation. The pa-
tients of the compared groups also did not differ statistical-
ly significantly in the duration of type 2 diabetes mellitus.

Among 241 examined patients aged 45-59 years
with DR in type 2 diabetes mellitus, biological age was de-
termined according to the method of V.P. Voitenko et al.
[13], taking into account the sex of the patient. When deter-
mining biological age by V.P. Voitenko et al. [13] method,
the following indicators were determined and used: body
weight (BW), systolic (SBP) and diastolic (DBP) blood pres-
sure, pulse blood pressure (PBP), timed inspiratory capacity
(TIC), static balance (SB) and self-assessed health (SAH), — ac-
cording to which biological age was calculated, using the ap-
propriate formulas for men (BA = 26.985 + 0.125 x SBP -
0.149 x TIC + 0.723 x SAH - 0.151 x SB) and women
(BA =-1.463 + 0.415 x PBP + 0.248 x BW + 0.694 x SAH
- 0.14 x SB). Proper biological age (PBA) was calculated
using the formula: women - PBA = 0.581 x CA + 17.24;
for men, PBA =0.694 x CA + 18.56, where CA is the chron-
ological age. The coefficient of aging rate was determined
by the formula: BA/PBA.

Biological age was interpreted as the level of de-
velopment, change or wear of the structure or function
of an element of the body, a functional system, an organ-
ism as a whole, expressed in a unit of time [14]. It is be-
lieved that biological age correlates with premature (accel-
erated) aging [15-17], and therefore the excess of biolog-
ical age over the value of the chronological age was con-
sidered by us in this work as an integral indicator of prema-
ture (accelerated) aging of patients 45-59 years old with DR
in type 2 diabetes mellitus.

Based on the difference between biological and chron-
ological (passport) age, an aging variant was established:
physiological - with a difference between biological
and chronological age in the range from -2.9 to +2.9 years,



accelerated (premature) — with a difference between biolog-
ical and chronological age in the range of more than 3 years
[14]. Taking this into account, among the examined 241 pa-
tients 51 patients with physiological aging and 148 pa-
tients with accelerated aging were identified, in whom,
in accordance with the purpose of the study, the study
of the systemic interleukin profile was performed using
a single technique. The patients of the compared groups
were comparable in terms of concomitant somatic diseas-
es, which were in the compensation stage and could not dis-
tort the results of this study.

The content of interleukins in blood plasma was de-
termined by enzyme immunoassay using Protein Contour
kits (St. Petersburg). Blood sampling was performed be-
fore the procedures and taking medications in the morn-
ing in fasting state. The content of IL-1qa, IL-1(, IL-2, IL-3,
IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-13, IL-17 was deter-
mined in blood plasma.

The examination of patients was carried out taking
into account the principles of Good Clinical Practice and ob-
taining written informed consent of patients (Protocol
No. 148-3 dated February 9, 2022).

The Statistica 10.0 programme (StatSoft Inc., USA)
was used for statistical processing and the non-paramet-
ric x? test was used.

RESULTS

The average chronological age in the examined cohort
of patients aged 45-59 years with DR in type 2 diabetes mel-
litus was 51.28 + 2.06 years (Fig. 1), and the biological age
of the same group was 59.72 + 3.41 years and statistically
significantly differed from the chronological age (p < 0.01),
exceeding the value of the latter by 8.44 + 0.16 years.
Along with other characteristics and criteria of biological
age, this indicates premature aging of patients aged 45-
59 years with DR in type 2 diabetes mellitus.
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FIG. 1.

The ratio of chronological and biological age in patients aged

45-59 years with diabetic retinopathy in type 2 diabetes mellitus

(M £ m, years): 1 - chronological age; 2 - biological age; 3 - proper bi-
ological age; 4 - the difference between biological and chronologi-
cal age

Premature aging of mature patients with DR with type 2
diabetes mellitus is confirmed by other criteria reflecting bi-
ological age of the examined category of persons. In particu-
lar, biological age was statistically significantly higher than
proper biological age, and the difference between biolog-
ical and proper biological age was +9.11 + 0.69 years. The
fact that the above-mentioned difference turned out to be
more than 5 years indicates accelerated aging of patients
45-59 years with DR in type 2 diabetes mellitus in accord-
ance with the accepted grading. The statement about pre-
mature aging of patients aged 45-59 years with DRin type 2
diabetes mellitusis also based on the value of the aging rate
coefficient, which reached 1.18 + 0.02.

Biological age exceeding over chronological age re-
flects premature aging. It was established in 61.41 cas-
es per 100 examined patients aged 45-59 years with DR
in type 2 diabetes mellitus.

The correspondence of chronological and biolog-
ical age in the same group was observed in 21.16 cas-
es per 100 examined, which indicates the rate of normal
or physiological aging, and the excess of chronological
age over biological age in 17.43 cases per 100 examined,
which indicates slow aging.

Consequently, type 2 diabetes mellitus and DR con-
tribute to the acceleration of aging in most patients aged
45-59 years, realized at the cellular level by pathophysio-
logical metabolic processes resulting from hyperglycemia
and insulin resistance. Another reason for the accelerated
aging of patients aged 45-59 years with DR in type 2 dia-
betes mellitus may be changes in the systemic interleukin
profile, which we established during the study (Table 1).

Among patients 45-59 years old with DR in type 2 di-
abetes mellitus with biological age exceeding the chrono-
logical age, higher levels of most systemic pro-inflammato-
ry interleukins were found relative to patients 45-59 years
old with DR in type 2 diabetes mellitus with matching bio-
logical and chronological ages. Thus, the acceleration of bi-
ological age is accompanied by an increase in IL-1a, IL-3,
IL-5, IL-8, IL-13, IL-17. A multiple increase in expression in
patients with a biological age exceeding the chronological
age is characteristic of pro-inflammatory IL-6.

However, among the anti-inflammatory blood inter-
leukins in patients aged 45-59 years with DR in type 2 di-
abetes mellitus with biological age exceeding over chron-
ological age, there was a statistically significant decrease
in both IL-4 and IL-10 compared with patients 45-59 years
old with DRin type 2 diabetes mellitus with matching chron-
ological and biological ages.

The acceleration of biological age in patients aged 45—
59 years with DR in type 2 diabetes mellitus did not have
a statistically significant effect on the level of IL-1p, IL-2
and IL-17, the content of which was practically equivalent
in both clinical groups (p > 0.05).

The considered results suggest an increase in the pro-
inflammatory activity of systemic interleukins and inhibi-
tion of anti-inflammatory activity in patients 45-59 years
of age with DR in type 2 diabetes mellitus with accelerated
aging caused by biological age exceeding over chronolog-
ical age, that is, due to premature aging.



TABLE 1

LEVELS OF INTERLEUKINS IN THE BLOOD OF PATIENTS AGED 45-59 YEARS WITH DIABETIC RETINOPATHY
IN TYPE 2 DIABETES MELLITUS WITH ACCELERATION AND CONCORDANCE OF PARAMETERS OF BIOLOGICAL

AND CHRONOLOGICAL AGE (M £ m, PG/ML)

Blood Patients with matching biological
interleukins and chronological ages
IL-1a 17.2+0.6
IL-1B 13.4+0.9
IL-2 2604
IL-3 33+04
IL-4 42+04
IL-5 36+0.2
IL-6 39+0.6
IL-7 48+ 04
IL-8 56+0.7
IL-9 8.7+0.6
IL-10 174+0.7
IL-13 0.5+0.2
IL-17 79x0.7
DISCUSSION

Aging-related inflammation in conditions of system-
atic (chronic) hyperglycemia causes activation of pro-in-
flammatory cytokines [18]. In the blood plasma of elder-
ly patients with type 2 diabetes mellitus and DR, the con-
tent of pro-inflammatory cytokines, including TNF-q,
IL-6, IL-8, IL-1, significantly increases compared with pa-
tients with a similar pathology of mature age [1]. It is not-
ed that the levels of pro-inflammatory cytokines TNF-q, IL-6
in the blood are associated with the aging process, apop-
tosis, especially in patients with type 2 diabetes mellitus
and DR [9, 19]. Pro-inflammatory cytokines such as TNF-q,
IL-1, IL-6, IL-8 and interferon y (IFN-y) are the main fac-
tors of immune inflammation in DR in elderly patients
with type 2 diabetes mellitus. Elevated concentrations
of TNF-q, IL-1, IL-6, IL-8 and IFN-y were found not only
in the blood plasma of elderly patients with DR in type 2
diabetes mellitus, but also in aqueous humor and vitreous
humor, and their change may be associated with the sever-
ity of DR [1]. At the same time, the concentration of TNF-a
in patients with DR in type 2 diabetes mellitus differs sig-
nificantly from that in healthy people [1]. The contribution
of IL-1pB to the development of DR, the level of which is in-
creased in blood serum and aqueous humor, has been
shown [20]. However, in the present study, in patients
with DR in type 2 diabetes mellitus with biological age
exceeding over chronological age, no statistically sig-
nificant differences in the content of IL1-3 were found,
and there was only a tendency to increase in blood plasma.

174

Patients with mismatch of biological

and chronological ages P
20.8+£0.7 <0.05
146+0.7 >0.05

3.1+£05 >0.05
58+04 <0.01
20+03 <0.001
6.2+05 <0.001
208+1.2 <0.001
6.0+0.5 >0.05
11.5+£0.8 <0.001
10.0+0.7 >0.05
6.2+0.6 <0.001
21+04 <0.001
16.5+0.6 <0.001

According to researchers [21], IL-6 plays a leading role
in the development of such an ophthalmological complica-
tion of type 2 diabetes mellitus as DR. It has also been shown
that human aging is accompanied by a 2-4-fold increase
in IL-6 in the blood [10], which can exhibit both pro-inflam-
matory properties, stimulating the production of antibod-
ies and inducing an acute inflammatory process, and anti-
inflammatory properties, blocking the synthesis of inflam-
matory cytokines [10]. The priority value of IL-6 in the ac-
celerated aging of patients with DR in type 2 diabetes mel-
litus was also established in this study, which is consistent
with the above-mentioned leading role of IL-6 in human ag-
ing. IL-6, from the point of view of gerontology and aging,
can not only contribute to accelerated aging, but also act
as arisk factor for reducing the functional reserve of the im-
mune system and the development of life limitations [9, 10].
In addition, higher levels of IL-6 in the elderly can be con-
sidered as markers of age-associated diseases associated
with accelerated aging.

In addition to the established multiple increases in IL-6
in blood plasma of patients with DR in type 2 diabetes mel-
litus with biological age exceeding over chronological age,
statistically significant changes in other pro-inflammatory
interleukins accompanied by an increase in the concentra-
tion of IL-13, IL-17, IL-8, IL-5 were diagnosed. This fact cer-
tainly indicates the involvement of the above-mentioned
systemic interleukins in accelerating the aging of patients
with DR in type 2 diabetes mellitus. However, it remains
unclear whether inflammatory interleukins play a causal
role in the pathological process of accelerated aging or act



as mediators [9]. Previous studies have shown that higher
levels of inflammatory cytokines are associated with vari-
ous manifestations of human aging, but these results turned
out to be inconsistent and the conclusions were ambigu-
ous [19]. Differences in the content of IL-6, TNF-a and IL-10
were found in patients with type 2 diabetes mellitus and DR
compared with other somatic diseases.

Premature aging of the human body can be caused
by a decrease in IL-10 in blood plasma with existing insu-
lin resistance [7], including those established by us in pa-
tients with DR in type 2 diabetes mellitus with biological
age exceeding over chronological age. It was the decrease
in IL-10 among anti-inflammatory interleukins at the sys-
temic level that turned out to be more significant in pa-
tients with DR in type 2 diabetes mellitus with acceler-
ated aging. IL-10, produced mainly by macrophages,
is responsible for suppressing the pro-inflammatory re-
sponse and prevents inflammation, as well as the release
and activity of inflammatory cytokines such as IL-6, TNF-a
and IL-1B [6]. On the contrary, we found a lower level
of IL-10 in the blood plasma of patients 45-59 years old
with DR in type 2 diabetes mellitus with dissociation of bi-
ological and chronological ages, that is, with accelerated
(premature) aging. At the same time, the concentration
of another anti-inflammatory cytokine IL-4, whose inhibi-
tion of production was lower than IL-10, was also lower
in this group. An experimental study has shown that IL-10
prevents aging-related inflammation and insulin resistance.
According to this study, anti-inflammatory IL-10 plays a po-
tential therapeutic role in the prevention of premature ag-
ing and the treatment of aging-mediated insulin resistance
and helps reduce elevated levels of inflammatory interleu-
kins circulating in the blood in the elderly against the back-
ground of aging processes.

Information on the effect of other systemic interleukins
on human aging, including patients with DRin type 2 diabe-
tes mellitus, is extremely limited, and some results were ob-
tained on a relatively small sample of patients, the volume
of which was not representative [6, 13].

CONCLUSION

Among 45-59-year-old patients suffering from DR
in type 2 diabetes mellitus, with biological age exceed-
ing over chronological age, i. e, accelerated aging occurs
in more than half of cases. Patients with DR in type 2 di-
abetes mellitus with accelerated aging are characterized
by statistically significant differences in plasma concen-
trations of most of the studied systemic interleukins. In pa-
tients with DR in type 2 diabetes mellitus with accelerat-
ed aging compared with patients with DR in type 2 dia-
betes mellitus with physiological aging, a statistically sig-
nificant increase of IL-6, IL-8, IL-13, IL-17 and a decrease
in the level of anti-inflammatory interleukins IL-4 and IL-10
in blood plasma. The established dissociation of interleu-
kins shows the involvement of the immune system in ac-
celerating the aging of patients with DR in type 2 diabe-
tes mellitus, and the above-mentioned systemic interleu-

kins can be used as immunological predictors of acceler-
ated aging in such patients.
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ABSTRACT

The aim of the study. To develop a mathematical model of changes in corneal
refraction during femtosecond laser-assisted lenticule extraction through a small
surgical incision and, on this basis, to propose a technology for modified calculation
of surgical parameters and to prove its effectiveness.

Materialand methods. Thestudyincluded 191 patients with high myopia. They were
divided into two groups: group 1 consisted of 55 patients who were had SMILE
(SMall Incision Lenticule Extraction) surgery with standard calculations; group 2
included 136 patients who had SMILE surgery with a modified calculation of surgi-
cal parameters based on the developed mathematical model of the refractive effect
of the surgery.

Results. When assessing the refractive effect of patients who were operated using
standard technology, it was found that it was possible to achieve a refraction dif-
ferent from emmetropia for + 0.5 D only in 51 % of cases; in the remaining patients,
the planned residual refractive effect was obtained and averaged —1.96 + 0.29 D.
In patients operated using the modified technology, a statistically significantly
better refractive result was achieved already on the first day. A refractive error
of more than + 1.0 D was obtained in only 1 % of cases; a deviation from the calcu-
lated refraction of + 0.5 D was achieved in 82 % of cases, with the average values
by 1year—0.24 + 0.57 D.

Conclusions. The developed technology of a modified calculation of the parameters
of the SMILE surgery for high myopia correction makes it possible to obtain an optimal
refractive effect in compliance with safety rules when the structural and functional
parameters of the eye are initially unfavorable for refractive surgery.

Key words: high myopia, SMILE, mathematical model, regression equation

For citation: Pisarevskaya O.V, Shchuko A.G,, Ivleva Ye.P, Khlebnikova L.S. Mathematical
modeling of the refractive effect of SMILE surgery in high degree myopia correction. Acta
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PE3IOME

Leno uccnedoeanus. Pazpabomame Mamemamuuyeckyro Mooesib U3MeHeHUA
peppakyuu po2osuysl npu heMmosasep-accucmupo8aHHoOU SIKCMPAKYUU JieH-
MUuKyiel Yepe3 Masbll 0onepayuoHHbIl docmyn u Ha 3MoU 0CHO8e NPEdIoXUMb
MexHoJ102U MOOUPUYUPOBAHHO20 pacyéma napamempos onepayuu u 00Kasdams
eé 3ghpekmusHOCM®b.

Mamepuan u memooel. BuccnedosaHue sowén 191 nayueHm ¢ muonueti 8bi1Co-
Koli cmeneHu. Bce nayueHmel 6bis1u pasoesieHbl HA 08e 2pynnbi: Nepayto 2pynny
cocmasusnu 55 uenosek, kKomopsie bbliu NpoonepuposaHsi Memodom SMILE (SMall
Incision Lenticule Extraction) no cmaHoapmHeiM pacuémam; 80 8mopyio 2pynny —
136 nayueHmMos, npoonepupo8aHHeix Memoodom SMILE, ¢ moduguyupo8aHHsim
pacyémom napamempos xupypau4decko20 8MewamesibCmeda Ha 0CHo8e paspa-
60maHHoU Mamemamuueckol Mooesu pehpakyUOHHO20 3ghhekma onepayuul.
Pe3synemamel. [pu oyeHke pehpakyuoHHO20 3¢hdhekma nayueHmos, npoone-
PUPOBAHHBIX NO CMAHOAPMHOU MEXHO/I02UU, YCMAHOB/1eHO, YmMOo 00CMuYb peg-
pakyuu, omauyarowelicas om ammemponuu Ha + 0,5 0nmp, yoanocs nuwib 8 51 %
c/1y4aes, y oCmasbHblX NAyueHmMo8 6bls1 NoJlyYeH NIaHUpyemMslili 0CMAamoyHsblIl
pedpakuuoHH»IU 3¢hchekm, Komopwili 8 cpedHem cocmasus —1,96 £ 0,29 onmp.

Y nayueHmos, npoonepupo8aHHbIX N0 MOOUGUYUPOBAHHOU MexHos102uU,
yXe 8 nepgble Cymku y0asiocb 00CMUYb cmamucmuyecku 3Ha4umMo Jyquiezo
pedpakyuoHHoz0 pe3ynsmama. OmkiaoHeHue pegppakyuu 6onee + 1,0 onmp
6b1710 nosyyeHo uwb 8 1 % c1ydaes, OMK/IOHEHUE Om pacyémHou pepakyuu
+ 0,5 onmp 6110 0ocmuzHymo 8 82 % cydaes, Npu 3Mom cpedHuUe 3Ha4YeHUs
Kk 200y cocmagunu —0,24 + 0,57.

Bb1800bI. PaspabomaHHas mexHoa02us MooupuyuposaHHo20 pac4éma napa-
mMempog onepayuu SMILE 0515 koppekuyuu Muonuu 8biCOKOU cmeneHuU no3eoJsisem
nosly4yums onmuma’sbHsil pedppakyuoHHsIl 3¢hghekm ¢ cobaodeHuem npasus
6e30nacHoCMu npu UCXOOHO HE6IazoNPUAMHbIX 0718 pehpaKUUOHHOU Xupypauu
CMpPYKMypHO-(yHKYUOHA/IbHbIX NOKA3ameJisix 2/1a3d.

Knroueessie cnosa: muonus svicokol cmeneHu, SMILE, Mmamemamuyeckas mooesis,
pez2peccuoHHoe ypasHeHue

OnauuntnposaHus: Mucapesckas O.B,, LLyko A.l, Menesa E.IN., Xne6bHukosa J1.C. MaTtema-
TUYeCKoe MofenvpoBaHue pedpakumoHHoro apdekta SMILE B KoppeKLmm Mronnm BbiCo-
Kow cterneHn. Acta biomedica scientifica. 2023; 8(4): 177-185. doi: 10.29413/ABS.2023-8.4.20
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Currently, myopia is the most common refractive er-
ror, the incidence of which tends to increase due to a sig-
nificant increase in visual load, especially at close range
[1,2]. According to the World Health Organization, about
290 million people in the world have myopia. In the Rus-
sian Federation alone, 3.1 million people suffer from my-
opia, which is 2,158.2 per 100,000 population, and 70 %
of these patients are people aged 20-40 years [3].

In this regard, correction of refractive errors, in particu-
lar myopia, is an urgent problem of modern ophthalmol-
ogy. A special place in the correction of myopia of varying
degrees is occupied by keratorefractive surgery using both
excimer and femtosecond lasers.

Starting from 2010-2011, microinvasive technologies
based on femtosecond laser-assisted formation and sub-
sequent removal of the corneal lenticule, and first of all,
SMILE surgery (SMall Incision Lenticule Extraction), be-
gan to occupy a leading position among other keratore-
fractive interventions [4-6]. The key difference between
this method and other laser vision correction technolo-
gies is the possibility of changing the refractive power
of the cornea without forming an extensive corneal flap
and/or superficial keratectomy, which are necessary stag-

TABLE 1

es of LASIC, FemtoLASIC and photorefractive keratecto-
my methods.

Modern studies of the effectiveness of SMILE surgery
demonstrate the possibility of correcting moderate myo-
pia with a deviation of the calculated refraction of £ 1.0 D
in 100 % of cases, = 0.5 D in 93-97 % of cases [7-9].

However, with high myopia, it is not always
possible to achieve a qualified refractive effect,
which is due to the initial disproportion between a high
degree of ametropia and insufficient corneal thickness.

This determined the aim of the study - to develop
a mathematical model of changes in corneal refraction
during femtosecond laser-assisted lenticule extraction
through a small surgical incision and, on this basis, to pro-
pose a technology for modified calculation of surgical pa-
rameters and to prove its effectiveness.

MATERIALS AND METHODS

The study included 191 patients with high myopia,
who were divided into two groups. Group 1 consisted
of 55 patients who underwent SMILE surgery according

DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF PATIENTS (M £ S)

Parameters Group 1 . Group 2 p
(standard technology) (modified technology) v

Number of eyes 55 136
Age, years 29.71 £4.71 27.83 £6.06 0.28

M, % 46.4 % 53.7%
Sex

F, % 53.6 % 46.3 %
Corneal refractive power, D 4329 +1.31 4375+ 1.62 0.20
Axial length of the eye, mm 26.18 + 0.55 26.55+1.48 0.55
Uncorrected visual acuity 0.04 £0.15 0.03+£0.16 0.17
Corrected visual acuity 0.88+0.18 0.93+0.11 0.08
Corneal thickness, um 536.48 + 24.06 534.73+12.88 0.73
Spherical component of refraction, D -6.94 + 0.67 -6.95 +0.79 0.97
Cylindrical refraction component, D -1.15+ 084 -1.06 +0.72 0.6
Spherical equivalent, D -7.52+£0.66 -7.48£0.79 0.83
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to standard calculations of the VisuMax laser software
(Zeiss, Germany). Group 2 included 136 patients who un-
derwent the SMILE surgery with a modified calculation
of surgical parameters based on the developed mathemat-
ical model of the refractive effect of the surgery.

The demographic and clinical characteristics of patients
are presented in Table 1.

The examination of patients was carried out using high-
tech methods to assess the anatomical and optical param-
eters of the eye.

The following methods were used in order to assess
the structural and functional state of the eye:

1) refractometry in vivo and under conditions of me-
dicinal mydriasis (after 3-fold instillation of a combined
drug containing 8 mg of tropicamide and 50 mg of phe-
nylephrine hydrochloride in 1 ml of solution, with an inter-
val of 15 minutes);

2) keratometry (RC-5000 device (Tomey, Japan));

3) distant visometry without correction and with max-
imum correction monocularly and binocularly (ACP 6 chart
panel (Topcon, Japan), CV 5000 phoropter (Topcon, Ja-
pan)).

The thickness of the cornea was measured using Pen-
tacam HR (Oculus, Germany); we have estimated the av-
erage thickness of the cornea, determined its thinnest
point, evaluated optical biometrics data on OA-2000
(Tomey, Japan).

Examinations were performed before surgery and dur-
ing the postoperative period with a frequency of 1, 5 days,
3, 6, 12 months after surgery.

The statistical analysis of the study results was carried
out using the Statistica 10 computer programme (StatSoft
Inc., USA). The study results were analyzed by the meth-
od of variation statistics and included the following stag-
es: descriptive, comparative and multivariable regression
analysis.

TABLE 2
PREOPERATIVE DESIGN PARAMETERS

RESULTS

At the first stage of the study, a comparative analysis
of refractive indices in patients with high myopia was per-
formed before and after correction of ametropia using
SMILE surgery with standard technology at all stages of fol-
low-up. It was found that refraction differing from emme-
tropia by + 0.5 D was achieved only in 51 % of cases; the re-
maining patients had the planned residual refractive effect,
which averaged -1.96 + 0.29 D (Fig. 3a).

To determine the key parameters involved in the for-
mation of the refractive effect, the calculated surgery char-
acteristics were separately evaluated (Table 2 - group 1).
Based on the entire set of data, a regression model of un-
conditional prognosis was created, in which the spherical
equivalent obtained in the long-term postoperative peri-
od was a dependent variable, and the initial characteristics
of the optical system of the eye and the calculated surgery
parameters were used as predictors.

The following regression model was obtained:

Y=0.074 x X, + 0.00038 X X, + 0.0156 X X; - 0.146 X X, -
0.41 x X5 +0.013 x X6,

where R2 = 0.66; p < 0.0001; Y is residual refraction (D);
X, is the initial spherical equivalent (D); X, is the thickness
of the cornea (um); X, is the thickness of the corneal valve
(um); X, is the diameter of the optical zone (mm); X, is neutral
optical layer (um) (minimum Ienticularthickness);X6— resid-
ual thickness of the stromal bed (um).

The percentage contribution of the predictors of the re-
gression equation was mathematically calculated (Table 3).
It shows that the greatest contribution to the formation
of the refractive effect is made by the thickness of the cor-
neal valve, the initial spherical equivalent and the diame-
ter of the optical zone.

Parameters Group 1 . Group 2 p
(standard technology) (modified technology) =
Thickness of the corneal valve 122 +4.22 102.94 +5.72 0.0001
Diameter of the corneal valve 7.73+0.07 7.51+0.28 0.00035
The width of the corneal access section, mm 2.35+0.64 2.6+0.23 0.0001
Optical zone, mm 7.0+0.01 6.57 £0.39 0.0001
:\;l)i,r;irr)\j:m lenticular thickness (neutral optical 15040 10040 0.0001
Maximum lenticular thickness, um 129.48 + 11.03 136.1+16.98 0.01
Residual thickness of the cornea, um 284.82 +5.44 297.69 + 8.76 0.0001
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Verification of the predicted and obtained data of pa-
tients of group 1 confirmed a high degree of predictabili-
ty of the result using the developed mathematical model.

For automated application in clinical practice,
this original mathematical model of the refractive effect
of SMILE surgery was adapted taking into account the ob-
tained database, where such an indicator as the residual
thickness of the corneal bed was adopted as a depend-
ent variable.

RST=X, - X, - (2.68 X X; ~ 0.52 X X; X X, + 0.97 X X, -
38.29) X X; - 2.21 X X, ~ X, +10.12,

TABLE 3

where RST is the residual thickness of the corneal bed (um);
X, is the initial thickness of the cornea (um); X, is the thick-
ness of the corneal valve (um); X, is the initial corneal cur-
vature (mm); X,, is the diameter of the optical zone (mm);
Xy is the initial spherical equivalent (D) X, - neutral optical
layer (um) (minimum lenticle thickness).

Using the developed medical technology for modified
calculation of the parameters of SMILE surgery (approved
by the local Ethical committee of the Irkutsk Branch
of the S. Fyodorov Eye Microsurgery Federal State Insti-
tution; protocol No. 6 dated June 8, 2015), 136 patients
with high myopia, who made up group 2 of the study, un-

PERCENTAGE CONTRIBUTION OF PREDICTORS FROM THE REGRESSION EQUATION

Predictors Contribution (%)
Initial spherical equivalent, D 14.88 %
Corneal thickness, um 6.86 %
Thickness of the corneal valve, um 1837 %
Diameter of the optical zone, mm 14.01 %
Neutral optical layer, pm 8.96 %
Residual thickness of the cornea, um 3.93%
Total 67.01 %
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FIG. 1.

Distribution of patients (cumulative % of eyes) with high myopia depending on visual acuity obtained 12 months after SMILE surgery using

standard (a) and modified (b) technology
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derwent the surgery, the effectiveness of the treatment
was analysed (Table 1 - group 2).

To confirm the effectiveness and safety of high my-
opia correction using the developed modified technolo-
gy, a comparative analysis of the results obtained at var-
ious times of the postoperative period was carried out.

It was found that in the early postoperative period
(day 1 and 5), the visual acuity of patients, who underwent
SMILE surgery using standard technology, was statistically
significantly lower than in patients, whose surgery was car-
ried out using amodified calculation of surgical parameters.
So,onday 1in patients of group 1, it varied from 0.2 t0 0.8,
averaging 0.43 + 0.16; in the group with a modified
technology for surgery calculating - from 0.7 to 1.0
(0.90 £ 0.12; p = 0.01), statistically significantly exceed-
ing the values of the comparison group. By day 5 after
surgery, visual acuity improved slightly to 0.47 + 0.16
and 0.94 + 0.13 in groups 1 and 2, respectively (p =0.01).
This trend continued after 3 months of follow-up
(0.47 £0.22and 0.93+0.11; p=0.01). By year 1, the param-
eters of uncorrected visual acuity remained virtually un-
changed and corresponded to 0.58 + 0.19 and 0.94 + 14,
respectively (p = 0.01) (Fig. 1). Corrected visual acuity
was 0.91 £ 0.07 and 0.97 + 0.02, respectively (p = 0.23).

A comparative analysis of corrected visual acuity
in the preoperative period and uncorrected visual acui-
ty 12 months after SMILE surgery in patients with stand-
ard technology showed the loss of 1 line in 5 % of cases,
2 lines or more in 9.1 % of cases (Fig. 2a). In patients op-
erated with modified technology, the loss of visual acuity
by 1 line was noted in 4 % of cases, by 2 lines or more —

55 eyes
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FIG. 2.

onlyin 1.5 % (Fig. 2b). It should be noted that the excess
of preoperative visual acuity parameters after SMILE sur-
gery in group 1 was noted in 2 % of patients, in group 2 -
in 6 %.

A comparative analysis of the results of changes in clin-
ical refraction also demonstrated statistically significant
differences in the two groups (Fig. 3).

Thus, on day 1 after the surgery, in patients with myo-
pia, who underwent the standard technology surgery, re-
sidual myopic refraction was obtained, the spherical com-
ponent of which varied from -0.75 to -3.0 D, averaging
-1.90 £ 0.69 D, on day 5 it was — 1.86 + 0.57 D (Fig. 3a).

A statistically significantly better refractive result
was achieved in patients operated using the modi-
fied technology already on day 1. The average values
were —0.08 £ 0.51 D (from -1.5 to +0.75 D; p = 0.01). This ef-
fect persisted at all stages of the postoperative follow-up
period. By 12 months after surgery, the spherical refraction
component was -1.96 + 0.29 in group 1 and -0.24 + 0.57
in group 2 (p = 0.01) (Fig. 3b). In the vast majority of cases,
aqualified refractive result was achieved in patients who un-
derwent the modified technology surgery.

In patients, who underwent the standard technology
surgery, a deviation from the calculated refraction of £ 1.0 D
was noted in 71 % of cases, + 0.5 D in 51 %, i. e., devia-
tion from the planned refraction of more than one diopter
was obtained in 29 % of patients (Fig. 4a). In patients oper-
ated using a modified calculation of the surgical parame-
ters, the deviation of more than + 1.0 D was obtained only
in 1 % of cases, the deviation from the calculated refraction
of £ 0.5 D was obtained in 82 % (Fig. 4b).

136 eyes
12 months after

UCVA is equal to or better than BCVA: 94 %

% UCVA within £1 line of the BCVA

100
90 88
80
70
3 60
)
= 50
40
X
30
20
10 15 45 6
0
-2 -1 no +1
or worse changes or better
Ratio of UCVA and BCVA, lines
b

Ratio of uncorrected and maximally corrected visual acuity in patients with high myopia after refractive SMILE surgery using standard (a)

and modified (b) technologies in a long-term postoperative period
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Distribution of patients depending on the spherical equivalent obtained in the late postoperative period after SMILE surgery using standard

(a) and modified (b) technology

In patients of both groups, a statistically significant in-
terdependence between the planned and the obtained re-
fractive result was established. Despite comparable deter-
mination coefficients, patients in group 1 showed a signif-
icant deviation of the observed values from the regression
line towards under-correction (Fig. 5a), whereas in group 2
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the deviations of the predicted value from the average
value were minimal (Fig. 5b).

Thus, the developed mathematical model and the iden-
tification of key parameters for the formation of the refrac-
tive effect of SMILE surgery make it possible at the stage
of preoperative diagnosis to simulate surgery parameters,
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surgery using standard (a) and modified (b) technology

predict the refractive result, the possibility of developing
additional optical effects associated with changes in the di-
ameter of the optical zone and, in general, determine pa-
tient management tactics.

The developed technology of a modified calculation
of the parameters of SMILE surgery for high myopia correc-
tion allows to obtain an optimal refractive effect in compli-
ance with safety regulations when the structural and func-
tional parameters of the eye are initially unfavorable for re-
fractive surgery [10].
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ABSTRACT

Thearticle presents a literature review of the modern concept of anatomical and phys-
iological structure and functioning of the cornea. The strict morphological structure
and corneal tissue homeostasis ensure its transparency. Studying the mechanisms
that regulate the constancy of the corneal tissue internal environment allows us to get
closer to understanding the prospects for regenerative therapy for the corneal stroma
pathology. The article discusses in detail the role and functional potential of corneal
stromal cells, which are capable of reverse cytologic differentiation, which primarily
ensures the maintenance of tissue homeostasis and corneal transparency. The func-
tional activity of corneal cells can change for anumber of reasons, which may be ex-
ogenous, iatrogenic (trauma, infection, etc.) or endogenous. Endogenous causes
include: cell autoregulation pathologies (for example, enzyme defects); defects
in transport systems leading to tissue hypoxia; disorders of the neuro-humoral regu-
lation of trophism. The physical reason for the violation of the corneal transparency
isanincreasein the light scattering. The article presents five main causes of increased
light scattering in the opaque cornea, and also provides an overview of the main
substances — components and products of cellular synthesis of corneal stromal cells:
cytokines and growth factors (complex of the signal molecule and the SDF 1/CXCR4
receptor, insulin-like growth factor 1, tumor necrosis factor alpha, intercellular ad-
hesion molecule 1, erythropoietin, neurotrophic factors, etc.). Thus, corneal opacity
can be caused by a single pathogenic mechanism or be the result of a complex effect
of several factors. The main processes of tissue homeostasis regulation are aimed
at maintaining the unique morphological structure of the cornea.

Key words: corneal structure, keratocyte, corneal stroma, corneal transparency
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PE3IOME

Cmames npedcmassisem cobou sumepamypHsili 0630p Ha memy cospemeHHoU
KOHUYenyuu aHamomo-gpu3uo102u4ecKko20 CMpoeHUs U PyHKYUOHUPOBAHUSA
pozosuybl. Cmpozas Mmopgosiozudeckas cmpykmypa u 20Meocmas mKaHu po2o-
8uYbl 0becnequsaom eé npo3payHoOCMeb. VizydeHue MexaHU3mMos, pezysiupyowux
NocmMosAHCMB0 8HymMpeHHeU cpedbl MKAHU po208UYbI, N0380J1Aem npubu3umscA
K NOHUMGAHUIO nepcnekmus pezeHepamusHOU mepanuu namosio2uu Cmpomel
pozosuybl. B cmamee nodpobHo paccmampusaomcs posib U hyHKYUOHAbHbIU
nomeHyuas CmpomMasbHbIX KIiemok po208Uybl, KOmopble cNOCobHbI K 06pamHou
yumooughhepeHyUposKe, YUMo 8 nepsyro o4epedb obecneyusaem nodoepxaHue
20Meocmasa mKkaHu U npo3payHocmu po2o8uubl. OyHKYUOHAIbHAA AKMUBHOCMb
KJ1emoK po208UUbl MOXem U3MeHAMbCA N0 pAO0Y NPUHUH, KOMOopble MOo2ym HOCUMb
Xapakmep 3K302eHHbIX, AMpOo2eHHbIX (mpasma, uHgekyuu u op.) 1ubo bbime
3HO02eHHbIMU. K 3HO02eHHbIM NPUYUHAM OMHOCAM: NAMOJI02UU aymope2ynsayuu
KJiemok (Hanpumep, pepmeHmonamuu); 0echeKmol mpaHcnopmMHbIx cucmem,
NpusooAWUX K 2UNOKCUU MKaHel; paccmpolicmea HepeHO-2yMopasbHoU pezy-
nayuu mpoguku. Guzuyeckas NPUHUHA HAPYWeHUs NPO3payHOCMuU po2osuybl
3aK/oYaemcs 8 ygesiudeHUU pacceusaHus cgema. B cmamee npugooumcs name
OCHOBHbIX NPUYUH NOBbILEHHO20 C8eMOPAcCesHUs 8 Henpo3payHol poz2osuye,
a makxe npedcmasJsieH 0630p OCHOBHbIX 8eLWECM8 — KOMNOHEHMO8 U NPOOYKMO8
K/1emoYH020 CUHMEe3a CMpPOMAsibHbIX KIIEMOK po208UUbI: YUMOKUHO8 U (hakmopos
pocma (Komnsekc u3 cueHasabHol monekynel u peyenmopa SDF1/CXCR4, uHcy-
JIUHONOOO6HBIU hakmop pocma 1, pakmop HeKpo3a onyxosu anabegha, Mosekyna
MexK/iemoyHoU adzesuu 1, 3pumponosmuH, Helipompocguueckue pakmopei, U op).
Takum 06paszom, NOMymHeHue po208UYbI MOXem 8bi3bI8aMbCA KK 0OHUM NAMo-
2eHemMuYecKUM MeXaHu3MoM, mak U KOMNJieKCHbIM 8030elicmaueM HecKoIbKUX
¢hakmopos. OcHOBHbIe Npoyeccel pe2ynayuu MKaHego2o0 20Meocmasad HanpassieHol
Ha noddepxaHue yHUKaabHOU Mophoio2udeckol CmpyKmypel po208uypbl.

Knioyeaole cioea: 20Meocmas po2osuybl, Kepamoyumel, CMpPoMa po208uubl,
Npo3pavHOCMb po208uYbl

Ona uyntnposBaHua: KpacHep K.1O., MoseweHko O.B., Cyposuesa M.A., TpyHoB A.H.,
Kum U.N., BoHpapeHko H.A., YepHbix B.B. CoBpemeHHble aHaTOMO-dur3nonornyeckmne
OCHOBbI NOAAEPKAHUA NMPO3PaAYHOCTI CTPOMbI POroBuLbl. JluTepaTypHbIi 0630p. Acta
biomedica scientifica. 2023; 8(4): 186-198. doi: 10.29413/ABS.2023-8.4.21
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SECTION 1. RELEVANCE OF THE TOPIC.
MODERN ANATOMICAL ASPECTS

OF THE CORNEA STRUCTURE.

STROMAL KERATOCYTES AND THEIR ROLE
IN MAINTAINING CORNEAL TRANSPARENCY

Visual impairment due to pathological changes
in the corneais the third leading problem in ophthalmolo-
gy after cataracts and glaucoma [1]. The corneais a unique
refractive vascular-free, transparent and tightly innervat-
ed connective tissue structure. Its role is to provide light
transmission, protect the structures of the anterior cham-
ber of the eye and provide 2/3 of the total refractive pow-
er of the eye. The strict morphological structure and cor-
neal tissue homeostasis ensure its transparency [2]. 90 %
of the total volume of the cornea belongs to the stromal
layer, scarring (fibrosis) of which leads to blindness. Ac-
cording to a significant statistical study, 12.7 million peo-
ple worldwide are on the waiting list for a donor cornea
transplant [3].

A healthy human cornea has a central thickness of 470-
620 pum, the thickness at the periphery is 650-750 pm.
The stroma is a collection of tightly packed collagen fibers
that form bundles (fibrils) and plates parallel to the surface
of the cornea. The main cellular representatives are kerato-
cytes and immune cells. A statistically significant tendency
of a decrease of the maximum density of stroma cells from

FIG. 1.

the anterior sections (on average about 40,000 cells/mm?)
to the posterior sections towards the Descemet’s mem-
brane (on average about 20,000 cells/mm3) has been es-
tablished.

Keratocytes are mitotically resting motionless cells
of mesenchymal origin, which have processes-kerato-
podias that provide contact with neighboring kerat-
ocytes, forming a continuously connected network
(Fig. 1a, b). Keratocytes perform the function of pro-
ducing and maintaining the extracellular matrix, en-
suring strict morphostructural and biochemical con-
stancy and transparency of corneal tissue. Keratocytes
are unique cells of the neural crest that are involved
in maintaining water balance and tissue homeostasis
due to the synthesis of growth factors, building protein
molecules, cytokines, neuropeptides and neurotrophins,
metalloproteinase inhibitors [4].

The components of the extracellular matrix (ECM)
of the corneal stroma include highly organized colla-
gen (types I, Ill, V, VI, Xll) and glycosaminoglycans (ker-
atocan, keratan sulfate, decorin, mimecan and lumi-
can), which are synthesized by keratocyte cells [6]. Ker-
atocan and lumican are important glycosaminogly-
cans that are highly expressed in corneal keratocytes [7]
and regulate its transparency and hydration balance, or-
ganizing and maintaining the topography of collagen fi-
brils [8].

d

General scheme of the corneal stroma structure: a — scheme of the cellular network of the corneal stroma; b — structure of dense fi-
brous connective tissue — collagen plates with thin flat cells between them which contact with neighboring cells by means of processes;
¢ - scheme of orientation of collagen fibers — each fiber is located equidistant from the others; d - scheme of orientation of collagen fibers

in an opaque cornea [5]]
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There are no blood vessels in the cornea, therefore nu-
trition and metabolism occur due to the vessels of the lim-
bal network, moisture of the anterior chamber and tear fluid
by osmosis and diffusion [9]. Metabolic processes are large-
ly replenished by abundant innervation, which is represent-
ed by trophic, sensitive and vegetative nerve fibers, form-
ing a perilimbal nerve plexus around the cornea. Entering
the cornea, the nerves lose their myelin sheath and become
invisible, which also ensures the transparency of the cor-
neal tissue.

Injuries, infections and other pathological processes
disrupt the organization of the stroma. Under altered con-
ditions (with injuries, burns, surgical intervention, includ-
ing the release of IL-1q, the tumor transforming growth
factor 1.2 (TGF-B1.2)), part of the resting keratocytes lo-
cated at the epicenter of the damage undergo apopto-
sis, forming an acellular zone in the area of damage [10].
Keratocytes bordering the site of injury extend new den-
drite - like processes and migrate to the acellular zone be-
fore differentiating and proliferating into repair fibroblasts
[11]. At the same time, keratocytes from the periphery also
switch to an activated state, i.e. acquire the phenotype
of motile contractile fibroblasts due to the reorganization
of non-muscle myosin and smooth muscle actin a (a-SMA)
into cytoskeletal stress fibers, migrating to the site of inju-
ry, proliferating and surrounding the wound in as a con-
nected network of cells [12]. This physiological transfor-
mation of the phenotype is necessary to activate the mi-
totic cycle, increase functional activity and realize an ac-
tive therapeutic effect - stromal wound healing. The ob-
served increase in the size and number of organelles in cells
and the acquisition of spindle-shaped cells reflects the en-
hanced synthetic activity of fibroblasts [13]. The fibroblast
population can further differentiate into myofibroblasts
characterized by a-SMA expression and an additional in-
crease in stress fibers. Fibroblasts and myofibroblasts trig-
ger regeneration processes in the cornea, causing rapid
wound contraction due to the synthesis of a temporary
matrix of opaque extracellular matrix [14].

a
FIG. 2.

The temporary matrix differs in composition
and structure from the intact stroma. During regener-
ation, the extracellular matrix is synthesized by activat-
ed cells at an accelerated rate, in a less organized man-
ner [15, 16]. A decrease in keratocan synthesis occurs
in parallel with an increase in the production of decor-
in and chondroitin. This modified extracellular matrix
promotes fibroblast migration; however, its altered bio-
chemistry and structure can cause corneal opacity. Grad-
ually, the temporary matrix is replaced by normal stroma
components, including collagen types l and Ill, to restore
the physiological function of the cornea. Thus, collagen
expression increases in fibroblasts and reaches higher
values in myofibroblasts compared to keratocytes [17].
In particular, high production of collagen | is characteris-
tic of corneal fibroblasts and myofibroblasts, which is nec-
essary for tissue remodeling [18].

Myofibroblasts are characterized by larger sizes com-
pared to fibroblasts and express high levels of a-SMA,
vimentin, and desmin [19, 20], which makes it possible
to differentiate this cell population from others. a-SMA,
vimentin and desmin are structural proteins involved
in the formation of the cytoskeleton [21], a three-dimen-
sional network inside the myofibroblast that determines
the shape and mechanical support of the cell, provides
movement and contractility [22]. The cell population
of the corneal stroma has the ability to rapidly rebuild
the cytoskeleton, which is directly related to its func-
tional potential, since myofibroblasts acquire a high con-
tractile ability necessary for physiological tissue remod-
eling. However, uncontrolled proliferation negatively af-
fects the function of the stroma, disrupting the strictly
ordered morphological structure of the tissue, thereby
changing the transparency of the cornea. The question
of the possibility of the reverse transition of corneal my-
ofibroblasts to the original keratocytes under physiologi-
cal conditions in situ is debatable and open. The possibili-
ty of reversion of myofibroblasts into fibroblasts has been
shown when treating cells with low levels of fibroblast

b c

Morphology and some markers of the expression of keratocytes and corneal stroma fibroblasts: a — morphology of fibroblasts (F); b—mor-
phology of reversed keratocytes (R-K); ¢ — expression of specific markers by reversed keratocytes and fibroblasts [14]]
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growth factor 1, 2 (FGF1, FGF2) [23]. This discovery sup-
ports the idea that corneal myofibroblasts and fibroblasts
represent reversible phenotypes rather than terminally
differentiated cell types.

One cell population that originated from anoth-
er (Fig. 2a) under the influence of certain environmen-
tal conditions is called "reversed" population (Fig. 2b),
that is, it has undergone a phenotypic transformation.
Understanding the mechanisms that regulate the trans-
formation of corneal keratocyte phenotypes is necessary
for the development of tissue engineering of the corne-
al stroma.

Currently, numerous scientific teams are conducting
research to determine the optimal conditions for the cul-
tivation of corneal cells. There are several ways to iso-
late corneal stromal cells, which include mechanical
(removal of epithelial and endothelial layers) and pro-
longed enzymatic treatment of the cornea [24, 25]. Usu-
ally, cadaver and unsuitable for transplantation human
corneas are used to isolating cells. The disadvantages
of the known methods are the complexity and insufficient
«purity» of the cell population, since the result is a mix-
ture of cells containing a non-homogenous population
from the anterior, middle and posterior parts of the stro-
ma, as well as an admixture of epithelial and endotheli-
al cells of the corresponding layers of the cornea. Popu-
lations of cells derived from the stroma of bovine, pigs,
rabbits and mice are used as a cell source alternative

to the human eye stroma. In culture with the addition
of serum, corneal stromal cells acquire the phenotype of fi-
broblasts, in a serum-free environment with the addition
of insulin, transferrin and selenium (ITS), on the contrary,
retain the phenotype of keratocytes [26], and in the pres-
ence of ascorbic acid — produce and accumulate colla-
gen and proteoglycans, which mimics their functions
in the native cornea [27].

A detailed study of the characteristics of corneal stroma
cell populations is carried out in order to verify, determine
the intensity and nature of the potential therapeutic effect.
One of these characteristics is the determination of the phe-
notypic properties of a cell population, that is, the determi-
nation of specific expression markers that distinguish one
cell population from another (Fig. 2b).

SECTION 2. PATHOPHYSIOLOGICAL
MECHANISMS OF CORNEAL TRANSPARENCY
DISORDERS

Keratocytes account for about 3-5 % of the total stro-
mal volume [28]. Figure 3 shows the histological structure
of the cornea, in whose own substance a low cell content
is clearly determined. This ratio is necessary to maintain
the transparency of the cornea and is explained by the pe-
culiarities of light transmission. The cytoplasm of a mitot-
ically resting keratocyte scatters the light beam to a less-

Anterior Posterior
border border
membrane membrane
(Bowmen's , (Descemet's
membrane) Dua’s membrane)
layer
Anterior Posterior
epithelium epithelium
e\ Cornea's/s\ubstance \
'

Tear film

FIG. 3.

Moisture of the anterior chamber

Histological structure of the cornea (hematoxylin and eosin staining) [30]
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er extent due to the low content of organelles in cells [29],
due to which the unique structure of the cornea determines
its functional role.

Functional activity at cell (keratocyte) level may vary
for a number of reasons, which may be exogenous, iatro-
genic (trauma, infections, etc.) or endogenous. Endogenous
causes include: cell autoregulation disorders (for example,
hereditary or acquired enzyme defects); transport systems
disorders leading to tissue (cell) hypoxia; disorders of en-
docrine or nervous regulation of trophism [30]. By influ-
encing the cellular microenvironment, using a wide range
of biologically active substances, it is possible to influence
the listed endogenous causes of impaired functional activ-
ity of the stroma population. One of the ways of such in-
fluence may be a transplantable cell population of stromal
cells. Thus, the ability of donor stromal cells to repopulate
recipient tissue without scarring has been proven (follow-
up time is 30 years) [31].

Impaired functional activity of keratocytes has been
found to result in changes in corneal transparency [32].
This fact is explained by the role of keratocytes in the syn-
thesis of extracellular matrix components - collagen and gly-
cosaminoglycans; regulation of the constancy of the wa-
ter and electrolyte balance of the tissue directly - realizing
the cellular membrane transport of substances, electrolytes
and water into and out of the tissue, and indirectly - by syn-
thesizing hydrophilic components of the extracellular ma-
trix, which «attract» water molecules [33]. These processes
are responsible for creating a strict spatially ordered struc-

a
FIG. 4.

ture of the corneal tissue through which light passes (the in-
terference process). The physical reason for the disruption
of the corneal transparency is an increase in the light scat-
tering [34].

There are five main causes of increased light scattering
in the opaque cornea:

1. Changes in the structure of collagen fibers,
disruption of their spatial hexagonal arrangement
and/or thickening of fibrils due to fusion

In a healthy transparent cornea, collagen fib-
ers assemble into bundles called fibrils (lamellae),
which are of the same size and strictly oriented
in space relative to each other to minimize the scatter-
ing of the light beam. This alignment of collagen fibers
in the corneais ensured by glycosaminoglycans that line
up around the fibrils (Fig. 4a, Fig. 5a) and create «bridg-
es» between them (Fig. 4b, Fig. 5b) — equal inter-fibril-
lar distances [35]. Since glycosaminoglycans are hydro-
philic compounds, they attract water molecules to them-
selves and thereby perform their function. If the position
of the collagen fiber is disrupted, osmotic and electro-
static pressure forces are applied to it and return the fib-
er to its place (Fig. 5b, d) [36]. The strict morphologi-
cal structure is also ensured by the uniform diameter
of the fibrils and their ordered organization, which cre-
ates conditions for the passage of a light beam through
the corneato the retina of the eye, i.e. realizes the trans-
parency of the corneal tissue.

b

Spatial orientation of glycosaminoglycans and lamellae: a — glycosaminoglycans around lamellae (indicated by short thin lines);
b - glycosaminoglycans in the shape of “bridges” between the lamellae [35]
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FIG. 5.

d

The action of osmotic (a) and electrostatic (b) pressure at the displacement of the collagen fiber (c, d) [36]

2. Transformation of keratocytes into fibroblasts
and myofibroblasts ("activated" cells)

Keratocyte nuclei have high light scattering indi-
cators. Therefore, the cornea would not be transpar-
ent if there were a large number of cells in the stroma,
whose nuclei would not allow the light beam to pass
through this connective tissue structure of the eye.
The transition of resting keratocytes to a reparative phe-
notype is associated with profound molecular, biochemical
and morphological changes. Activated stroma cells have
a high degree of light scattering, thereby directly capa-
ble of causing a disruption of corneal transparency. Thus,
a confirmatory fact of higher light scattering in the pop-
ulation of myofibroblasts compared with the population
of corneal keratocytes was established [37].

3. Synthesis of fibrous opaque extracellular protein
matrix by "activated" corneal cells
In response to trauma, surgical intervention (after
excimer laser ablation for photorefractive keratectomy
(PRK)), the influence of infectious agents (viruses/bac-
teria), as well as in genetically determined abnormali-
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ties and congenital corneal dystrophies, resting kerato-
cytes become mitotically active and differentiate into fi-
broblasts and myofibroblasts, excessively synthesizing
new proteins such as fibronectin, a-SMA, tenascin-C, col-
lagen types llI, 1V, fibrillin 1T and others that disrupt the or-
ganization of fibrils, which leads to corneal opacity [38].
Thus, the main reason for the disruption of corneal trans-
parency during activation of the stroma cell population
is a change in the spatial arrangement of collagen fibrils
due to the synthesis of excess protein matrix. The fibrous
opaque extracellular matrix is reversible with the transi-
tion to the normal architecture of the corneal stroma dur-
ing the "rejuvenation” of the keratocyte cell population,
which is an important strategy for restoring tissue trans-
parency [39].

4. Edema of the corneal stroma
Stroma edema leads to the corneal tissue opacity
and can be caused by various factors: in case of disrup-
tion of the barrier structure integrity — Bowman’s or De-
scemet’s membranes - after injuries, infectious effects,
acute keratoconus (hydrops), surgical interventions



and infectious lesions, corneal dystrophy. The mecha-
nisms of "hydration" of the cornea can also include a dis-
ruption of cellular transmembrane or passive water trans-
portin the corneal stroma and a disruption of the synthe-
sis of protein hydrophilic components of the intercellular
matrix with changes in the functional activity of the kerat-
ocyte, pathologies of the membrane-pumping function
of the endothelial (for example, Fuchs syndrome) and ep-
ithelial barriers (recurrent erosion/corneal ulcer).

5. Decrease in the level of crystallin expression

by keratocytes of the stroma

Crystallins are water-soluble proteins with enzymatic
activity expressed by keratocytes of the stroma, epitheli-
al cells of the cornea and lens [40], their role is in antioxi-
dant protection and reduction of light scattering of trans-
parent structures of the eye [41, 42]. The antioxidant role
of corneal crystallins is protection from damage by perox-
ide compounds and free radicals, including those formed
from exposure to UV radiation. The family of aldehyde de-
hydrogenases (ALDH3A1,-1A1,-2,-7A1,-1B1) and transke-
tolase (TKT) belong to the corneal crystallins [43]. With a de-
crease in the concentration of crystallins in the cornea (TKT
and ALDH1A1), there is an increase in light scattering, i.e.
a decrease in its transparency is noted. The conversion
of keratocytes into a reparative phenotype (fibroblasts
and myofibroblasts) in the corneas of rabbits and bulls
leads to loss of crystallins, which is also confirmed in cul-
tural models [44].

Thus, corneal opacity can be caused by one of the list-
ed pathogenetic changes, or it can be a consequence
of the combined effects of several factors. The main pro-
cesses of regulation of tissue homeostasis consist pri-
marily in maintaining a strict morphological structure
of the cornea.

SECTION 3. THE ROLE OF CYTOKINES
AND GROWTH FACTORS IN CORNEAL
STROMA REPAIR

Stromal stem cells realize the effect of tissue repair
due to active interaction with the microenvironment
due to the secretion of cytokines, growth factors, neuro-
peptides and neurotrophins [45].

The loss of functional activity of stromal kerato-
cytes is the loss of the ability of the cornea to self-renew-
al. In the pathogenesis of many pathological changes
of the cornea, such as post-burn, post-traumatic, ectat-
ic conditions (including keratoconus), a special role is as-
signed to the loss of keratocytes caused by an increase
in apoptosis [46, 47]. The inflammatory theory is one
of the modern explanations of this process; modern sci-
entists are trying to explain the decrease in the elastic
properties of corneal tissue in keratoconus by the same
fundamental processes at the cell level, i.e. the effect
of free radicals and oxidative stress products on the tis-
sue. It was found that stroma cells from patients with kera-
toconus form metabolites that indicate oxidative stress
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of the cell in both 2D and 3D cultures [48]. Deceleration
in the progression of ectasia in a patient with keratoco-
nus with the use of cyclosporine A, an immunomodula-
tory agent, was also reported [49].

The reparative potential of stromal keratocytes is fea-
sible due to its ability to reverse transition into a less dif-
ferentiated class of cells (the process of reverse cytodiffer-
entiation). According to modern concepts, one of the rea-
sons for the transition of keratocytes to an activated state
is the effect of TGF- on them [50]. The release of TGF-f3
occurs under adverse conditions, with damage to the epi-
thelium and Bowman’s membrane as a result of injury, sur-
gery, exposure to chemical or infectious agents, or other
pathological conditions.

In various organs, including the cornea, members
of the TGF-f family are key regulators of fibrosis and scar-
ring through signaling mechanisms (TGF-B/Smad-signal-
ing) via signaling mRNA, as well as through other signal-
ing pathways [51, 52]. The TGF-f family consists of three
closely related isoforms (1, 32 and 33) that play differ-
ent roles in cell differentiation and tissue regeneration.
Thus, TGF-B1 and -2 mediate tissue fibrosis and scar for-
mation [53, 54], unlike TGF-3, which acts as an inhibitor
of scarring processes [55]. The same mechanisms of in-
teraction have been determined for the cornea. Thus,
TGF-B1 and TGF-B2 contribute to scarring of the stroma
[56], while TGF-B3 has been proven to restore corneal
transparency [57].

The complex of the signaling molecule and recep-
tor SDF1/CXCR4 (stromal cell derived factor-1) is ex-
pressed on corneal fibroblasts, participating in regen-
eration processes. The role of the complex is to organ-
ize the extracellular matrix, accelerate the migration
of mesenchymal stem cells (MSCs) [58], increase the ex-
pression of a-SMA in fibroblasts, promoting the tran-
sition of fibroblasts to myofibroblasts, increasing tis-
sue scarring [59]. It has been suggested that the activa-
tion of stem cell homing and secretion of growth factors
through the chemokine axis SDF-1/CXCR4 [60]. The ex-
pression of the complex increases in response to an in-
crease in the concentration of hypoxic factor HIF-1a
and mechanical damage, which leads to increased mi-
gration of stem cells through chemotaxis. The antihy-
poxic role of the complex, the release of which occurs
during radiation exposure to the tumor (immunological
effect), has been established [61]. An increase in the ex-
pression of the SDF1/CXCR4 complex stimulates the ef-
fective migration of stem cells to the injury zone, recruit-
ment of fibroblasts, and activation of endogenous repair
processes [62].

Intermediate filaments are important elements
of the cytoskeleton for the regulation of processes re-
lated to tissue repair. Fibronectin is a protein high-
ly expressed on corneal fibroblasts, which is involved
in the organization of the extracellular matrix during re-
generation. It forms pathways-channels to accelerate mi-
gration and create a dense cellular network - the spread
of cells to the site of injury [63]. Vimentin, like desmin,
are intermediate protein insoluble filaments of the cy-



toskeleton of stromal keratocytes, fibroblasts and my-
ofibroblasts [64, 65], whose role is to carry out the tran-
sition of the stroma cell population to myofibroblasts
[66], as well as to accelerate the processes of proliferation
and migration of fibroblasts to the site of the «wound»
[67], thereby providing stroma remodeling after inju-
ries, surgical interventions, etc. An increase in vimentin
expression in stromal cells after surgery (PRK) and a de-
crease in the rate of fibroblast migration to the wound
site in the stroma in mice with vimentin deficiency
were established [68]. Fibroblasts and myofibroblasts
have also been found to maintain higher levels of vi-
mentin than keratocytes [69].

Insulin — like growth factor 1 (IGF-1) is a protein
of the family of insulin-like growth factors, responsible
for maintaining corneal homeostasis; regulates the for-
mation of a communication network between keratocytes
[70], proliferation and differentiation of keratocytes into
fibroblasts and myofibroblasts during inflammatory pro-
cessesand damage [71].T. Sarenac et al. showed that IGF-1
increases the secretion of keratocan, lumican and cytosolic
crystallin (ALDH3A1). IGF-1 reduces the likelihood of scar
formation in the corneal stroma, increasing keratocyte pro-
liferation and affecting wound healing [72].

Proinflammatory cytokine - tumor necrosis factor a
(TNF-a) — and soluble intercellular adhesion molecule-1
(ICAM-1) play an important role in the regulation of in-
flammatory reactions in infectious and non-infectious pro-
cesses (in allergic reactions) in the cornea, are expressed
on corneal keratocytes and fibroblasts [73], ensure the mi-
gration of macrophages and leukocytes, regulate the pro-
cesses of infiltration and activation of polymorphonuclear
neutrophils in the focus of inflammation [74].

Erythropoietin (EPO) is a glycoprotein thatis an ac-
tive humoral factor that regulates the growth and devel-
opment of various cells, tissues and organ systems. EPO
not only stimulates the proliferation and differentiation
of erythroid precursor cells, but also has antiapoptot-
ic and antioxidant effects, participates in neuroprotec-
tion and angiogenesis, and increases cell survival in hy-
poxia. EPO expression has been shown on many cells,
including corneal keratocytes of mice. The connection
of this cytokine with the processes of neovasculogen-
esis of the eye has been established [75]. High levels
of EPO have been found in vitreous samples from pa-
tients with proliferative diabetic retinopathy, however,
the role of EPO in healthy cornea is largely unknown.

Neurotrophic factors (NGF, NT-3, BDNF) and tyrosine
kinase receptors (TrkA, TrkB, TrkC and TrkE) are a num-
ber of compounds that are synthesized in the epitheli-
um and stroma of the cornea, are able to influence each
other, activating the processes of migration and prolifer-
ation and the ability to regulate the function of cytokine
exchange inside the cornea [76].

Corneal sensitivity is provided by the ocular branch
of the trigeminal nerve, which causes protective reflex-
es such as blinking and lacrimation. The corneal nerves
depart from the ocular branch of the trigeminal nerve
and provide mechanical, chemical, thermal sensitivity,

as well as perform a trophic function due to the release
of nutrients and trophic factors. Local and systemic con-
ditions caused by trigeminal nerve damage (such as di-
abetes mellitus, dry eye syndrome, keratitis with herpes
simplex virus, neurotrophic keratitis, etc.) are associated
with impaired corneal innervation, decreased tear pro-
duction and impaired healing of epithelial and stromal
wounds. Corneal nerves express several neurotransmit-
ters, including substance P (SP) - calcitonin gene-related
peptide (CGRP), acetylcholine, cholecystokinin, norepi-
nephrine, serotonin, neuropeptide Y (NPY), vasointesti-
nal peptide (VIP), methencephalin, natriuretic brain pep-
tide, vasopressin and neurotensin. It was demonstrated
that SP is able to modulate the proliferation and migration
of corneal cells and their adhesion. The use of SP associ-
ated with IGF-1, as well as nerve growth factor (NGF), epi-
dermis growth factor (EGF), vascular endothelium growth
factor (VEGF), semaphorins, neurotrophins 3 and 4 (NT-3,
NT-4), which increase the rate of corneal healing and stim-
ulate the adhesion of epithelial cells was demonstrated
[77, 78]. Conversely, corneal stromal and epithelial cells
secrete neuropeptides, neurotrophins and growth factors
that affect survival, differentiation of nerve fibers and their
maturation, including NGF, brain-derived neurotrophic
factor (BDNF), ciliary neurotrophic factor (CNTF), neuro-
trophins 3, 4, 5, EGF and glial cell-derived neurotrophic
factor (GDNF) [79, 80].

Thus, corneal cells and the ocular branch
of the trigeminal nerve are the main participants
of the interaction during corneal tissue repair at the neu-
rotrophic level. They are able to mutually activate each
other to produce cytokines, neuropeptides, neurotrans-
mitters and growth factors to improve trophic function
and accelerate corneal wound healing. Consequent-
ly, all local and systemic conditions leading to dam-
age to the corneal sensory nerve can affect this interac-
tion, causing a disruption of corneal repair and healing
rate. New compounds capable of stimulating corneal
nerve repair are under development. Among them, eye
drops with nerve growth factors (including platelet-rich
plasma) proved to be safe and effective for stimulating
healing and improving corneal sensitivity in patients
with neurotrophic keratitis.

CONCLUSION

New knowledge about the role and interaction
of the extracellular matrix and the corneal stroma cell
population in maintaining tissue homeostasis is impor-
tant for understanding the tactics of treating many dis-
eases and purposefully influencing the processes of re-
pair of the connective tissue structure. In recent years,
ideas about the extracellular matrix, which was previ-
ously considered only from one side - as architecton-
ics, support for cells and tissues, have changed signif-
icantly. Numerous studies confirm that the extracellu-
lar matrix is a physiologically active participant in liv-
ing tissue, which is responsible for the most important

194



processes of cell and tissue life. The cellular population
of the corneal stroma also plays a crucial role in ensur-
ing the physiological repair processes of the tissue. Mu-
tually influencing each other, the connective tissue
components of the stroma create a strict morphologi-
cal structure that ensures the main property of the cor-
nea of the eye - transparency.

A promising alternative way to eliminate corneal blind-
ness is stem cell therapy, which is etiotropic in nature,
due to the activation of various signaling pathways to tis-
sue regeneration, solving two primary tasks: replenishing
the lost population of keratocytes and restoring its func-
tional role (production of extracellular matrix, synthesis
of cytokines, growth factors, neuropeptides, etc.). An un-
derstanding of the modern anatomical and physiologi-
cal foundations of the structure of the cornea, described
in this literature review, will help to approach the study
of this topic in order to determine the «application points»
of potential therapeutic agents.

Due to the feedback between cellular elements
and their microenvironment, which evolves during tissue
development, a unique molecular composition of the ex-
tracellular matrix is formed, which has a powerful ef-
fect on biochemical and biophysical processes in cells
and determines cell-matrix (epithelio-stromal) interac-
tions. The term «corneal homeostasis» combines a whole
complex of intercellular and intermolecular interactions,
the study of which from the point of view of the main
processes of neuro-humoral regulation is necessary for
qualitative external influence on the processes of corne-
al tissue restoration.
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ABSTRACT

Background. Many patients after penetrating keratoplasty (PK) experience induced
postkeratoplastic astigmatism, which is often irregular and causes an increase
in corneal aberrations that reduce visual acuity and quality.

The aim of the study. To conduct a comparative analysis of the effect of rigid gas
permeable scleral lenses and the MyoRing implantation method on clinical and func-
tional parameters in patients with IPA.

Material and methods. The clinical study included 60 patients (60 eyes). The age
of patients with IPA was from 25 to 42 years. All patients underwent penetrating
keratoplasty. All patients were divided into two groups depending on the method
for irregular postkeratoplastic astigmatism correction. Group l included 30 patients
(30 eyes) who were fitted with rigid gas permeable scleral lenses. Group Il consisted
of 30 patients (30 eyes) who underwent implantation of the MyoRing into a penetrat-
ing corneal graft. The observation period was 1 year.

Results. After 12 months of observation, there was a greater increase in uncorrected
visual acuity by an average of 3 lines, in corrected visual acuity - by 2 lines; a greater
decrease in corneal aberrations in photo- (root mean square (RMS) of total aberra-
tions (RMS total) by 0.30 + 0.08 um, RMS of higher order aberrations (RMS HOA) -
by 1.01 £ 0.24 um) and mesopic conditions (RMS total - by 0.33 + 0.09 um, RMS HOA -
by 0.08 = 0.03 um) in patients wearing rigid gas permeable scleral lenses compared
with patients after MyoRing implantation into a penetrating corneal graft.
Conclusion. Patients of group I, wearing rigid gas permeable scleral lenses,
showed a greater improvement in visual acuity and a decrease in corneal aber-
rations in photo- and mesopic conditions compared to the patients of group Il
(after MyoRing implantation) at a follow-up period of 12 months.

Key words: irregular postkeratoplastic astigmatism, MyoRing, scleral lens

For citation: Sinitsyn M.V, Pozdeyeva N.A. Comparative analysis of the correction of irreg-
ular postkeratoplastic astigmatism with scleral lenses and intrastromal ring implantation.
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PE3IOME

BesedeHue. MHozue nayueHmeol nocsie ckg8o3Hol kepamonaacmuku (CKIT) cman-
KuBaromcs ¢ UHOyYupOoBAaHHbIM NOCMKepamoniacmuyeckum acmuzmamu3smom,
Komopebili Hepeoko bbisaem uppe2ynsapHsim (UIA) u 8bizbisaem ygenuyeHue po2o-
8UYHbIX abeppayud, CHUXArWUX 0CMpPomy U Ka4ecmaeo 3peHus.

Lenob uccnedoearus. posecmu cpasHuUmMesbHuIl aHAaU3 8/IUSHUSA XECMKUX
2a30NPOoHUYaeMbIx CKnepaabHulx UH3 (KICJ1) u Memoda umnaaHmayuu Kosieuad
MyoRing Ha KNTUHUKO-hYHKUUOHA TbHble nokazamesu y nayueHmos c UTA.
Mamepuan u memooel. B KiuHu4Yeckoe ucciedosaHue sowsiu 60 nayueH-
mos (60 2nas). Boapacm nayueHmos ¢ UMNA cocmasun om 25 0o 42 nem. Y ecex
nayueHmos 8 aHamHese 6oina svinosiHeHa CKI1. Bce nayueHmel 8 3asucumocmu
om memoda koppekyuu WA 6eiiau pasdeneHsl Ha 08e 2pynnel. B | 2pynny sowinu
30 nayueHmos (30 2n1as), komopeim 6biu nodobparsi XKICJ1. Il 2pynny cocmasu-
71u 30 nayueHmos (30 271a3), KomopbiM 6bisId 8bINOJIHEHA UMNIAHMAYUS Ko/bya
MyoRing 8 ckeo3HoU poeoguyHbIl mpaHcnaaHmam. Cpok HabodeHUs cocmasus
1200.

Pesynemamel. Yepe3s 12 mecayes HabnooeHuUs 6b1710 ommeyeHo 60J1blee N0Bb-
wieHue Hekoppu2upo8aHHOU 0CMpPOoMebl 3peHUs 8 CpeOHeM HA 3 CMPOKU, KOppu-
2UpPOBAHHOU 0OCMPOMBbI 3peHUs — Ha 2 CMPOKU; 60/1blUEe CHUXEHUe pO208UYHbIX
abeppayuti 8 pomo- (cpedHeK8AOPAMUYHOE OMKJIOHEeHUE 80JIHO8020 (hpOHMA
(RMS, root mean square) cymmapHseix abeppayuti (RMS total) Ha 0,30 + 0,08 Mkm,
RMS abeppayuti sbicuiux nopsadkos (RMS HOA, RMS of higher order aberrations) —
Ha 1,01 £ 0,24 mkm) u me3onudeckux ycnosusx (RMS total — Ha 0,33 + 0,09 Mkm,
RMS HOA - Ha 0,08 £ 0,03 mkm) y nayueHmos, Hocawjux XKICJl, no cpasHeHuto
€ nayueHmamu nocse umniaaHmayuu koneya MyoRing 8 ck8o3HOU po208UYHbIU
mpaHcniaHmam.

3akmoyenue. YnayueHmos|zpynnei, Hocauwux KICJ1, 6b110 ommeyueHo 6osbluee
yJyduwieHue ocmpomel 3peHus U CHUXeHUe po208UYHbIX abeppayul 8 pomo-
U Me30nuyecKux ycs108usax no cpasHeHuto co Il epynnol (nocne umnnaHmayuu
konbya MyoRing) npu cpoke HabnodeHus 12 mecayes.

Knroueewie cnoea: uppezynapHeilinocmkepamonsiacmuyeckuti acmuamamusm,
kosbyo MyoRing, cknepaneHas 1UH3a

AnauyntupoBanna: CuHuubiH M.B., NMo3peesa H.A. CpaBHUTENbHbIV aHaNM3 KOppeKLumn
NPPErynApPHOro NoCTKepaTonIacTMYeCKoro acTUurMmaTiama CKiepasibHbIMU IMH3aMK1 1
MMMNMaHTaUmen MHTpacTpomasbHoro Konbua. Acta biomedica scientifica. 2023; 8(4): 199-
206. doi: 10.29413/ABS.2023-8.4.22
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RELEVANCE

Performing penetrating keratoplasty (PK), especially
in patients with keratoconus and pellucid marginal corne-
al degeneration, leads to induced postkeratoplastic astig-
matism (PA), which is oftenirregular [1]. The greater the de-
gree of irregular PA, the higher the value of corneal aber-
rations, especially of higher order aberrations, which re-
duce the acuity and quality of vision of patients and even-
tually lead to their dissatisfaction with the functional result
of PK[2]. Thus, the correction of PA and especially its irreg-
ular form is an important task in the treatment of this cat-
egory of patients. Currently, the leading position in cor-
recting the irregular shape of PA is occupied by contact
correction with rigid gas permeable scleral lenses [3]. Rig-
id gas permeable scleral lenses smooth out all the irregu-
larities of the corneal graft with a tear meniscus located
in the space under the lens, and at the same time correct
postkeratoplastic ametropia [4]. However, rigid gas perme-
able scleral lenses are not suitable for all patients: restric-
tions onrigid gas permeable scleral lenses occur under cer-
tain workplace conditions (for example, high air tempera-
ture in production workshops). In some cases the limiting
factor is the cost of these lenses, etc. The method of im-
plantation of the MyoRing into a corneal graft that has ap-
peared in recent years is a fairly promising direction and can
be an alternative method of correcting PA, including its ir-
regular shape, in patients who cannot wear rigid gas per-
meable scleral lenses [5]. Afterimplantation of the MyoRing
into the corneal graft, a so-called conditionally «addition-
al limb» is created in it, located symmetrically with respect
to the patient’s visual axis, relative to which the corneal
graftis evenly flattened and its sphericity and regularity in-
crease [6]. In connection with the above, as well as with lim-
ited information in the literature on the results of implan-
tation of the MyoRing into a corneal graft, a comparative
analysis of the effect of rigid gas permeable scleral lenses
and the MyoRing implantation method on clinical and func-
tional parameters in patients with irregular postkeratoplas-
tic astigmatism is quite relevant.

THE AIM OF THE STUDY

To conduct a comparative analysis of the effect of rig-
id gas permeable scleral lenses and the MyoRing implan-
tation method on clinical and functional parameters in pa-
tients with irregular postkeratoplastic astigmatism.

MATERIAL AND METHODS

We examined 60 patients (60 eyes) aged 25 to 42 years
(the average age was 33 + 6.1 years), 37 men and 23 wom-
en. All patients had a history of PK for stage IV keratoco-
nus 4-10 years ago. All corneal grafts were transparent.
The diameter of the corneal graft was 8.0 mm in 48 eyes
and 8.5 mm in 12 eyes. According to keratotopography,
anirregular form of PA was noted in all patients. All patients,
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depending on the method of correction of postkeratoplas-
tic ametropia, were divided into two groups.

Group lincluded 30 patients (30 eyes); we selected rig-
id gas permeable scleral lenses OKVision (Canadian com-
pany OKV-RGP Onefit Med) for them. This type of rigid gas
permeable scleral lenses was made of Contamac Optimum
Extra with an oxygen permeability of 100 units. The diam-
eter of therigid gas permeable scleral lenses was 15.6 mm,
the thickness in the center was 0.22 mm. Optical coher-
ence tomography (OCT) of the cornea was used to as-
sess the centralization of the rigid gas permeable scle-
ral lens, the position of its edge in different quadrants,
as well as the thickness of the central, peripheral and lim-
bal clearances.

Group Il consisted of 30 patients (30 eyes) who un-
derwent implantation of the MyoRing (Dioptex, Austria)
into a penetrating corneal graft using a femtosecond la-
ser (FSL) FemtoVisum 1 MHz (Troitsk, Russia). Surgery
was performed in two stages. At stage |, an intrastromal
pocket was formed within the corneal graft with a diame-
ter of 8.0 mm at a depth of 80 % of the minimum thickness
of the corneal graft using FSL. The length of the entrance
tunnel incision was 1.0 mm, the width was 4.5 mm. At stage
I, a MyoRing (diameter — 5.0 mm, thickness — 0.5 mm, height
-200-320 um) was implanted into the formed intrastromal
pocket through an entrance tunnel incision using special
tweezers. The selection of the parameters of the whole
ring was calculated based on the values of the spheri-
cal and cylindrical components of refraction [7]. The ring
was centered taking into account the location of the pa-
tient’s visual axis.

All patients underwent ophthalmological examination
before and during rigid gas permeable scleral lens fitting,
as well as before and after implantation of the MyoRing into
the corneal graft. The examination included autorefrac-
tokeratometry, visometry, biomicroscopy, computer kerato-
topography on the TMS-4 device (Tomey, Japan), aberrom-
etry on the Pentacam device (Oculus Optikgerate GmbH,
Germany), calculation of endothelial cell density (ECD)
on the Confoscan-4 device (Nidek, Japan), OCT of the cor-
neal graft on the Casia-2 device (Tomey, Japan). Corneal
aberrations in both groups were analyzed in the 3.0 mm
optical zone in order to create conditions close to photop-
ic conditions without the edge of the intrastromal ring en-
tering the patient’s field of view, as well as in the 6.0 mm
zone - to create conditions close to mesopic conditions
and the edge of the intrastromal ring entering the patient’s
field of view. The observation period was 1 year.

All studies and manipulations were conducted in com-
pliance with the principles of the World Medical Associa-
tion Declaration of Helsinki on Ethical Principles for Medi-
cal Research Involving Human Subjects.

Statistical data processing was performed in the IBM
SPSS Statistics 20 software (IBM Corp., USA). The Shap-
iro — Wilk test was used to check the normality of the dis-
tributions of the studied parameters. The statistical signifi-
cance of the differences in the studied parameters was as-
sessed by the parametric t-test for dependent variables
in connection with the normal distribution of the val-



ues of the studied parameters. When comparing the av-
erage values of the studied parameters in both groups,
the t-test for independent samples was used. The average
visual acuity value was recalculated logarithmically. The val-
ues of the studied parameters are presented in the form
M =+ SD, where M is the arithmetic mean, SD is the stand-
ard deviation. In both groups, the values of the studied pa-
rameters before the selection of the rigid gas permeable
scleral lenses and implantation of the MyoRing were com-
parable (p > 0.05). During the statistical analysis, the stud-
ied parameters in both groups were compared on the next
day, after 6 and 12 months, compared with the data be-
fore the selection of rigid gas permeable scleral lenses
in group | and with preoperative values in group Il. The val-
ues of the studied parameters were also compared between

TABLE 1

the groups after 12 months of follow-up after the stabiliza-
tion of clinical and functional parameters in group Il. The dif-
ferences in the studied parameters were considered statis-
tically significant at p < 0.05.

RESULTS

On the next day after the selection of the rigid gas per-
meable scleral lenses, all patients of group | noted a signif-
icant increase in visual acuity. The average value of uncor-
rected visual acuity (UCVA) increased 10.1 times, and cor-
rected visual acuity (CVA) — 4.3 times (Table 1).

The spherical component of refraction (SCR) decreased
by 6.10 + 1.27 D, the cylindrical component of refraction

CLINICAL AND FUNCTIONAL PARAMETERS BEFORE AND AT DIFFERENT TERMS AFTER WEARING RIGID GAS PERMEABLE
SCLERAL LENSES (GROUP I; N =30) AND INTRASTROMAL MYORING IMPLANTATION INTO THE PENETRATING CORNEAL
GRAFT USING A FEMTOSECOND LASER (GROUP II; n=30), M £ SD

Before the selection
of the rigid gas

The next day In 6 months In 12 months
permeable scleral
Groups Parameters
lenses (surgery)
M+ SD M+ SD p M+ SD p M+ SD p
UCVA 0.08 £ 0.05 0.81+0.12 0.0047 081+£0.12 0.0047 0.81+£0.12 0.0047
CVA 0.19+0.11 0.81+0.14 0.0058 0.81+0.14 0.0058 0.81+0.14 0.0058
K, D 48.7+3.9 426+29 0.0066 426+29 0.0066 426+29  0.0066
Group |
Rigid gas SRI 1.3+0.3 0.4 £0.1 0.0096 04 +0.1 0.0096 04 +0.1 0.0096
permeable
scleral lenses SAl 22+09 0.5+0.1 0.0083 0.5+0.1 0.0083 0.5+0.1 0.0083
(n=30)
SCR,D -6.25+2.35 -0.15+0.08 0.0061 -0.15+0.08 0.0061 -0.15+0.08 0.0061
CCR,D -5.15+1.54 -05+£0.22 0.0055 -0.5%+0.22 0.0055 -0.5+0.22 0.0055
ECD, cells/mm? 2106 £ 320 2112+£325 0.1232 2076 £ 311 0.0156 2047 +295 0.0146
UCVA 0.09 £0.05 0.26£0.04 0.0352 044+0.04 0.0152 0.53+£0.04 0.0152
CVA 0.16+0.10 048+0.06 0.0362 0.59+0.06 0.0163 0.71+0.07 0.0145
K, D 49.26 £4.11 40.96+2.21 0.0169 4193+3.11 0.0135 4296+3.44 0.0152
Group Il
MyoRing SRI 1.49+043 1.33+£0.28 0.0288 1.29+0.22 0.0233 1.22 £0.21 0.0235
implantation
using FSL SAl 269+ 1.10 1.79+£0.54 0.0278 1.71 £0.51 0.0246 1.62+0.48 0.0226
(n=30)
SCR,D -7.05+2.51 1.25+045 0.0354 0.28+0.28 0.0216 -0.75+0.35 0.0215
CCR,D -585+1.71 -285+1.12 0.0235 -236%+1.01 0.0274 -1.75x0.85 0.0269
ECD, cells/mm? 2054 + 231 2050+226 0.3111 2021 +£215 0.0215 1992+203 0.0269

Note. K, —the Average value of Keratometry; SRI - Surface Regularity Index; SAI - Surface Asymmetry Index; SCR — Spherical Component of Refraction; CCR — Cylindrical Component of Refraction
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(CCR) - by 4.65 + 1.32 D. According to keratotopography
data the average value of keratometry (K, ) in rigid gas
permeable scleral lenses decreased by 3.6 + 1.0 D, surface
regularity index (SRI) - by 0.9 + 0.2, surface asymmetry in-
dex (SAl) - by 1.7 £ 0.8, the spherical component of refrac-
tion - by 6.10 + 2.27 D, the cylindrical component of refrac-
tion - by 4.65 + 1.32 D. The data obtained remained stable
throughout the entire observation period and are consistent
with the literature data [7-9]. After a year of wearing of rigid
gas permeable scleral lenses, the coefficient of effectiveness
(Cef) was 4.3 + 0.8, the coefficient of safety (Cs) was 4.3 +0.9.
When analyzing corneal aberrations measured in pa-
tients the next day after selection rigid gas permeable scle-
ral lenses on the Pentacam device, there was a decrease
in photopic conditions (in the 3 mm optical zone) of the root
mean square (RMS) deviation of the wavefront of total aber-
rations (RMS Total) by 3.6 times, RMS of higher order aber-
rations (RMS HOA) - by 3.4 times, RMS of spherical aberra-
tions (RMS SA) - by 2 times, RMS Coma - by 2.8 times, RMS
Trefoil - by 4.2 times compared with the data before the se-
lection of the rigid gas permeable scleral lenses (Table 2).
In the 6 mm optical zone, RMS Total decreased
by 2.4 times, RMS HOA - by 2.5 times, RMS SA - by 1.6 times,

TABLE 2

RMS Coma - by 4.3 times, RMS Trefoil — by 4.3 times
(Table 3).

The obtained results remained stable during 12 months
of observation and correlated with the literature data.
In 2019 V.I. Tikhonova et al. conducted a clinical study
on changes in corneal aberrations after the selection of rig-
id gas permeable scleral lenses in 8 eyes (8 patients) af-
ter PK according to the OPD-Scan Il device (Nidek, Japan).
The authors noted a decrease in rigid gas permeable scler-
al lenses of corneal higher orders aberrations in 3 mm (RMS
HOA decreased by 3.8 times, RMS Trefoil — by 2.7 times,
RMS SA - by 2.9 times) and 5 mm optical zones (RMS HOA
decreased by 3.0 times, RMS Trefoil - by 3.4 times, RMS SA -
by 3.1 times) [8]. In 2021 A. Penbe et al., against the back-
ground of wearing rigid gas permeable scleral lenses
in 35 patients (38 eyes) after PK, noted a significant decrease
in higher orders aberrations, especially coma, spherical ab-
errations, astigmatism, which is consistent with the results
of this study [9].

Corneal graft minimum thickness (CGMT) at the cent-
er, measured using OCT Casia-2 before wearing the rigid
gas permeable scleral lenses, averaged 532.3 + 33.4 um. Af-
ter 12 months in all patients, after wearing a rigid gas per-

CORNEAL ABERRATIONS IN PHOTOPIC CONDITIONS (IN 3.0 MM OPTICAL ZONE) ACCORDING TO PENTACAM DATA

BEFORE AND AT DIFFERENT TERMS AFTER WEARING RIGID GA

S PERMEABLE SCLERAL LENSES (GROUP I; n = 30)

AND INTRASTROMAL MYORING IMPLANTATION INTO THE PENETRATING CORNEAL GRAFT USING A FEMTOSECOND

LASER (GROUP II; n=30), M+SD

3.0 mm optical area

Before
Type the selection
Groups of aberration,  of therigid gas The next day In 6 months In 12 months
RMS permeable scleral

lenses (surgery)

M+ SD M+ SD

Total, um 1.96 £ 0.65 0.55+0.22

Group | HOA, um 3.11+£1.22 091+0.32
Rigid gas

permeable  SA, um -0.040 + 0.030 -0.020 + 0.00

scleral lenses

(n=30) Coma, um 0.11 £0.05 0.04 +£0.02

Trefoil, um 0.21+£0.13 0.05+£0.02

Total, um 226 +0.73 142 +0.22

Group Il HOA, pm 3.17+1.33 2.24+0.29
MyoRing

implantation SA, um -0.07 £0.05 -0.06 £0.03
using FSL

(n=30)  Coma,pum 0.16 +0.05 0.12+0.04

Trefoil, um 0.25+0.12 0.16 +0.05
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P M +SD P M £ SD p
0.0053 0.55+0.22 0.0053 0.55+0.22 0.0053
0.0058 0.91+0.32 0.0058 0.91+£0.32 0.0058

5 0.0088 -0.020+0.005 0.0088 -0.020+0.005 0.0088
0.0189 0.04 £ 0.02 0.0189 0.04 +£0.02 0.0189
0.0352 0.05+0.02 0.0352 0.05+0.02 0.0352
0.0123 1.34+0.22 0.0144 1.15+0.22 0.0164
0.0254 2.11x£0.26 0.0246 1.91£0.22 0.0296
0.0368 -0.05+0.02 0.0346 -0.04+0.02 0.0396
0.0189 0.11+0.03 0.0189 0.09 £0.03 0.0189

0.0362  0.14+0.05 0.0363 0.12+0.04 0.0396



TABLE 3

CORNEAL ABERRATIONS IN PHOTOPIC CONDITIONS (IN 6.0 MM OPTICAL ZONE) ACCORDING TO PENTACAM DATA
BEFORE AND AT DIFFERENT TERMS AFTER WEARING RIGID GAS PERMEABLE SCLERAL LENSES (GROUP I; n = 30)
AND INTRASTROMAL MYORING IMPLANTATION INTO THE PENETRATING CORNEAL GRAFT USING A FEMTOSECOND

LASER (GROUP II; n=30), M + SD

Before the selection

3.0 mm optical area

Type of the rigid gas
Groups of aberration, The next day In 6 months In 12 months
permeable scleral
RMS
lenses (surgery)
M +SD M +SD p M+SD p M+SD p

Total, um 3.16£1.23 1.33+0.45 0.0063 1.33+0.45 0.0063 1.33+045 0.0063
Group | HOA, pm 4.12+1.31 1.66 +0.39 0.0095 1.66 £ 0.39 0.0095 1.66+039 0.0095

Rigid gas
permeable  SA, um 0.41+0.18 0.25+0.04 0.0046 0.25+0.04 0.0046 0.25+0.04 0.0046

scleral lenses

(n=30) Coma, um 0.99 £0.51 0.23 £0.04 0.0236 0.23 £0.04 0.0236 0.23+0.04 0.0236
Trefoil, um 0.95+0.43 0.22+£0.03 0.0214 0.22£0.03 0.0214 0.22+0.03 0.0214
Total, pm 33+1.23 2.03+£0.72 0.0163 1.93 £0.69 0.0165 1.8 +0.65 0.0142
Group I HOA, pm 4.82+1.55 2.83+£0.86 0.0136 2.64+0.79 0.0145 244+0.62 0.0185

MyoRing
implantation SA, um 0.33+0.19 0.45+0.21 0.0156 0.49+0.22 0.0167 0.55+0.24 0.0187

using FSL
(n=30) Coma, um 0.94+0.42 0.95+0.44 0.0288 0.99 £0.46 0.0294 1.03+049 0.0268
Trefoil, um 0.99+£0.44 1.02 +£0.45 0.0356 1.09+0.48 0.0368 1.13+049 0.0389

meable scleral lens for 8 hours it was removed and CGMT
was measured at the center and was 543.5 £ 36.2 um.
Thus, the increase in CGMT in the center did not exceed
2.1 %, which indicated the absence of clinically signifi-
cant corneal transplant edema. According to the litera-
ture, an increase in the minimum thickness of the cornea
in the center of less than 4.0 % after removal of the rigid
gas permeable scleral lens, as in this clinical study, corre-
sponds to the physiological norm, since it does not exceed
the increase in corneal thickness in physiological edema
after sleep [10, 11]. In 2016 J. Vincent et al. in 15 patients
(in 15 eyes), after removal of the rigid gas permeable scle-
ral lenses, obtained an increase in the minimum thickness
of the cornea in the center, not exceeding 2 % of the min-
imum thickness of the cornea before wearing the rigid gas
permeable scleral lenses [12].

After 12 months of follow-up, according to Confoscan-4,
there was a decrease in ECD by 2.8 %, which did not exceed
the physiological loss.

In group ll, after intrastromal implantation of the My-
oRing into the corneal graft, intra- and postoperative
complications were not observed in any of the patients.
During biomicroscopy, a transparent penetrating corne-

al graft was visualized on the 1st day after surgery in all
patients; the MyoRing was centered relative to the visu-
al axis (Fig. 1).

FIG. 1.
Biomicroscopy of a corneal graft on the first day after MyoRing im-

plantation using femtosecond laser
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On the first day after the surgery, a high refractive re-
sult was noted. UCVA increased by 0.17 + 0.02, CVA -
by 0.32+0.04.SCRdecreased by 8.3+2,D,CCR-by3.0+0.5D.
6 months after the surgery, UCVA increased by 0.18 + 0.04,
CVA-by0.11£0.04, SCRincreased by 0.97 +0.17 D, CCR de-
creased by 0.49 £ 0.11 D. 12 months after the surgery, UCVA
increased by 0.09 + 0.04, CVA - by 0.12 £ 0.05, SCRincreased
by another 0.47 + 0.07 D, CCR decreased by 0.61 + 0.16 D.
1 year after the surgery, the Cef was 3.3 + 0.6, Cs — 4.4 + 0.6.

When analyzing the keratotopographic parameters ob-
tained on the first day after surgery, there was a decrease
in the values of K, by 8.3 £ 1.9 D, SRI - by 0.16 + 0.05,
SAl - by 0.9 + 0.2. 6 months after the surgery, the K_ in-
creased by 0.97 £ 0.31 D, SRI decreased by 0.04 + 0.02,
SAl - by 0.08 + 0.03. 12 months after the surgery, the K,
increased by 1.03 + 0.33 D, SRI decreased by 0.07 + 0.02,
SAl - by 0.09 £ 0.03.

After 12 months of follow-up, patients in both groups
showed a statistically significant difference in the values
of UCVA, CVA, SR, SAI, CCR (p < 0.05); there was no differ-
enceinkK, and SCR (p > 0.05). In group |, there was a greater
increase in UCVA by an average of 3 lines, CVA - by 2 lines,
a decrease in SRI by 3.3 times, SAlI — by 1.7 times, CCR -
by 0.55 + 0.12 D compared with group II.

When analyzing corneal aberrations measured in patients
the day after surgery under photopic conditions, RMS Total de-
creased 1.6times, RMSHOA - 1.4 times, RMS SA - 1.2 times, RMS
Coma- 1.3 times, RMS Trefoil - 1.6 times. 6 months after the op-
eration, RMS Total decreased by 0.08 + 0.04 um, RMS HOA -
by 0.13 + 0.04 pm, RMS SA - by 0.01 = 0.01 um, RMS Coma -
by 0.01 £0.01 um, RMS Trefoil - by 0.02 + 0.01 pm. 12 months
after the operation, RMS Total decreased by 0.19 + 0.04 um,
RMSHOA - by 0.2 +0.04 um, RMS SA - by 0.01 £0.01 pm, RMS
Coma - by 0.02 £ 0.01 um, RMS Trefoil — by 0.02 + 0.01T pm.

After 12 months of follow-up, patients in both groups
showed a statistically significant difference in corneal aber-
rations in photopic conditions according to RMS Total, RMS

FIG. 2.

HOA, RMS Trefoil (p < 0.05); difference in RMS SA, RMS Coms
was absent (p > 0.05). In group |, compared with group Il
there was a greater decrease in RMS Total by an average
of 0.30 £ 0.08 um, RMS HOA - by 1.01 £ 0.24 um, RMS Tre-
foil - 0.03 £ 0.02 pm.

In the 6 mm optical zone, RMS Total decreased
by 1.37 £ 0.41 pm, RMS HOA - by 2.18 £ 0.59 um, RMS SA -
by 1.6 times, RMS Coma - 4.3 times, RMS Trefoil - 1.6 times.
The results obtained remained stable during 12 months
of follow-up.

After 12 months of study under mesopic conditions,
a statistically significant difference was revealed in all
studied corneal aberrations in both groups. In group |,
compared with group ll, there was a greater decrease
in RMS Total by an average of 0.33 + 0.09 pum, RMS HOA
by 0.08 + 0.03 um, RMS SA by 0.39 + 0.11 um, RMS Coma -
by 0.27 + 0.05 um, RMS Trefoil — by 0.4 + 0.1 pm.

The correct position of the MyoRing was confirmed
by the corneal OCT data (Fig. 2).

The next day after surgery, the average value of CGMT
in the center according to the OCT of the cornea increased
by 19 + 4 um, which is associated with edema of the corneal
graft due to irrigation of the intrastromal pocket. The CGMT
atthe center reached preoperative valuesin group Il patients
within a month after surgery and did not change further.

The loss of ECD one year after implantation of the My-
oRing into a penetrating corneal graft using FSL
was 3.0 %, which did not exceed the physiological loss.
There was no statistically significant difference in the de-
crease in ECD between the two groups after 12 months
of follow-up (p < 0.05).

Thus, a greater increase in visual acuity (UCVA and CVA)
in the rigid gas permeable scleral lenses compared with in-
trastromal implantation of the MyoRing into the corneal
graft is confirmed by a more pronounced decrease in CCR,
SRIand SAl, total corneal aberrations and highest order cor-
neal aberrations.

Optical coherence tomography of the corneal graft after MyoRing implantation into the penetrating corneal graft using femtosecond laser:
the profile of the MyoRing is visualized being located at a depth of 80 % of the minimum thickness of the penetrating corneal graft
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CONCLUSION

A comparative analysis of the effect of rigid gas-perme-
able scleral lenses and the MyoRing implantation method
on clinical and functional parameters in patients with irreg-
ular postkeratoplastic astigmatism with a follow-up period
of 12 months showed: a greater increase in UCVA - by an av-
erage of 3 lines, CVA - by 2 lines, a greater decrease in SRI -
by 3.3 times, SAl - by 1.7 times, CCR - by 0.55 + 0.12 D,
corneal aberrations in photopic conditions (RMS Total -
by 0.30 + 0.08 um, RMS HOA - by 1.01 £ 0.24 um) and mes-
opic conditions (RMS Total — by 0.33 + 0.09 um, RMS HOA -
by 0.08 + 0.03 um) in patients wearing rigid gas permeable
scleral lenses compared to patients implanted with MyoR-
ing in the corneal graft.
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ABSTRACT
Maltsev V.P., Studying not only individual students indicators of students, but complex intersystem
Govorukhina A.A., interactions that reflect the specifics of adaptive capabilities is of scientific interest.
Malkov O.A. The aim of the study. To reveal the features of intersystem interactions of indicators

of the blood vessels functional state, morphological and neurodynamic character-
istics of students with different types of autonomic regulation, living in the Khanty-

Surgut State Pedagogical University Mansiysk Autonomous Okrug - Yugra.
(50 let VLKSM str. 10/2, 628400 Surgut, Methods. 429first-fourth-year students (348 girls, 80 boys) of the Surgut State Peda-
Russian Federation) gogical University were examined. The initial type of autonomic regulation was de-

termined by the average duration of electrocardiogram RR intervals. Anthropometry
parameters (body length and weight) and body composition were assessed using
Tanita BC-601 device (Tanita, Japan), vascular wall elasticity — using AngioScan-01
(AngioScan-Electronics Ltd, Russia), neurodynamic indicators — using NS-PsychoTest

Corresponding author: device (Neurosoft, Russia). Statistical analysis was carried out using Statistica 7.0
Victor P. Maltsev, software (StatSoft Inc., USA). We used the nonparametric Mann — Whitney U-test
e-mail: mal585@mail.ru to evaluate differences and the nonparametric Pearson R-test to analyze correlations.

Results. An increase in the stiffness of the vascular wall of large and small arter-
ies in girls is accompanied by an increase in parasympathetic activity. In young
men, an increase in the stiffness of large arteries raises with an increase in sym-
pathoadrenal activity, while a compensatory increase in the stiffness of small
muscular arteries is noted with an increase in parasympathetic activity. In persons
with the sympathicotonic type of autonomic regulation, an excess content of fat
mass, an increased frequency of visceral obesity, and a deficiency in water content
were registered. With the predominance of the parasympathetic component con-
tribution to the regulation of cardiac rhythm, an increase in the processes of inhibi-
tion in the central nervous system was noted. In young men, reduced sensorimotor
reactions are consistent with sympathetic activation in the regulation of heart rate.
Correlation analysis made it possible to establish some features in the interaction
of the vascular, morphological and central nervous systems.

Conclusion. Differences in indicators of functional systems (physical development,
blood flow, neurodynamic characteristics) in the examined groups of students
are shown, taking into account gender and autonomic regulation type. Features
ofintersystem interactions of indicators of physiological systems of students’ bodies
with different types of autonomic regulation were revealed.

Key words: type of neurovegetative regulation, functional state of the vascular
system, anthropometry, body composition, neurodynamics, intersystem interactions,
students, Northern region
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PE3IOME

HayuHell uHmepec npedcmassisem usydyeHue He omoesibHbix nokazamereu
0p2aHU3Ma o0yYaloWUXCA, a KOMNJIEKCHBIX MeXCUCMmeMHbIX 83aumodelticmaud,
ompaxarowux cneyuguky adanmayuoHHbIX 803MOXHOCmMed.
Lenwbuccnedosarus. Bbisisumbe0cobeHHOCMU MeXcucmeMHbiX 83aumodelicmauti
nokasamesneli hyHKUUOHA/IbHO20 COCMOSAHUS COCY008, MOPEhOI02UYeCcKUX U Hel-
POOUHAMUYECKUX XapaKmepucmuK cmy0eHmos C pasHbiM munom 8e2emamusHoU
pezynayuu, npoxusarowux 8 XaHmel-MaHcutickom asmoHoMHOM oKpyze — KOzpe.
Memooebi. O6cnedosaHo 429 cmydeHmos 1-4-x Kypcos (Oesywku — 348, 10HO-
wu — 80) bY «Cypaymckuli 2ocydapcmeeHHbIl nedazo2udeckull yHusepcumems,
WcxodHbil mun gezemamugHoU pe2ynayuu onpedesnsanu no cpedHell nNpoOosIXKU-
menbHocmu RR-uHmepaeasnos snekmpokapouozpammel. OyeHU8aau nokazamesnu
asHmponomMempuu (071UHyY U MACCy meJia) U KOMNOHeHMHO020 cocmasa mesa (npu-
60op Tanita BC-601 (Tanita, inoHus)), snacmuyHocme cocyoucmot cmeHKu (npubop
«AHeuoCkaH-01» (000 «AH2uoCKaH-31ekmpOHUKC», Poccus)); HelipoouHamudeckue
nokazamenu (npubop «HC-lcuxoTecm» (Helipocogpm, Poccus)). Cmamucmuye-
cKkuli aHanus nposedéH e cpede Statistica 7.0 (StatSoft Inc., CLLA). icnonb3oeanu
Henapamempuydeckuli U-kpumeputi MaHHa — YumHu 0715 oueHKU pasuyuti u Hena-
pamempuyeckuli R-kpumepudi [TupcoHa 0715 aHaau3a KoppenauyuoHHsIx cessell.
Pesynemamel. YgenuuyeHue Xécmkocmu cocyoucmol CmeHKU KPYNHbIX U MesTKUX
apmepuu y degyuiek Conpogox0aemcs pocmom Napacumnamuyeckol akmueHo-
cmu; y IoHowel ysesudeHue XEcmKocmu KpynHelx apmeputi o3pacmaem c yge-
JludeHUeM cCuMNAamoaopeHano8oli akmusHOCMU, NPU 3MOM ommeYyaemcs Kom-
NeHCcamopHoe ygesiuyeHue XECMKOCMu MeJIKUX MblleYHbIX apmepuli C pocmom
napacumnamudyeckol akmugsHocmu. Y auy cuMnNnamukKomoHUYecKko20 muna
sezemamusHoU pe2ynayuu ommeydeHol U36bIMoYHOe cooepXxaHue Xuposol Maccel
U NOBbIWEHHAs 4acmoma 8ucyepasibHo20 0XKupeHUs, 0eghuyum coO0epXaHus 800bI.
C npeobnadaHuem 8Kk1add NapacuMnamu4ecko20 KOMNOHeHMa 8 pe2ynayuto
Kapouopumma ommeHdeHo ygesiudeHue Npoyecco8 MopMOXeHUs 8 yeHMpaabHoU
HepsHoU cucmeme. Y oHowel CHUXeHHble CEeHCOMOMOpPHbIe peakyuu co2/1aco8aHbl
¢ cumnamuyeckol akmusayueli 8 pe2ynayuu kapouopumma. KoppenayuoHHell
aHau3 N0380J1UJ1 YCMAHOBUMb HEKOMOPble 0CO6eHHOCMU 80 83aumodelicmauu
cocyoucmod, mopgosnoaudeckol u YUeHmpaabHOU Hepe8HOU cucmemel.
3aknioyeHue. [lokazaHbl oOmuYUsA N0 NOKA3amenam hyHKUUOHAIbHbIX CUCMeM
(pusuyecko2o pazgumus, cocyoucmoezo pyca, HelipoOUHaMUYeCcKUx Xxapakmepu-
CcMuk) 8 06C/1e008AHHbIX 2pyNNAx cmyoeHmos ¢ y4émom nosa u muna eezema-
musHoU pe2ynayuu. BeisgneHs 0cobeHHOCMU MexcucmeMHbIx 83aumodeticmaudi
nokasamerieli ¢hu3uOI02UHECKUX CUCMEM Op2aHU3MAa CmMyO0eHMo8 C PAa3HbIM
munom 8ezemamugHou pe2yayuul.

Knioueeble cnosa: mun HelipogezemamusHoU pezyniayuu, hyHKYUOHAIbHOE CO-
CmosHue cocyoucmou cucmembl, GHMPONOMempUs, KOMNOHeHMHbIU cocmae mesda,
HelipoOUHamuKa, MexxcucmemHsle 83aumodeticmaus, cmyoeHmobl, CegepHobil pe2uoH

Ona untupoBaHua: Manbues B.M., loBopyxmHa A.A., ManbkoB O.A. OcobeHHOCTU
MEXCUCTEMHbIX B3aUMOAENCTBMI NOKasaTenen Gusnmonorniecknx cUcteM opraHnsmMa
CTYAEHTOB C pa3HbIM TUMOM BereTaTMBHOW perynaunn. Acta biomedica scientifica. 2023;
8(4): 207-219. doi: 10.29413/ABS.2023-8.4.23
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OBJECTIVES

Modern physiological research is aimed not only
at analyzing individual average values of parameters
of functional systems, but also at an integrative assess-
ment of the functioning of the body. In this regard, along
with the individual components of the systems, it seems
relevant to study the interrelationships between them [1].
From our point of view, it is interesting to study the rela-
tionship between the functioning of the cardiovascular
system and other body systems. Many modern authors
single out this system as the most sensitive to unfavora-
ble climatic and ecological factors in the northern territo-
ries, including the Khanty-Mansiysk Autonomous Okrug —
Yugra [2-4].

Students as a special cohort exposed to a complex
of specific social and environmental factors is of special
scientific interest [5]. It is known that in modern condi-
tions, studying at a university is associated with a high
level of mental and physical stress, which often leads
to a strain on the adaptive capabilities of the body of stu-
dents.

According to E.M. Kazin et al. [6], if a specific func-
tional system does not cope with its task, the functional
performance support system is activated, while the costs
of functional reserves increase. Having different adap-
tive potential, students’ bodies react differently to ex-
ternal impacts, and as a result, the "cost" of adaptation
is determined by the state of the body’s regulatory sys-
tems, primarily the central nervous system (CNS) and au-
tonomic regulation. The variability of heart rate indica-
tors acts as a universal indicator of the functional state
of the multilevel links of the regulatory systems of the hu-
man body, they are the first to activate and adapt to en-
vironmental factors.

An increasing number of authors are inclined
to the need to take into account the type of autonomic
regulation in the analysis and interpretation of heart rate
variability (HRV) indicators [4, 7, 8]. The establishment
of the type of autonomic regulation is extremely important
in the individual assessment of HRV parameters and is es-
pecially important when choosing the type and intensity
of exercise, identifying the risks of developing pathology
of the cardiovascular system.

It is known about the influence of the type of auto-
nomic regulation on the functioning of individual systems
[9], including in extreme conditions of the Northern terri-
tories [10], however, the features of intersystem interac-
tions of the functional state of blood vessels, morphological
and neurodynamic parameters of students with different
types of autonomic regulation have not been sufficiently
studied [11]. Recent publications [3, 4, 9-11] indicate the in-
fluence of many factors (the level and duration of stress
influences, the season of the year, gender and age, type
of professional and educational activities, etc.) on the na-
ture and strength of intersystem interactions. In this re-
gard, we believe it is relevant to identify the features of in-
tersystem interactions in students living in the conditions
of the northern region.

THE AIM OF THE STUDY

To reveal the features of intersystem interactions
of functional state of arterial vessels, morphological
and neurodynamic characteristics of students with differ-
ent types of autonomic regulation, living in the Khanty-
Mansiysk Autonomous Okrug - Yugra.

MATERIALS AND METHODS

The examination was carried out on the basis of the Sci-
entific Laboratory "Biological Foundations of Education-
al Safety", Surgut State Pedagogical University. A total
of 429 first-fourth-year students aged 17-21 years were ex-
amined. All the examined students were representatives
of non-indigenous nationalities. They were born and per-
manently (or more than 10 years) reside on the territory
of the Khanty-Mansiysk Autonomous Okrug - Yugra (a ter-
ritory equalled to the conditions of the Far North).

The total sample is differentiated by gender and type
of autonomic regulation: girls (n = 348) — sympathotonics
(n = 107), normotonics (n = 210) and vagotonics (n = 31);
boys (n = 80) - sympathotonics (n = 8), normotonics
(n=49), vagotonics (n =23). The study included only those
girls who were in the follicular phase of the menstrual cy-
cle. The exclusion criteria were acute infectious diseases
or exacerbation of chronic pathology.

The initial type of autonomic regulation was deter-
mined by the electrocardiogram (ECG) indicator - the aver-
age duration of RRintervals (RRNN). ECG recording was per-
formed under standardized conditions in a supine position
(5 min), with calm breathing, in the second standard lead.
HRV recordings different from sinus rhythm were exclud-
ed from the analysis. The normotonic type corresponded
to the range of RRNN values of 750-980 ms (60-80 bpm),
RRNN values above this range characterize the parasympa-
thetic type, below this range — sympathicotonic type of au-
tonomic regulation.

The functional state of the vascular system was as-
sessed by the level of blood pressure (BP) measured
using a standard technique using an electronic to-
nometer from A&D Medical (Japan), model - UA-777,
and the following parameters were recorded: SBP -
systolic blood pressure (mmHg); DBP - diastolic blood
pressure (mmHg). To assess the elasticity of the arteri-
al vascular wall, the AngioScan-01 diagnostic complex
(AngioScan-Electronics LLC, Russia; certificate of con-
formity No. POCC RU.MM25.[,06096) was used: accord-
ing to the photoplesiogram, the stiffness index (SI, m/s)
was analyzed, reflecting the average velocity of pulse
waves propagation through the aorta and its branch-
es; reflection index (RI, standard units), characterizing
the tone of small muscular arteries; augmentation index,
standardized for a fixed pulse rate of 75 bpm (Alp75, %);
pressure gain indicator, depending on the total periph-
eral vascular resistance and elastic resistance of the vas-
cular wall; aging index (AGlI, standard units), evaluating
the shapes of pulse waves of volume; ejection duration
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in the cardiac cycle (ED, ms); stress index (standard units),
characterizing heart rate variability.

Absolute anthropometric parameters — length (cm)
and body weight (BW; kg) — were measured using standard-
ized methods, using a medical stadiometer and scales. Next,
the body mass index (BMI; kg/m?) was calculated. The as-
sessment of body composition: body fat mass (FM; %), vis-
ceral fat (VF; standard units) and body water percentage
(BWP; %), was carried out using Tanita BC-601, body compo-
sition analyzer scales (Tanita, Japan; certificate of conform-
ity No. POCC JP.ME77.B08130) in modification for screen-
ing purposes.

The study of neurodynamic parameters was carried
out using NS-Psychotest hardware and software complex
(NeuroSoft, Russia; certificate of conformity No. POCC RU.
MM18.000567) according to the following methods: "Sim-
ple visual-motor reaction" (SVMR; ms), reflecting the speed
of sensorimotor response to a similar stimulus and the lev-
el of CNS activation; "Complex visual-motor reaction
(choice reaction)" (CVMR, ms), characterizing the mobil-
ity of nervous processes and the level of differentiating
inhibition; "Tap test", diagnosing the strength of nerve
processes. Along with this, the values of the standard de-
viation (SD) of the SVMR and CVMR (SVMR SD and CVMR
SD) reflecting the stability of the sensorimotor response
were recorded.

The statistical analysis of the results was carried out us-
ing the Statistica 7.0 application software package (Stat-
Soft Inc,, USA). A descriptive statistical analysis of the data
was performed. The assessment of the normality of the dis-
tribution of the studied indicators was carried out us-
ing the Shapiro — Wilk test. Some quantitative features
did not correspond to the law of normal distribution,
so these results are presented in the form of median (Me)
and interquartile range - the 25th and 75th percentiles
Qs Qo). The differences were analyzed using the non-
parametric Mann — Whitney U-test by pairwise compari-
son of the studied groups. Nonparametric Spearman’s test
was used to evaluate correlations. The critical level of sta-
tistical significance was p < 0.017 for all calculations.

The study was carried out during the intersessional pe-
riod.

Ethical review

The fundamental principle of the study was the ab-
sence of risk to the health of students, compliance with hu-
mane and ethical standards that meet the requirements
of the World Medical Association Declaration of Helsinki
(ed. 2013). Written informed consent was obtained from
each participant of the study before performing the pro-
cedures. The study protocol was approved by the Bioeth-
ics Committee of the Surgut State Pedagogical University
(Protocol No. 31 dated September 7, 2022).

RESULTS

The average values of indicators characterizing the state
of the cardiovascular system (AD, SI, Alp75, Rl, AGI) indi-
cate the optimal functional state of the examined students
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of both genders. The results obtained, taking into account
gender and type of autonomic regulation, are presented
in Table 1.

The blood pressure indicators of young men and wom-
en corresponded to the age norm. The value of SI (m/s)
in young men exceeded the values of this indicator
in young women, which indicates a more pronounced
decrease in the elasticity of large resistive arterial vessels
in male students. The value of Alp75 (%), characterizing
the elasticity of large-caliber arterial vessels, showed a dif-
ferent connection with the type of autonomic regulation:
in young women, it was the largest in the group of sym-
pathicotonics, the smallest in the group of vagotonics,
and in young men, on the contrary. Indicators of elastic-
ity of small arteries (RI, standard units) in young women
showed a statistically significant increase from the sym-
pathicotonic group to the vagotonic group; in young
men, the same trend was found, but not statistically con-
firmed. In young men, the average augmentation index de-
creased from the group of sympathotonics to vagotonics,
which have the most optimal average index of elasticity
of large arteries. The values of the aging index (AGI, stand-
ard units) are due to changes in blood pressure and heart
rate (HR). The established values of this indicator fell with-
in the range of reference values (-0.93 + 0.25) for all study
groups. Statistically significant differences in the values
of Alp75, Rl and AGI in young men have not been estab-
lished. The average stress index in the groups of young men
and women with pronounced sympathicotonia was statis-
tically significantly higher than this indicator in the groups
of normotonics and vagotonics (2 and 4 times, respective-
ly), which indicates a pronounced stress-induced fatigue
of the body of these students.

The features of neurovegetative regulation determine
the nature of adaptive reactions of the body, which is re-
flected, among other things, on metabolic parameters.
The indicators of morphological development of students
with different types of autonomic regulation are present-
edin Table 2.

It was found that in young men and women with pro-
nounced sympathicotonia body weight (kg) and fat mass
(%) indicators were higher than the values of similar indica-
tors in other groups. Statistically significant intersex differ-
ences between the normotonic groups were found by BMI
(kg/m?2). An increase in BWP (%) was noted in young men
and women of the examination groups from sympathoton-
ics to vagotonics.

Generalized characteristics of neurodynamic character-
istics of students with different types of autonomic regula-
tion are presented in Table 3.

A decrease in sensorimotor activity was found
in young women with an increase in vagal tonic activ-
ity, which is reflected in an increase in the average re-
action time. The results obtained characterize a de-
crease in the speed of processing sensory information
and the formation of a motor response to a stimulus, low-
er mobility and CNS excitability of vagotonic girls com-
pared with sympathiconics (on average by 4-7 %). Among
the examined young men, the optimal type of sensorimo-



TABLE 1
INDICATORS OF THE ARTERIAL WALLS IN STUDENTS WITH DIFFERENT TYPES OF AUTONOMIC REGULATION, ME (Q,; Q,;)

Type of autonomic regulation

Indicators Gender ]
sympathicotonia normotonia vagotonia
Q 111.0 (105.0; 121.0) 108.0 (101.0; 115.0) 110.0(103.0; 117.0) p, =0.003
SBP, mmHg
d 117.0 (110.0; 124.0) 118.0 (110.0; 124.0) 119.0 (108.0; 125.0) -
p* - < 0.001 0.01
p, <0.001
Q 72.0 (67.0; 79.0) 70.0 (64.0; 75.0) 65.0 (60.0; 70.0) p,=0.003
DBP, mmHg p5 <0.001
d 72.5 (66.0; 76.0) 75.0 (70.0; 80.0) 71.0 (66.0; 74.0) p, <0.001
p* - < 0.001 0.006
Q 7.2(6.8;7.7) 7.0(6.7;7.4) 6.9 (6.5;7.7) -
SI, m/s
d 7.3(7.0;8.0) 7.5(6.8;7.8) 7.5(7.0;7.7) -
p* - <0.001 -
p, <0.001
Q -12.0(-17.3;-3.4) -11.4(-18.8;-5.3) -3.7(-11.7,-1.0) p, <0.001
Alp75, % p; <0.001
d -17.0(-22.3;-11.7) -18.6 (-23.2;-6.1) -25.7 (-35.9;-15.7) -
p* - 0.009 <0.001
AGI. standard Q -0.9(-1.1;,-0.8) -0.9 (-1.0;-0.8) -0.8 (-1.0; -0.6) -
units ) ~1.1(-1.2;-1.0) ~0.8(-1.1;-09) ~1.0(-1.2;-09) -
p* - - 0.003
p, <0.001
Q 19.3 (14.4; 24.8) 26.2(19.8;32.1) 34.1 (24.1;41.3) p,=0.003
RI, standard units p5 < 0.001
d 16.1(13.7;21.8) 20.2 (14.2;23.4) 23.5(20.5;30.3) -
p* - < 0.001 0.01
Q 263.0 (250.0; 275.0) 274.0 (262.0; 288.0) 287.0 (268.0; 300.0) Py <0001
ED, ms p5 < 0.001
d 270.0 (243.0; 282.5) 264.0 (251.0; 272.0) 276.0 (268.0; 288.0) p, <0.001
p* - <0.001 -
p, <0.001
Stress index Q 206.0 (132.0; 337.0) 96.0 (63.0; 180.0) 46.0 (31.0; 75.0) p, <0.001
standard units ps <0.001
d 235.0(179.5; 362.5) 125.0 (83.0; 182.0) 49.0 (30.0; 87.0) p, <0.001

p*

Note. 2 —women; &' — men; statistically significant differences between groups: p, — sympathicotonics and normotonics; p, — normotonics and vagotonics; p; — sympathicotonics and vagotonics; p* ~ statistically

significant differences between genders.
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TABLE 2

INDICATORS OF MORPHOLOGICAL DEVELOPMENT OF STUDENTS WITH DIFFERENT TYPES OF AUTONOMIC REGULATION,

Type of autonomic regulation

ME (Q,;; Q,)
Indicators Gender
sympathicotonia
Q 21.9(19.2; 26.1)
BMI, kg/m?
o 22.7 (21.2; 26.3)
p* -
Q 61.0 (50.9; 69.4)
BW, kg
e 75.2 (60.7; 82.8)
p* 0.01
Q 28.1(21.1;36.2)
FM, %
e 26.1(17.3;35.0)
p* -
Q 53.3(47.7;58.4)
BWP, %
e 54.2% (48.0; 61.1)
p* -
VE Q 1.0 (1.0; 4.0)
standard units
o 3.5(1.5;5.5)

p* -

normotonia vagotonia g
21.8(20.0; 24.3) 20.2(19.3; 22.6) -
23.1(20.9; 26.3) 23.0(21.5;24.7) -

0.008 -
59.5 (53.0; 66.4) 56.2 (52.0; 65.0) -
73.0 (65.9; 80.5) 73.4 (63.6;77.0) -
<0.001 <0.001
27.8(22.7;33.1) 26.2 (21.4;29.8) -
16.5(11.8;21.2) 16.3(13.2;19.2) -
<0.001 <0.001
53.6 (49.8;57.1) 54.9 (52.3; 58.0) -
60.9 (56.5; 66.0) 63.4 (59.1; 66.8) p;=0.01
<0.001 <0.001
1.0 (1.0; 3.0) 1.0 (1.0; 2.0) -
1.0 (1.0; 4.0) 1.0 (1.0; 2.0) -

Note. @ —women; &' — men; statistically significant differences between groups: p, — sympathicotonics and normotonics; p, — normotonics and vagotonics; p, — sympathicotonics and vagotonics; p* — statistical-
Y sig groups: p; — symp 123 g p3—symp g p

ly significant differences between genders.

tor response was revealed in normotonics, while the indi-
cators of sympathicotonics and vagotonics had similar se-
verity. It is important to note that the variability indicators
(SVMR SD and CVMR SD), reflecting the homeostatic lev-
el of sensorimotor response, corresponded to the range
of normative values in all study groups. In the groups
of examined young women, we did not find a statistical-
ly significant effect of the type of autonomic regulation
on the performance of the motor component of activity
(according to the tap test). In young men, optimal indi-
cators were noted in normotonics, while sympathicoton-
ics and vagotonics found similar manifestations of senso-
rimotor performance. Statistically significant differences
between genders in most of the analyzed characteristics
were revealed in the group of normotonics. In general,
the most adequate indicators of sensorimotor response
of normotonic young men can be noted in comparison
with other studied groups.

In physiology, the principle is increasingly being in-
troduced, the meaning of which is that the optimal result
of the system'’s performance under the same type of con-
ditions is achieved by a variety of states that are charac-
terized by certain quantitative combinations of parame-
ters. One of the ways to characterize physiological sys-
tems can be a correlation analysis to identify the structure
of the connection between individual indicators in various
adaptive states [12]. The results of our correlation inter-
system analysis of groups of students with different types
of vegetative response indicate pronounced differences
between them. The correlation matrix uniting students
of both genders is presented in Table 4, it reflects statisti-
cally significant connections between the indicators.

According to the classical concepts of systemic physiol-
ogy of LI. Schmalthausen, R. Settler, generalized in the work
of A.A. Pozdnyakova [13], a living organism is considered
as a complex hierarchically subordinated dynamic struc-
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TABLE 3

NEURODYNAMIC INDICATORS OF STUDENTS WITH DIFFERENT TYPES OF AUTONOMIC REGULATION, ME (Q,; Q,;)

Type of autonomic regulation

normotonia

236.8 (221.6; 264.5)

221.6 (205.6; 238.1)

<0.001

60.7 (48.2;78.0)

58.4 (46.9;72.9)

354.1(327.4;384.4)

328.1(310.3;357.8)

<0.001

86.6 (72.4;101.2)

78.2(68.7;92.1)

vagotonia
246.0 (214.3; 267.7)
234.0 (204.3; 243.1)
0.004
56.6 (42.9;75.9)

57.2(38.0;77.5)

360.0 (340.5; 389.7)

333.3(325.0; 366.9)

85.4(66.8; 119.8)

79.2(70.4;97.7)

p,=0.01

Indicators Gender
sympathicotonia
? 230.3 (209.4; 257.0)
SVMR, ms
d 235.6 (209.4; 243.1)
p* -
Q 56.7 (44.9;70.2)
SVMR SD, ms
d 51.6 (39.2;61.3)
p* -
Q 347.6 (323.0;388.6)
CVMR, ms
d 357.1 (349.5;376.8)
p* -
Q 86.8(76.3; 113.5)
CVMR SD, ms
d 88.1(68.1; 128.3)
p* -
Q 6.7 (6.1;7.1
TT (average rate), ( )
standard units
o 6.9(6.4;,7.2)
p* -
200.0 (182.0; 213.0)
TT (number of taps),
standard units
e 204.5(190.5; 215.0)

p* -

0.003 -
6.7 (6.3;7.1) 6.9(6.3;7.3) -
7.2(6.7;7.7) 6.8 (6.5; 8.0) -

<0.001 -

199.0 (188.0; 213.0) 204.5 (188.0; 217.0) -

214.0 (200.0; 229.0) 204.0 (195.0; 238.0) -

<0.001 -

Note. @ —women; &' — men; statistically significant differences between groups: p, — sympathicotonics and normotonics; p, — normotonics and vagatonics; p, — sympathicotonics and vagotonics; p*  statistically

significant differences between genders; TT — tap test.

ture in which the functioning of one system depends
on the work of other body systems, the correlation be-
tween organs is considered as a network dynamic inter-
action. The absence of correlations in this context is con-
sidered as isolation of the system (organ) in a function-
al sense. Based on this position, we believe that the func-
tional diversity of the network interactions of the system
determines its greater dynamic stability in the implemen-
tation of the adaptive effect. Interpreting the obtained re-
sults of the correlation analysis, it can be noted that they
were the most variable in normotonics: they had 19 in-
tersystem connections of weak and moderate strength
(at p < 0.05) between nine indicators characterizing

the elasticity of the arterial vessel wall and five morpholog-
ical indicators; 10 connections between indicators of neu-
rodynamics and morphological features of the examined
and three connections neurodynamics with an aging in-
dexindicator. In all groups, a direct relationship was estab-
lished between blood pressure and height and weight in-
dex, body weight and visceral fat index. The indices of elas-
ticity of the arterial vessel wall were generally inverse-
ly related to the parameters of morphological develop-
ment. Indicators of neurodynamics, indicating an increase
in the performance of sensorimotor response, found a di-
rect relationship with body weight and an inverse relation-
ship with the value of the fat mass component.
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TABLE 4

CORRELATION MATRIX OF INTERSYSTEM INTERACTIONS BETWEEN THE STUDIED INDICATORS IN STUDENTS
WITH DIFFERENT TYPES OF AUTONOMIC REGULATION

-0.15

-0.15

- - 023 - - - -0.16  -0.16

- - -0.22 - - - 0.15 0.15

- - - - - - 032 032
039 - - - - - 035 035
-047 - - - - - - -
-0.39 - - - - - -034  -034
-0.32 - - - - - - -
-030 - - - - - - -

- - - - -031 - - -
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Sympathicotonics revealed the least intersystem con-
nections, they had the unidirectionality of correlations
of weak and moderate strength between blood pressure,
augmentation index, morphological development indica-
tors and SVMR indicators.

In the group of vagotonics, moderate strength connec-
tions with morphological development and elasticity of ar-
terial vessels were noted. At the same time, it is possible
to note a more pronounced connection between the elas-
ticity of arterial vessels with the water and fat mass com-
ponents of the body. Six of the seven identified connec-
tions of neurodynamic characteristics are related to vas-
cular tone indicators.

DISCUSSION OF RESULTS

According to the study [14, 15], the values of elastic-
ity of the vascular wall of the arteries act as prognostic
indicators in the development of arterial hypertension,
which is especially relevant in the conditions of the north-
ern region [2, 3]. An increase in arterial stiffness leads
to anincrease in central blood pressure and an increase
in afterload on the heart. It contributes to the restric-
tion of coronary blood flow, which leads to a decrease
in the contractility of the myocardium. Analyzing the in-
dicators characterizing the functional state of the arte-
rial vascular wall in students with different types of au-
tonomic regulation, we assume the existence of several
mechanisms to maintain an optimal blood pressure lev-
el. Anincrease in the stiffness of the vascular wall of large
and small arteries, expressed in an increase in the aug-
mentation index and the resistance index in groups
of young women, is noted with an increase in parasym-
pathetic activity; in young men, an increase in the stiff-
ness of large arteries increases with an increase in sym-
pathoadrenal activity, while there is a compensatory in-
crease in the stiffness of small muscular arteries with anin-
crease in parasympathetic activity.

From our point of view, in the group of young women
with a high level of sympathetic activation of the central
mechanisms of regulation of the cardiovascular system,
the hyperkinetic type of blood circulation is insufficiently
compensated by the elasticity of large arteries, which caus-
es a decrease in the tone of small muscular arteries, de-
spite increased sympathetic activity. In the group of young
women with high parasympathetic activity, a decrease
in the elastic properties of large arteries leads to an increase
in afterload on the myocardium, which reduces peripheral
blood flow, that requires an increase in peripheral arterial
tone. The combined effect of these mechanisms further in-
creases the afterload on the heart and excessive stimulation
of the mechanisms of regulation of vascular tone can con-
tribute to depletion of nitrogen monoamine production.
This allows us to make an assumption about the more pro-
nounced risks of cardiovascular disorders in young wom-
en with high parasympathetic activity.

In the group of young men with a high level of sympa-
thetic activation of the central mechanisms of regulation
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of the cardiovascular system, a decrease in the elasticity
of large arteries and an increase in afterload on the heart
are partially compensated by a decrease in the tone
of small peripheral arteries, despite the sympathetic acti-
vation of vascular tone regulation. From our point of view,
this imbalance of regulation indicates an increased risk
of cardiovascular disorders in this group of examined stu-
dents. In the group of young men with high parasympa-
thetic activity, the high elasticity of the vascular wall of ar-
terial vessels does not provide adequate peripheral blood
flow, which requires an increase in the tone of small ar-
teries to maintain it. The resulting constant stimulation
of nitrogen monoamine production can lead to depletion
of the mechanisms of its formation.

The absence of statistically significant differences
in the rate of pulse wave propagation (SI) characteriz-
es the preservation of the elastic properties of the aorta,
characteristic of young people. With increasing parasym-
pathetic activity and decreasing average HR, ejection du-
ration compensatory increases.

Thus, an analysis of the features of the regulatory
mechanisms of the cardiovascular system revealed that
in groups of young men and women with a high level
of sympathetic activation of the central mechanisms of reg-
ulation of the cardiovascular system, the risks of disorders
in this system are associated with dysregulation of vascu-
lar tone (decreased tone of small arteries against the back-
ground of increased activity of the sympathetic nervous
system). The predominance of parasympathetic influ-
ence in the regulation of heart rhythm against the back-
ground of high elasticity of large arterial vessels and in-
creased tone of small arterial vessels allows us to conclude
that there are higher needs for capillary blood flow of or-
gans and tissues. The noted imbalance in the regulation
of blood circulation suggests that in groups of young men
and women with high parasympathetic activity, the risks
of impaired blood flow are associated with a possible de-
pletion of the mechanisms of production of nitrogen mon-
oamine as one of the leading factors in the development
of arterial hypertension.

A decrease in heart rate variability and, consequent-
ly, an increase in stress index are associated with a high
risk of cardiovascular pathology. The absence of people
with pronounced manifestations of cardiac pathology
in the examination cohort, moderately high stress index
indicators in the groups of sympathotonics, probably in-
dicate the presence of a genetically determined stress-in-
duced response of the latter’s body.

The results of the assessment of the anthropometric
indicators of students obtained by us indicate the opti-
mal physical development of the majority of the exam-
ined students. According to a study by the team of au-
thors presented in [16], the body mass index current-
ly is an objective tool for obesity screening. The aver-
age BMl values fit into the medial values of the reference
norm range, which states the dominance of mesosoma-
totypes in the cohort of the study. Modern scientific stud-
ies [17] characterizing the average anthropometric indi-
cators of students state that the height of young men



is 170-177 cm, young women - 160-165 cm; the aver-
age body weight of young men is 68-72 kg, young wom-
en - 55-57 kg. However, the results of the assessment
of the physical development of students in the Ural region,
presented in our previous work [18], allowed us to estab-
lish statistically higher BMI and body weight due to a high-
er content of body fat, visceral obesity and a statistical-
ly significantly lower body water percentage in students
in Surgut compared with students in more southern ter-
ritories. L.V. Averyanova [19] showed that among men
born in the North, there is also a prevalence of persons
with a hypersthenic type of constitution, overweight
and signs of obesity. The results obtained are consistent
with the global and all-Russian trend of a higher preva-
lence of overweight in a cohort with high social and eco-
nomic status and income [20].

The revealed intersex features of the body composition
of the examined students reflect the general population
trend [21] of a higher fat content in the body of young wom-
en, which is consistent with the studies of a number of other
authors. Studying age-related changes in BMl and fat mass
component of both genders, C. Palomino-Devia et al. [22]
state that with age, an increase in BMI in young women
is combined with an increase in fat mass (p < 0.05); in young
men - with a decrease in fat mass (p < 0.05) and an increase
in the muscular component of the body.

The most optimal body composition was noted
in the groups of vagotonics and normotonics. The average
content of fat and water components of the body of stu-
dents belonging to these groups corresponded to the nor-
mative values. According to our data, the predominance
of sympathoadrenal activity in ensuring the regulation
of the rhythm of cardiac activity of the body is character-
ized by an excessive content of fat mass and visceral obe-
sity, water insufficiency in students, which is confirmed
by other modern studies [23]. Physiologists note the need
to take into account the characteristics of body compo-
sition of the examined in the prediction and prevention
of various nosologies. In particular, overweight and obesi-
ty are the leading risk factors for the development of car-
diovascular [24] and endocrine pathologies [25]. Excess
body fat causes the formation of extensive inflammatory
processes in the body, leading to cancer and the progres-
sion of many types of tumors [26], increases cancer mor-
tality by up to 20 % [27]. It was found that with an increase
in the fat component, both young men and women expe-
rience a decrease in the water level in the body [28]. Wa-
ter plays a crucial role in ensuring the normal functioning
and maintenance of homeostasis, and is also an indirect
indicator of preload of the heart. The deficient content
of the liquid component of blood plasma causes an in-
crease in the load on the contractile function of the my-
ocardium due to a violation of the rheological properties
of blood.

Our results indicate that with the predominance
of parasympathetic regulation of heart rate, inhibito-
ry processes in the central nervous system increase,
there is a decrease in activating effects, expressed in av-
erage indicators of a simple sensorimotor reaction
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and in conditions of sensory differentiation of the visu-
al stimulus. This pattern is most clearly seen in groups
of female students. In the group of sympathicotonic male
students, the variability of the average values of SVMR
and CVMR reflects the least favorable level of perfor-
mance in conditions of both simple and complex senso-
ry load, which reflects the reduced activation of the cen-
tral nervous system and attention switching of the latter
compared with young men of other types of autonomic
regulation. The indicators of variability of the average in-
dicators of SYMR and CVMR (SD) reflect the well-estab-
lished relatively stable manifestations of sensorimotor
reactions of students of different sexes and with differ-
ent types of autonomic regulation.

Relatively high neuromuscular performance in terms
of the tap test in young women is characteristic of va-
gotonics, in young men - normotonics. Large values
of the upper quartile of the tap test indicators in normo-
tonic young women and vagotonic young men allow
us to note their relatively better performance (endurance)
compared to sympathicotonics of both genders. Intersex
differences are clearly manifested in the results of neuro-
dynamic testing in normotonics. Young men are character-
ized by a more effective sensorimotor response and a more
advanced mechanism of differentiation inhibition of con-
ditioned reflex activity, which is consistent with the liter-
ature data [29].

The results of a comprehensive study of intersys-
tem connections of blood flow indicators, morphotype
and neurodynamics obtained using correlation analy-
sis revealed statistically significant weak and moderate
strength connections between the studied parameters.
Direct and inverse connections, along with the elements
of the system, make up its structure; their analysis expands
the understanding of the mechanisms of subordination,
redistribution, reactivity between the individual compo-
nents of the links of homeostasis. As R.M. Bayevsky notes
[30] that almost all functional systems of the body par-
ticipate in adaptation, one of the leading roles in it be-
longs to the cardiovascular system, which ensures the vi-
tal activity of the body at an optimal homeostatic lev-
el and is the most sensitive indicator of the productivi-
ty of adaptive reactions. In this regard, there is a special
group of sympathicotonic students, in which the number
and severity of correlations are less variable, which indi-
cates greater stiffness (compared with groups of vago-
tonics and normotonics) of the regulation mechanisms
in achieving a positive adaptation result.

CONCLUSION

In the majority of the examined students of the ped-
agogical university of the Northern region, the indicators
of the cardiovascular system, body composition and neu-
rodynamic processes correspond to the reference values.

The intersex differences in the mechanisms of main-
taining optimal blood pressure, body composition
and neurodynamic performance in students of different



types of autonomic regulation were revealed. For individ-
uals with a high level of sympathetic activation, the risks
of disorders are associated with dysregulation of vascu-
lar tone; for individuals with a predominance of parasym-
pathetic activity — with a possible depletion of the mech-
anisms of nitrogen monoamine production. In persons
of the sympathicotonic type of autonomic regulation,
body composition is due to an excessive content of fat
mass and visceral obesity, water insufficiency. In the im-
plementation of neurodynamic reactions, it is noted
that with the predominance of parasympathetic regula-
tion of heart rate, inhibitory processes in the central nerv-
ous system increase. In young men, reduced sensorimo-
tor reactions are also consistent with sympathetic activa-
tion in the regulation of heart rate.

The correlation analysis between the parameters
of the morphofunctional state in students with different
types of heart rate regulation made it possible to establish
some features in the interaction of physiological systems:
vascular, morphological and central nervous systems.
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ABSTRACT

Background. a-cyanothioacetamide derivatives are promising targets forthe search
for effective and safe antinociceptive agents with antipyretic and antiexudative ac-
tivity.

Theaim. To conductinvivo experimental study of anti-inflammatory and analgesic
effects of new thienopyridines and 1,4-dihydropyridines derivatives.

Materials and methods. The synthesized cyanothioacetamide derivatives
were subjected to virtual bioscreening using Swiss Target Prediction online service.
140 laboratory rats were randomly distributed into intact and control (dextran
edema) groups, reference groups (acetylsalicylic acid and nimesulide) and ten
experimental groups for the investigated derivatives of thieno[2,3-b]pyridine
and 1,4-dihydropyridine. The anti-inflammatory activity of the compounds at a dose
of 5mg/kg was evaluated by modeling acute dextran edema of rat paw. Determina-
tion of analgesic activity was carried out in the hotplate analgesic assay on 130 rats
in comparison with sodium metamizole.

Results. 1,4-dihydropyridines AZ331 and AZ420, as well as thienopyridine deriva-
tive AZ023 were determined to have strong anti-inflammatory activity (2.5 times
more effective than nimesulide and 2.2 times more effective than acetylsalicylic acid).
Compounds AZ023, AZ331 and AZ383 showed pronounced analgesic activity.
The time of stay on the heated plate for rats of experimental groups that were fed
with AZ331 and AZ383 for prophylactic purpose was respectively 9.56 and 9.93 times
more than the same index in the reference group. The animals receiving AZ023
were characterized by an increase in the latent reaction time up to 241.2 seconds,
which is 14.53 times higher than that in the rats received sodium metamizole.
Conclusion. New thienopyridine and 1,4-dihydropyridine derivatives with high anti-
inflammatory and analgesic activity were synthesized and studied; they were recog-
nized as promising targets for further preclinical studies.

Key words: condensed thienopyridines, 1,4-dihydropyridines, antiexudative proper-
ties, analgesic activity, anti-inflammatory properties, dextran edema

For citation: Bibik 1.V, Bibik E.Yu., Pankov A.A., Frolov K.A., Dotsenko V.V, Krivokolysko S.G.
Study of anti-inflammatory and antinociceptive properties of new derivatives of con-
densed 3-aminothieno[2,3-b]pyridines and 1,4-dihydropyridines. Acta biomedica scien-
tifica. 2023; 8(4): 220-233. doi: 10.29413/ABS.2023-8.4.24
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PE3IOME

O6ocHoeaHue. [lepcneKmusHbIMU 06BbeKMAamu 019 NOUCKA 3hheKmuUBHbIX
U 6e30NacHbIX GHMUHOYUUEeNMUBHbIX CpedCma C XXaponoHuxarowel U aHmMu3K-
ccydamusHoU akmusHOCMbIO ABJIAIMCA NPOU3BOOHbIe a-UuaHomuoayemamuod.
Llene uccnedosaHus. ViyyeHue npomusosocnanumerssHol u 6oneymonsioweli
AaKmMUBHOCMU HOBbIX NPOU3BOOHLIX MUeHONUPUOUHA U 1,4-0u2udponupuduHa
8 3KCnepumeHme in vivo.

Memoobl. CuHMe3UpOoBaHHbIE NPOU3BOOHbIE YUAHOMUOAUemamuodd noosepaa-
J1UCb 8UPMYASILHOMY BUOCKPUHUHRY C UCNO/Ib308AHUEM NPO2PAMMHO20 cepauca
Swiss Target Prediction. 140 nabopamopHsix KpblC pAHOOMHO pacnpedenanuce
HA UHMAKMHYI0 U KOHMPOJIbHYIO («0eKCmpdaHo8bIli 0meéK») 2pynnel, pechepeHmHsvle
2pynnel (auemusicanuyuoeasn KUCJoma u HUMecysuo) u Ha 0ecame ONnbIMHbIX
2pynn no uccsiedyemMblM npou3soO0HsIM mueHo[2,3-bjnupuduHa u 1,4-0ueudpo-
nupuoduHa. l[pomugogocnanumesibHas akmusHOCMb coeduHeHUl 8 0o3e 5 me/ke
0UeHUBAIAck NPU MOOeIUPOBAHUU OCMPO20 «OeKCMPAHO8020 OMEKA» 1aNsl KPbIC.
OnpedeneHue aHasnbeemuyeckoli akmusHOCMU NPo8oousIoCs 8 mecme 2opA4deli
nnacmuHel Ha 130 Kpsicax 8 CpdgHeHUU C MeMAamu30/IoM HAMPUH.
Pesynemamel. YcmarosneHo, Ymo 1,4-0uzudponupuduHsl AZ331uAZ420, a mak-
)Ke npou3so0Hoe mueHonupuduHa AZ023 obnadarom omyémugo 8blpaxeHHoU
npomugosocnanaumesibHol akmusHocmelo (8 2,5 paza s¢hpekmugHee Humecyiuoa
u 8 2,2 pasa - ayemuscanuyusiosoul Kuciomel).

Omuémugo 8bipaxxeHHy aHa1b2emuy4ecKyo AKmusHOCMb NPOABUJIU COeOUHe-
Hus AZ023, AZ331 u AZ383. Bpems npebbigaHus HA pazozpemoli njiacmuHe Kpbic
3KCnepuMeHMasbHbIX 2pynn, NoJy4asiux ¢ npoguiakmuydeckol yesvto AZ331
uAZ383 coomsemcmaeHHo 8 9,56 u 9,93 paza 60/1bLe AHANI02UYHO20 NOKA3amersis
8 pepepeHmHol epynne. XKusomHsle, nosyuyaswue AZ023, xapakmepu3o8asaucb
y8sesiudeHueM 1IameHMHO20 8peMeHU peakyuu 00 241,2 cekyHObl, Ymo 8biuie MAko-
8020 8 14,53 pasa y Kpbic, KOMopsimM 8800U/IU MemMamu3os1 HAMpUs.
3aknioyeHue. CuHME3UPOBAHbI U UCC1e008aHbI HOBbIE NPOU3BOOHbLIE MUEHONU-
puoduHa u 1,4-0u2udponupuduHa ¢ ycmaHosseHHoUl 8biCOKOU Npomuso8ocnasu-
mesnbHoU u 6oneymonsioweli akmusHOCMbIo, NepcnekmMusHble 018 0abHeUWUX
OOKJ/IUHUYeCKUX ucc1e008aHudl.

Knrouyeevle cnoea: KoHOeHCUPOBAHHbIe MUEHONUPUOUHBI, 1,4-0u2udponupuduHsl,
aHMU3KCCyOamusHble ceolicmead, HA/Ibeemu4ecKas akmugHOCMb, NPOMUBOBOC-
nanumesibHble c8OUCMBAd, 0eKCMPAHO8bIli OMEK

Ona untupoBaHusa: bnouk N.B., bubuk E.10., MaHkos A.A., ®ponos K.A., JoueHko B.B.,
Kpusokonbicko C.I. MiccnemoBaHve NpoTUBOBOCNANNTESIbHbIX Y aHTUHOLMLENTUBHbBIX
CBOWCTB HOBbIX MPOV3BOAHbIX KOHAEHCUPOBAHHbIX 3-aMUHOTNEHO[2,3-b]nnpunanHos
n 1,4-gurngponnpunanHoB. Acta biomedica scientifica. 2023; 8(4): 220-233. doi: 10.29413/
ABS.2023-8.4.24
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OBJECTIVES

The problem of the effectiveness and safety of the use
of non-steroidal anti-inflammatory drugs (NSAIDs) in clin-
ical practice is very relevant today. Statistical studies
of the last decade indicate that on all continents more
than 30 million people take NSAIDs constantly to elim-
inate the manifestations of pain, fever and inflammato-
ry syndromes. About 300 million patients use this group
of medicines periodically. Moreover, up to 200 million
people of them purchase drugs without a prescription
[1-3].

According to the results of the analysis of almost
4,000 spontaneous reports received by Federal Service
for Surveillance in Healthcare of Russia (Roszdravnadzor)
for the period 2008-2017, to record information about ad-
verse reactions that occurred when using NSAIDs, it is re-
ported that the most common reactions were registered
to acetylsalicylic acid, diclofenac, ibuprofen and ketorol-
ac. Disorders of the immune system, skin, subcutaneous
tissues and digestive tract were predominant in the list
of 6,500 reports. Such reactions to angioedema, urticaria
(hives), erosive gastritis, skin rash and increased blood pres-
sure are also characterized by a high frequency [4]. It is im-
portant to note that not in all patients the use of NSAIDs
is accompanied by the desired relief of pain and elimina-
tion of signs of swelling of inflammatory genesis in diseas-
es of various etiologies [5].

The low safety profile of NSAIDs and antipyretic anal-
gesics common in clinical practice, as well as an extensive
list of contraindications to their use, emphasize the impor-
tance of a targeted search for new highly effective and safe
medicines. In this regard, the search for newly synthesized
effective and safe painkillers and anti-inflammatory med-
icine currently remains relevant [6-9].

In the last decade, new organic compounds
from a number of cyanothioacetamide derivatives
have been of particular interest to scientists of chem-
ical, biological, pharmaceutical and medical pro-
files, since cyanothioacetamide is an easily accessible
and multifunctional reagent with several nucleophilic
and electrophilic centers. Cyanothioacetamide easi-
ly reacts by condensation and cyclization with a wide
range of reagents. This circumstance causes a signifi-
cant variety of possible products of such reactions - sul-
fur- and nitrogen-containing heterocyclic compounds,
which in many cases are structural fragments of natural
molecules; a large number of biologically active com-
pounds have been found among them [10-12].

Some a-cyanothioacetamide derivatives are promis-
ing targets for the search for effective and safe antinoci-
ceptive agents with antipyretic and antiexudative activ-
ity [13-18].

An important feature of cyanothioacetamide deriv-
atives is the results of a study of their acute oral toxic-
ity in vivo, indicating their low toxicity (toxicity class-
es 4-5) [19].

At the preparatory stage, before designing an exper-
iment to determine samples of heterocyclic compounds,
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the most interesting in terms of their ability to bind
to probable biotargets for the pharmacocorrection of pain,
inflammatory or febrile syndromes, a virtual bioscreen-
ing of 340 new cyanothioacetamide derivatives synthe-
sized by us in the ChemEx Research Laboratory of Lugan-
sk State University named after Vladimir Dahl was car-
ried out. At the same time, the following information re-
sources were used: Online SMILES Translator and Struc-
ture File Generator of the U.S. National Cancer Institute,
OPSIN: Open Parser for Systematic IUPAC nomenclature
of the University of Cambridge, Center for Molecular In-
formatics [20, 21].

As a result, ten samples of new heterocyclic com-
pounds containing 3-aminothieno[2,3-b]pyridine
and 1,4-dihydropyridine fragments were selected, po-
tentially capable of interacting with receptors and en-
zymes involved in the functioning of the antinocicep-
tive system. These are samples with laboratory codes:
AZ023, AZ169, AZ213, AZ257, AZ331, AZ420, AZ383,
AZ729, AU04271 and AU04288. The structure and chemi-
cal formulas of these heterocyclic compounds are shown
in Figure 1.

According to the results of virtual bioscreening, the bi-
otargets for these samples are arachidonate-5-lipoxyge-
nase, cyclooxygenase-2, phospholipase A2, phosphodies-
terase, prostanoid, somatostatin, adenosine and cannab-
inoid receptors. Having planned a series of pharmacolog-
ical studies in the in vivo experiments to study their anal-
gesic and anti-inflammatory effects, the test of «dextran
edeman» of rat paw was selected among the recommend-
ed various classical pharmacological tests.

THE AIM OF THE STUDY

The study of anti-inflammatory and antinocicep-
tive properties in in vivo experiments of new derivatives
of 3-aminothienol[2,3-b]pyridine and 1,4-dihydropyridine
in an experiment.

METHODS

The experiment was carried out on 140 white mon-
grel male rats weighing 250-280 g, obtained from the vi-
varium of the Lugansk State Medical University named
after St. Luke in the autumn-winter period in the labo-
ratory of the Department of Fundamental and Clinical
Pharmacology. Laboratory animals were randomly (us-
ing the "envelope" method) divided into groups con-
sisting of 10 rats.

The animals were divided into intact, control (rats
injected with 2 ml of 0.9 % sodium chloride solution
intragastrically before the modelling process), two
reference groups (receiving acetylsalicylic acid from
Uralbiopharm OJSC at a dose of 50 mg/kg and nime-
sulide from Berezovsky Pharmaceutical Plant CJSC
at a dose of 5 mg/kg) and 10 experimental groups ac-
cording to the number of new derivatives of condensed



Br

AU04288 AU04272
[3-amino-4-(2-furyl)-6,7-dihydro-5H-cyclopenta[b]thieno[3,2-e] 3-amino-N-(4-bromophenyl)-4-(2-furyl)-5,6,7,8-
pyridin-2-yl](4-methoxyphenyl)methanone tetrahydrothieno[2,3-blquinoline-2-carboxamide

AZ023 AZ729
[3-amino-4-(5-methyl-2-furyl)-5,6,7,8- [3-amino-4-(5-methyl-2-furyl)-5,6,7,8-tetrahydrothieno
tetrahydrothieno[2,3-blquinolin-2-yll(phenyl)methanone [2,3-b]quinolin-2-yl](3-bromophenyl)methanone

(0] 0]
o} Br
H3C/
AZ331 AZ257
5-cyano-4-(2-furyl)-N-(2-methoxyphenyl)-6-{[2- 6-{[2-(4-bromophenyl)-2-oxoethyl]thio}-5-cyano-4-
(4-methoxyphenyl)-2-oxoethyl]thio}-2-methyl-1,4- (2-furyl)-N-(2-methoxyphenyl)-2-methyl-1,4-dihydropyridine-3-
dihydropyridine-3-carboxamide carboxamide

FIG. 1.
Structural formulas and names according to the IUPAC nomenclature for the studied 3-aminothieno[2,3-b]pyridines and 1,4-dihydropyri-
dines
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NH

AZ383
5-cyano-6-({2-[(4-ethoxyphenyl)amino]-2-oxoethyl}thio)-4-
(2-furyl)-2-methyl-N-(2-methylphenyl)-1,4-dihydropyridine-3-
carboxamide

NH

o

CHj3

AZ420

5-cyano-4-(2-furyl)-N-(2-methoxyphenyl)-6-({2-
[(3-methoxyphenyl)amino]-2-oxoethyl}thio)-2-methyl-1,4-
dihydropyridine-3-carboxamide

FIG. 1. (contined)
Structural formulas and names according to the IUPAC nomenclatu
dines

3-aminothieno[2,3-b]pyridines and 1,4-dihydropyridine
being studied. Rats with standard signs of inflamma-
tion formed during the modelling process were includ-
ed in the experiment.

The anti-inflammatory properties of the new hetero-
cyclic compounds synthesized by us were evaluated us-
ing modeling acute "dextran edema", formed after sub-
plantar administration of a 6 % dextran solution with a vol-
ume of 0.1 mlinto the right hind paw (Fig. 2, 3). The stud-
ied compounds were administered through a gastric
tube at a dose of 5 mg/kg 1.5 hours before the induction
of edema.

Registration and quantitative measurement
of the swelling of the injected extremity in animals
of all experimental groups were carried out oncometrically
by changing the circumference of the right hind extremity

AZ169
6-(benzylthio)-5-cyano-4-(2-furyl)-N-(2-methoxyphenyl)-2-
methyl-1,4-dihydropyridine-3-carboxamide

Br

AZ213

6-{[2-(4-bromophenyl)-2-oxoethyl]thio}-5-cyano-4-
(2-furyl)-2-methyl-N-(2-methylphenyl)-1,4-dihydropyridine-3-
carboxamide

re for the studied 3-aminothieno[2,3-b]pyridines and 1,4-dihydropyri-

1 and 3 hours after the induction of inflammation, accord-
ing to the method of A.F. Leshchinsky and the guidelines
for preclinical studies [22, 23]. The data were compared
with similar values of the symmetrical limb and with indi-
cators in rats of the intact group. The animals of all groups
were monitored for two weeks.

In parallel, an experiment was carried out on oth-
er 130 white mongrel male rats weighing 250-280 g,
which were similarly divided into intact, control (rats in-
jected with 2 ml of 0.9 % sodium chloride solution intra-
gastrically before modeling the test), reference (animals
receiving sodium metamizole intragastrically at 7 mg/kg)
and 10 experimental groups (according to the number
of samples of cyanothioacetamide derivatives). The studied
compounds with laboratory codes AZ023, AZ169, AZ213,
AZ257, AZ331, AZ420, AZ383, AZ729, AU04271, AU04288
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FIG. 2.
Modeling dextran edema of the paw

were administered intragastrically at a dose of 5 mg/kg
1.5 hours before the study.

Analgesic activity was determined in the hotplate anal-
gesic assay based on behavioral reactions controlled by su-
praspinal structures in response to pain irritation. The an-
imals were placed on a metal plate heated up to aprox.
52°C(50-55 °C) and surrounded by a cylinder. We recorded
the time from the moment we placed the animal on a hot
surface to the appearance of a behavioral response to no-
ciceptive stimulation in the form of jumps, jerks and licking
of the hind legs. A statistically significant increase in the la-
tent reaction period after administration of a biologically
active compound was considered a criterion for the anal-
gesic effect.

The studies were conducted in accordance with the Or-
der of the Ministry of Health of the Russian Federation dat-
ed April 1,2016 No. 199n "On approval of the rules of good
laboratory practice". Throughout the entire research peri-
od, the animals were monitored with free access to water
and food, which corresponds to GOST 33044-2014 "Prin-
ciples of good laboratory practice" (approved by Order
of the Federal Agency for Technical Regulation and Metrol-
ogy No. 1700-st, dated November 20, 2014).

The study was approved by the Commission on Bio-
ethics of the Lugansk State Medical University named af-
ter St. Luke (Protocol No. 6 dated November 1, 2021).

Statistical processing of the obtained data was car-
ried out on the basis of [24], according to well-known for-
mulas and methods of mathematical statistics characteriz-
ing quantitative variability. When processing experimental
data, the following were determined: the arithmetic mean
of the circumference of the extremity g; the variance of val-
ues s? around the arithmetic mean; the standard deviation s;
the standard error of the arithmetic mean m. The uniformity
of the experimental data obtained was estimated by the co-
efficient of variation V.

FIG. 3.
Swelling of the right limb of the rat of control group an hour after
subplantar administration of dextran solution

The statistical significance of the differences between
the samples and the comparison preparations was de-
termined using the Student’s t-test with a critical value
of the Student’s t-test equal to 2,101, the level of statistical
significance a=0.05 and the number of degrees of freedom
f =18 in the online calculator "Calculation of the Student’s
t-test when comparing averages"'.

STUDY RESULTS

During statistical processing of data obtained in the ref-
erence (comparison drugs) and experimental (new con-
densed derivatives of thienopyridine and 1,4-dihydropyri-
dine) groups, the values of the difference in circumference
of the limbs were calculated 1 and 3 hours after the induc-
tion of inflammation. They are shown in Tables 1 and 2.

It should be noted that in the conditions of the con-
ducted experiments, the value of the indicator p is inverse,
i. e. the larger the p, the smaller the differences in the cir-
cumference of the limb when exposed to the test samples;
therefore, a sample with a higher p value is more effective.

When comparing the circumference of the paws of an-
imals of the intact group, the sizes of the right and left hind
limbs differed slightly (based on the data presented in Ta-
bles 1 and 2). Subplantar injection of a 6 % dextran so-
lution to laboratory rats of the control group contribut-
ed to the appearance of pronounced edema. At the same
time, 1 hour after injection of dextran solution, the circum-
ference of the right hind paw exceeded the correspond-
ing value of the symmetrical left paw by 43.5 % (Table 1).
Three hours after the reproduction of the inflammatory re-
action to "dextran edema" in the modelling, the circumfer-
ence of the right paw of the control group rats was 43.9 %

1 https://medstatistic.ru/calculators/averagestudent.htm|
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TABLE 1

STATISTICAL CHARACTERISTICS OF CHANGES IN THE CIRCUMFERENCE OF THE LIMBS OF RATS AFTER THE FORMATION
OF DEXTRAN EDEMA 1 HOUR AFTER INDUCING INFLAMMATION

Circumference of the limb (a), mm Difference (0)
Groups of animals
left right mm %
a=24,3;s2=0,90;s=0,95; a=25,1;52=0,98;s=0,99;
LiIESS m=0,32;V=39% m=0,33;V=39% 080 3.30
a=24,6;52=0,71;5s=0,84; a=35,3;s2=25,8;s=5,08;
Gelulgiel m=024;V=34% m=1,69;V=144% 107 435

1. Student’s test t = 6.27. The differences are statistically significant (p = 0.000008).
2. Student’s test t = 5.92. The differences are statistically significant (p = 0.000017).

Comparison drugs

a=276;52=0,63;s=0,25; a=34,5;s2=1,29;s=0,36;

Acetylsalicylic acid m =008 V=91% m=012: V=104 9%

6.90 25.0

1. Student’s test t = 47.8. The differences are statistically significant (p < 0.00001).
2. Student’s test t = 26.8. The differences are statistically significant (p < 0.00001).

a=255;s2=0,25;5s=0,16; a=33,4;s2=0,26;5=0,16;

Nimesulide m=0.05;V=63% m=0,05V=48%

7.90 31.0

1. Student’s test t = 111.7. The differences are statistically significant (p < 0.00001).
2. Student’s test t = 24.9. The differences are statistically significant (p < 0.00001).

New studied derivatives of condensed 3-aminothieno[2,3-b]pyridines
and 1,4-dihydropyridine

— e 2 — ce — . — ve2 — “e — .
A7383 a=278;s*=12,40;s=3,52; a=32,0;s°=10,20; s = 3,20;

m=117;V=12,7% m=1,07;V=10,0% 4.20 151

1. Student’s test t = 2.65. The differences are statistically significant (p = 0.016875).
2. Student’s test t = 6.16. The differences are statistically significant (p = 0.00001).

— v 2 — ce — . — ce2 — ce — .
AZ023 a=25,9;s°=2,54;5s=1,60; a=28,9;s°=4,10;s=2,02;

m=0,53;V=6,20% m=0,67;V=7,0% 3.00 16

1. Student’s test t = 3.51. The differences are statistically significant (p = 0.002675).
2. Student’s test t = 5.09. The differences are statistically significant (p = 0.000091).
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TABLE 1 (continued)

a=283;s2=6,45;s=2,54; a=31,6;s?=538;s=2,32;
AZ420 m=0,85V=9,0% m=0,77;V=73%
1. Student’s test t = 2.88. The differences are statistically significant (p = 0.010453).
2. Student’s test t = 7.76. The differences are statistically significant (p = 0.000001).
AZ257 a=29,3;s2=6,90; s = 2,63; a=343;s>=534;5=231;
m=0,88V=90% m=0,77;V=6,7%
1. Student’s test t = 4.28. The differences are statistically significant (p = 0.000511).
2. Student’s test t = 11.0. The differences are statistically significant (p < 0.00001).
AZ213 a=31,3;s2=16,0; s = 4,00; a=38,552=6,94;s=2,63;
m=1,33V=128% m=20,88;,V=6,8%
1. Student’s test t = 4.51. The differences are statistically significant (p = 0.000306).
2. Student’s test t = 14.26. The differences are statistically significant (p < 0.00001).
AZ331 a=288;s2=4,18;s=2,04; a=32,9;s?=2,77;s=1,66;
m=0,68,V=71% m=20,55;V=5,1%
1. Student’s test t = 4.69. The differences are statistically significant (p = 0.000212).
2. Student’s test t = 12.16. The differences are statistically significant (p < 0.00001).
— ce2 — ce— . — cc2 — ce — .
AZ729 a=27,7,5*=5,79; s = 2,40; a=344;s-=5,82;5=241;
m=0,80;V=8,7% m=20,80;V=7,0%
1. Student’s test t = 5.92. The differences are statistically significant (p = 0.000017).
2. Student’s test t = 10.75. The differences are statistically significant (p < 0.00001).
AZ169 a=26,5s2=4,72;s=2,17; a=324;s2=16,0; s =4,00;
m=0,72,V=82% m=1,33,V=124%
1. Student’s test t = 3.90. The differences are statistically significant (p = 0.001149).
2. Student’s test t = 5.33. The differences are statistically significant (p = 0.000056).
a=284;s2=4,26;s=2,06; a=374;s2=5,60;s=2,36;
sl m=0,69;,V=73% m=0,79;V=6,3%
1. Student’s test t = 8.58. The differences are statistically significant (p < 0.00001).
2. Student’s test t = 14.37. The differences are statistically significant (p < 0.00001).
a=25,1;s2=0,98;s=0,99; a=323;52=18,7;s=4,32;
Al m=0,33;V=3,9% m=144,V=134%
1. Student’s test t = 4.86. The differences are statistically significant (p = 0.000143).
2. Student’s test t = 4.87. The differences are statistically significant (p = 0.000143).
Note. 1-in comparison with the indicators of the symmetrical limb; 2 — in comparison with the indicators in the intact group.
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TABLE 2

STATISTICAL CHARACTERISTICS OF CHANGES IN THE CIRCUMFERENCE OF THE EXTREMITIES OF RATS
AFTER THE FORMATION OF DEXTRAN EDEMA 3 HOURS AFTER INDUCING INFLAMMATION

Circumference of the limb (a), mm Difference (9)
Groups of animals
left right mm %
a=24,3;s2=0,90;s=0,95; a=25,1;52=0,98;s=0,99;
Intact m=0,32;V=39% m=0,33;V=39% 080 330
a=24,6;s2=0,71;s=0,84; a=354;s2=30,7;s=5,54;
cepe m=0,28; V=3,4% m=185V=156% 108 439

1. Student’s test t = 5.77. The differences are statistically significant (p = 0.000023).
2. Student’s test t = 5.48. The differences are statistically significant (p = 0.000041).

Comparison drugs

a=27,6;s>=0,63;s=0,25; a=30,9;s2=0,26;5s=0,16;

Acetylsalicylic acid m= 0083 V=910% m=005: V=53 %

3.30 12.0

1. Student’s test t = 34.1. The differences are statistically significant (p < 0.00001).
2. Student’s test t = 17.38. The differences are statistically significant (p < 0.00001).

a=255;s2=0,25;5s=0,16; a=30,9;s2=0,16;5s=0,12;
m=0,053;V=6,3% m=0,04;V=4,0%

Nimesulide 5.40 21.2

1. Student’s test t = 81.3. The differences are statistically significant (p < 0.00001).
2. Student’s test t = 17.45. The differences are statistically significant (p < 0.00001).

New studied derivatives of condensed 3-aminothieno[2,3-b]pyridines
and 1,4-dihydropyridine

_ L2 ce— . _ L2 ce— .
A7383 a=278;s°=124;s=3,52; a=30,9;s°=6,99;s=2,64,;

m=117;V=12,7% m=0,88;V=28,6% 3.10 1.2

1. Student’s test t = 2.12. The differences are statistically significant (p = 0.049262).
2. Student’s test t = 6.17. The differences are statistically significant (p = 0.000010).

a=259;s2=2,54;5=1,59; a=278;s2=2,40;s=1,55;
R m=0,53;V=6,16 % m=0,52;V=56% 1.90 7:30

1. Student’s test t = 2.56. The differences are statistically significant (p = 0.020332).
2. Student’s test t = 4.38. The differences are statistically significant (p = 0.000405).

228



TABLE 2 (continued)

a=283;s2=6,45;s=2,54; a=31,1;2=2,10;s = 1,44;
7ol m=0,85;V=9,0% m=048;,V=4,7% 2.80 9-90
1. Student’s test t = 2.87. The differences are statistically significant (p = 0.010653).
2. Student’s test t = 10.3. The differences are statistically significant (p < 0.00001).
a=28,8;s2=4,18;s=2,04; a=30,8;52=0,84;5s=091;
AZER m=0,68;,V=7,1% m=0,30;V=3,0% 2.00 6.90
1. Student’s test t = 2.69. The differences are statistically significant (p = 0.015465).
2. Student’s test t = 12.78. The differences are statistically significant (p < 0.00001).
a=29,3;s2=6,90; s = 2,62; a=34,7;s*=8,90;s=2,98;
AZ257 m=0,87;V=9,0% m=0,99;V=28,6% >40 184
1. Student’s test t = 4.10. The differences are statistically significant (p = 0.000751).
2. Student’s test t = 9.20. The differences are statistically significant (p < 0.00001).
a=31,3;s?=16,0;s=4,0,m=1,33; a=36,9;s>=15,9;s=3,98;
AZz213 V=128% m=1,33,V=108% >60 17:9
1. Student’s test t = 2.98. The differences are statistically significant (p = 0.008454).
2. Student’s test t = 8.61. The differences are statistically significant (p < 0.00001).
a=26,5;s2=4,72;s=2,17; a=30,2;s?=7,51;s=2,74;
AL m=0,72;V=82% m=0,91;V=91% 3.70 14.0
1. Student’s test t = 3.19. The differences are statistically significant (p = 0.005378).
2. Student’s test t = 5.27. The differences are statistically significant (p = 0.000063).
a=27,7;s*=5,79; s = 2,40; a=34,5s=2,72;s=1,65;
Az729 m=0,80;V=8,7% m=20,55V=4,8% 7:30 245
1. Student’s test t = 7.00. The differences are statistically significant (p = 0.000002).
2. Student’s test t = 16.06. The differences are statistically significant (p < 0.00001).
a=294;s2=13,38;s=3,7; a=38,1;2=4,54;s=2,13;
a2zl m=1.23;V=124% m=0,71;V=5,6% 8.70 296
1. Student’s test t = 6.13. The differences are statistically significant (p = 0.000011).
2. Student’s test t = 16.6. The differences are statistically significant (p < 0.00001).
a=25,1;52=0,98;s=0,99; a=33,5;52=20,50; s = 4,5;
GLliazEt m=0,33;V=4,0% m=1,5V=13,5% 840 335
1. Student’s test t = 5.47. The differences are statistically significant (p = 0.000042).
2. Student’s test t = 5.47. The differences are statistically significant (p = 0.000042).
Note. 1-in comparison with the indicators of the symmetrical limb; 2 — in comparison with the indicators in the intact group.
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bigger than the same value of the left one. In other words,
by this time of observation, pronounced edema, redness,
soreness and dysfunction of the distal part of the free hind
limb were registered (Fig. 3).

Non-steroidal anti-inflammatory drugs used as refer-
ents in comparison groups showed the expected anti-in-
flammatory activity in experiments.

Thus, preliminary (90 minutes before modeling
an acute inflammatory reaction) intragastric administration
of acetylsalicylic acid to rats of the corresponding group
contributed to the formation of a less pronounced edema
of the injected right paw (the difference in the circumfer-
ence of the right and left limbs was 25 % at an early stage
of observation).

It is important to note the following: 3 hours after ad-
ministration of dextran solution in rats of the reference
group treated with acetylsalicylic acid, the difference
in the circumference of the hind paws is halved, amount-
ing to almost 12 %. This highlights the fact that antiexuda-
tive activity increases over time.

Nimesulide, administered intragastrally to rats
of the second reference group, has moderate antiedem-
ic properties. So, 1 hour after modeling the inflammato-
ry reaction, the difference in the circumference of the in-
jected and non-injected limbs was 31 %. After anoth-
er 2 hours, the signs of swelling decrease significantly,
and the difference in the circumference of the paws of an-
imals in this group is 21.2 % (Table 2).

When comparing the indicators of anti-inflammato-
ry activity of new synthesized derivatives of thienopyri-
dine and 1,4-dihydropyridine, it was found that derivatives
of condensed 3-aminothieno[2,3-b]pyridines with laborato-
ry codes AU04271 and AU04288 demonstrate anti-inflam-
matory properties almost identical to nimesulide at an ear-
ly stage of the experiment.

Antiedemic activity similar to acetylsalicylic acid un-
der the conditions of this pharmacological test is shown
by three new studied heterocyclic compounds of 1,4-di-
hydrothiopyridine derivatives with codes AZ729, AZ213
and AZ169, administered intragastrally for prophylac-
tic purposes. The difference between the circumference
of the right and left hind limbs of the rats of these ex-
perimental groups 1 hour after modeling dextran edema
was 24.2,23.0 and 22.3 %, respectively.

The remaining 5 out of 10 new studied derivatives
of condensed 3-aminothieno[2,3-b]pyridines and 1,4-di-
hydropyridine are able to reduce the development of dex-
tran edema more effectively than classical NSAIDs used
by us as reference drugs in the early stages of follow-up.

Thus, the difference between the circumference
of the injected right and non-injected left paws of rats of ex-
perimental groups receiving derivatives of 1,4-dihydropy-
ridian with laboratory codes AZ257 and AZ383 through
a gastric tube, 1 hour after the modelling of an acute in-
flammatory reaction, is at the level of 17.1 % and 15.1 %,
respectively. This is almost 2 times less than after the use
of nimesulide.

As shown in Table 1, the following three samples
have significantly more pronounced anti-inflammato-
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ry properties according to the experimental results: de-
rivatives of 1,4-dihydropyridine with the codes AZ331
and AZ420 and a condensed derivative of thienopyridine
with the code AZ023. The difference in the circumference
of the distal limbs of the animals of these experimental
groups at the one-hour term of the experiment is 14.2,
11.7 and 11.6 %, respectively. This is more than 2.5 times
less than the indicator registered in the comparison group
after the administration of nimesulide, and 2.2 times less
than the indicator registered after the use of acetylsalicyl-
ic acid. At the same time, when walking around the cage,
the rats of these experimental groups showed no signs
of severe pain that was present in rats of the control group
without pharmacocorrection.

Observation in the dynamics of the experiment showed
(Table 2) that 3 hours after administration of dextran solu-
tion, 7 out of 10 studied heterocyclic compounds have an-
ti-inflammatory properties in the spectrum of their phar-
macodynamic effects, which exceed those of nimesulide.
The most pronounced ability to prevent the development
of edema in this experimental test was shown by samples
of new heterocyclic compounds with laboratory codes
AZ331, AZ420 and AZ023. By this time of observation,
the circumference difference between the injected and non-
injected limbs ranges from 9.9 to 6.9 %.

The results of an experiment conducted on a pharma-
cological model to study antinociceptive properties showed
that the average value of time on the surface of a heat-
ed plate in animals of the control group without pharma-
cocorrection was 8.6 seconds The use of sodium metami-
zole led to an increase in the latent reaction period by al-
most 2 times — up to 16.6 seconds In animals of the exper-
imental groups, under the conditions of the experiment,
it was recorded that the studied samples with laboratory
codes AZ169, AU04271, AU04288 did not show antinocice-
ptive activity, since the time on the surface of a heated plate
before characteristic jumping and licking of paws ranged
from 5.3 to 9.0 seconds in rats of these groups.

Moderate analgesic activity exceeding one and a half
or more times that of the comparison drug metamizole sodi-
um was detected by new heterocyclic compounds with lab-
oratory codes AZ257, AZ729 and AZ213 in this test.

According to the results of the conducted studies,
the new biologically active compound with the code
AZ420 increases the latent reaction time to 127.9 seconds,
which is 7.7 times more than after the use of sodium met-
amizole.

Three samples showed pronounced analgesic activi-
ty — compounds with the codes AZ023, AZ331 and AZ383.
Moreover, the time rats of the experimental groups treat-
ed with AZ331 and AZ383 for preventive purposes spend
on the heated plate was 158.8 seconds and 164.9 seconds
on average for the groups, which is 9.56 and 9.93 times
more than the same indicator in the reference group, re-
spectively. Animals treated with condensed thienopyr-
idine with the code AZ023 were characterized by an in-
crease in the latent reaction time to 241.2 seconds,
whichis 14.53 times higher than that in rats injected with so-
dium metamizole.



CONCLUSIONS

When conducting pharmacological studies in vivo
and modelling dextran edema of rat paw for ten
new derivatives of condensed 3-aminothieno[2,3-
blpyridines and 1,4-dihydropyridines with poten-
tial analgesic activity, it was found that four samples
with the following laboratory codes have the most
pronounced antiexudative properties at a dose
of 5mg/kg: AZ023 (3-amino-4-(5-methyl-2-furyl)-5,6,7,8-
tetrahydrothieno[2,3-blquinolin-2-yll(phenyl) metha-
none); AZ331 (5-cyano-4-(2-furyl)-N-(2-methoxyphenyl)-
6-{[2-(4-methoxyphenyl)-2-oxoethyl]thio}-2-methyl-1,4-
dihydropyridine-3-carboxamide), AZ420 (5-cyano-4-(2-
furyl)-N-(2-methoxyphenyl)-6-({2-[(3- methoxyphenyl)
amino]-2-oxoethyl}thio)-2-methyl-1,4-dihydropyridine-
3-carboxamide) and AZ383 (3-amino-4-(5-methyl-
2-furyl)-5,6,7,8-tetrahydrothieno[2,3-b]quinolin-2-yl]
(phenyl)methanone). They are 2.5 times more effective
than nimesulide in terms of antiexudative properties,
and 2.2 times more effective than acetylsalicylic acid.

Three new studied heterocyclic compounds of 1,4-di-
hydrothiopyridine derivatives with the codes AZ729, AZ213
and AZ169 show antiedemic activity similar to acetylsali-
cylic acid.

In addition, a hot plate test performed on white mon-
grel rats showed the presence of analgesic activity in sev-
en studied derivatives of condensed 3-aminothieno[2,3-b]
pyridines. Among them, the compound AZ023 [3-amino-
4-(5-methyl-2-furyl)-5,6,7,8-tetrahydrothieno[2,3-blquino-
lin-2-yll(phenyl)methanone] is 14.53 times more effective
than sodium metamizole.

DISCUSSION OF THE STUDY RESULT

Literature data indicate that partially cyanothioaceta-
mide derivatives have a variety of pharmacological prop-
erties. For example, 1,4-dihydropyridine-3-carbonitriles
are hepatoprotectors, pyrido-1,3,5-thiadiazines have antivi-
ral effects against Powassan virus and tick-borne encephali-
tis virus, and also demonstrate an analeptic effect and adap-
togenic effect. Hexahydroquinoline derivatives are known
to be active against HIV. In addition, saturated nicotinon-
itriles exhibit an inhibitory effect against autotaxin. A hy-
brid molecule combining thiophene and hexahydroquin-
oline fragments inhibits the formation of B-amyloid pep-
tide and thus prevents the formation of amyloid plaques,
a factor concomitant with a number of serious diseas-
es such as Alzheimer's disease, hemodialysis amyloidosis,
lysozyme amyloidosis.

In the last decade, the polypharmacological approach
in the industry of creating new medicines has become par-
ticularly relevant. It involves moving away from the con-
cept of "one drug - one target — one disease" and creating
and/or using a single pharmaceutical product that can si-
multaneously bind several protein targets or act on differ-
ent biochemical routes [25]. The strategy of the polypharma-
cological approach is to create hybrid or multimodal com-

231

pounds. The latter consist of residues of two or more phar-
macophore subunits covalently bound by a flexible spacer.
This combination allows the molecule to interact with sev-
eral protein targets at once, which sometimes gives a syn-
ergistic effect. Therefore, the use of hybrid bioactive mole-
cules allows for the combined therapy of multifactorial dis-
eases using a single drug.

The results obtained in our experimental study on white
rats allowed us to identify new heterocyclic compounds
with pronounced anti-inflammatory and analgesic proper-
ties. This may be due to the fact that a sample with the labo-
ratory code AZ331, selected according to virtual bioscreen-
ing data from an extensive library of new organic com-
pounds synthesized in the ChemEx laboratory, can bind
to phospholipase A2 and arachidonate-5-lipoxygenase.
A new dihydropyridine derivative with the laboratory code
AZ383 can also potentially bind to arachidonate-5-lipoxy-
genase and cyclooxygenase-2.

The 1,4-dihydropyridine derivative with the laborato-
ry code AZ420 can affect the activity of serine threonine
protein kinase, phospholipase A2, arachidonate-5-lipoxy-
genase. The heterocyclic compound - condensed thien-
opyridine with the laboratory code AZ023 - according
to the results of virtual bioscreening is potentially capa-
ble of binding to prostanoid receptors of types EP1, EP2
and EP4, CB1 type cannabinoid receptors and arachido-
nate-5-lipoxygenase.

In terms of discussion, we assume that it is common
for the leading samples in the experimental study of pro-
to-inflammatory and analgesic activity to consider their ef-
fect on the activity of the enzyme arachidonate-5-lipoxy-
genase as a biomishen for these new derivatives of thien-
opyridines and dihydropyridines according to the results
of virtual bioscreening. At the same time, the ability of in-
dividual samples to bind to cyclooxygenase-2 and phos-
pholipaseA2 only enhances their potential anti-inflamma-
tory activity.
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SURGERY

ABSTRACT

In recent years, information on the increase in the incidence of infection associ-
ated with Clostridioides difficile (CDI) has appeared in the literature. It is known
that C. difficile which causes pseudomembranous colitis (PMC) most often affects
debilitated patients who receive treatment for the main pathology for a long time.
That is why PMC is most common in cancer patients receiving long-term and ag-
gressive anticancer treatment, which is often accompanied by the use of several
courses of antibiotics. The result of the irrational use of antibiotics, incorrect PMC
therapy may be the formation of toxic megacolon, intestinal perforation, sepsis,
which in turn is fraught with a fatal outcome. It is this state of affairs that aroused
our interest in the study of this topic.

The steady increase in the incidence of Clostridioides difficile infection makes it par-
ticularly relevant to study CDI problem in relation to cancer patients, since they most
often have a wide range of risk factors for developing clostridial infection.

The article presents an overview of domestic and foreign sources describing this pa-
thology, discusses epidemiology, pathogenesis, clinical picture and current under-
standing of the CDI treatment. At the end of the review, we present a case of successful
treatment of pseudomembranous colitis after stoma closure, which was complicated
by the development of toxic megacolon. Colproctectomy was performed as part
of the complex treatment of this pathology. The patient received respiratory, renal
replacement, hepatoprotective, antibiotic and antifungal therapy and other treat-
ments.

Key words: pseudomembranous colitis, colorectal cancer, toxic megacolon, colec-
tomy, C. difficile

For citation: Morikov D.D., Kartashova V.V., Shelekhov A.V., Nikolaeva N.A. Pseudomem-
branous colitis complicated by toxic megacolon in oncological patients. Acta biomedica
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PE3IOME

B nocnedHue 2006l 8 nlUMepamype noAgasemcsa UHHoOpMayus o pocme
3abonesaemocmu Clostridioides difficile-accoyuuposaHHou uHpekyuu (CDI,
Clostridioides difficile infection). sagecmHo, ymo Haubosee yacmo C. difficile,
sbi3bisarowjas nceedomembparosHelli konum (MMK), nopaxaem ocnabneHHbix
nayueHmos, 00/120 NOJIy4AUUX JledeHue 0CHOBHOU namosiozuu. YiMeHHO
nosmomy lNMK Haubonee yacmo scmpedaemcs y nayueHmo8 OHKO/102U4eCcK020
npogunisa, nosydaruux 0JlumesibHoe U dzpeccugHoe Npomueoonyxosesoe
JleyeHue, HepeOKO CoONpoB8OXOdruweeca NpUMeHeHUEM HECKOIbKUX Kypco8
aHmubuomukos. Ciedocmeuem HepayuoHA1bHO20 NPUMEHeHUS AHMUOUOMUKO8,
HekoppekmHoU mepanuu lTMK moxem 6b6imb hopMUpOBAHUE MOKCUYECKO20
Me2aKoJs1I0Ha, nepopayuu KUWEeYHUKA, cencucd, Ymo 8 C80K o4Yepedsb Ypesamo
J1ema’bHbeIM UCXO00M. ViMeHHO makoe nosioxeHue gewjel 86138410 HAW UHMepec
K U3yyeHuro 0aHHOU memebl.

HeyknoHHbil pocm 3a6onesaemocmu uHgpekyuel Clostridioides difficile
noscemecmHo desiaem 0cobeHHO akmyasbHuIM UlydeHue npobaemel CDI
8 MUPOBOM coobUecmae npumeHUMesIbHO K 60J1bHbIM OHKOJ1I02U4YeCK020 NPpOoguis,
Mak Kak UMeHHO y HUX Haubosiee 4acmo umeemcs Wupokuli cnekmp (pakmopos
pUCKa pasesumus K1ocmpuouasaeHoU UHeKyuu.

B cmamee npedcmassieH 0630p omeyecmaeHHbIX U 3apybexHbIX UCMOYHUKO8
onucelsarowux 0aHHyto namosoauto. Oceeuwjarmcs 3nu0eMuos02us, NAMOozeHe3,
KJAUHUYeCKas KapmuHa u cogpemeHHoe npedcmasseHue o nedeHuu CDI.
[To okoH4YaHUU 0630pa Hamu npedcmasJsieH cay4al ycnewHo20 seyeHus
nceg0oMeMbpAaHO3HO20 KOJIUMA NocJie 3aKpbimus CMOMbl, OC/I0XKHUBWE20CA
passumuemM MOKCUYECK020 Me2aKko/I0Hd. B pamkax KkomniaekcHo2o0 neyeHus
O0aHHoU namoJsiozuu 6blia 8bINOSIHEHA ONepayus Koanpokmakmomuu. lMayueHm
noJsyyasn pecnupamopHyro, NOYeYHO-3aMecmumersibHyto, 2enamonpomeKmuUeHyio,
aHmMubUOMUKO-U NPomMueozpubKosyto mepanuto U Opy20e JieueHue.

Knroueeavle cnoea: nceadomembpaHo3Hbili KOUum, KOJIOpeKMasbHbil pak, mok-
cuyeckuli me2akosioH, konakmomus, C. difficile

Ona yntnpoBaHua: Mopukos [1.[1., Kaptawosa B.B., Lenexos A.B., Hukonaesa H.A.
MceBLOMEMOPaHO3HBbI KONWT, OCIIOXKHEHHDBI TOKCUYECKM METrakosTIOHOM, Y MaLMeHTOB
OHKoslornyeckoro npoounsa. Acta biomedica scientifica. 2023; 8(4): 234-247.doi: 10.29413/
ABS.2023-8.4.25
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LIST OF ABBREVIATIONS

C. difficile - Clostridioides difficile

CDI — Clostridioides difficile infection
TcdA - Clostridium difficile toxin A

TcdB - Clostridium difficile toxin B

GDH - glutamate dehydrogenase

RRT - renal replacement therapy

ALV - artificial lung ventilation

MIC — minimum inhibitory concentration
PMC - pseudomembranous colitis

PCR - polymerase chain reaction

HSCT - hematopoietic stem cell transplantation
INTRODUCTION

Clostridioides difficile infection (CDI) is currently
the leading detectable cause of nosocomial diarrhea as-
sociated with antibacterial therapy [1]. C. difficile toxin B
was isolated from stool in more than 95 % of cases of pseu-
domembranous colitis (PMC) and in 15-25 % of cases
of antibiotic-related diarrhea [2]. After the first episode
of clostridial colitis, the risk of recurrence may be expo-
nential [3, 4]. Despite modern treatment options for C. dif-
ficile infection, there is an increase in morbidity and mor-
tality associated with PMC [5]. Mortality from PMC against
the background of C. difficile ranges from 6 % to 30 % [6].
The observations of K. Neemann et al. [7] show that in pa-
tients with malignant neoplasms, the incidence of PMC
is 7 %, and about 8 % of these infected people develop
a severe form of the disease. Fulminant C. difficile leads
to toxic megacolon, has a mortality rate of almost 50 %,
and in some cases, it is found to be resistant to treatment

TABLE 1

with drugs such as metronidazole, vancomycin, fidaxomicin
[8]. According to R.L. Harries et al., based on an analysis
of 13,728 surgical manuals, PMCis a potentially life-threat-
ening complication of ileostomy closure surgery. The fre-
quency of such a complication can reach 4 % [9]. In this ar-
ticle, we would like to review a clinical case demonstrating
the successful treatment of PMC, which developed after
the closure of the stoma and was complicated by the de-
velopment of toxic megacolon, which makes the above ob-
servation interesting. According to the Department of colo-
proctology of the Irkutsk Regional Cancer Center (head
of the department - Medvednikov A.A., Cand. Sc. (Med)),
in 2020-2022, the incidence of PMC developed due to clo-
sure of various types of stomas was 3.2 %, sigmoid colec-
tomy - 3.3 %, right hemicolectomy - 2.5 %.

Clostridioides difficile is a toxin-producing spore-
forming gram-positive obligate anaerobe found every-
where in nature, most often in soil. Initially, the pathogen
was named Bacillus difficilis because of its morphology
and difficulty of cultivation [10]. Spores protect the micro-
organism from the damaging effects of temperature, ox-
ygen, chemicals and disinfectants, radiation, which plays
an important role in the spread of CDI.

This bacterium was first described by I.C. Hall
and E. O'Toole in 1935 as a part of the normal micro-
flora of newborns [11]. In 1970 J.G. Bartlett et al. deter-
mined the leading role of toxin A, secreted by C. difficile,
in the pathogenesis of clindamycin-associated entero-
colitis in Syrian hamsters [12]; later, this toxin was isolat-
ed from stool samples of patients with diarrhea. By 1978,
C. difficile was clearly identified as a pathogenic agent
of PMC[13].

C. difficile lives in the human intestine and in the en-
vironment in the form of spores. The sources of infection
are sick people and asymptomatic bacterial carriers. Ac-
cording to the observations of E.J. Kuipers and C.M. Sura-

RISK FACTORS FOR THE DEVELOPMENT OF PSEUDOMEMBRANOUS COLITIS

Factors affecting the normal

intestinal microflora

antibiotic therapy — especially

2nd and 3rd generation cephalosporins,
clindamycin, fluoroquinolones,

even vancomycin;

antisecretory treatment with proton
pump inhibitors and H2

blockers — contributes to a change

in the biocenosis of the gastrointestinal
tract;

the use of loperamide exacerbates

the course of PMC.

Contact of patients with C. difficile

» prolonged stay in a medical facility,
including hospitals and nursing
homes, prolonged contact in the ward
with an infected patient;

¢ long-term use of nasogastric tubes
and enemas.

Note. CKDis a chronic kidney disease; COPD is a chronic obstructive pulmonary disease.
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Patient-related factors

older age - over 60-65 years old;
nutritional status — depletion,

low initial albumin level;
immunodeficiency conditions,
immunosuppression

(glucocorticoid therapy, cytostatics,
monoclonal antibodies);

abdominal surgery,

organ transplantation;

severe concomitant pathology — CKD,
diabetes mellitus, chronic inflammatory
bowel diseases, COPD, malignant
neoplasms.



wicz (2008), it turned out that up to 57 % of elderly peo-
ple in nursing homes, 84 % of newborns, and 15 %
of healthy adults were carriers of the microorganism
[14]. C. difficile carriage reaches 16-35 % in inpatient pa-
tients, and the percentage is proportional to the length
of hospital stay and increases when exposed to antibiot-
ics [15]. The main ways of transmission of clostridial in-
fection are fecal-oral transmission from person to per-
son, through environmental pollution, through house-
hold items and the hands of medical staff. The risk fac-
tors for the development of pseudomembranous colitis
are presented in Table 1.

PATHOGENESIS

The pathogenesis of CDI is complex and so far,
it has not been sufficiently studied. It is known that the clin-
ical picture of the disease is caused only by toxigenic
strains of C. difficile [16]. However, pseudomembranous
colitis is not formed in all cases. The reason for this is both
the protective qualities of the intestinal microbiota
and the response of the immune system. With the devel-
opment of an imbalance of microorganisms and viola-
tion of the integrity of the mucous membrane of the co-
lon, C. difficile colonizes the intestine, proliferates in it, for-
ming vegetative toxin-producing forms. Their synthesis
is encoded by the corresponding genes, and this aspect
underlies the molecular biological methods of CDI diag-
nosis [17].

C. difficile causes multiple changes in the wall of the co-
lon: total neutrophil infiltration; circulatory disorders
in the form of dilation, vascular congestion and submu-
cosal edema; obturating thrombi without signs of organi-
zation in the vessels of the submucosal layer, including su-
perficial damage to the mucous membrane with the for-
mation of "pseudomembranes" — exudative plaques.
In the absence of effective specific therapy directed
against C. difficile, the infection continues to progress fur-
ther and contribute to the formation of extensive inflam-
matory changes [18]. It is generally believed that the com-
bination of chronic diseases and antibiotic therapy in hos-
pital patients affects the normal microbiota of the co-
lon, increases susceptibility to colonization and produc-
tion of C. difficile toxins, which increases the risk of PMC
from 2 to 16 times [19].

C. difficile can produce toxins such as A (TcdA), B (TcdB)
and binary AB, which contribute to the development
of PMC:

e toxin A (enterotoxin) — disrupts the barrier function
of the intestinal mucosa, stimulates guanylate cyclase, in-
creases the secretion of fluid into the intestinal lumen
and promotes the development of diarrhea, is produced
3-4 times more often than toxin B;

e toxin B (cytotoxin) - stronger than the toxin A
by thousands of times, has a pronounced cytopathogenic
effect by inhibiting the processes of protein synthesis in en-
terocytes and colonocytes, determines the severity of infec-
tion and the clinical picture of PMC [20];
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« binary toxin of the NAP1/BI/027 ribotype (hospital in-
fection in Quebec and clinics in the USA since 2003) - forms
a complex on the membrane of an intestinal cell consist-
ing of ADP-ribosyl transferase and a receptor, which subse-
quently penetrates into the enterocyte by receptor-mediat-
ed endocytosis and endosomal exchange and contributes
to disruption of cell functioning through ADP-ribosylation
of globular actin, which leads to disorganization of the cy-
toskeleton and subsequent cell death [12, 13]. This toxin
also enhances the adhesion and colonization ability of C. dif-
ficile by inducing the synthesis of microtubules at the base
of cell protrusions, which contributes to easier attachment
to colonocytes [14, 15, 21].

The appearance of a binary toxin is associated
with a mutation in the gene for the regulator-repres-
sor of C. difficile toxin production, which leads to in-
creased production of toxins A and B. In this case, tox-
ins A and B are produced 16 and 23 times more, respec-
tively. M.C. McEllistrem et al. show a tendency to a more
severe course of the disease in patients whose feces con-
tain a binary toxin [21].

Glutamate dehydrogenase is an enzyme that converts
glutamate to a-ketoglutarate, produced by C. difficile in rel-
atively large amounts compared to toxins A and B [22]. Al-
though glutamate dehydrogenase (GDH) tests are sensi-
tive, they are not as specific to PMC because this enzyme
is produced by both toxigenic and non-toxigenic strains
of the microorganism.

The patient’simmune status is an important determin-
ing factor in the development of the disease. As the ob-
servations of J.K. Shim et al. show, bacterial carriers with-
out clinical manifestations have higher concentrations
of serum antibodies to toxin A than symptomatic patients
and are less prone to the development of PMC [23]. For pa-
tients who develop PMC, it is characteristic that a higher
level of antibodies to the toxin is associated with a short-
er duration of the disease and a reduced risk of recur-
rence [24].

CLINICAL PICTURE

PMC clinical picture varies from asymptomatic coloni-
zation to fulminant toxic megacolon requiring surgical in-
tervention.

In 2013, the classification of PMC by the severity
of the disease, proposed by the American Gastroentero-
logical Association (AGA), was published [25]. The classifi-
cation is presented in Table 2.

With untimely diagnosis and lack of treatment, the dis-
ease progresses, that can lead to complications. A rare
but life-threatening complication of the disease — toxic meg-
acolon - that is defined as segmental or complete disten-
sion of the colon more than 6 cm in the presence of signs
of colitis and systemic intoxication. Toxic megacolon syn-
drome occurs in 0.4-3 % of cases, with concomitant mor-
tality from 38 to 80 % [26, 27]. The development of toxic
megacolon in combination with shock, sepsis, and intesti-
nal perforation is characterized as a severe form of clostrid-



TABLE 2

CLASSIFICATION OF PSEUDOMEMBRANOUS COLITIS BY THE GRAVITY OF THE DISEASE

Mild course Moderate severity course Severe course Severe complicated course
¢ diarrhea* e diarrhea ¢ diarrhea » watery diarrhea with blood
e minor abdominal pain e body temperature increase ¢ abdominal pain of a spastic Plus one of the symptoms:

up to febrile values

nature  hypotension with or without
« fever to hectic values

vasopressors

« hypoalbuminemia < 30 g/I, » fever=>38.5°C
leukocytosis (over « signs of intestinal obstruction

15 x 10° leukocytes
in peripheral blood)

¢ Abdominal tenderness during
palpation of the abdomen

(acute nausea, vomiting, sudden
cessation of diarrhea, bloating
or radiographic signs of impaired
passage through GIT), multiple
organ failure

e changes in mental status

o leukocytes = 35 x 10°
or < 2 x 10° cells in peripheral
blood, serum lactate
level > 2.2 mmol/L

Note. *—according to the definition of the World Health Organization, this is loose stool corresponding to the 51—7t types of the Bristol stool scale, occurring 3 or more times a day; GIT — gastrointestinal tract.

ial infection. For the first time, toxic dilation of the colon
asa complication of PMC was described by C.H. Brown et al.
more than forty years ago [28]. According to some data [29],
the use of antiperistaltic drugs, for example, loperamide,
in patients with PMC is associated with the development
of toxic megacolon, probably because these drugs delay
the release of the toxin.

PMC recurs after treatmentin 3.7 to 64.0 % of cases [30].
A recurrent form of the disease is indicated when the clin-
ical picture occurs less than 8 weeks after the end of ther-
apy. Risk factors for recurrence of infection include: re-
peated administration of one or more antibiotics; age over
65 years; severity of the underlying disease; low albumin
concentration; stay in the intensive care unit or in the hos-
pital for more than two weeks [31, 32]. The recurrence rate
of PMC is especially high among cancer patients, as shown
by M.S. Chung et al. [33] (20.4 % vs. 9.5 %, respectively;
p = 0.005), and cancer is an independent risk factor for re-
currence. Cases of the occurrence of PMC in patients with
malignant neoplasms against the background of postop-
erative chemoradiotherapy without the use of antibiotics
in the anamnesis have been described [34, 35].

Studies show that the mortality rate directly associated
with PMC in cancer patients was higher than in cancer pa-
tients without PMC (9.3 % vs. 7.4 %, respectively; p < 0.0001).
PMC is also associated with longer hospital stays in cancer
patients than in uninfected individuals (9 days vs. 4 days,
respectively; p < 0.0001) [36].

DIAGNOSTICS

Rapid and accurate diagnosis of PMC is necessary
not only for individual patient management, but also
for the prevention of nosocomial transmission of infec-
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tion. According to the recommendations of the Europe-
an Society of Clinical Microbiology and Infectious Dis-
eases (ESCMID) of 2009, all patients with diarrhea admit-
ted to any hospital should be tested for C. difficile regard-
less of age, previous antibiotic use, concomitant patholo-
gy and its treatment [16]. The diagnosis of PMC is based
on the clinical picture and laboratory data presented
in Table 2, but the detection of toxin A and/or B in feces
is fundamental.

Currently, various laboratory tests are available to de-
tect C. difficile:

o detection of C. difficile products (GDH, toxins A
and/or B) — methods of immunochromatographic, enzyme
immunoassay, immunochemiluminescence assays, poly-
merase chain reaction (PCR);

« analysis of cytotoxicity of cell cultures and cultural
methods of isolation of toxin-producing strains of C. dif-
ficile — reference standard methods for the diagnosis
of PMC;

¢ molecular genetic tests — PCR, ribotyping, pulsed-
field gel electrophoresis, multilocus assay and determina-
tion of the multilocus sequence.

The material for the diagnosis of clostridial infection
is samples of fresh lumen feces of patients with diarrhea
inan amount of about 10-15 ml. Itis also possible to exam-
ine smears or tissue of the mucous membrane of the colon
obtained during colonoscopy or during surgery.

Fibrocolonoscopy determines diffuse hyperemia
and swelling of the mucous membrane of the colon, char-
acteristic yellowish-white fibrinous plaques with a diam-
eter of up to 20 mm or more, pseudomembranes - fused
plaques — more often in the left half of the colon (Fig. 1, 2).
It should be borne in mind that performing fibrocolonos-
copy with a pathological change in the intestine can lead
to perforation of the colon.



FIG. 1.

Endoscopic picture of pseudomembranous colitis

(photo from the Dicom archive of Irkutsk Regional Cancer Center):
the folds are smoothed; diffuse hyperemia of the mucosa with thick-
ening of the intestinal wall; vascular pattern is blurred; characteristic
whitish yellowish fibrinous plagues 2-5 mm in diameter

FIG. 2.

Endoscopic picture of pseudomembranous colitis

(photo from the Dicom archive of Irkutsk Regional Cancer Cent-
er): intestinal mucosa is swollen, loose, hyperemic, capillary pat-
tern is blurred; many yellowish white plagues 3-5 mm in diameter,
which are tightly fixed to the mucous membrane

Ultrasound examination shows increased peristalsis
of the small intestine and thickening of the colon wall.

Methods of radiological examination used to diag-
nose CDI:

1. Plain abdominal radiography: edematous colon
with areas of thickening of the intestinal wall, haustra-
tion disorders are detected. In 30-35 % of patients, radi-
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ographic signs of small and large intestinal obstruction
are determined.

2. Irrigoradiography: rounded "filling defects" - pseu-
domembranes - are revealed.

3. Computed tomography of the abdominal cavity
can be informative to confirm the diagnosis of PMC. Typi-
cal signs are [37] thickening of the intestinal wall, narrow-
ing of the intestinal lumen, effusion in the abdominal cavity,
accordion sign (alternating edematous haustral folds sepa-
rated by transverse mucous ridges filled with oral contrast
material imitating an accordion), target sign (alternation
of three concentric rings - high, low and high). Also, com-
puted tomography of the abdominal cavity and pelvic or-
gans can be used to determine the severity of the disease,
identify toxic megacolon, intestinal obstruction or perfora-
tion of the intestinal wall.

TREATMENT

The treatment scheme for PMC, according to the Clin-
ical Guidelines of the National Association of Specialists
on Healthcare-Associated Infection Control and the As-
sociation of Proctologists of Russia (2017), is presented
in Table 3.

Asymptomatic carriers of C. difficile have a relative-
ly low risk of developing PMC [23], treatment is not rec-
ommended.

Antibiotic therapy is a cornerstone of the treatment
of pseudomembranous colitis. R. Morales Chamorro et al.
emphasize the importance of early detection of PMCin pa-
tients receiving chemotherapy and the initiation of anti-
bacterial therapy immediately after diagnosis [38]. Some
studies [39] show that 15-23 % of patients with PMC had
spontaneous disappearance of symptoms within 48-72
hours after discontinuation of the antibiotic, as well as con-
tinued use of systemic antibiotics was associated with re-
fractory treatment of PMC. However, in practice, it is almost
impossible to cancel antibiotic therapy against the back-
ground of an infectious process.

The most commonly used antibiotics in PMC are met-
ronidazole and vancomycin, including in cancer patients.
These drugs are used either as monotherapy or in com-
bination, depending on the severity of PMC, premor-
bid background, disease refractoriness and recurrence
[40]. The usual dose of metronidazole is 500 mg 3 times
a day for 10-14 days. Metronidazole has the same effica-
cy as vancomycin for the treatment of mild and moder-
ate forms of PMC.

In a retrospective analysis conducted by S.R. Par-
mar et al. [41] in patients with hematological malig-
nancies, including those who underwent hematopoi-
etic stem cell transplantation (HSCT), patients were di-
vided into 3 groups depending on the treatment re-
ceived: metronidazole only; vancomycin only; combi-
nation therapy. The response rate was 53.7 %, 50 %,
38.5 % with metronidazole monotherapy, vancomycin
monotherapy and combination therapy, respectively
(p = 0.55). K. Tsuchida et al. [42] report a case involving



a 74-year-old patient with sigmoid colon cancer who re-
ceived cefepime for the treatment of febrile neutrope-
nia, who subsequently developed pseudomembranous
colitis. Against the background of vancomycin enemas,
the symptoms of PMC regressed.

The minimum inhibitory concentration (MIC) of van-
comycin required to inhibit 90 % of strains (MICy,)
is 0.75-2.0 pg/ml. Vancomycin is used orally in the dose
of 125 to 500 mg 4 times a day. In vitro, the MIC,, of metro-
nidazole for C. difficile ranges from 0.20 to 2.0 ug/ml (me-
dian is 1 pg/ml). After administration by healthy volun-
teers, metronidazole is completely absorbed from the gas-
trointestinal tract and is not detected in feces. Howev-
er, the concentration of this drug in feces is significantly
higher if the stool is watery or unformed than if it is solid.
This occurs as a result of an increase in the time of passage
of the drug through the digestive tube, leading to incom-
plete absorption or excretion of the drug through the in-
flamed mucous membrane of the colon [43]. Intravenous
administration of metronidazole should reach the luminal
surface of the colon in therapeutic concentrations, which
depends on the biliary secretion of the drug into the small
intestine [43].

Oral vancomycin cannot reach areas of the colon
that are not continuous segments of GIT, for example, in as-
cending ileostomy, obstructive colon resection (Hartmann
surgery) or colostomy. If PMCis detected in a disconnected
segment of the colon, itis recommended to administer van-
comycin with an enema, which guarantees that the drug
reaches the affected area [44]. Enemas with vancomycin
are used - 500 mg in 100-500 ml of 0.9 % sodium chlo-
ride every 6 hours; the volume of the solution depends
on the length of the treated segment. The duration of rec-
tal administration of vancomycin is determined by the clin-
ical course of PMC.

Tigecycline is a glycylcycline derivative of tetracycline
and has bacteriostatic properties due to inhibition of pro-
tein translation in bacteria. It shows broad antimicrobial ac-
tivity against gram-negative and gram-positive organisms,
including C. difficile. Due to its properties, it is able to over-

TABLE 3
TREATMENT SCHEME FOR PSEUDOMEMBRANOSIC COLITIS

Mild and moderate course

* metronidazole (500 mg orally 3 times
a day for 10 days);
« in the absence of clinical effect
in 5-7 days the drug is replaced
with vancomycin (125 mg 4 times a day
per os for 10 days).

a day for 10 days)
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Severe course

¢ vancomycin (125 mg orally 4 times

come the main mechanisms of resistance of microorgan-
isms to tetracyclines.

Rifaximin is a semi-synthetic derivative of rifampicin
and is characterized by a wide range of antimicrobial prop-
erties. The drug has a bactericidal effect by inhibiting DNA-
dependent RNA polymerase of bacteria. Rifaximin is ac-
tive against most gram-negative and gram-positive bacte-
ria, anaerobes and aerobes and has in vitro activity against
C. difficile [45].

Fecal microbiota transplantation means that the fec-
es of a healthy person are transplanted into a patient, used
in extreme cases when other treatment methods are inef-
fective [46]. Fecal transplantation has shown its effective-
ness in cancer patients with recurrent PMC. Observations
describe clinical cases in which two recipient patients un-
derwent fecal microbiota transplantation after HSCT after
unsuccessful standard antibacterial therapy. The first pa-
tient underwent two fecal transplants within 6 months,
and the second patient was cured within 48 hours after one
transplant [47, 48].

In recent years, several new specific therapeutic agents
against C. difficile have appeared on the market. Fidax-
omycin is an antibiotic from the group of macrolides
that has a bactericidal effect and inhibits the synthesis
of bacterial RNA. The drug is characterized by little or no
systemic absorption after oral administration and a nar-
row spectrum of activity against gram-positive aerobic
and anaerobic bacteria, including C. difficile, since 2011
it has been approved for the treatment of PMCin the USA.
The dosage of fidaxomycin is 200 mg 2 times per day for 10
days. In terms of its effectiveness in in vitro studies, fidax-
omycin was more active than vancomycin in PMC [49].
Human monoclonal antibody - bezlotoxumab — was ap-
proved by the U.S. Food and Drug Administration (FDA)
in 2016. Bezlotoxumab binds to two very similar sites
in the TcdB CROPs domain, thereby blocking the bind-
ing of the toxin to carbohydrate receptors. The interac-
tion between the antibody and TcdB prevents intoxica-
tion. Given the specificity of these antibodies, it is not sur-
prising that they have minimal adverse effects on the mi-

Severe complicated course

¢ vancomycin orally (500 mg
4 times a day) in combination
with metronidazole (500 mg 3 times
a day intravenously);

o if it is impossible to administer the drug
orally, vancomycin is prescribed
rectally (500 mg), diluted in 500 ml
of 0.9% sodium chloride solution
and administered as enemas 4 times
aday;

¢ symptomatic therapy



crobiota. Bezlotoxumab is a successful history of mono-
clonal antibody therapy, but this approach is not without
limitations, which is not least due to production difficul-
ties and, as a result, high cost [50, 51].

The development and clinical trials of vaccines
against C. difficile remain promising. This is evidenced
by the large number of registered clinical trials on Clinical-
Trials.gov: these include the currently completed studies
NCT01887912, NCT02316470, NCT02561195, NCT040026009,
and those studies still in progress - NCT05805826. The stud-
ied drugs are based on the action of detoxified recombinant
forms of C. difficile toxins and enter the body parenterally.
It is likely that vaccination can become an effective meth-
od of prevention in certain groups of high-risk.

Symptomatic treatment of PMC involves restoration
of the water-electrolyte balance with balanced crystal-
loid solutions, drug prevention of venous thromboem-
bolism (these patients are at high risk), correction of pro-
tein-energy deficiency, detoxification therapy, correction
of anemia.

If a toxic megacolon is detected in a patient with PMC
and there are no signs of improvement in the condition
against the background of conservative therapy, surgical
intervention is indicated. A number of publications [52-55]
investigating the level of postoperative mortality in toxic
megacolon against the background of PMC confirm that
surgery is indicated in severe cases and that subtotal colec-
tomy is the operation of choice. P.A. Lipsett et al. [52] stud-
ied the medical histories of 13 patients in one institution
who underwent surgery for PMC, which was only 0.39 %
of the total number of patients with PMC who were ob-
served in this hospital over a 6-year period of time. The over-
all mortality rate in this study was 38 %: 100 % of patients
who underwent colon resection died, whereas in the sub-
total colectomy group, the mortality rate was only 14 %.
Similarly, K. Koss et al. [53] examined the medical histories
of 14 patients who underwent surgery for PMC and found
that the overall mortality rate was 35 %, with 11 %
in the subtotal colectomy group and 80 % in the colon re-
section group. Patients diagnosed with C. difficile-associat-
ed colitis before surgery demonstrated a statistically sig-
nificant survival advantage (85.7 % vs. 33.3 %) [53]. One
study demonstrated a tendency to decrease mortality in pa-
tients with complicated PMC who underwent colectomy,
compared with those who did not undergo the surgery
[56]. Postoperative mortality was higher after total colec-
tomy among patients with preoperative acute renal fail-
ure, the need for vasopressors and respiratory failure re-
quiring artificial lung ventilation (ALV) [57]. It is worth not-
ing that in recent years, taking into account the develop-
ment of surgical tactics and perioperative management
of patients, the mortality rate in left (right) hemicolecto-
my has decreased and equaled that of colproctectomy
(30.1 % each; p > 0.99) [58, 59]. Despite this, the updated
recommendations of the World Society of Emergency Sur-
gery (WSES) in 2019 retained colproctectomy as the main
choice of surgical intervention [57, 60].

Negative prognostic risk factors for death in patients
undergoing colectomy include the development of shock
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determined by the need for vasopressors, an increase in lac-
tate levels (= 5 mmol/L), a change in mental status, multiple
organ failure, as well as the need for lung ventilation [61].
This indicates that early surgical treatment before the de-
velopment of shock and multiple organ dysfunction leads
to improved survival. Currently, there are no clear criteria
defining the threshold for surgical intervention. However,
the more negative prognostic factors a patient has, the ear-
lier the issue of surgical consultation and surgical treatment
should be considered.

PREVENTION

The existing primary and secondary prevention
of C. difficile is multifaceted and includes various meas-
ures. Primary prevention is a set of measures aimed at pre-
venting the influence of risk factors on the body: vaccina-
tion; optimal work and rest regime; high—quality nutrition;
physical activity; environmental protection, etc. Second-
ary prevention includes a list of measures aimed at elim-
inating risk factors that, under conditions of stress, de-
creased immunity, excessive loads on the body, can lead
to the onset, exacerbation and recurrence of the dis-
ease. The most effective method of secondary preven-
tion is considered to be medical examination as a com-
prehensive method of early detection of diseases, dynam-
ic monitoring, targeted treatment, as well as rational con-
sistent recovery [62].

Patients with suspected clostridial infection should
be placed in a separate room or in a room where patients
with already confirmed CDI are located.

A.B. Zafar et al. [63] showed that the strict application
of periodic educational measures, environmental disinfec-
tion and strict hand washing were associated with a de-
crease in detected cases of PMC from 155 to 67 per year
in medical institutions.

CASE STUDY

In March 2013, patient L. was diagnosed with sigmoid
colon cancer pT2aNOMOG?2 of the 2nd stage of the 2nd
clinical group, confirmed histologically (moderately dif-
ferentiated adenocarcinoma). Of the concomitant diseas-
es, it should be noted the presence of coronary heart dis-
ease, congestive heart failure stage 1, exogenous constitu-
tional obesity 1st degree, cerebral atherosclerosis.

On 25.03.2013, the patient was admitted to Irkutsk Re-
gional Cancer Center for the surgical treatment of the on-
cological process. On 01.04.2013, left hemicolectomy
and anterior rectal resection were performed. In the post-
operative period, he received intravenously ceftazidime
1 g 3times/day.On 04.04.2013, the patient was diagnosed
with colorectal anastomosis failure; relaparotomy, resec-
tion of colorectal anastomosis, terminal transverse colos-
tomy in the left mesogastric zone were performed. After
repeated surgery, ceftazidime was canceled, meropenem
was prescribed intravenously 1 g 3 times/day extended in-



fusion for 7 days. The patient was discharged in a satisfac-
tory condition, and did not receive adjuvant chemoradio-
therapy for the next six months.

On 18.10.2013, the patient was admitted for inpa-
tient treatment at the coloproctology department of Ir-
kutsk Regional Cancer Center in order to restore intesti-
nal continuity.

On 22.10.2013 (on the 1st day), reconstruction
of the colon was performed. During the operation, a pro-
nounced adhesive process was performed in the abdomi-
nal cavity, enterolysis was performed. Rectal stump was iso-
lated with pronounced technical difficulties (adhesive
process with the back wall of the bladder, contact bleed-
ing of tissues), then hardware descendorectoanastomo-
sis was applied.

In the postoperative period, he received antibiotic ther-
apy: ceftriaxone 2 g 2 times/day, metronidazole 500 mg
3 times/day for 5 days and antimycotics: caspofungin
70 mg on the 1st day, then 50 mg/day. Routine postopera-
tive anesthesia, thromboprophylaxis with early activation,
and early enteral feeding were performed.

On the 10th day, due to the appearance of subfebrile
fever, spasticabdominal pain and leukocytosis, the patient

FIG. 3.

was prescribed cefoperazone + sulbactam intravenously
2 g 2 times/day, continued administration of antimycotics
(caspofungin). Against this background, there was a posi-
tive trend, the above symptoms regressed.

On the 16th day, the patient’s general condition wors-
ened, nausea, vomiting, febrile fever, frequent loose stools
appeared. On examination, the abdomen was noticeably
distended and painful on palpation.

The patient was transferred to the intensive care unit;
pseudomembranous colitis was suspected and diagnosed
(toxins A and B of C. difficile were found in the stool), anti-
bacterial therapy was initiated: per os vancomycin 250 mg
4 times/day, metronidazole 500 mg 3 times/day, continued
administration of antimycotics (caspofungin). Diagnosis
of C. difficile was carried out by an immunochromatograph-
ic rapid test for qualitative detection of the toxin A and tox-
in B C. difficile antigens in feces (DUO TOXIN A+B-CHECK-1).

Fibrocolonoscopy was not performed in the patient
due to the severity of the condition and the high proba-
bility of iatrogenic perforation of the dilated intestine dur-
ing manipulation.

Plain abdominal radiography was performed, which
revealed radiographic signs of toxic megacolon (Fig. 3).

Patient L., plain radiograph of the abdominal cavity from 07.11.2013 (photo from the Dicom archive of Irkutsk Regional Cancer Center): pro-
nounced expansion of the colon 11 cm with a wide horizontal level liguid - gas (showed with arrow)
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On the 18th day, the patient developed septic shock
symptoms, accompanied by a decrease in the level of con-
sciousness to sopor, hypotension, tachycardia, ineffec-
tive independent breathing, a decrease in diuresis below
0.5 ml/kg/h, which required prosthesis of vital functions
(ALV, infusion of cardiotonics).

It was decided to perform an emergency relaparotomy.
During the revision of the abdominal organs, up to 300 ml
of odorless light effusion was determined; the colon
was swollen to 8-11 cm in diameter throughout; the loops
of the small intestine were collapsed to the level of the il-
eum, increased in diameter at the level of 30 cm from
the ileocecal junction due to the accumulation of gases
and liquids. A dense infiltrate consisting of a large omen-
tum and retroperitoneal tissue was determined in the left
subdiaphragmatic space. Intraoperatively, a toxic mega-
colon was diagnosed against the background of PMC,
a total colectomy and nasointestinal intubation was per-
formed. A colon stump was formed at the level of the up-
per ampullary rectum with a machine stitch. The prepa-
ration is crossed at the level of the terminal part of the il-
eum. A terminal ileostomy was performed in the right il-
iac region.

In the postoperative period, the patient’s condition
remained extremely severe, and prosthesis of vital func-
tions continued: ALV (mandatory ventilation); admin-
istration of inotropic drugs (0.5 % dopamine solution
5-10 pg/kg/min).

Due to the development of acute renal damage of pre-
renal genesis on the 18th day, the patient required renal re-
placement therapy (RRT), prolonged veno-venous hemo-
filtration was performed for 96 hours: Aquarius hemopro-
cessor (Nikkiso Medical, Japan), Aquamax HF-19 hemofilter
(Nikkiso Medical, Japan), anticoagulation - unfractionated
heparin with the control of blood clotting time and acti-
vated partial thromboplastin time. Antibacterial therapy
was performed taking into account creatinine clearance
and RRT. During the subsequent course of treatment, the pa-
tient underwent 4 sessions of prolonged veno-venous he-
modiafiltration.

Postoperative anesthesia was sufficient, prolonged
epidural anesthesia was performed with a 0.2 % solution
of ropivacaine 16-20 mg/hour. Parenteral nutrition was car-
ried out with combined three-component mixtures con-
taining the 3rd generation of fat emulsions with omega-3
fatty acids.

From the 20th day, doripen was prescribed
500 mg 4 times/day by extended infusion, linezolid
600 mg 2 times/day, continued administration of caspo-
fungin 50 mg 1 time/day. Against the background of in-
tensive therapy, the patient’s condition stabilized, pos-
itive dynamics was noted, tracheal extubation was per-
formed, the nasointestinal tube was removed, enteral nu-
trition into the nasogastric tube with standard mixtures
was started.

The patient underwent daily sanitation tracheobron-
choscopy, ultrasound examination of the pleural cavities,
if necessary, thoracocentesis (detection of fluid accumu-
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lation in the pleural cavities with atelectasis of the lower
lobes of the lungs).

On the 22nd day, chest radiography revealed left-sid-
ed lower lobe pneumonia. Due to the progression of res-
piratory failure on the 24th day, the patient repeatedly re-
quired prosthesis of lung function.

On the 30th day, caspofungin was discontin-
ued, voriconazole was prescribed (on the 1st day -
600 mg 2 times/day, then 400 mg 2 times/day), clarithro-
mycin 500 mg 2 times/day was added to the prescrib-
ing list.

On the 31st day, a tracheostomy was performed due
to the predicted prolonged ALV.

From the 37th day, the patient breathed independently
through a tracheostomy cannula with insufflation of mois-
tened oxygen.

On the 43rd day, inhalation of sodium colistimeth-
ate through a nebulizer 1 million 2 times/day was add-
ed to therapy. The radiological dynamics is positive -
by 05.12.2013 the infiltration of lung tissue had re-
gressed.

On the 45th day, the patient was transferred from
the Department of Anesthesiology and intensive care No. 4
to the specialized department.

On the 55th day, the patient was discharged in satisfac-
tory condition from the coloproctology department of Ir-
kutsk Regional Cancer Center.

The dynamics of the main laboratory parameters,
the days of artificial lung ventilation and medications for an-
tibacterial and antifungal therapy are shown in Figure 4.

DISCUSSION OF CLINICAL OBSERVATION

Thus, the clinical example clearly demonstrates that
fulminant clostridial colitis is a life-threatening and se-
vere complication. The literature data suggest that per-
forming a total colproctectomy has been a life-saving sur-
gery for many years. The question of the timeliness of its
implementation in this pathology is one of the most dif-
ficult. A belated decision can lead to further aggravation
of the condition, which manifests itself in the form of acute
renal damage, respiratory and cardiovascular insufficiency
and, in turn, leads to an increase in the percentage of le-
thal outcomes.

The treatment of complications in the postopera-
tive period also requires a versatile approach in inten-
sive care, highly qualified personnel, and the availability
of expensive equipment for prosthesis of vital functions.

Given that total colproctectomy is a complex surgi-
cal procedure that not every surgeon is capable of per-
forming, the issue of deciding on timely surgical treat-
ment in small clinics is very difficult. In such cases,
we believe that the issue of timely transfer of the pa-
tient to a multidisciplinary institution should be ad-
dressed. Such a decision can be made after consulta-
tions with expert specialists — both face-to-face and us-
ing telemedicine.
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Dynamics of laboratory parameters, days of artificial lung ventilation and medications for antibacterial and antifungal therapy: :
*—day of the surgery — colproctectomy; ** — day of the surgery — tracheostomy; *** — administration of sodium colimestate continued un-

til the 55th day

CONCLUSION

1. In recent years, there has been increased interest
in the problem of clostridial infection in clinical practice,
in particular, in oncological hospitals. This is due to an ex-
ponential increase in morbidity and a high risk of CDI com-
plications.

2. The widespread and uncontrolled use of antibacteri-
al drugs creates prerequisites for the development of resist-
ance of clostridial microorganisms to therapy and the ap-
pearance of highly virulent strains of bacteria.

3. The development of pseudomembranous colitis sig-
nificantly increases the duration of hospitalization, increas-
es treatment costs and can significantly worsen prognosis,
increasing the likelihood of death.

4. An important and still unresolved problem
is the lack of a unified approach to laboratory microbi-
ological diagnosis of clostridial infection in our country,
which leads to a delay in diagnosis, irrational antibiotic
therapy and the spread of the pathogen inside the medi-
cal institution.

5. To reduce the risk of developing clostridial infec-
tion, it is recommended to rationally prescribe antibacte-
rial drugs and reduce, if possible, the duration of hospital-
ization, especially in people over 65 years of age.

6. When choosing the surgical scope of surgery be-
tween total colectomy and hemicolectomy, it is worth re-
membering that total colectomy is the surgery of choice
for patients diagnosed with toxic megacolon. A total colec-
tomy is a potentially life-saving surgery.

7. Postoperative mortality after total colectomy is in-
creased in patients with preoperative acute renal fail-

ure, cardiovascular insufficiency requiring vasopressors,
and respiratory insufficiency requiring ALV. Therefore,
the decision to carry out the surgery should be made be-
fore the development of organ failure.

8. A clinical example clearly demonstrates the de-
velopment of pseudomembranous colitis, complicated
by toxic megacolon. The clinical case presented by us rep-
resents a late decision on the need for total colproctec-
tomy, which led to the development of multiple organ
dysfunction, and only the comprehensive and timely use
of respiratory, renal replacement, hepatoprotective, anti-
biotic and antifungal therapy led to the successful treat-
ment of this patient.

9. In our opinion, the optimal period for surgical inter-
vention was the 16th day. Against the background of deteri-
oration of the general condition, nausea, vomiting, febrile fe-
ver, frequent loose stools appeared. During the radiography,
a diagnosis of toxic megacolon was made, but at the same
time the patient was hemodynamically stable, there were no
symptoms of respiratory and renal insufficiency.
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ABSTRACT

Metabolic syndrome, obesity, type 2 diabetes mellitus are characterized by the ac-
cumulation of toxic metabolic products in the internal environment of the organ-
ism. The development of innovative medicines based on a sorbent matrix modified
with biologically active molecules remains relevant. The sorbent composition
from aluminum oxide and polydimethylsiloxane is considered promising.

The aim of the study. Toinvestigate the effect of the sorbent composition from alu-
minum oxide and polydimethylsiloxane on the uterus and ovaries of db/db mice
with obesity and type 2 diabetes mellitus.

Materials and methods. The sorbent composition (0.665 g/kg in 200 ul of distilled
water) was administered to 14-week-old animals through an intragastric tube once
a day for 7 days. The comparison groups were female rats injected with placebo
(daily intragastrical administration of 200 ul of water for 7 days) and intact animals.
Digital images of light-optical preparations stained with hematoxylin and eosin
were processed using Image-Pro Plus 4.1 software. In the ovaries, the numerical den-
sity of primordial, primary, secondary follicles and corpuses luteum was determined.
The width of the uterus layers, the diameters of the blood and lymphatic vessels,
the width of the interstitial fissures in both organs were measured. The statistical
significance of differences was determined using the Mann — Whitney test.

Results. Inthe myometrium and endometrium ofthe uterus of db/db mice, dilatation
of arteries, veins, lymphatic vessels and edema were noted due to the accumulation
of tissue fluid in the interstitium layers. There were no tertiary follicles in the ovaries.
The introduction of the sorbent composition contributed to a decrease in the diam-
eters of arteries, veins, lymphatic vessels of the uterus, a decrease in edema in both
organs due to the narrowing of the prelymphatic slits, and stimulated an increase
in the numerical density of secondary follicles.

Conclusion. A corrective effect of the sorbent composition of aluminum oxide
and polydimethylsiloxane on prelymphatic slits, blood and lymphatic vessels
in the uterus and ovaries in db/db mice with obesity and type 2 diabetes mellitus
was revealed.

Key words: db/db mice, obesity, type 2 diabetes mellitus, uterus, ovaries, blood
and lymphatic vessels, prelymphatic slits

For citation: DergachevaT.l., MichurinaS.V,, Ishchenko I.Yu., Starkova E.V. Effect of a sorb-
ent composition based on aluminum oxide and polydimethylsiloxane on the reproductive
system of db/db female mice with genetically determined obesity and type 2 diabetes
mellitus. Acta biomedica scientifica. 2023; 8(4): 248-257. doi: 10.29413/ABS.2023-8.4.26
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PE3IOME

Memabonuyeckuli CUHOPOM, OXKUpeHUe, caxdapHsil duabem 2-20 muna xapakmepu-
3yl0mcs HakonieHueM mokcu4eckux npodykmoes Memabosu3ma 80 8HympeHHeu
cpede opeaHu3ma. AKmyasibHa pa3pabomka UHHOBAYUOHHbIX IEKAPCMBEHHbIX Npe-
napamoe Ha ocHoge copbeHmHoU Mampuubl, MOOUGPUUUPOBAHHOU 6UOSI02UYECKU
akmugHeIMu Mmosiekyiamu. [lepcnekmugHou sgasemca copbeHmMHas KoMnNo3uyus
U3 OKCUOA aIMUHUA U NOIUOUMEeMUJICUIOKCAHA.

Lens uccnedosaHusa. V3yyeHue enuaHus 0aHHol copbeHmMHoU mampuyel
Ha mamky u AudHUKU db/db meiwel ¢ oxxupeHueM u caxapHeiM ouabemom
2-20 muna.

Mamepuanel u memodel. CopbeHmHyto Komno3uyuio (0,665 2/kz 8 200 Mk duc-
MusIIUPOBAHHOU 800b1) 8800UU 14-HeOeslbHbIM XUBOMHbIM Yepe3 8Hympuxe-
J1yOOUHbIU 30HO 1 pa3 8 OeHb 8 meyeHue 7 Cymok. [pynnamu cpasHeHus CIyXusu
CaMKu, KomopbelM 8800usIU Niayebo (exxeoHesHO 8Hympuxesnyoo4yHo 200 MK/
800bl 8 MeyeHuUe 7 CYmMOoK), U UHMAakmHsle XusomHele. Ljugpposbie usobpaxeHus
c8emoonmuyecKux npenapamos, OKpaweHHbIX 2eMAamoKCUTUHOM U 303UHOM,
obpabamesiganu 8 npoepamme Image-Pro Plus 4.1. B Aau4HUKAx onpeodenanu Yuc-
JIEHHYI0O NJTOMHOCMb NPUMOPOUAIIbHBIX, NEPBUYHBIX, BMOPUYHbIX (hOIUKYII08
U XXEMmelx meJt. VI3Mepsanu WupuHy /1068 Mamku, duamempsi KDOBEHOCHbIX U JIUM-
hamuuyeckux cocy0o8, WUpPUHYy UHMePCMUYUaIbHbix weset 8 060ux opeaHax.
Cmamucmuyeckyto 3Ha4uMocme pasznuyduli onpedesisau ¢ NOMOWbIO Kpumepus
MaHHa - YumHu.

Pesynemamel. Bmuomempuu u3sHoomempuu mamku db/db meiweti ommedanuce
ounamayus apmepud, 8eH, IUMPBamuyecKux cocy0os U 0meék 3a c4ém ckonsieHus
mkaHegol XUOKOCMU 8 UHMepCcmuyuu c10é8. B auyHukax omcymcmaeosgasnu
mpemuyHble ¢onukyssl. BeedeHue copbeHmHol komno3uyuu cnocobcmeosa-
J10 yMeHbleHU ouamempos apmepud, 8eH, TUMpamuyeckux cocyoos Mamku,
CHUXeHUIo 0méKa 8 060UX 0p2aHAX 3d CYEM CyKeHUsA npeaumpamuyeckux uesned,
CMUMYJIUPOBAJIO y8esiudeHUe YUCIeHHOU NIOMHOCMU 8MOPUYHbIX (YOSITUKYII08.
3aknoyeHue. BoisgneH koppuaupyrwul 3¢p¢pekm copbeHmHol Komnosuyuu
U3 OKCUOAd A/TIOMUHUS U NOJTUOUMEMUJICUTOKCAHA HA NpesiuMpamuku, Kpo8eHOC-
Hble unumgpamuyeckue cocyobl 8 Mamke u asudHUKax y db/db meiwet c oxupeHuem
U caxapHsim duabemom 2-20 mund.

Kniouesowle cnoea: db/db meiwiu, oxxupeHue, caxapHublli duabem 2-20 muna, Mam-
Kd, AUYHUKU, KpOBEHOCHbIE U JIUMpamuyeckue cocyobl, npesumpamuku

Ona uyntuposBaHua: [eprauesa T./., MuuypuHa C.B., NweHko W.10., Crapkosa E.B.
BnusiHue copbeHTHO KOMMNO3ULMM 13 OKCMAA antoMUHUA Y NOANAMMETUIICUIIOKCaHa
Ha NonoByto cucteMy camoK db/db mbiluel ¢ reHeTUYeCcKr AeTePMYHUPOBAHHBIM Pa3-
BUTVEM OXKNPEHUS 1 CaxapHoro ArabeTa 2-ro Tuna. Acta biomedica scientifica. 2023; 8(4):
248-257. doi: 10.29413/ABS.2023-8.4.26

249



INTRODUCTION

Metabolic syndrome, obesity and type 2 diabetes mel-
litus are an urgent medical and social problem for socie-
ty associated with a decrease in the quality of life and life
expectancy. Metabolic syndrome, the main feature
of which is obesity, includes a group of abnormalities (ac-
cumulation of abdominal fat, hyperglycemia, hyperinsu-
linemia, dyslipidemia, hypertension) leading to diabetes
and cardiovascular diseases. The prevalence of metabol-
ic syndrome is high and has been found to affect between
17 % and 46 % of the general population in developed coun-
tries [1]. In Russia, according to Rosstat estimates, 5.1 million
people were diagnosed with diabetes mellitus and 1.9 mil-
lion were diagnosed with obesity in 2020 [2]. There has been
a significant increase in the prevalence of obesity among
young people: over the past twenty years, the proportion
of 12-19-year-olds suffering from this disease has increased
from 5 to 14 % [3].

An increase in the prevalence of obesity among wom-
en of reproductive age leads to an increase in infertility.
Metabolic syndrome occurs in 30-33 % of women with im-
paired reproductive function [4]. Among patients with re-
current endometrial hyperplastic processes, the frequen-
cy of this pathology reaches 70 % [5]. 30-70 % of wom-
en with polycystic ovary syndrome (PCOS) are overweight
and obese. At the same time, PCOS is the most common
cause (70 %) of anovulatory infertility [6].

The multifactorial pathogenesis of metabolic syn-
drome, associated with the involvement of many body
systems, determines the complexity and effective-
ness of therapy, despite clear ideas about the mecha-
nisms of development of reproductive system pathol-
ogy [4-6]. In metabolic syndrome and type 2 diabetes
mellitus, disorders of carbohydrate, fat, protein, miner-
al and water-salt metabolism are noted. The accumu-
lation of products of impaired metabolism and edema
fluid in the interstitium leads to an increase in the load
on the regional lymphatic apparatus. Sorption ther-
apy is aimed at removing toxic products from the in-
terstitium by hemo-, plasma-, and lymphosorption.
Long-term studies at the Research Institute of Clini-
cal and Experimental Lymphology — Branch of the Fed-
eral Research Center Institute of Cytology and Genet-
ics, Siberian Branch of Russian Academy of Sciences
(RICEL - Branch of the ICG SB RAS) have shown that cor-
rection with sorbents has a positive effect on the lymphat-
ic system, improves its drainage and detoxification func-
tions [7-9]. RICEL - Branch of the ICG SB RAS is developing
a direction for the development of innovative medicines
based on the embedding of biologically active molecules
into the structure of porous carriers in which the pores
of sorbents act as containers for active pharmaceutical in-
gredients. Currently, a sorbent matrix based on aluminum
oxide and polydimethylsiloxane is actively used as a carri-
er of biologically active molecules of melatonin, lithium,
etc. However, we have not found studies on the effect
of metabolic syndrome, obesity and type 2 diabetes melli-
tus on the blood and lymphatic vessels of the pelvic organs

in the available literature. To study the effect of the «sorb-
ent + medicine» complexes, it is necessary to investigate
the effect of the sorbent itself on the reproductive organs
in these conditions. The study of the follicular composi-
tion of the ovaries, blood and lymphatic vessels, the pre-
lymphatic slits of the ovaries and uterus, as well as the ef-
fect of sorption therapy on these structures in women
with metabolic syndrome is impossible due to ethical
and methodological problems. Therefore, we selected
a model of genetically programmed obesity and type 2
diabetes mellitus in homozygous mice of the BKS.
Cg-Dock7™+/+Leprdb/J (db/db mice) line.

So far, it is known that db/db mice have a point muta-
tion in the leptin receptor gene, have pathological obesi-
ty and are characterized by chronic hyperglycemia, atro-
phy of pancreatic beta cells, hypoinsulinemia and dyslip-
idemia. The hyperlipidemic metabolic microenvironment
caused by such a mutation leads to the accumulation of li-
pids in the theca cells and ovarian interstitium, progressive
lipoapoptotic cytoatrophy of the compartments of follicular
granulosa cells of the ovaries and epithelial cells of the en-
dometrium of the uterus, which ultimately contributes
to the development of infertility and premature organ in-
volution in these mice [10, 11]. Thus, we consider db/db
mice with obesity and type 2 diabetes mellitus as a suita-
ble model for studying the drainage function of the above-
mentioned sorbent composition on the reproductive sys-
tem of females.

THE AIM OF THE STUDY

To identify the effect of a sorbent composi-
tion of aluminum oxide and polydimethylsiloxane
on the width of the myometrium and endometrium
of the uterus, follicular apparatus and corpuses luteum
of the ovaries, the state of blood, lymphatic vessels, uter-
ine and ovarian prelymphatic slits of db/db mice with ge-
netically determined development of obesity and type 2 di-
abetes mellitus.

MATERIAL AND METHODS

Experiment design

Female homozygous mice of the BKS.Cg-
Dock7™+/+Leprd/J (db/db mice) line at the age of 14 weeks
were kept in controlled barrier rooms of the Laborato-
ry Animal Genetic Resource Center of the Institute of Cy-
tology and Genetics, Siberian Branch of Russian Academy
of Sciences (RFMEFI62119X0023). The animals had free ac-
cess to food (SSNIFF (Germany), balanced granulated feed)
and water. The experiments were carried out in accord-
ance with Directive 2010/63/EU of the European Parliament
and of the Council of the European Union on the protec-
tion of animals used for scientific purposes and the Princi-
ples of Good Laboratory Practice (GLP). The study was ap-
proved by the local Ethics committee (Protocol No. 128
dated March 15, 2017).

250



A powdered sorbent complex of aluminum oxide
and polydimethylsiloxane with a particle size up to 0.1 mm,
a bulk density close to 1, an average pore volume of up
to 0.26 cm3/g, and a specific surface area of up to 160 m?/g
were used in the work. The sorbent matrix produced in Rus-
sia, created on the basis of aluminum oxide and polymethyl-
siloxane, is a hydrophilic-hydrophobic matrix compatible
with biological tissues [12].

The following groups were formed:

1. Intact animals (n = 6).

2. Placebo (n = 7) - mice who received intragastric
200 pl of distilled water daily for 7 days.

3. Sorbent (n=5) - mice that were injected with a sorb-
ent composition (0.665 g per 1 kg of body weight, dilut-
ed in 200 pl of distilled water) through an intragastric tube
once a day for 7 days.

Methods

After the animals were removed from the experi-
ment by craniocervical dislocation, the uterus and ova-
ries were taken for histological examination. The organs
were fixed in 10 % neutral formalin, dehydrated in a se-
ries of alcohols of increasing concentration and placed
in a histomix. Slices with a thickness of 5 um obtained
using the Leica RM2155 microtome (Leica Biosystems,
USA) were stained with hematoxylin and eosin. The prep-
arations were examined under an Axioplan light micro-
scope (Carl Zeiss, Germany) connected to a digital cam-
era at magnifications of the eyepiece x10, lens x5. Digital
images of the preparations were processed using the Im-
age-Pro Plus 4.1 program. The width of the myometri-
um, endometrium, diameter of blood and lymph vessels,
width of interstitial slits (prelymphatic slits) of the uterus
and ovaries were measured in microns. To assess the fol-
licular composition of the ovaries of mice, the numeri-
cal density of the primordial, primary, secondary folli-
cles and corpuses luteum in ovary slices which passed
through the ovarian gate was determined. Follicle iden-
tification was carried out according to the classification
described in the work of A.E. Katelnikova et al. (2020) [13].
Each class of follicles is characterized by a fixed num-
ber of epithelial cells: primordial, consisting of an oo-
cyte and surrounded by a single layer of flattened folli-
cular cells, between which there are slits, and as the fol-
licle forms, epithelial cells connect; primary (single-lay-
ered, preantral) and secondary (multilayer, antral) fol-
licles formed by an oocyte and cubic granulosa cells;
tertiary (preovulatory) follicles, which later become ma-
ture and ready for ovulation.

Statistical processing

Statistical processing was performed using the Sta-
tistica 12 software package (StatSoft Inc., USA).
The values of the median, the first and third quartiles,
and the arithmetic average were determined. The sta-
tistical significance of the differences in the com-
pared values was established using the non-paramet-
ric Mann - Whitney test. The differences were consid-
ered statistically significant at p < 0.05.
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RESULTS

In female db/db mice, unlike normal laboratory mice,
no clearly defined inner circular and outer longitudinal
layers were found in the uterine myometrium. Between
the layers of the myometrium, there was also no expres-
sion of the vascular layer between the layers of the myo-
metrium, in which the blood and lymph vessels of the uter-
us normally pass. Only individual vessels, which were lo-
cated between edematous muscle fibers and single myo-
cytes, were detected in db/db mice. The average diameters
of the myometrial vessels in db/db mice were: arteries - 11.93
(11.43; 17.46) microns, veins — 20.81 (20.07; 28.39) um, lym-
phatic vessels — 30.79 (25.54; 36.86) um. Average diameters
of endometrial vessels: arteries — 11.82 (11.79; 14.18) pm,
veins — 24.57 (18.74; 26.35) um, lymphatic vessels -
23.21 (21.67; 31.50) um. The muscle layer in the females
looked edematous due to dilation of the prelymphatic slits
and accumulation of tissue fluid in the interstitium. The av-
erage width of the prelymphatic slits in the myometri-
um was 28.86 (26.66; 32.16) um, and the average thickness
of the myometrium reached 138.61 (125.75; 152.27) pm.
The same pattern of edema was detected in the endo-
metrium (Fig. 1a). The average width of the prelymphat-
ic slits in the endometrium was 14.13 (13.78; 14.50) um,
and the average thickness of the endometrium itself
reached 347.48 (301.82; 358.44) um. In the placebo group,
the edema pattern persisted and the thickness of the layers
did not change.

After treatment with the sorbent composition of alu-
minum oxide and polydimethylsiloxane of db/db mice,
the thickness of the uterine layers decreased compared
to placebo (p < 0.0122) (Fig. 2). Sorbent treatment contrib-
uted to the narrowing of the diameters of both the bear-
ing vessels — arteries (p < 0.0216) and vessels draining flu-
id from the organ - veins (p < 0.0122), lymphatic vessels
(p < 0.0122) (Fig. 1b; Fig. 3).

The width of the prelymphatic slits decreased
(p < 0.0122; Fig. 4a, b), interstitial edema decreased,
making the endometrium and muscle layer appear more
"dense". A decrease in the diameter of all types of vessels
and the width of the prelymphatic slits, a decrease in ede-
ma in both layers db/db mice uterus after administration
of aluminum oxide and polydimethylsiloxane may indi-
cate a pronounced draining effect of this sorbent compo-
sition on the interstitium of different uterus layers.

Administration of aluminum oxide and polydimethyl-
siloxane had no effect on the size of the diameters of blood
and lymph vessels in the ovaries, but caused a pronounced
tendency to decrease the width of the prelymphatic slits
in them (p < 0.0513) (Fig. 4b). In the follicular appara-
tus of the ovaries of female db/db mice, tertiary follicles
were absent, and the numerical densities of other struc-
tures were: primordial follicles — 15.0 (11.75; 17.5) units, pri-
mary follicles - 5.0 (3.5; 5.0) units, secondary - 3.0 (3.0; 3.75)
units, corpuses luteum - 3.0 (2.25; 3.0) units. The quantita-
tive composition of the ovarian follicular apparatus in an-
imals of the placebo group did not differ statistically sig-
nificantly.
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Uterus (a, b) and ovaries (c, d) in db/db mice before (a, c) and after (b, d) treatment with of the sorbent complex: 1 — myometrium; 2 - en-
dometrium; 3 — uterine glands; 4 — secondary follicles; thick black arrows — primordial follicles; long black arrows - lymphatic vessels; short
black arrows - prelymphatic slits; long white arrows - veins; short white arrow — artery. Magnification x 400 (a, b), x 200 (c, d)

Administration of the sorbent matrix had no effect
on the number of primordial, primary follicles and corpu-
ses luteum, but contributed to an increase in the numeri-
cal density of secondary follicles — up to 5.0 (4.0; 6.0) units
compared with placebo (2.5 (2.0; 3.0) units; p < 0.0176). Per-
haps it was the improvement in the drainage of the ovarian
interstitium and the removal of toxic metabolic products
that contributed to the maturation of secondary follicles.

DISCUSSION

It is known that in obese women, the presence of high
levels of lipid droplets in the cumulus and granulosa cells
of the ovaries is associated with unfavorable results of ges-
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tation and carrying of a pregnancy [14]. Changes in the con-
centrations of glucose and lipids (free fatty acids/triglycer-
ides) in the intercellular space affect the interstitial and cy-
toplasmic microchemical environment, which significantly
changes the cellular diffusion of nutrients and the rate of ac-
tive transmembrane flow. For example, it has been shown
that a progressive increase in the absorption of interstitial
and cytoplasmic lipids is associated with DNA fragmentation
of endometrial epithelial cells and follicular granulosa cells
of the ovaries in db/db mice by lipoinfiltration into the chro-
matin matrix, that leads to the development of nuclear
lipoapoptosis [15]. At the same time, conditions are creat-
ed in the interstitium to increase the level of free radicals,
reactive oxygen/nitrogen species, which in turn contrib-
utes to the accumulation of low molecular weight hyaluro-
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and in the ovaries (c) of db/db mice before and after administration of aluminum oxide and polydimethylsiloxane: =—— — median;
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nan of the intercellular matrix. Hyaluronic acid, fragment-
ed to low molecular weight polymers (from 1 to 500 kDa),
can not only disrupt the permeability of the blood ves-
sel wall, but also, by binding to the LYVE-1 receptor, de-
stroy the integrity of the endothelial barrier of lymphatic
vessels [16, 17]. As a result, we observe dilatation of arter-
ies, veins, lymphatic vessels, interstitial prelymphatic slits
of the myometrium and endometrium of the uterus, dilation
of the prelymphatic slits in the ovaries and edema due to ac-
cumulation of tissue fluid in the interstitial of these organs.
Thus, in db/db obese mice with type 2 diabetes mellitus,
we have already noted an expansion of sinusoidal capil-
laries and a low level of LYVE-1 expression in the liver [18].

In patients with metabolic syndrome, angiography data
are usually provided - when assessing the nature of dam-
age to the coronary arteries, multivessel and polyseg-
mental lesions are more often described [19, 20]. We have
not found an analysis of the size of the diameter of veins,
lymphatic vessels in the organs of the female reproductive
system in the available literature. In our study, it was shown
that treatment with the sorbent composition based on alu-
minum oxide and polydimethylsiloxane has a positive ef-
fect on the water homeostasis of reproductive organs, as ev-
idenced by a decrease in the diameters of arteries, veins
and lymphatic vessels of the myometrium and endome-
trium of the uterus, a narrowing of the width of the pre-
lymphatic slits and a decrease of ovarian and uterine tis-
sue edema in db/db mice. These results indicate the drain-
ing and detoxification effects of aluminum oxide and poly-
dimethylsiloxane.

Obesity affects the hypothalamic-pituitary axis
throughout a woman'’s life. It affects the processes of pu-
berty and is associated with an increased risk of hyper-
androgenism and ovarian dysfunction. The associa-
tion of hyperinsulinemia and hyperandrogenism in dis-

orders of the latters, including PCOS, is well known [5].
The study of the number of follicles in the ovaries of db/
db mice deserves attention. So, M.V. Denisenko et al.
[21] when studying the ovaries of laboratory outbred fe-
male mice, counted up to 6 primordial follicles in 1 field
of view. It is known that the numerical density of follicles
in the ovaries depends on age. A pattern has been traced
between the number of primordial follicles in 1 field of vi-
sion and the age of a woman: at the age of 18-35, the num-
ber of primordial follicles was 7.5 + 2.5, at the age of 36—
55 years — 1 £ 1 (x 240) [21, 22]. The number of all types
of follicles in mice decreases significantly every 4 weeks
with age [11]. In our study on db/db mice, it was revealed
that the number of primordial follicles in the ovaries is sig-
nificantly higher than in ordinary laboratory mice. This
is consistent with the results and conclusions of research-
ers who observed polycystic ovaries in women with meta-
bolic syndrome and type 2 diabetes mellitus [23-25]. Most
of the symptoms of polycystic ovaries occur at the be-
ginning of puberty. Persistent hormonal imbalance leads
to the formation of multiple small antral follicles and anir-
regular anovulatory menstrual cycle, that ultimately caus-
es infertility in women. Insulin resistance, cardiovascular
diseases, abdominal obesity, psychological disorders, in-
fertility and cancer are also associated with PCOS. Hyper-
androgenism causes insulin resistance and hyperglyce-
mia, which leads to oxidative stress and abdominal obe-
sity. As a result, inflammation, production of reactive ox-
ygen species, insulin resistance and hyperandrogenism
also increase [26, 27].

Hyperandrogenism affects gene expression in en-
docrine theca cells, promotes an unbalanced change
in the subtypes of granulosa cells [28] and even leads to ap-
optosis of the latters, whereas the peripheral conversion
of androgens to estrogens suppresses the secretion of gon-
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adotropins. Q.L. Zhang et al. [29] explain the impaired fol-
licle development (a decrease in the number of preant-
ral and antral follicles) by an increase in insulin-depend-
ent phosphorylation of protein kinase B and levels of cas-
pase-3 in ovaries of mice with hyperinsulinemia. Most
of the changes related to ovarian physiology in obesity are
the result of transcriptional disorders caused by altered lep-
tin signaling. Increased leptin levels stimulate higher ex-
pression of CART, which encodes an endogenous neuro-
peptide that plays a key role in regulating follicle atresia
in granulosa cells of overweight and obese animals and hu-
mans [30]. Obesity can lead to the activation of inflamma-
tory pathways and the creation of an unbalanced micro-
environment around cells, as well as to a higher expres-
sion of molecular inflammatory mediators in the follicles
themselves, contributing toirreversible damage to the lat-
ters [30]. Obese women have elevated levels of C-reactive
protein in follicular fluid, indicating that there is a direct ef-
fect of the woman’s metabolism on the ovarian follicle mi-
croenvironment and is a marker of inflammation and ox-
idative stress. All this contributes to the delay in follicle
maturation and the development of anovulation [5, 23,
30]. In our study, it was found that the treatment of db/db
mice with a sorbent composition based on aluminum oxide
and polydimethylsiloxane leads to an increase in the nu-
merical density of secondary follicles, relative to the place-
bo group. Perhaps it was the improvement in the drainage
of the ovarian interstitium and the removal of toxic meta-
bolic products that contributed to the maturation of sec-
ondary follicles.

CONCLUSION

Thus, in female db/db mice with genetically deter-
mined development of obesity and type 2 diabetes mel-
litus, dilation of the blood and lymph vessels of the myo-
metrium and endometrium in the uterus, expansion of in-
terstitial slits (prelymphatic slits) and edema in the ovaries
and both layers of the uterus, a large number of primordi-
al follicles and absence of tertiary follicles in the ovaries
are observed. Administration of the sorbent composition
based on aluminum oxide and polydimethylsiloxane leads
to a decrease in the diameters of the blood and lymph ves-
sels of the uterus, a narrowing of the width of the prelym-
phatic slits, that contributes to the reduction of tissue ede-
ma of reproductive organs, the structuring of the uterine
tissue layers and the improvement of the functional activ-
ity of the ovaries, as evidenced by an increase in the num-
ber of secondary follicles.
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