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Sergey l. Kolesnikov

Member of the RAS

EDITOR-IN-CHIEF’S PREFACE

When scanning through the content of current issue of our journal | would
like to highlight the works that are directly related to the priorities and critical
technologies which were identified by the President of the Russian Federation
in his Decree No. 529 dated June 18, 2024. These are "Preventive and person-
alized medicine, ensuring healthy longevity" and "Biomedical and cognitive
technologies for healthy and active longevity".

The first study is a joint work of Russian and Belarusian scientists from Mos-
cow and Grodno (Krivolapchuk I.A. et al.), who analyzed the factors and lev-
el of physical performance of schoolchildren aged 13-14 years. It was re-
vealed that the transition to higher stages of puberty is accompanied with pro-
gressive dynamics of most indicators of anaerobic performance, while indica-
tors of aerobic power and capacity change in different directions. This is im-
portant to take into account when regulating physical activity in adolescents
during the critical period of ontogenesis.

The second work is a review by L.E. Pleshchev et al. (Yaroslavl, Moscow)
with an analysis of the prevalence of sarcopenic obesity, the causes of its oc-
currence, modern methods of its prevention and physical rehabilitation, age-
related changes in adipose and muscle tissue, effect of calorie restriction
and physical exercise complexes that have a positive effect. The authors also an-
alyzed gaps in clinical practice recommendations.

This "age series" is completed with an article of L.V. Poskotinova et al.
(Arkhangelsk) on the possibility of using the parameters of auditory evoked
potentials as a criterion for reduced cognitive reserve and increased risk of de-
veloping cognitive impairments.

Studies on cardiovascular pathology, which makes the main contribution
to the mortality and the reduction in life expectancy, is represented an exten-
sive study by A.Yu. Lazutkina (Khabarovsk), on the assessment of the quality
of the screening test for coronary heart disease predictors. It is proposed
to expand the number of detected markers for assessing the risk of coronary
heart disease and other pathologies. The work of A.N. Sumin et al. (Kemerovo)
included analysis of diagnostic tactics in patients with suspected obstructive
coronary heart disease which, and a conclusion was made about the necessity
in wider using non-invasive imaging tests. R.E. Kalinin et al. (Ryazan) revealed
that indicators of spectral analysis of electroencephalogram and P300 cogni-
tive evoked potential are the predictors of cognitive status 6 months after ca-
rotid endarterectomy.

Other works published in this issue also correspond to the mentioned
Decree and the Strategy for Scientific and Technological Development
of the Russian Federation. This applies to the studies on socially significant
diseases: hepatitis, tuberculosis, HIV infection, etc. This is the subject of ar-
ticles by S.S. Sleptsov and S.S. Sleptsova on chronic viral hepatitis in the Arc-
tic zone of the Republic of Sakha (Yakutia), R.Yu. Abdullaev et al. (Moscow),
who revealed the development of hypercoagulation in TB patients with dia-
betes mellitus after moderate and severe COVID-19, A.Yu. Sambyalova et al.
(Irkutsk), who analyzed the antiretroviral drugs concentrations in children
with perinatal HIV infection.

Several works are devoted to reproductive health and children’s
health - the problems that are also under magnifying glass of modern
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health care and state leaders. One of them is a review by S.V. Zotov et al.
(Novosibirsk, Novokuznetsk) with an analysis of the impact of environmen-
tal pollution, lifestyle, surgical history, bad habits and obesity, psychologi-
cal and social factors that reduce ovarian reserve. K.D. levleva et al. (Irkutsk)
studied the diagnostic value of interleukins in women with chronic endome-
tritis and overweight, which will give an opportunity to develop a minimal-
ly invasive method for determining the risk of this disease. E.D. Kazantseva
et al. (Irkutsk) revealed a higher level of lipid peroxidation products, a lack
of fat-soluble vitamins and increased values of oxidized glutathione in chil-
dren with influenza compared to the healthy children. The series is conclud-
ed by the work by V.V. Kocherova et al. (Chita), who determined the risk fac-
tors for the development of intraventricular hemorrhages in extremely pre-
mature newborns, which is very important for the providing medical care
to such children.

Two original articles and a review are devoted to the surgical problems.
V.A. Zaika, T.N. lureva and D.B. Danzandorzhieva (Irkutsk) proved that episcle-
ral methods of treating rhegmatogenous retinal detachment are charac-
terized by the best anatomical, reconstructive and functional effect. L.V. Ly-
ubimova et al. (Cheboksary) revealed a change in the spectrum of leading
pathogens of implant-associated infection in the pre- and post-COVID pe-
riod and a change in their antibiotic resistance, and recommend vancomy-
cin for empirical therapy, but limited use of fluoroquinolones. The review
by L.M. Tibekina et al. (St. Petersburg) proved that the surgical method
of treatment of drug-resistant epilepsy is a priority.

This issue contains a larger number than ever of interesting experimental
studies. This concerns the modeling of various pathologies, such as: cat-
aract - by A.D. Chuprov et al. (Orenburg), who showed a decrease in stear-
yl-coenzyme-A-desaturase and melatonin concentration in the lens tissue;
non-alcoholic fatty liver disease - by T.V. Brus and A.G. Vasilyev (St. Pe-
tersburg), offering additional tests to assess the severity of the process; sco-
polamine cholinergic insufficiency - by Ya.G. Razuvaeva et al. (Ulan-Ude),
who studied the neuroprotective effect of Orostachys spinosa Sweet extract.

Three works are dedicated to the studying new and potential sub-
stances and compositions for the creation of vaccines, drugs and probi-
otics. For example, A.B. Pyatidesynikova et al. (Irkutsk) showed stimulation
of TLR2 and TLR4 gene expression by organoselenium compound 2,6-dipy-
ridinium-9-selenabicyclo[3.3.1]Jnonan dibromide, i. e. increase in the immu-
nogenic properties of the vaccinal strain Y. pestis EV. S.M. Miroshnichenko
et al. (Novosibirsk) found that using enterosorbent based on aluminum ox-
ide and polydimethylsiloxane has protective effect for thymus functional
activity in modeling continuous lighting in rats. A.S. Pendyukhova et al. (Ir-
kutsk, Ulan-Ude) proved that both the biocompatibility of probiotic strains
and the antagonistic activity of the consortium against pathogenic strains
are important for the creation of a probiotic consortium with effective po-
tential, which makes it possible to determine effective strategies for the use
of probiotics.

The article by E.V. Saidakova et al. (Perm) proposes to modify the culti-
vation protocol by introducing interleukin 2 into the culture medium in or-
der to increase the viability and mitotic activity of T lymphocytes thawed af-
ter cryopreservation.

As always, the issue contains a description of unique clinical observa-
tions. T.V. Sorokovikova et al. (Tver, Moscow) describe a rare prion disease -
fatal familial insomnia caused by an autosomal dominant mutation D178N
of the PRNP gene.

In conclusion, | would recommend paying attention to a very interest-
ing review not only for theorists and clinicians, but also for teachers. This is
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the review by E.T. Ablyakimov and M.A. Kriventsov (Simferopol) discussing li-
gand-associated activation of vitamin D receptors in the morphogenesis of im-
mune inflammation. A better understanding of the intercellular relationships
between vitamin D receptors, D3-VDR complex, and immune checkpoint re-
ceptors (PD-1, PD-L, CTLA) in inflammation could form the basis for the de-
velopment of new strategies for the diagnosis, prognosis, and treatment
of various diseases.

We wish you a good summer and new interesting ideas!

For citation: Kolesnikov S.I. Editor-in-Chief’s preface to Issue 3, 2024. Acta biomedica
scientifica. 2024; 9(3): 5-10. doi: 10.29413/ABS.2024-9.3.1
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KonecHukos
Ceprewn ViIBaHOBINY

Axkapemuk PAH

PaccmaTpuBas cogep aHue JaHHOTO HOMepPa Hallero »KypHana, A 6bl Bbi-
nenun paboTbl, KOTOpble CBsA3aHbl HEMOCPEACTBEHHO C TEMU NMpuopuUTeTa-
MU U KPUTUYECKUMUN TEXHONOTMAMU, KOTopble onpepenun MNpe3ngeHt Poc-
cuinckon Mepepaumm B cBOEM yKase oT 18.06.2024 N2 529. 3T1o «[1peBeHTHB-
Has 1 NepCcoHanu3npoBaHHas MenLUMHa, obecrneyeHne 3G0pPOBOro Josrone-
TMA» U «bromeguUMHCKE N KOTHUTUBHbIE TEXHONIOTUU 3[0POBOrO U aKTUB-
HOro JONroneTus».

MepBoe nccnenoBaHMe — 3TO COBMeCTHasA paboTa poccuinickmx n benopyc-
CKNX yYéHbIX 13 Mocksbl 1 N'pogHo U.A. KpnBonanuyka v coasT., NpOaHann3n-
poBaBLX ¢paKTOpbl 1 ypoBeHb ¢pu3nyeckoil paboTocnoco6HOCTY WKONb-
HUKOB 13-14 neT. BbifBNIEHO, UTO C Nepexoaom Ha bosiee BbICOKME CTagun no-
NIOBOrO CO3peBaHUs HabnogaeTca NporpeccuBHan AMHaMMKa 60NbLWNHCTBA
nokasaTesiell aHaspPO6HOI PaboTOCNOCOOHOCTH, TOrAa Kak NokasaTesiv aspob-
HOW MOLLHOCTY 1 EMKOCTU M3MEHAIOTCA pa3sHOHaMNpPaBaeHHO. 3TO BaXHO yuu-
TbIBaTb NPU HOPMUPOBAHUM GU3NYECKMX HArpPy30K Y NMOLPOCTKOB B KpUTHYeE-
CKWI Nepurog OHTOreHesa.

BTopas pabota - 0630p W.E. Mnewésa 1 coasT. (Apocnaenb, MockBa) ¢ aHa-
JIN30M PACNPOCTPAHEHHOCTY CAapPKOMEHNUYECKOro OXKUPEHUSA, MPUUMH BO3HMK-
HOBEHWA, COBPEMEHHbIX METOLOB NPOGUNIAKTUKI 1 GU3NYECKOW peabunutaumm,
BO3PACTHbIX U3MEHEHUI XXMPOBOW 1 MbILLIEYHOW TKaHW, IaHHbIX O BIVSHUU Orpa-
HUYEHWSA Kanopuii U KOMMIEKCOB GU3NYECKIMX YNPaKHEHNI, KOTOPble OKa3blBa-
0T MONIOXKMTENIbHOE BNMsAHME Ha Gpr3nyeckne nokasatenu. NpoaHanmsnpoBaHbl
npobGenbl B peKoMeHAAUMAX MO KIMHUYECKOW NPaKTUKE.

[lononHsaeT 3TOT «BO3pacTHOW pAa» coobueHue J1.B. [ToCKOTUHOBOI 1 CO-
aBT. U3 ApxaHrenbcka 0 BO3MOXKHOCTY MCMONb30BaHNUA MApPaMeTPOB CITyXOBbIX
BbI3BAHHbIX MOTEHLMNANOB KaK KPUTEPUA CHUXKEHHOIO KOTHUTUBHOMO pe3epBa
1 NOBbILLIEHHOTO PUCKa Pa3BUTUA KOTHUTUBHbIX HapyLIeHUA.

B pycne paboT no cepgeyHo-coCcyaANCTOI NAaTONOMMM, BHOCALLE OCHOB-
HOW BKnag B GOpMMUPOBaHME CMEPTHOCTY 1 COKpaLLeHre NPOJOIKIUTENIbHO-
CTW »KU3HW, NeXxuT obwmrpHoe uccnepgosaHve AO. JlasyTkuHol (XabapoBck),
NOCBALEHHOE OLleHKe KauecTBa CKPUHUHI-TeCTa NpeAnKTOpoB nuemuye-
cKoll 6onesHu cepaua. lNpeanaraeTca pacwWmpuTb KOMIMYECTBO BbIABIAEMbIX
MapKepoB A5 OLeHKM PUCKa MLLEMMYECKON 6one3HM cepaLa U NHbIX 3abone-
BaHui. B pabote A.H. CymunHa 1 coasT. (KemepoBo) npoBeféH aHanm3 guarHo-
CTUYECKON TaKTUKN Y NaLMEHTOB C NOL0O3PEHMNEM HAa 0BCTPYKTUBHYIO LIeMu-
yecKylio 6one3Hb cepALa v cefiaH BbIBOJ 0 He0OX0ANMOCTY 6onee LMPOKOro
NCMONb30BaHUA HENHBA3NBHbIX BU3yanusnpyowmx Tectos. P.E. KannHuH n co-
aBT. (PA3aHb) BbIABUNM, UTO MOKA3aTeNM CNEeKTPaNbHOIO aHasn3a NeKTPOIHLe-
danorpammbl 1 KOrHUTUBHbIN BbI3BaHHbI NoTeHUuan P300 aensaioTca npe-
OVKTOPaMU KOTHUTUBHOIO CTaTyca yepe3 6 MecsAleB nocie KapoTuLHON SH-
LAapTEPUIOIKTOMUN.

CooTBETCTBYIOT yNOMAHYTOMY YKa3y n CTpaTternm Hay4yHO-TEXHONOIU-
yeckoro pa3sutusa Poccum n gpyrme paboTbl, onyb/nrKoBaHHbIe B KYpHa-
ne. OTO KacaeTcA NCCIefOBaHUN, MOCBALWEHHbBIX COLUMaNbHO 3HAUYMMbIM
3a6oneBaHmMAM: renaTtuTbl, Ty0epkynés, BUY-nHdekumns n gp. 31o crtatbu
C.C. CnenuoBau C.C. CnenuoBol (AKYTCK) O XPOHUYECKNX BUPYCHbIX renatu-
Tax B apKTuyeckon 3oHe Pecnybnukm Caxa (Akytus); P.H0. Abgynnaesa v coaBT.
(MockBa), BbIABMBLUMX GOPMUPOBaHME rNepKoarynaumnm y 60onbHbIx Tybep-
Kynésom C caxapHbiM grabetom nocne nepeHecéHHoro COVID-19 cpepHen
n Taxénon crenenu; A.l0. CambsinoBoli n coasT. (MpKyTcK), npoaHanusmpo-
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BaBLUMX KOHLEHTPaL My aHTUPETPOBNPYCHbIX MpenapaToB y AeTen C nepuHa-
TanbHol BUY-nHdpekunen.

Heckonbko paboT nocesLleHbl penpoayKTUBHOMY 340POBbIO U 340pPO-
Bblo geTell — Npobyiemam, KOTopble TaKke HaxoaaTcA B pOKyce BHYMAHMA CO-
BPEMEHHOrO 3[1paBOOXPAHEHMA U PyKOBOAMTeNel rocygapcTea. 3To 0630p
C.B. 3oT1oBa 1 coaBT. (HoBOCMO6UPCK, HOBOKY3HELK) C aHAann30M BAVAHUA 3a-
rpA3HEHUs OKpYKatollen cpefibl, 06pasza KM3HU, NepeHeCcéHHbIX onepauui,
BPenHbIX MPUBbIYEK, OXKUPEHNSA, NMCUXONOMMYECKNX 1 CoLnanbHbIX GakTopos,
COKpallatoLwmnx oBapranbHbiv peseps. K.[. MieBnesa n coaBT. (MpKyTCK) nsyumnnm
AVArHOCTUYECKY0 3HAYMMOCTb MHTEPNIENKNHOB Y KEHLLUMNH C XPOHUYECKM SH-
LOMETPUTOM U N30bITOYHOW MAaCCON TeNa, YTO NO3BONUT Pa3paboTaTb ManoOVH-
Ba3VBHbIV METOA ONpeaeneHns prucka Hanmuusa gaHHoro 3abonesanus. E.[. Ka-
3aHUeBa 1 coaBT. (MpKyTCK) BbIABWAN Y BONbHBIX FPUMNOM AeTell 6onee BbiCO-
KWW, 4Yem Yy 300POBbIX, YPOBEHb NPOAYKTOB NINMONEepPOKCMaLnn, HeJoCTaToK
MKNPOPACTBOPUMbBIX BUTAMUHOB Y MOBbILLIEHHbIE 3HAYEHWA OKUCIIEHHOTO Fy-
TaTUOHa. 3aBepLllaeT ceputo paboTa B.B. KouepoBoli 1 coaBT. u3 Yutbl, onpe-
LenuBLvX GaKTopPbl PUCKa Pa3BUTUS MHTPABEHTPUKYNAPHbBIX KPOBOU3UAHNI
y rny6oKO HeJOHOLIEHHbIX HOBOPOXAEHHbIX, YUTO OUEHb BaXHO [/ OpraHu3a-
L1 MOMOLLM TaKUM JeTAM.

Xupypruyeckoe HanpasfieHNe B JaHHOM BbiMyCKe NpefcTaB/ieHO ABY-
MSA OpUrMHaNbHbIMK CTaTbAMU U 0630poMm. B.A. 3aiika, T.H. lOpbesa n [.b. [aH-
3aHpopXxuneBa (MpKyTcK) foKasanu, YTo SnucKnepasnbHbie MeTOAMKN NeYeHnA
permaToreHHoOI OTCAIONKM ceTHaTKIN XapaKTepur3yTCa NyyLwM aHaTOMO-pe-
KOHCTPYKTUBHbBIM U pyHKLUMOHanbHbIM 3bdekTom. J1.B. liobrmoBsa 1 coasT. (Ye-
60OKCapbl) 06HAPYXNNN U3MeHeHUe CMEKTPa BefyLinx BO3byauTenel uMmnnaH-
TaT-accoLMMpoOBaHHOI MHGEKLUUN B JO- U MOCTKOBUAHOM rNepuoge n n3me-
HeHMe X aHTUOMNOTUKOPE3NCTEHTHOCTY Y PEKOMEHYIOT MPUMEHEHNWE B SMMN-
puyecKkon Tepanum BaHKOMULMHA, HO OFpaHNYEeHHOE UCMOMb30BaHMe GTop-
xvHonoHoB. 0630p J1.M. TubekunHon n coasT. (CaHKT-leTepOypr) foKa3blBaeT,
4TO XMpPYpPruyecknii metop neyeHnna papmakopesncTeHTHOI 3nunencum
ABNAETCA NPUOPUTETHBIM.

B faHHOM BbiNycKe Kak HMKOora 60bLluoe KOIMYeCTBO MHTEPECHbIX SKCre-
PVIMEHTanbHbIX NCCNefoBaHNI. ITO KacaeTca MOAENUPOBaHNA pPasfiNYHbIX
natonoruii: Katapakrtbl — A.[l. YynpoBsbim 1 coaBT. (OpeHbypr), nokasaswu-
MU CHUXKEHME CTeapu-KosH3MM-A-gecaTypasbl U MefTaTOHMHA B TKaHWU XpyCTa-
NNKa; HeanKoronbHol XXupoBoi 6onesHn neueHu — T.B. bpyc, A.l. Bacunbe-
BbIM (CaHKT-TeTepbypr), npegnaraliMm ONONHUTENbHbIE TECTbl 15 OLieH-
KU1 TAXKECTM NpOoLecca; CKOMonaM1MHOBOWN XONMNHePrnYyecKoml HepoCcTaToOuHO-
ctu — A.l. PasyBaeBon 1 coaBT. (YnaH-Yas), nayyaBlumx HEMPONpOTeKTUBHOE
JewncTtume aKcTpakTta Orostachys spinosa Sweet.

Tpun paboTbl NOCBSALLEHbI NUCCIEA0BAHMIO HOBbIX U MOTEHLMaNbHbIX Be-
LWeCTB 1 KOMMO3ULMIA 415 CO3[aHMA BaKLMHHbIX, IEKapPCTBEHHbIX NpenapaTos
1 npobroTrkoB. Tak, A.b. MAaTngecATHNKOBa 1 coaBT. (MpKyTCK) nokasanu ctumy-
NMpOoBaHue skcnpeccum reHoB TLR2 n TLR4 ceneHopraHN4eCcKnm coegnHeHnem
2,6-OMNUPUANHNIN-9-ceneHabuumkno([3.3.1JHoHaH anbpomung (974zh), T. e. noBbI-
LeHMEe MMMYHOTeHHbIX CBOWCTB BaKUMHHOro wramma Y. pestis EV. C.M. Mupo-
LWUHMYEHKO 1 coaBT. (HoBOCMOMPCK) foKa3anu, YTo NpUMeHeHNe SHTepoCcopOeH-
Ta Ha OCHOBE OKCMAa anioMVHWA 1 NONUAUMETUICUIIOKCaHa NPY MOAeNNpoBa-
HUW HEMPEepbIBHOTO OCBELLEHNA CNOCOOCTBYET COXPaHeHMo GYHKLMOHANbHOW
akTuBHOCTU TUMyca. A.C. lNeHbaoxoBa 1 coaBT. (MpKyTcK, YnaH-Ya3) ookasanu,
UTO BaXKHbIMM A/1A CO3A4aHNA NPOOMOTUYECKOrO KOHCOPLMYMa C 3GHEKTUBHBIM
NOTEHLUMANIOM ABAATCA Kak OMOCOBMECTMMOCTb MPOBUOTMYECKNX LUITAMMOB,
TaK 1 aHTarOHUCTUYECKaa aKTMBHOCTb KOHCOPLIMYMa NPOTUB 6ONE3HETBOPHbIX
LUITaMMOB, YTO MO3BONAET onpeaenuTb 3GPeKTBHbIE CTpaTerum NprMeHeHus
NpPo6MOTNKOB.

B ctatbe E.B. CaiipakoBoii 1 coaBT. (lepmb) Ans yBennyeHUs *Knm3Hecrnocob-
HOCTUN Y MUTOTMYECKOW aKTUBHOCTM Pa3MOPOXKEHHbBIX MOCSIe KPUOKOHCepBaLum
T-nnmdbounToB npepnaraetcs moandULMPoBaTb NPOTOKON KySIbTUBMPOBAHMSA
BHECEHUEM NHTEePreNKNHa 2 B KyNbTyparbHYyo cpeay.
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Kak Bcerfa, B XypHasne eCTb OnvcaHne YHUKaNbHbIX KIMUHUYECKMX Habnio-
AeHuin. B atoT pa3 T.B. CopokoBumkoBom u coaBT. (TBepb, MockBa) onmncbiBaeTcA
penKkoe nprioHHoe 3aborneBaHne — dpaTasibHas cemeliHas 6eCCOHHMLA, Bbi3BaH-
HaA ayTOCOMHO-AOMUHaHTHON myTaumein D178N reHa PRNP.

B 3akntoueHuie A 6bl peKoMeH0Ban 06paTTh BHUMAHME Ha OYEHb UHTEPEC-
HbI He TOJIbKO [151 TEOPETUKOB U KIUHWULIMCTOB, HO 1 AN1A npernofaBaTenen 06-
30p J.T. Abnakumosa n M.A. KpuseHLoBa (Cimbepononb), o6cyxaatowmin nu-
raHA-acCoLMMPOBAHHYI0 aKTMBaLMIO peLenTopos BiTamunHa D B MmopdoreHese
UMMYHHOr 0 BocnaneHus. bonee rny6okoe NoHMMaHVie MeXKIeTOYHbIX B3aIMOC-
BA3en pelentopos BuTammHa D, komnnekca D;-VDR 1 pelentopos MMyHHbIX
KOHTPONbHbIX Touek (PD-1, PD-L, CTLA) B BOCnaneHnm MoXeT CTaTb OCHOBOWM
[NA pa3paboTKM HOBbIX CTPATErnii ANarHoCTUKKU, MPOrHO3a 1 IeYeHUs pasnny-
HbIX 3a6051eBaHuN.

Xopouero Bam neta 1 HOBbIX MHTEPECHbIX naen!

Ona uyntnpoBanua: KonecHukos C.W. MNpegncnosure rnaBHoro pegaktopa k N2 3 (2024).
Acta biomedica scientifica. 2024; 9(3): 5-10. doi: 10.29413/ABS.2024-9.3.1
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1 0COB6eHHOCTM NX paHHUX ncxopos. Koveposa B.B.,
Monoea H.I., Lllepbak B.A.

IMPOPUJIAKTUYECKAA MEIUIIMHA

OueHKa KauecTBa CKPUHMHI-TECTA NPeANKTOPOB ULLIEMU-
yeckou bonesHu cepgua. JlasymkuHa A.1O.

TPABMATOJIOTUA

Muikpobronornyeckni npodub NaLMEeHTOB C opToneamnye-
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ABSTRACT

The aim of the review. To analyze the prevalence of sarcopenic obesity among elderly
and senile people, to assess its causes, and to present modern methods for its preven-
tion and physical rehabilitation.

This review article discusses the most recent evidence on age-related changes
in fat and muscle tissue, and on calorie restriction and exercise that have positive effect
on physical performance in older people with sarcopenic obesity. In addition, potential
gaps in clinical practice guidelines that merit attention in future research are identified
and analyzed.

Search strategy. We used the following key words to define participation in the re-
view: “sarcopenic obesity’, “sarcopenia with obesity’; “sarcopenia’; “elderly/old age”.
Inclusion and exclusion criteria. The review included original research results
(reviews, meta-analyses). Editorials, proceeding of the conferences, and research
protocols were excluded. The study sample included women and men of any race
aged > 60 years with a diagnosis of sarcopenic obesity and with preserved locomo-
tion function. Articles involving hospital patients were also excluded. Non-human
studies and studies that did not report precise intervention criteria (e. g., nutrition,
exercise, duration, etc.) were excluded.

The literature search was conducted in four electronic databases: PubMed, Cochrane
Library, Springer, Scopus, for the period from 2013 to August 1, 2023. There were
no restrictions on the language of the publication.

Key words: sarcopenia, physical activity, aging, obesity, muscle strength, lean body
mass, old age, morbidity

For citation: Pleshchev LE., Nikolenko V.N., Achkasov E.E., Preobrazhenskiy Ya.l.,
Gridin L.A., Shkrebko A.N., Tsoller M.V. The effect of exercise and nutritional support
on elderly and senile patients with sarcopenic obesity. Acta biomedica scientifica.
2024; 9(3): 14-25. doi: 10.29413/ABS.2024-9.3.2
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PE3IOME

Lene o0630pa. [lpoaHanusuposams pacnpoCmMpaHEéHHOCMb CapKONeHUYecKozo
OXUpeHUs cpedu siiodell NOXUI020 U CMAdpyeckozo 803pacmad, OUyeHUMs NPUYUHbI €20
B03HUKHOBEHUS, hpedcmasume cospeMeHHble Memoobl NPOGUAAKMUKU U ¢u3ude-
ckoli peabunumayuu.

B 0aHHoU 0630pHOU cmamee 0bcyx0armcs camble nocsiedHUe 0aHHble 0 803pdcm-
HbIX U3MeHEeHUSX 8 COCMOSHUU XUpPoBoU U MbilueYHoU MKAHU, d makxe ob ozpa-
HUYeHUU Kanopuli U KOMNJIeKcax (uaudyeckux ynpaxHeHul, Komopele 0Ka3uleaom
nosoxumesibHoe 8/1USHUE HA (hu3uYeckue nokazamesu NoXusbix adel ¢ capkone-
HUYecKum oxupeHuem. Kpome moeo, 8bisigrieHbl U NPOAHAIU3UPOBAHbI NOMeHYUds1b-
Hble npobesibl 8 peKOMeHOAaUUAX NO KJUHUYeCcKoU Npakmuke, Komopeble 3ac/lyXusad-
oM 8HUMAHUS 8 BYOyWUX UCCIe008AHUSX.

Cmpameaus noucka. Knrodessie /1084, Ucnosib3yemsle 0718 onpedenieHus ycaosuli
yyacmus 8 ob630pe: «CapkoneHUYecKoe OXupeHue», «CapKONneHus C OXupeHuem»,
«CAPKONEeHUs», «<NOXUJI0U/NpeKsTIOHHbIL 803pacmy.

Kpumepuu eknodeHUs u UcKaYeHus. B 0630p 8K/IOYANIUCL OpUUHAJIbHbBIE pe-
3ysbmamel  ucciedosaruli (063opbl, MemadHanusel). PedakyuoHHble cmameu,
me3ucsl KoHgepeHYul, NPOmMoKosbl Ucc1e008aHull ObiU UCK/IOYeHbl. Beibopka
07151 UCCIe008AHUSA BKJTIOYAA XeHWUH U MyX4UH /iloboli pacel 8 eo3pacme > 60 em
€ OUAd2HO30M «CAPKONEHUYecKoe OXupeHue» U COXpaHéHHOU (yHKyuel oKoMoyuu.
Takxxe UCK/IlOYeHbl CMameU C y4dcmueM 20CnUMasnu3uposaHHeix nayueHmos. Mc-
C/1€008aHUS, He C8A3AHHbIe C JII0bMU, U UCCIe008aHUS, 8 KOMOPbIX He CO0bWanocy
MOYHbIX KpumMepues sMewdamesibcmed (Hanpumep, NUMAaue, ynpaxHeHus, NpoooJi-
XKUMesibHOCMb U M. 0.), 6bI/IU UCKITIOHeHbl.

lMouck numepamypol 6bi1 NPOBEOEH 8 HYeMbIPEX 37IEKMPOHHbLIX 6a3ax OdHHBbIX:
PubMed, Cochrane Library, Springer, Scopus, —3a nepuod c 2013 2. no 1 agaycma 2023 2.
OzpaHuyeHul Ha A3bIK080U YKII0H Ny6/IUKAUUU 88e0€HO He OblITo.

Knroueawle cnoea: capkKoneHus, 4)U3U‘-IeCKaﬂ dKMu8HOCMb, CmapeHue, oxupeHue,
MblWeYHAas cusd, Mblle4YHas Macca mesa, noxusaou eo3pacm, 3abonesaemocms

Ona untuposauus: MNnewés W.E., Hukonexko B.H., Aukacos E.E., Npeob6paxkeHcknin A.M.,
MpunguH N1.A., Wkpe6bko A.H., Lonnep M.B. BninsiHue ¢dunsmuecknx ynpaxHeHUN n HyTpUTHB-
HOW MOAAEPKKM HA NALMEHTOB MOXWMIOTO 1 CTapueCcKoro Bo3pacTa C CapKOMeHNYeCKUm
oxmpeHnem. Acta biomedica scientifica. 2024; 9(3): 14-25. doi: 10.29413/ABS.2024-9.3.2
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INTRODUCTION

The number of elderly and senile people is grow-
ing worldwide. In 2017, the number of elderly people
accounted for 13 % of the world population and is ex-
pected to increase to 20 % of the population by 2030,
and to reach 2.1 billion by 2050 [1]. Most chronic dis-
eases worsen with age, which is associated with pro-
found changes in body composition, i.e., an increase
and redistribution of fat mass and a loss of muscle
and bone mass [2].

Among the most common conditions is obesity,
which is a complex, multifactorial and relapsing disease
that has become a pandemic worldwide [3]. In several
countries, the prevalence of obesity reaches 30-40 %
of the population, and a further increase in incidence
is expected over the next decades [4]. Obesity is char-
acterized by excessive accumulation of white adipose
tissue, not only in fat depots, but also ectopically, which
significantly reduces physical function [2, 3]. Thus,
it is not surprising that obesity is associated with more
than 200 medical complications and an increased risk
of morbidity and mortality, being the fifth leading
cause of death worldwide [3, 4]. Decreased muscle mass
and strength, known as sarcopenia, is very common
among older adults with obesity (sarcopenic obesity)
and is closely associated with frailty, which is a state
of impaired homeostatic reserve and stress tolerance
that leads to increased vulnerability to adverse health
outcomes [5]. Thus, sarcopenic obesity is closely as-
sociated not only with cardiometabolic dysfunctions,
but also with physical disability [2].

Although we clearly see a significant increase
in overall life expectancy, chronic diseases associated
with aging, which are exacerbated by obesity, seriously
impair quality of life during these “gained years." There-
fore, there is increasing effort to identify effective strat-
egies that can curb the obesity pandemic and support
the process of healthy aging. Among them, lifestyle in-
terventions, including dietary and training protocols,
have been widely studied [6]. In this context, it is import-
ant to highlight that diet-induced weight loss involves
not only a loss of fat, but also of muscle and bone mass
and may further exacerbate age-related sarcopenia
and frailty in older adults. Successful approaches that
can induce fat loss while preserving muscle and bone
mass are critical to reducing the cardiometabolic risks
associated with aging and obesity, while preventing
or mitigating frailty [2, 7, 8].

Obesity is a chronic metabolic disorder character-
ized by increased body fat stores, which consequently
increases the risk of metabolic diseases, cardiovascu-
lar diseases, and mortality. As with sarcopenia, there
is currently no consensus on appropriate cutoff values
for obesity. The World Health Organization (WHO) uses
body mass index (BMI) to define obesity (= 30 kg/m?2)
and overweight (25-29.9 kg/m2) [3]. The American As-
sociation of Clinical Endocrinology [9] recommends us-
ing cutoff values for body fat percentage to diagnose
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obesity (> 25%in men and >35% in women).The amount
of abdominal fat is easily estimated using waist circum-
ference (WQ), which is highly correlated with intra-ab-
dominal fat content. WHO has also used WC cutoff
values (= 102 cm for men, > 88 cm for women) as a surro-
gate for visceral fat. Lower cutoff values for central obe-
sity are required for different ethnic groups, including
Asians (2, 8). The Korean Society for the Study of Obesity
defines abdominal obesity as WC = 90 cm and > 85 cm
in men and women, respectively, based on the results
of an epidemiological study [10].

Sarcopenia is a predominantly geriatric disease
with a gradual loss of muscle strength, skeletal muscle
mass and muscle function. The term was officially adopt-
ed at the 2010 meeting of the European Working Group
on Sarcopenia in Older People (EWGSOP), and in Sep-
tember 2016, sarcopenia was included in the Interna-
tional Classification of Diseases of the 10th revision
(ICD-10) under the code M62.84. In 2018, the updated
consensus EWGSOP-2 was aimed atimproving the effec-
tiveness of early detection and treatment of sarcopenia
and its risk in clinical practice [11]. The group adopted
low muscle strength as the main determinant of sarco-
penia, since muscle strength is considered to be better
than muscle mass in predicting adverse outcomes [11,
12]. EWGSOP-2 focused on low muscle strength (grip
strength) as the main parameter of sarcopenia (hand
dynamometry); low muscle quantity and quality were
also used to confirm the diagnosis of sarcopenia (du-
al-energy X-ray absorptiometry (DXA), bioelectrical
impedance analysis (BIA), ultrasound, etc.), and the as-
sessment of the severity of sarcopenia relied on physi-
cal performance indicators based on a series of physi-
cal functioning tests (SPPB, Short Physical Performance
Battery) [5, 11].

A related disorder is sarcopenic obesity, a term
coined by R.N. Baumgartner and used for a specific phe-
notype of low muscle mass and high body fat [13].

Sarcopenic obesity (SO) is a multifactorial disease
characterized by the simultaneous presence of sar-
copenia and obesity. For patients, SO poses a greater
health risk than either sarcopenia or obesity alone [2,
13]. Therefore, studying sarcopenic obesity and finding
effective treatment are important due to the constant
increase in the elderly population.

Sarcopenia and obesity lead to decreased physical
performance. The hallmark of sarcopenia is slower gait
speed. In addition to a higher risk of falls [14], obese old-
er adults have decreased physical performance, as as-
sessed by self-assessment questionnaires or tests such
as the SPPB [13]. Sarcopenic obesity is thought to have
a synergistic effect on health deterioration compared
to sarcopenia or obesity alone. It causes more health
problems than sarcopenia or obesity [15] and is a major
cause of metabolic disorders, disability, cardiovascular
disease, and mortality [16]. Currently, there is no com-
mon definition, making it difficult to establish stan-
dardized diagnosis and management. Despite progress
in defining sarcopenic obesity, according to the recent



Consensus of the European Society for Clinical Nutri-
tion and Metabolism (ESPEN) and the European Asso-
ciation for the Study of Obesity (EASO) [17], the dis-
cussion on the treatment of this condition is still open.
Currently, there is no common definition, making it dif-
ficult to establish standardized diagnosis and manage-
ment. Despite progress in defining sarcopenic obesity,
according to the recent Consensus of the European
Society for Clinical Nutrition and Metabolism (ESPEN)
and the European Association for the Study of Obesity
(EASO) [17], the discussion on the treatment of this con-
dition is still open.

Sarcopenic obesity is a global health phenomenon
driven by both the rapid increase in the elderly popu-
lation and the obesity epidemic. Aging-associated in-
crease in visceral fat and decrease in muscle mass are
associated with numerous adverse cardiometabolic
effects and contribute to poor health outcomes [18].
Several biological pathways lead to age-related sar-
copenic obesity. Aging reduces resting metabolic rate
and metabolic adaptations, including adaptive thermo-
genesis, maintaining low muscle mass and increasing
body fat [13]. Reduced resting metabolic rate, physical
activity, mitochondrial volume, and oxidative capacity
with age contribute to age-related declines in muscle
mass and strength. Furthermore, age-related changes
in body fat distribution include loss of subcutaneous fat
and accumulation of visceral fat [19]. Also, age-related
changes accompanied by a decrease in bone mineral
density can lead to the development of osteosarcope-
nic obesity, the main criterion of which is the deteriora-
tion of bone condition and loss of muscle mass, coupled
with the presence of sarcopenia and obesity [10, 20].

Sex-specific hormonal changes are an important
factor associated with sarcopenic obesity. In women,
declining estrogen levels after menopause lead to in-
creases in body weight and fat mass, as well as shifts
in fat deposition from subcutaneous to visceral [13,
18]. In older men, total testosterone levels decline
by approximately 1% per year, with lower levels as-
sociated with sarcopenia, decreased muscle strength,
deterioration in physical performance, and increased
risk of falls [21].

PREVALENCE AND MORTALITY RISK

As the population ages, the prevalence of sarcopenic
obesity increases, as the prevalence of obesity and sar-
copenia also increases, especially among adults aged
65 years and older [2]. This is associated with decreased
physical activity and energy expenditure, as well as in-
creased body weight [10, 13].

A study of sarcopenic obesity in South Korea, com-
prising healthy volunteers aged 40-80 years, found
the prevalence of sarcopenic obesity ranging from 0.8%
t0 22.3% in women and from 1.3% to 15.4% in men [22].
Data from individuals aged 18-90 years from the Dutch
Lifelines cohort study showed a global prevalence
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of sarcopenic obesity of 1.4% and 0.9% in women
and men, respectively, with a rise in prevalence at 50
years and the prevalence reaching 16.7% in the 80-89
age group [23]. A meta-analysis of 50 studies including
86,285 individuals reported a global prevalence of sar-
copenic obesity in adults aged 60 years to be 11% [24].
A meta-analysis of 50 studies including 86,285 partici-
pants found a global prevalence of sarcopenic obesity
of 11% in adults aged 60 years [24].

In a study of older adults (n = 4652) aged over
60 years, conducted as part of the Third National
Health and Nutrition Examination Survey (NHANES
Il), the prevalence of sarcopenic obesity was 18.1%
in women and 42.9% in men. The study defined sarco-
penia using the BlA-derived sex-specific cutoffs [25].
Another study conducted among Koreans (n = 2221)
aged over 60 years, using the same SD criteria, found
that the prevalence of sarcopenic obesity was 6.1%
and 7.3% in men and women, respectively [10]. The rap-
idly increasing prevalence of obesity suggests a likely
corresponding increase in sarcopenic obesity in elderly
and senile people.

Multiple studies have assessed the association be-
tween sarcopenic obesity and mortality risk. NHANES 1l
also conducted a mortality risk analysis in 4652 individ-
uals aged 60 years and older with a 14-year follow-up,
and found a significantly higher risk of all-cause mor-
tality among women with sarcopenic obesity compared
to women without obesity or sarcopenia. However,
there was no statistically significant difference in mor-
tality risk between men with and without sarcopenic
obesity [25]. On the other hand, the British Regional
Heart Study examined mortality risk in 4107 men aged
60 to 79 years. During an 11-year follow-up period, men
with sarcopenic obesity had the highest mortality risk
compared to non-obese and non-sarcopenic subjects
[26]. A Swedish study of 809 people assessed mortal-
ity risk in sarcopenic obesity. Women aged 75 years
with SO had a higher 10-year mortality risk compared
to women without sarcopenia or obesity. Among men
aged 75 years, a similar association with mortality was
observed, although it did not reach statistical signifi-
cance [27]. A cohort study using the UK Biobank (n =
452,931) showed a significantly increased mortality
risk in individuals with sarcopenic obesity compared
with control subjects with pre-existing cardiovascular
disease [28]. Finally, a meta-analysis of 23 studies includ-
ing 50,866 individuals found that sarcopenic obesity
was significantly associated with a higher mortality risk
in older adults. Multiple subgroup analyses showed that
this higher mortality risk was significant among adults
living alone and hospitalized patients. Furthermore, this
indicator was consistent across studies that used differ-
ent criteria to define obesity and sarcopenia [29].

A long-term study of 2,309 elderly Japanese Amer-
ican men in the Honolulu Heart Program in the Unit-
ed States reported a significantly higher mortality risk
in the sarcopenic group (measured using DXA) than
in the non-sarcopenic, non-obese group [30].
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DIAGNOSIS OF SARCOPENIC OBESITY

Since sarcopenic obesity is a subclinical disease
and there is no universal consensus on diagnostic
criteria and their implementation in clinical practice,
the identification of the disease and diagnosis depend
on the sum of its components, specifically obesity
and sarcopenia.

Recently (2022), ESPEN and EASO published a joint
consensus statement on the definition and diagnostic
criteria for sarcopenic obesity [31] (Fig. 1). The pro-
posed diagnostic process is as follows: 1) screening
of patients by high BMI or increased waist circum-
ference and surrogate parameters for sarcopenia;
2) diagnosis of patients by testing muscle function
followed by body composition analysis; 3) making
a diagnosis in case of a positive result for sarcopenic
obesity [31]. In practice, a person who screens positive
for both conditions should consider undergoing di-
agnostic testing to confirm sarcopenic obesity, which
first evaluates the decline in skeletal muscle function
and then measures altered body composition, includ-
ing increased fat mass and decreased muscle mass.
In the future, these diagnostic criteria for sarcopenic
obesity will need to be validated to establish universal
reference values according to the measurement meth-
od and ethnic group.

There is currently no ICD code for sarcopenic
obesity, and the working definition/differential diag-
nosis is constantly evolving. Age is a strong risk fac-
tor for the onset and severity of sarcopenic obesity,
but the disease is not unique to the elderly [32]. There-
fore, diagnostic consideration is given to the mani-
festation of symptoms, with age being a component
of risk management [33].

Current definitions of sarcopenic obesity are based
on individual definitions of sarcopenia and obesity.
However, these definitions vary significantly, making
it difficult to accurately diagnose, conduct epidemi-
ological studies, and develop treatment strategies
for the disease.

THE EFFECT OF EXERCISE ON PHYSICAL
PERFORMANCE

Exercise can affect hormonal balance, reduce oxi-
dative stress, induce mitochondrial synthesis, alter im-
munological and motor functions, and improve muscle
oxidative capacity [34, 35]. Increased muscle protein
synthesis with exercise sensitizes muscle sensitivi-
ty to insulin and promotes anabolism [6]. Sarcopenia
is associated with reduced muscle protein synthesis,
partly due to decreased anabolic stimulation (which
can result from a lack of regular exercise). Aerobic
training, strength training, and a combination of both
increase muscle protein synthesis in older adults de-
spite age-related declines in anabolic signaling [7, 10].
Aerobic activity can improve muscle oxidative capacity
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by counteracting the negative effect of intracellular
lipids and accelerating lipolysis, leading to increased
capillary density. Mitochondrial synthesis in myocytes
is enhanced to meet the demands of increased capillary
density, which in turn leads to increased oxygen ex-
traction and metabolism through the induction of calci-
um and metabolic signaling pathways [34].

Myocyte apoptosis can be abolished by physical
activity, while cell quality control mechanisms includ-
ing autophagy, mitophagy and mitochondriogenesis
contribute to the development of sarcopenic obesity
and may be potential targets for therapy [36]. Reduc-
tion in cytokine production may lead to improvements
in glucose metabolism, insulin sensitivity and mus-
cle protein synthesis, which may slow the progression
of sarcopenic obesity [2].

Resistance training increases the number and size
of fast-twitch muscle fibers (IIA and 1IX), which improve
muscle glucose metabolism and muscle protein syn-
thesis [37]. Muscle protein synthesis is also improved
through nutrient-stimulated vasodilation and nutrient
transport to local muscle myofibrils [7]. Muscle fascicle
length and muscle tendon stiffness have been reported
to increase after resistance training (leg press and ex-
tension) for 14 weeks in a group of men and women
over the age of 65 [2]. Resistance training has also been
shown to decrease levels of cytokines such as resistin,
leptin, and IL-6 (REF142) [38].

TREATMENT OF SARCOPENIC OBESITY

Resistance, aerobic, and combined training pro-
grams reduce body fat and improve muscle function
in older men and women with sarcopenic obesity [39,
40]. Notably, resistance training alone was more effec-
tive in improving muscle function. Resistance training
improves physical function while reducing body fat
in older women with sarcopenic obesity [40, 41]. Sim-
ilarly, dietary modification to ensure adequate and/
or high protein intake prevents muscle loss and in some
cases improves muscle function [42]. Dietary restric-
tion is the gold standard first-line treatment for obe-
sity and to some extent counteracts the detrimental
effects of aging on skeletal muscle function in mam-
mals [43]. However, evidence for the safety and effec-
tiveness of dietary restriction in patients with sarco-
penic obesity is very limited. In a recent study, a very
low calorie diet improved muscle performance in pa-
tients with sarcopenic obesity, although at the expense
of muscle mass [44]. Patients receiving a very low calorie
diet combined with physical training showed similar im-
provements in muscle function while maintaining mus-
cle mass, indicating a synergistic effect of combination
therapy in the treatment of the disease. Micronutrients
and minerals such as amino acids, vitamin D, selenium,
and magnesium can be added to the diet to correct
pre-existing deficiencies or to establish supraphysio-
logical concentrations that elicit a biological response



FIG. 1.

Diagnostic procedure for the assessment of sarcopenic obesity SARC-F — Strength, Assistance with walking, Rising from a chair,
Climbing stairs and Falls; HGS — handgrip strength; FM - fat mass; ASMM - absolute skeletal muscle mass

[45]. Whey protein supplementation in combination
with exercise improves muscle function in adults
with sarcopenic obesity [46]. In men, testosterone
replacement therapy can be used alone or in combi-
nation with diet, exercise, or vitamin supplements
to restore androgen balance. Use in elderly and se-
nile patients is somewhat limited due to the high risk
of cardiovascular complications [47]. Similarly, in post-
menopausal women, estrogen replacement therapy
can be used alone or in combination with lifestyle
modification with generally positive results in preserv-
ing muscle mass [48]. More recently, oxytocin therapy
has been used as a trial therapy for sarcopenic obesity
to restore the relative decline in oxytocin production
with age. Intranasal oxytocin is well tolerated and im-
proves muscle mass in older adults with sarcopenic
obesity [49]. However, it remains unclear whether in-
tranasal oxytocin improves muscle function and phys-
ical performance. A summary of the prevailing clinical
interventions is provided in Table 1. Taken together,
treatment options are insufficient and complicat-
ed by the competing needs underlying sarcopenia
and obesity [33].
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The approach to exercise prescription in sarco-
penic obesity should be individualized. A program
that includes a combination of resistance and aerobic
training may be more beneficial than either interven-
tion alone [2, 50]. Aerobic training should be aimed
at achieving approximately 65% of peak heart rate,
with the goal of increasing to a maximum of 75%.
Resistance training should focus on only one or two
muscle groups, with the initial 8-12 reps being ap-
proximately 65% of the maximum strength a person
could develop in one repetition. Progression should
be aimed at using 2-3 muscle groups and 75% of max-
imum intensity [2, 22].

In the sarcopenic obese population, the effects of re-
sistance training on body composition and muscle func-
tion are less clear. K.S. Vasconcelos et al. [51] showed that
a 10-week resistance training program was not effective
inimproving physical functionin older women with sarco-
penic obesity compared to a non-training control group:
the SPPB score increased by 0.40 + 1.3 points (p > 0.05),
strengthincreased by 2.36 + 12.0 N/kg (p > 0.05), and pow-
er increased by 15.87 + 13.8 W/kg (p < 0.05). The small
sample size and short duration of treatment may have
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contributed to this result. The study by A.B. Gadelha
et al. [52] demonstrated improvements in both strength
(12.42 + 1.5 N/kg; p < 0.001) and skeletal muscle mass
(0.29 £ 0.4 kg; p < 0.001) compared to the control group
after 24 weeks of traditional resistance training. Leg
press and bench press performance increased by 78%
and 70%, respectively. Furthermore, a 12-week study
examined the effects of elastic band resistance train-
ing in older women with SO and found that skeletal
muscle mass (0.73 kg; 95% confidence interval (95%
Cl): 0.08-1.39; p < 0.05) and physical performance (8.58
points; 95% Cl: 4.79-12.36; p < 0.001) were significant-
ly improved compared to the non-training group [40].
Also, another recent study reported that 8 weeks of re-
sistance training in 60 elderly individuals with sarco-
penic obesity resulted in a slight increase in skeletal

TABLE 1

muscle mass (0.1 kg; p < 0.05), a decrease in fat mass
(= 1.0kg; p <0.05), and an increase in handgrip strength
(3.5 N/kg; p < 0.05) compared to a group that did not
engage in physical training [38]. W. Kemmler et al.
(Germany) conducted a study on men aged > 70 years
(n = 100) using whole-body electromyostimulation
(WBEMS): fat mass loss was 2.1%, handgrip strength
increased by 6.3% [53]. A year earlier in Brazil, K. Witt-
mann et al., using WBEMS, achieved similar results [54].
The advantages of the treatment are its time-effective-
ness and accessibility to populations with high levels
of frailty. Although electrical myostimulation favorably
improves body composition and muscle function com-
pared to noninvasive control [53, 54], the effect sizes
are small and may be ineffective in adults with more
severe sarcopenic obesity [32, 55].

CLINICAL TRIALS AIMED AT THE TREATMENT OF SARCOPENIC OBESITY

Age, number Study
Sex .
of observations protocol
50-70 years, VI.'CKP n .
Men/women . combination with
24 observations T
65-80 years,
BRI 28 observations RT
> 60 years, .
BT 26 observations RT with WP
Women > 70 years, WBEMS and WP +
75 observations vitamin D
> 70 years,
LAt 100 observations WBEMS and WP
Men/women 65-75 years, RT, AT and CT
60 observations
Women 60-80 years, RT with elastic
56 observations band
> 60 years,
LG 49 observations RT
Women 2 60 years, RT

69 observations

Duration, Author, year
Result N
frequency of publication
6 weeks, 30-35 min, T HGS Camajani E.
2 days a week LFM etal. (2022)
10 weeks, 35 min, i gm Vasconcelos K.C.
3 days a week - etal. (2016)
1 power
12 weeks, 35-40 min, I FM Nabuco H.C.G.
3 days a week 1 LBM etal. (2019)
26 weeks, 20 min, TLS\,/\VA'I,\'A Wittmann K.
1 session a week —BP etal. (2016)
16 weeks, 14-20 min, THGS Kemmler W.
2 sessions a week L FM etal. (2017)
| BMI ’
8 weeks, 40 min, TTS|—|,\23,\SA Chen H.T.
3 times a week LFM etal. (2017)
1 SMM Liao C.D.
12 weeks 1 SPPB etal. (2018)
16 weeks, 40-45 min, 1 SPPB de Oliveira Silva A.
2 days a week 1 walking speed etal.(2018)
24 weeks, 40 min, 1 :::2\2 Gadelha A.B.
3 days a week —EM etal. (2016)

Note. 1 —increase; | — decrease; = - no changes; VLCKD - very low-calorie ketogenic diet; IT — interval training; HGS — handgrip strength; FM - fat mass; RT - resistance
training; SPPB - short physical performance battery; SMM - skeletal muscle mass; WP — whey protein; LBM - lean body mass; WBEMS - whole-body electro-
myostimulation; BP - blood pressure; WT - waist circumference; BMI - body mass index; AT — aerobic training; CT - combined resistance and aerobic training.
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Overall, most of the studies mentioned showed
that resistance training is an effective strategy to im-
prove body composition in sarcopenic obesity and that
it has the potential to improve physical performance
[46, 54, 56].

NUTRITION: CALORIE RESTRICTION
AND PROTEIN SUPPLEMENTS

Lifestyle approaches such as calorie restriction
and physical training are considered the cornerstone
of sarcopenic obesity treatment [15, 24]. With re-
gard to nutrition, the optimal therapeutic approach
for sarcopenic obesity remains to be determined due
to the limited number of clinical trials conducted
in this area [31, 43, 57].

Indeed, weight loss in obese older adults remains
controversial as it is a double-edged strategy that has
beneficial effects by reducing obesity-related compli-
cations and potential negative consequences. Current-
ly, very low calorie intake should be avoided in older
adults with sarcopenic obesity as this strategy may
compromise overall health and lead to micronutrient
and electrolyte deficiencies in the body, which will
have a detrimental effect on skeletal muscle mass
and reduce bone mineral density [13, 57].

In a pilot study by R. Sammarco et al. (Italy), partici-
pants with sarcopenic obesity who underwent a weight
loss program supplemented with a high-protein diet
showed improvement in muscle strength, and the SF-
36 (Short Form 36) questionnaire for assessing the pa-
tient’s quality of life showed a significant change in gen-
eral health after 4 months of the study [58].

Although the exact amount of kilocalories (kcal)
per day has not yet been determined, it should be less
than 750 kcal per day [42]. Generally, high-quality pro-
tein intake (1-1.2 g/kg per day), especially those con-
taining sources of leucine, is recommended and can
be consumed in conjunction with a calorie-restricted
diet [43, 44]. However, caution is needed when con-
suming high-protein diets due to the risk of renal
impairment. Medical and dietary management is im-
portant to design a nutritional program that allows
for moderate calorie restriction while optimizing pro-
tein intake [42, 46].

To minimize the risk of weight loss-induced de-
crease in bone turnover, generally accepted strate-
gies to minimize the impact of weight loss on bone
turnover are needed, including supplemental calcium
intake at a dosage of 1200 mg per day and 800-1000
international units (IU) of vitamin D3 per day [59]. Oral
calcium should be combined with vitamin D to reduce
potential risks associated with over-the-counter sup-
plements [60].

Vitamin D supplementation in patients with sar-
copenic obesity has the potential to improve mus-
cle function (25-hydroxyvitamin D3 and 1,25-dihy-
droxyvitamin D3 have differential effects on human
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skeletal muscle function and gene expression) and re-
duce proximal muscle weakness via the action of vi-
tamin D metabolites [61]. Vitamin D deficiency is as-
sociated with an increased risk of falls and fractures,
as well as decreased muscle mass and strength inde-
pendent of obesity [62].

CONCLUSION

Physical performance declines with age,and the de-
cline is steeper in sedentary adults with sarcopenic
obesity. Physical training, and progressive resistance
training in particular, is the most commonly used
training method in adults aged 60-80 years [46, 51,
63]. It should be noted that no previous studies have
examined differences in exercise prescription by clas-
sifying participants in subgroups based on age-level.
This is a key aspect to develop in the future.

Sarcopenic obesity is a multifaceted disease
with limited treatment options. Systemic energy load
due to obesity in the context of aging serves as a patho-
physiological cause of the disease, increasing the rate
of muscle loss [10, 15, 64]. To this end, reducing ener-
gy load and improving muscle function are necessary
components of a successful therapeutic intervention.

The lack of a universally used diagnostic method
and definition criteria does not allow a clear assess-
ment of the prevalence, which currently remains un-
derestimated [23, 24]. Thus, the diagnosis of sarcope-
nic obesity is an initial problem.

Overall, the best therapeutic approach to sarcope-
nic obesity, with the most effective and reliable data
to date, is lifestyle modification, including regular
combined aerobic and resistance training, with dietary
modifications that should include calorie restriction
to decrease fat mass and increased protein intake
to increase muscle mass and functional capacity to im-
prove quality of life and reduce mortality [22, 52].

Longer term studies assessing the impact of a mul-
timodal approach on sarcopenic obesity and cardio-
vascular complications in patients will be of great
interest.

Early detection of this condition remains import-
ant and tailored interventions should be considered
to reduce its prevalence and associated adverse out-
comes. New therapeutic strategies are required to im-
prove the unfavourable prognosis.
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ABSTRACT

Thereis an insufficiency of data on the characteristics of physical performance of school-
children in the critical period of ontogenesis associated with pubertal development.
The aim of the study. To determine the factors and level of physical performance
of schoolchildren aged 13-14 years, taking into account pubertal development.
Methodology. The study involved healthy male adolescents aged 13-14 years
(n = 165). Five stages of puberty were determined. To diagnose the level of physical per-
formance, a complex of functional and ergometric tests and a battery of motor tests
were used. The structure of performance was determined based on the factor analysis.
Results and discussion. We determined the factors characterizing physical perfor-
mance: aerobic capacity; absolute aerobic power; anaerobic alactic performance;
anaerobic glycolytic performance; relative aerobic power. The identified factors
are associated with zones of relative power. It has been established that during
puberty, changes in indicators combined into different factors occur non-linearly
and non-simultaneously. The results of the study show that subjects of the same age
with stages Il, lll and IV of puberty differ in the level of key bioenergetic performance
criteria. Transition to higher stages of puberty is accompanied with progressive dy-
namics of most indicators associated with factors of anaerobic performance, while
indicators of aerobic power and capacity change in different directions, showing
in some cases a tendency to temporarily decrease.

Conclusion. It is advisable to use the results of the study when organizing various
types of monitoring the functional state and regulation of aerobic and anaerobic
physical activity in adolescents aged 13-14 years at different stages of puberty.
The obtained materials can serve as a scientific basis for improving the physical
education system in order to increase the functional capabilities of children’s bod-
ies during the critical period of ontogenesis associated with pubertal development.

Key words: factor analysis, physical performance and muscle energy, stages
of puberty, adolescent boys
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PE3IOME

Cywecmayem HeOOCMAamMoK OdHHbIX 06 0CO6eHHOCMAX hu3uyecKoli pabomocnocob-
HOCMU WKOJIbHUKO8 8 Kpumu4eckuli nepuod oHMozeHe3d, C853AaHHbIl C NPoYeccom
NnoJ108020 CO3PEBAHUS.

Llens uccnedosanus. Boissume hakmopel u yposeHs ¢pusudeckoli pabomocnocob-
HOCMU WKO/IbHUKO8 13—14 s1em ¢ y4émOom nos108020 CO3PEBAHUS.

Memooduka. B uccnedosaHuu npuHanu ydacmue 300po8ble NOOPOCMKU MYXCKO-
20 nona 13-14 nem (n = 165). Onpedenanu name cmaouli N0/108020 CO3PEBAHUS.
[na duazHocmuku ypogHs ¢usudeckoli pabomocnocobHOCMU UCNO/16308a/1U KOM-
nneKc hyHKUUOHAIbHBIX U 3p2oMempuyeckux npob u 6amapero MOMOpPHbLIX Mecmoas.
Cmpykmypy pabomocnocobHocmu onpedensanu Ha OCHO8e haKMopHO20 AHAIU3A.
Pesynemamel u o6cyx0eHue. VIoeHmuguyuposaHsl hakmopsl, Xapakmepusy:o-
wue gusudeckyto pabomocnocobHocmMb: aspobHas EMkocmes; abcosItoMHasa aspob-
HAA MOWHOCMb; AHA3PObHAA adKMamHdas pabomocnocobHOCMb; aHAa3pobHas
2/IUKo/IUMuYeckas pabomocnocobHoCms, OMHOCUMENIbHAs a3pobHAs MOWHOCM®.
BoiOeneHHble (hakmopbl accoyuupyromca ¢ 30Hamu omHocumesisHol MoWHoOCMuU.
YcmarosneHo, Umo 8 npouecce nosioBoz20 Co3pesdHus UMeHeHUs nokaszamersed,
00BE0UHEHHbIX 8 pa3Hble hakmMopbl, NPOUCX00AmM HesluHeliHO U HeOOHO8peMeHHO. Pe-
3y/Ibmamel Ucc/1e008aHUSA NOKA3bIBAIOM, YMO UCnbiMyeMble 00HO20 8o3pacma co Il
Il u IV cmaduamu nos108020 CO3pesaHusA omauYaoMcs NO YPOBHIO KJTlo4YesblX 6U03-
Hepzemuueckux kpumepues pabomocnocobHocmu. C nepexo0om Ha 6oJ1ee 8bICOKUE
CMaouu nosi08020 Co3pesaHus HabLo0aemcs npozpeccusHds OUHAMUKA 6OTbUWUH-
cmea nokasamerel, C8A3AHHbIX C hakmopamu aHaspobHol pabomocnocobHocmu,
moe2da Kak nokazamesnu aspobHol MOWHOCMU U EMKOCMU U3MEeHAIoMCA PA3HOHA-
NpassieHHO, NPOABJIAsA 8 0MOEsbHbLIX C/IyYasx MeHOeHUYUI K BDeMEHHOMY CHUXEHUIO.
3aknioyeHue. Pe3ysismamel Ucc/1e008aHUSA e1ecoo06pasHo UCn01b308aMb NpU op-
20HU3AYUU pa3/IuYHbIX 8UOOB KOHMPOJIA (PyHKYUOHAIBbHO20 COCMOAHUS U HOPMU-
pOBAHUA (hU3UYECKUX HAzpy30K aspobHOU U aHa3pobHoU HanpasieHHocmu y noo-
pocmkos 13-14 nem ¢ pasHeiMu cmaousamMu NosI08020 co3pesdHus. [lonmyyeHHbie
Mamepuasel MO2ym CJ1yXXume ecmecmeeHHOHAyYHbIM OCHO8AHUEM O7s CO8epuleH-
CMBOBAHUA cuCMeMbl (PU3UYECKO20 80CNUMAHUS 8 UesiaX NosbllueHus (PYHKYUOo-
HAslbHbIX BO3MOXHOCMel opeaHusma demeli 8 Kpumuyeckuli nepuod oHMozeHe3d,
C8A3aHHbIl C NPOYECCOM NOJI08020 CO3PEBAHUS.

Knrouesvie cnoea: akmopHelli aHanus, ¢usudeckas pabomocnocobHocme
U MblWeYHas 3HepaemuKd, Cmaouu NOJ108020 CO3Pe8AHUA, MAbYUKU-NOOPOCMKU

Ona untuposaHmna: Kpusonanuyk W.A., YepHosa M.B., Cyxeuknin B.K., YnuepwuH B.I.
MakTopbl 1 ypoBeHb GU3MYeCKo pPaboTOCNOCOOHOCTM LWKONbHUKOB 13-14 neT. Acta
biomedica scientifica. 2024; 9(3): 26-37. doi: 10.29413/ABS.2024-9.3.3
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BACKGROUND

Physical performanceisareliableindicatorof thefunc-
tional state of a person, reflecting the level of his health,
physiological and mental reserves of the body, efficien-
cy, power and capacity of energy sources, the degree
of adaptation to intensive muscular activity. Identifica-
tion of patterns of formation of the muscular energy sys-
tem and human performance during ontogenesis is one
of the most important tasks of sports and age physiology,
preventive medicine, health-improving physical culture,
theory and methods of youth sports. This is largely deter-
mined by the fact that the transformation of individual
elements of this system in the process of development
occurs heterochronically and unevenly, determining
the specificity of the body’s adaptation to physical work
of aerobic and anaerobic orientation [1-4]. Of particular
importance is information about the state of muscular
energy and human performance during the critical peri-
od of ontogenesis associated with the process of puberty.
During puberty the activity of the hypothalamic-pituitary
system, which mediates the restructuring of the func-
tioning of the endocrine glands and key physiological
systems, changes significantly [5-8].

Today, the question of the factors determining
the physical performance of adolescents during puber-
ty remains open. These factors are generally considered
to be relatively independent aspects of performance,
reflecting the activity of various functional systems in-
tegrated into the dominant functional system responsi-
ble for the implementation of muscular activity [9, 10].
To a large extent, this is due to the fact that during pu-
berty, there are significant transformations in the mech-
anisms of energy supply for muscle activity [2, 4], which
cannot but affect the change in the number and com-
position of factors characterizing physical performance,
the boundaries of various power zones, the ratios
of the development levels of aerobic and anaerobic ca-
pabilities and motor fitness. In this regard, there is a need
to identify the factor structure and level of physical per-
formance of adolescents, as well as to determine valid
indicators for its assessment during puberty.

It is well known that during puberty, the functional
state and reserve capacities of the body are determined
not only by the passport age, but also by the biological
age of children [5, 2, 4, 11]. At this stage of development,
significant differences in the level of sexual maturity are
observed among adolescents of the same passport age
[12, 13], which must be taken into account when diag-
nosing the functional capabilities of the body, standard-
izing aerobic and anaerobic loads, and choosing ade-
quate physical activity regimens.

THE AIM OF THE STUDY

To determine the factors and level of physical perfor-
mance of schoolchildren aged 13-14 years, taking into
account pubertal development.
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METHODS

The study involved 13-14-year-old male adoles-
cents who did not attend sports clubs (n = 165; av-
erage age 13.5 = 0.03 years). The study was carried
out in accordance with the principles of the World
Medical Association Declaration of Helsinki and was ap-
proved by the Ethics Committee of the Institute of Child
Development, Health and Adaptation (Protocol No. 1
dated February 02, 2023).

The study was conducted at an air tempera-
ture of 18-24°C, several hours after eating. The room
where the testing was carried out provided conditions
for providing emergency and first medical aid. A doc-
tor with extensive experience in carrying out this type
of functional research participated in the work. Exclu-
sion criteria for testing physical performance were:
acute illnesses 2 weeks before the start of the study;
signs of acute respiratory infection at the time of exam-
ination. The study was conducted only on healthy ado-
lescents with no medical contraindications for physical
education and sports, on days of optimal performance
between 9:00 and 12:00 a.m.

The factors of physical performance and informative
indicators suitable for its diagnostics were determined.
In adolescents with different stages of puberty, the val-
ues of informative indicators of physical condition char-
acterizing each of the identified factors were compared.

The study used a heterogeneous battery of ergo-
metric and functional tests that comprehensively as-
sessed physical performance [10]. The maximum oxygen
consumption (VO,max) according to Dobeln, watt-
pulse (WP), physical working capacity at a pulse of 170
beats/min (PWC,,,), maximum strength (MS), pulse debt
accumulation intensity (PDAI) and time for performing
bicycle ergometric loads “to failure” of 3 and 5 W/kg
were determined. Using the Muller equation, individu-
al constants characterizing the capacity of the aerobic
(b) source and the degree of heterogeneity of the work-
ing skeletal muscles (a), indicators of the work power
with the retention time of 1, 40, 240 and 900 s (W, W,
W, and W) were found [2, 14].

The testing model assumed the use of bicycle er-
gometer loads. To calculate the parameters of the Muel-
ler equation, two loads “to failure” of 3.0 and 5.0 W/kg
were performed, VO,max - one “standard”load of 2.5 W/
kg body weight for 5 min, PWC _ - a load of increasing
power with rest intervals. The load steps were 1.5, 2.5
and 3.5 W/kg body weight. The duration of work at each
step was 5 min; the rest interval between steps was 3
min. The first two stages of work were implemented
by all subjects. If the heart rate (HR) after the second
stage of work did not reach 150 beats/min, the third
stage was performed with a power of 2.5-3.5 W/kg
[15]. Heart rate was recorded using a Polar heart rate
monitor (Polar Electro, Finland). The interval between
two tests for maintaining loads “to failure” was 7 days,
in all other cases - 2 days. The pedaling speed was con-
stant and amounted to 60 rpm. As a criterion for “failure



to perform the work”a decrease in the pedaling frequen-
cy by more than 10% was considered. During the test-
ing of adolescents’ performance, no significant clinical
signs indicating the need to stop work were detected,
supporting the idea that the assessment of physical per-
formance of adolescents through strenuous physical ex-
ercise is a safe procedure if precautions are taken [2, 15].

The battery of control exercises included: 6-minute
run; 4 X 9 m shuttle run; 20 m standing start; standing
long jump, torso lifting from a supine position in 1 min;
forward bend. The overall physical fitness score (OPFS)
was calculated by summing the points obtained
for completing each motor test [10].

According to the method of D.V. Kolesov and N.B.
Selverova, 5 stages of puberty were determined. All
stages of puberty were identified in the sample under
examination (stage | — 4 schoolchildren; stage Il - 63
schoolchildren; stage lll - 58 schoolchildren; stage IV -
37 schoolchildren; stage V — 3 schoolchildren). However,
the results of testing adolescents with stage | and stage
V were not analyzed due to their small number. It was
found that the groups of adolescents with different
stages of puberty did not statistically significantly differ
in passport age.

Statistical data processing was performed using
the Statistica software package (StatSoft Inc., USA). Fac-
tor analysis as the principal component method was
used to study the structure of physical performance.
The possibility of performing factor analysis was as-
sessed using the Kaiser - Meyer — Olkin (KMO) criteri-
on. The sample was considered acceptable if the value
of this criterion exceeded 0.5. The statistical significance
of differences was determined by applying parametric
and nonparametric criteria of statistical significance
of estimates for unrelated sample populations. The prob-
ability level p < 0.05 was used to assess the statistical
significance of differences. The described research algo-
rithm was also used to identify the structure of physical
performance in children aged 7-8 and 9-10 years [10].

RESULTS AND DISCUSSION

Based on multivariate statistical analysis, factors
characterizing the muscular energy and physical per-
formance of students during puberty were identified.
The factors were interpreted based on the analysis
of the physiological content of the indicators included
in them, taking into account the values of the weighting
coefficients.

After factorization of the intercorrelation matrix,
significant factors were identified that reflect the fun-
damental characteristics of muscle energy and physical
performance of adolescent boys during puberty: | - aer-
obic capacity (oxidative system); Il — absolute aerobic
power (oxidative system); Il - anaerobic alactic perfor-
mance (phosphagen system); IV - anaerobic glycolytic
performance (lactic system); V - relative aerobic power
(oxidative system) (table 1).
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The basis of the internal structure of the aerobic
capacity factor (38% of the total variance) is created
by its close relationships with the coefficients “b”and “a”
of the Muller equation, the time of physical perform-
ing “to failure” of a load of 3 W/kg (t3 W/kg), W, W
PDAI3W/kgand the results of a 6-minute run (table 1).

All these physiological variables characterize to one
degree or another volume of aerobic work performed.
The exceptions are the W,, and 6-minute run indica-
tors, which reflect the mixed aerobic-anaerobic nature
of energy supply, also included in the factors of anaer-
obic glycolytic and anaerobic alactate performance.
The greatest weight loads for the aerobic capacity fac-
tor were characterized by the coefficient “b” of the Muel-
ler equation (r = 0.98) and t3W/kg (r=0.97).

The absolute (17% of variance) and relative (5%
of variance) aerobic power factors included VO, max,
WP, and PWC, . It should be noted that in the first
case, these physiological indicators were characterized
by high negative factor coefficients, and in the sec-
ond case - by a high and medium degree of positive
correlation. In both factors, VO, max (r = -0.94 and r =
0.86) and WP (r = -0.94 and r = 0.85) had the maximum
weight loads.

The performance factor associated with the phos-
phagen energy supply system (13% of variance) cor-
related with the PDAI after sprint running, motor fitness
assessment (MFA), W,, MS, results of shuttle running,
long jump, 20 m standing start, 6-minute run. Most
of the above mentioned indicators were characterized
by a medium degree of correlation with the factor un-
der review. The most significant statistical relationship
with it was demonstrated by the PDAI after sprint run-
ning (r =-0.93) and MFA (r = 0.75).

The performance factor associated with the lactic
acid energy supply system (8% of variance) combined
t Wikg' W, W, PDAISW/kg, and the results of the torso
lifting test. The maximum values of the factor coeffi-
cients were tSW/kg (r=0.91) and W, (r=0.91).

Taking into account the results of multivariate sta-
tistical analysis, the influence of puberty on the perfor-
mance indicators included in each factor was assessed.
Differences due to the degree of puberty were identi-
fied (table 2).

Depending on the stage of puberty, statistically
significant differences (p < 0.05-0.001) were found
between most of the variables included in the aerobic
capacity factor. Differences were observed for indi-
vidual indicators between stages Il and Ill on the one
hand, and stage IV on the other (table 2). In this
case, boys with stage lll had higher values compared
to stage Il and especially stage IV. It is important
to note that adolescents with stage Ill were charac-
terized by a high generalized assessment of aerobic
capacity (fig. 1).

Physiological variables associated with aerobic
power factors also depended on the stage of puberty.
The highest (p < 0.05-0.001) values of absolute aerobic
performance indicators were observed at the stage IV,

240"
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TABLE 1

FACTOR STRUCTURE OF PHYSICAL PERFORMANCE OF MALE ADOLESCENTS AGED 13-14 YEARS

0.981 - - - -
0.966 - - - -
0.901 - - - -
0.871 - - - -
0.766 - - - -
-0.686 - - - -
0.508 - - - -
- -0.938 - - -
- -0.937 - - -
- -0.925 - - -
- - -0.926 - -
- - 0.746 - -
- - -0.710 - -
- - 0.675 - -
- - 0.632 - -
- - 0.632 - -
- - -0.603 - -
- - 0.515 - -
- - - 0.913 -
- - - 0.909 -
- - - 0.782 -
- - - 0.539 -
- - - -0.508 -

- - - - 0.856

- - - - 0.845

- - - - 0.746
38 17 13 8 5

Note. MFA — motor fitness assessment.

and the lowest — at the stage Il (table 2). In contrast,
relative aerobic performance indicators showed a ten-
dency to decrease as the transition from the stage |l
to the stage IV occurred, which in some cases was sta-
tistically significant (p < 0.05-0.001). Similar dynamics
were demonstrated by the integral estimates of abso-
lute and relative aerobic power.
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Lower relative values of VO max in 13-14 year
old adolescents with stage IV probably reflect a sig-
nificant increase in body weight and a temporary
decrease in the capacity of the oxygen transport sys-
tem, which during this period can only be partially
compensated for by improved functioning of the au-
tonomic nervous system.
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TABLE 2

PHYSICAL PERFORMANCE PARAMETERS (M + M) RELATED TO DIFFERENT FACTORS IN ADOLESCENTS AGED
13-14 YEARS AT DIFFERENT STAGES OF PUBERTY

12.5+0.3"

838.5+46.8
55+0.2"
28+0.1
3.6+0.1
04+0.1"

12619+ 17.8

2055.6 +38.1™"
7.8+02"

542.8 £18.5™

145+0.6"

105+0.1
18.8+0.4™
173.0+1.9™

10.3+04
1.60 + 0.03"
3.78£0.03™

1261.9+17.8

424 +2.3

50+0.1

454+1.0"

3.6+0.1
3.72+£0.27"

51.2+1.0™
0.195 + 0.004

13.5+£05

12.7+0.3
988.3 + 54.0*
55+0.2
28+0.1
3.8+0.1*
0.5+0.1
12753 +£18.7

2184.5+43.1*
9.8 +0.2*

5914 +15.8*

14306
104 £0.1
19.3 £ 0.4+
176.7+2.8
10.5+0.3
1.61+0.03
3.74+0.04

12753 +£18.7

46.7 £2.8

5.1+0.1

446+1.2

3.8+0.1*
3.75+0.26

47.1 £0.9*
0.212 + 0.004**

128+0.3

11,5+0,3
628,5 + 80,3*
4.8 +0.2
26+0.1%
35+0.17
0.7+0.1
1319.0+13.9

2539.0 + 48.7%
10.7 £ 0.3

755.1 £29.2%

16.7 £ 0.7
10.3£0.1
21,7+04
190.9 + 1.6™
11504
1.74 £ 0.04
3.47 +0.02%

1319.0+13.9

463 +£3.6

5.1+0.1

40.2 £ 1.5

3.5+£0.17
4.59 £ 0.27*

444+0.9
0.187 + 0.005

13.2+£05

Note. *, **, *** _ statistical significance of differences between stages Il and IV of puberty; +, ++, +++ — between stages Il and Ill of puberty; x, xx, xxx — between stages

liland IV of puberty at p < 0.05,0.01 1 0.001, respectively.
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FIG. 1.

Integral physical performance parameters of adolescents with
different stages of puberty: integral parameters for adolescents
with Il stages of puberty were taken as 100%»

This conclusion is based in particular on the anal-
ysis of the data we obtained, showing that the aver-
age values of body weight in adolescents aged 13-14
years statistically significantly (p 0.000) increase
with the increase in the stage of puberty, with students
with the stage Il being characterized by below average
and average, with stage Ill - above average, with stage
IV - a high assessment of the indicator.

Itis important to note that the average values in ad-
olescents with stage Il were close to the average values
for 12 years of age, in adolescents with stage Ill - for 13
years of age, and in adolescents with stage IV - for 15
years of age [16]. The most pronounced differences were
found when comparing stage lll and stage IV (fig. 2).

Comparison of the indicators associated with the an-
aerobic alactic performance factor revealed a general
trend of their improvement (p < 0.05-0.001) with an in-
crease in the stage of puberty (table 2). Similar dynam-
ics were also manifested in changes in the integral as-
sessment of anaerobic alactic performance (fig. 1).

Analysis of the dynamics of the parameters includ-
ed in the anaerobic glycolytic performance factor re-
vealed a weak tendency for higher values of a number
of physiological variables characterizing the capabili-
ties of the lactic acid source in adolescents with stage
IV compared to adolescents with stage Il (table 2). How-
ever, statistically significant differences (p < 0.05) were
found only in relation to the PDAL, anaerobic glyco-
lytic performance factor. An exception is the oppositely
directed dynamics of the results of the torso lifting test,
which apparently reflects not the transformation of an-
aerobic energy during puberty, but the accelerated in-
crease in torso mass and the increase in the muscle le-
ver arm traction when performing this control exercise
during the pubertal growth spurt.

In general, progressive changes in the anaerobic
glycolytic capabilities of adolescents are well illustrat-
ed by the dynamics of integral indicators of physical
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Body weight (%) in adolescents at different stages of puberty:
the average values of body weight in adolescents with Il stage
of puberty were taken as 100%>»

performance during puberty (fig. 1). The obtained ma-
terials confirm the idea, established in age physiology,
physiology of muscle activity and preventive medicine,
that the development of anaerobic alactate and anaer-
obic glycolytic capabilities of the body is significantly
accelerated in the final stages of puberty.

DISCUSSION

The study materials indicate that the greatest factor
loads in the structure of physical performance of ado-
lescents aged 13-14 years have the parameters of aero-
bic, anaerobic glycolytic, anaerobic alactate capabilities
of the body and indicators of related motor abilities.
The identified factors are associated with V.S. Farfel’s
relative power zones: the capacity and power
of the oxidative system characterize the functional
readiness to perform moderate and high-power mus-
cle activity, anaerobic glycolytic capacity characterizes
the effectiveness of implementing a submaximal power
load, anaerobic alactate capacity characterizes the abil-
ity to perform work of maximum power. It is important
to note that the factors considered are also intercon-
nected with indicators of the development of students’
conditioning motor abilities.

Three factors characterizing aerobic performance
accounted for more than 60% of the total variance
in the sample. These are aerobic capacity, absolute
and relative aerobic power. Aerobic power, as is known,
determines the intensity of work and reflects the high-
est rate of adenosine triphosphate (ATP) formation
due to a given energy source, aerobic capacity lim-
its the amount of work performed and characterizes
the total amount of ATP that can be resynthesized due
to available reserves of energy substrates [17]. The dy-
namics of the capacity indicators of aerobic and anaer-
obic processes, in contrast to the power indicators,



in the ontogenetic aspect has been practically not
studied [2]. At the same time, the obtained results de-
termine the need to assess the aerobic performance
of adolescents not only on the basis of traditional power
indicators, but also metabolic capacity. The coefficient
“b" of the Muller equation and the time of maintaining
a load of 3 W/kg can be used as informative indicators
of aerobic capacity. These physiological variables, as our
studies have shown, have high factorial validity. The co-
efficient”“b” of the Muller equation and the time of main-
taining a load of 3 W/kg can be used as informative indi-
cators of aerobic capacity. These physiological variables,
as our studies have shown, have high factorial validity.

The presence of two relatively independent fac-
tors associated with the power of the aerobic source
of energy supply for muscular activity in adolescents
is apparently due to the fact that absolute indicators
of the body’s aerobic performance increase signifi-
cantly due to a sharp increase in total body weight
during the pubertal growth spurt and poorly reflect
real changes in the oxygen transport and utilization
system (fig. 2). In contrast, relative indicators charac-
terize the true change in aerobic capacity during pu-
berty. Therefore, it is advisable to use VO, max and WP
values related to body mass as informative parameters
of aerobic power. These results are in full agreement
with the data of other studies, which have shown that
during puberty there is an increase in the absolute
values of VO, max, associated mainly with an increase
in skeletal muscle mass, while the relative values of this
indicator change little [2, 6].

Anaerobic performance is represented by two fac-
tors. They accounted for more than 21% of the total
sample variance. The anaerobic alactate performance
factor included indicators reflecting the maximum
power and efficiency of performing extremely inten-
sive anaerobic loads, as well as the level of develop-
ment of speed-strength, strength and speed motor
abilities. The PDAI after sprint running and the gener-
al motor fitness assessment were highly informative
in relation to this factor.

The anaerobic glycolytic performance factor in-
cluded indicators related to the corresponding en-
ergy supply source and the level of strength endur-
ance development. The most informative variables
were the duration of maintaining a load of 5 W/kg
and the power of work with the maximum implemen-
tation time of 40 s.

It was established that the values of physiologi-
cal indicators associated with the identified factors
of physical performance depended on the stage
of puberty. It is known that changes in physical per-
formance and muscle energy during puberty are con-
trolled by sex hormones that affect the formation
of energy supply mechanisms and the metabolic ca-
pabilities of skeletal muscles. During this period, tes-
tosterone supplements the anabolic effects of growth
hormone in men [6]. It plays a key role in regulating
physical performance and motor fitness at various
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stages of puberty: it affects body composition, bone
tissue development, aerobic and anaerobic capacity,
muscle strength, circulatory system function, muscle
enzyme activity, use of energy substrates, and erythro-
poiesis [3, 6, 8, 18]. It is important to note that during
puberty, circulating testosterone concentrations
in men increase, with a dose-response relationship ob-
served between circulating testosterone, muscle mass
and strength, and circulating hemoglobin [8].
Theresultsofthe study, showingthatwithanincrease
in the stages of puberty, the indices of aerobic power
and capacity change in different directions and are con-
sistent with the data of other studies. It was established
that in the prepubertal period and at the beginning
of puberty, the physical performance of children increas-
es mainly on the basis of the intensive development
of the aerobic mechanism of energy supply. At the initial
stages of puberty, a higher percentage of type | fibers
is observed in skeletal muscles, which ensure the imple-
mentation of physical activity primarily through aerobic
resynthesis of ATP [14, 19, 20]. The power of the aerobic
system at this time increases significantly, in particu-
lar due to the enhanced development of the capillary
network, an increase in the number of mitochondria
in skeletal muscles in relation to the area of myofibrils,
and the activity of oxidative enzymes [2, 21]. A further
increase in performance during puberty occurs mainly
due to the intensive development of anaerobic energy
supply mechanisms, against the background of weakly
expressed dynamics of relative aerobic power [2, 22, 23].
Our data on high aerobic capacity in male adoles-
cents with stage Il of puberty are confirmed in the sci-
entific literature. It has been shown that at this stage,
there is an increase in the functional capabilities
of the oxygen transport and utilization system, asso-
ciated with the processes of growth and development
of the body. During this period, the heart and lungs
grow intensively, the systolic volume, volumetric blood
flow velocity, and vital capacity of the lungs increase.
All this creates favorable conditions for improving
the supply of oxygen to tissues and the development
of energy supply mechanisms for muscle activity [24].
Stage Il of puberty is characterized by the first phase
of muscular pubertal differentiation, which contributes
to the manifestation of obvious “traits of aerobic me-
tabolism” in most muscle fibers: the size and number
of mitochondria increase, and the activity of oxidative
enzymes increases [2, 24]. The composition of skeletal
muscles is transformed towards an increase in the pro-
portion of type | fibers, a temporary increase in the pow-
er of the aerobic threshold and a corresponding ex-
pansion of the aerobic energy supply zone occur [2].
Itis assumed that this is largely due to changes in endo-
crine functions, the capabilities of the oxygen transport
system and the organization of tissue energy. For exam-
ple, data on the relationship between the concentration
of circulating testosterone and the timing and manifes-
tations of puberty in male adolescents are well known.
Characteristic clinical signs of masculinization, such
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as muscle growth, increased body length, body hair,
voice changes, and increased hemoglobin levels; ap-
pear only when the concentration of circulating testos-
terone in mid-puberty reaches the level of adult men [8].
As a result, there is a significant increase in the amount
of hemoglobin, which provides the biological effect
of increasing the blood oxygen capacity, enhancing ox-
ygen transport to tissues and increasing aerobic energy
expenditure [6, 8], while there is a linear relationship
between changes in the hemoglobin level and aerobic
performance. Perhaps, testosterone under these condi-
tions promotes an increase in energy expenditure due
to increased mitochondrial biogenesis in skeletal mus-
cles [25], and also regulates the aerobic capacity of skel-
etal muscles by increasing the expression of myoglobin
[26]. A significant increase in aerobic capacity at stage |l
of puberty may be due to changes in the level of cortisol
[6] and thyroid activity, causing activation of oxidative
metabolism of muscles [7, 14, 27].

The development of anaerobic alactic and an-
aerobic glycolytic mechanisms during the pubertal
period occurs both synchronously and heterochron-
ically, which determines the structure of energy pro-
cesses and the specificity of the motor abilities for-
mation associated with them. The most pronounced
growth of anaerobic capabilities is noted in the fi-
nal stages of puberty, when the definitive structure
of energy supply for muscle activity is formed [11,
22, 23]. The development of anaerobic sources oc-
curs to a large extent in conjunction with changes
in basal concentrations of sex hormones and depends
on the stage of puberty [6, 8, 11].

According to available data, during the transition
from the initial to the final stage of puberty, under
the influence of male sex hormones in skeletal muscles,
an increase in the activity of key enzymes of anaerobic
glycolysis and an increase in the thickness of IIB subtype
(fast glycolytic) fibers is noted [2, 3, 8]. Based on the use
of the Wingate test, a significant increase in anaero-
bic power in boys during puberty was revealed [18],
while an average degree of correlation was found be-
tween peak and average anaerobic power on the one
hand and testosterone levels on the other [28]. It has
also been shown that the motor fitness of male ad-
olescents improves during puberty [13]. Differences
between the stages of puberty are manifested primar-
ily in relation to strength and speed-strength abilities
[4]. With an increase in the degree of sexual maturity,
not only do motor abilities improve, but body length
and weight also increase sharply [4]. Significant dif-
ferences in anthropometric indicators make it possi-
ble to predict the stage of puberty with high accuracy
based on changes in physical development [29]. In gen-
eral, in adolescents with stage IV of puberty, the bound-
aries of the zones of maximum and submaximal relative
power are noticeably expanded.

The differences we identified in the physi-
cal condition of adolescents of the same passport
age largely reflect the classic variants of individual
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morphofunctional development - normal, slow (indi-
vidual retardation) and accelerated (individual acceler-
ation) [15, 30]. In the last two cases, development can
be harmonious and inharmonious. With inharmonious
individual acceleration, for example, a temporary de-
crease in the functional capabilities of the oxygen trans-
port system and a decrease in the effectiveness of its
reactions to standard and maximum physical loads can
be observed [15].

As noted above, the rate of puberty has a notice-
able effect on the structure of physical performance
and muscle energy. There is evidence that individuals
with a slow rate of puberty have a higher efficiency
of the aerobic source of energy supply for muscle activ-
ity [6, 20, 30], while with an accelerated rate of matura-
tion, there is an increased efficiency of the anaerobic gly-
colytic source of ATP resynthesis [6, 22]. In adolescents
with a slow rate of puberty, a higher percentage of ox-
idative muscle fibers (type 1) is observed in the skeletal
muscles, characterized by the predominance of the aer-
obic source of energy supply for muscles [1, 19, 20],
an increased density of mitochondria and a higher
activity of oxidative enzymes [1, 11, 20]. A reflection
of this can be seen in the trend described in our study
of a temporary decrease in the relative value of VO,max
in 13-14-year-old adolescents with stage lll and espe-
cially stage IV of puberty in relation to stage Il. In gen-
eral, it is assumed that in individuals with high rates
of puberty, the activity of anaerobic glycolysis enzymes
is higher than in individuals with low rates of matura-
tion, while the activity of aerobic enzymes, on the con-
trary, is higher in adolescents with low rates of puberty
compared to subjects with advanced maturation [11].

The obtained results show that students of the same
calendar age with different levels of sexual maturity
may have a pronounced specificity in the development
of muscle energy and physical performance, which
must be taken into account in the process of school
physical education, health and sports training. Teen-
age boys aged 13-14 years, who are in the initial stages
of puberty, are distinguished by high functional read-
iness to perform physical work of an aerobic nature
and favorable conditions for the effective development
of general endurance, while those in the final stages
of puberty - to perform work of an anaerobic alactate
and anaerobic glycolytic nature, as well as the develop-
ment of strength, speed-strength and speed abilities.
All this indicates that separate standards for assess-
ing physical performance and motor fitness should
be developed for adolescents of the same passport age
with high and slow rates of biological development.
Based on the data obtained, it is necessary to identify
groups of adolescents with the initial and final stages
of puberty in the process of physical training. This will
allow for a differentiated “training” effect on the devel-
opment of aerobic and anaerobic components of physi-
cal performance and related motor abilities, taking into
account changes in the adaptive capabilities of the body
during puberty. The results of the study should be taken



into account when selecting valid and reliable indicators
of physical performance in different zones of relative
power, creating systems for its comprehensive assess-
ment within wide limits of available loads, standardiz-
ing training effects and developing effective programs
for physical exercise during puberty.

CONCLUSION

The study identified five relatively independent
factors characterizing the physical performance
of 13-14 year old male adolescents within a wide range
of available loads: aerobic capacity; absolute aerobic
power; anaerobic alactic performance; anaerobic gly-
colytic performance; relative aerobic power. These
factors are considered as key links in the dominant
functional system that ensures adaptation to intense
muscular activity and correlate well with V.S. Farfel’s
relative power zones.

Good indicators of diagnostics of factors of aerobic
and anaerobic performance in adolescents at different
stages of puberty were revealed. Analysis of physical
performance in adolescents aged 13-14 years showed
that during puberty, changes in indicators combined
into different factors occur nonlinearly and non-simul-
taneously. The obtained results indicate that subjects
of the age group studied, at stages I, lll and IV of pu-
berty, differ significantly in the level of key bioener-
getic criteria for assessing physical performance. It has
been established that with the increase in the stage
of puberty, progressive changes occur in most indi-
cators of anaerobic alactic and anaerobic glycolytic
performance, while the indicators of aerobic power
and capacity change in different directions, in some
cases showing a tendency to a temporary decrease.
The motor abilities associated with the factors studied
change in a similar manner.

The obtained data on the factor structure and lev-
el of physical performance of 13-14 year old students
should be taken into account when developing mea-
sures to standardize physical activity of aerobic, an-
aerobic glycolytic and anaerobic alactate nature
in the process of systematic physical exercise classes,
for operational, current and stage-by-stage monitoring
of the functional state of adolescents at different stages
of puberty. The results of the study can serve as a basis
for the effective use of physical activity of various meta-
bolic orientations in order to improve the functional ca-
pabilities of the students’body during the critical period
of ontogenesis associated with the process of puberty.

In conclusion, it should be noted that in the puber-
tal period, the basis for complex control of load param-
eters in the process of physical improvement of adoles-
cents with different stages of puberty should be based
on taking into account the structure and level of phys-
ical performance, as well as the morphofunctional ma-
turity of the leading physiological body systems that
ensure the implementation of intense muscular activity.
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ABSTRACT

Background. Chronic endometritis (CE) is an inflammatory hysteropathy causing
miscarriage and infertility. High invasiveness of the main method of CE diagnosis
and vague clinical picture necessitate the need for the development of less invasive ap-
proaches to establish the presence of this disease.

The aim of the study. To establish a significant association of the concentration of pro-
and anti-inflammatory interleukins in the blood serum with the presence of chronic en-
dometritis in premenopausal women without concomitant endocrine diseases.
Materials and methods. This re-analysis of the data is based on the results of a cross-sec-
tional study conducted between May 2017 and December 2019 which included 198 pre-
menopausal women. In all participants, body weight and height were measured
with the calculation of the body mass index, the concentration of Creactive protein,
pro- and anti-inflammatory cytokines in the blood serum was determined, and a pipelle
biopsy was performed to determine the CD138 expression in the endometrial stroma.
Non-parametric methods, as well as ROC analysis, were used for statistical analysis.
Results. Eighty six women were included in the re-analysis of the data, 37 of them had
a confirmed diagnosis of chronic endometritis. Statistically significantly higher values
of interleukin 1 (IL-1) concentration (p = 0.0028) and IL-1/tumor necrosis factor a ratio
(p < 0.001) were determined in women with CE and normal body weight; threshold val-
ues of these parameters were > 1.35 pg/ml (sensitivity 75 %, specificity 83 %; 95% confi-
dence interval (95% Cl): 0.88-2.15) and = 1.03 (sensitivity 85 %, specificity 78 %; 95% Cl:
0.81-1.27) respectively. Such a relationship was not revealed in women with overweight.
Conclusions. The obtained results can be the basis for conducting a larger-scale study
with determining the concentration of cytokines not only in the blood serum, but also
in the endometrium of women with CE, which will allow the development of a mini-
mally invasive method for determining the risk of the presence of chronic endometritis
in premenopausal women.
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PE3IOME

O6ocHoeaHue. XpoHuyeckuli 3HOoMempum (X3) aensgemcs socnaaumersibHbIM 3a60-
JslesaHuem Mamku, NpugoodAWUM K He8bIHAWUBAHUIO bepeMeHHOCMU U 6ecnioouro.
B ces3u ¢ 8bIcOKOU UHBA3UBHOCMbIO OCHOBHO20 Memood OudeHOCMUKU X3 U CMA3dH-
HOCMbIO K/IUHUYeCcKoU KapmuHbl A8/19emca akmyasbHol paspabomka meHee UHBA-
3UBHbIX NOOX0008 YCMAHOB/IEHUA HAIUYUA OdHHO20 3a60/1€8AHUS.

Lene uccnedosanus. YcmaHoseHue 3Ha4umol accoyuauyuu KoHyeHmpayuu npo-
U Npomuso8ocnanumesibHoIx UHMepelikuHO8 8 CbIBOPOMKeE KpOB8U C HAasU4UeM Xpo-
HUYeCcKoz20 SHOOMempuma y xeHuWuH penpoodykmuseHo20 803pacma 6e3 conymcmay-
oWUX 3HOOKPUHHbIX 3a60s1e8aHUU.

Mamepuansl u memoosl. Hacmosawuli pe-aHanau3 0aHHbIX NPOBEOEH Ha OCHOBe pe-
3y/1bMamos Kpocc-CeKYUOHHO20 UCC/Ie008AaHUSA, NPo8eOEHHO20 8 hepuod ¢ mas 2017
no dekabps 2019 2. ¢ yyuacmuem 198 xeHWUH penpodyKmusHo20 8o3pacma. Y ecex
yyacmHuy usmepaIu MAaccy mesa u pocm ¢ pac4émom uHoekca Maccel mesa, onpe-
Oesnianu KOHUeHmpayuto C-peakmugHo20 6esika, npo- U NpoMuU8o80CNAUMesIbHbIX
UUMOKUHO8 8 CbIBOPOMKe Kposu U Nposoousiu nalinesib-6uoncuto ¢ onpedesieHuem
3kcnpeccuu CD138 8 cmpome 3HOOMempus. [Jaa cmamucmuyecko2o aHaau3d uc-
Nnosib308asU Henapamempuyeckue Memoobl aHanu3sd, a makxe ROC-aHanus.
Pesynemamel. B pe-aHanu3s 0aHHbIx 8K/OHUAU 86 XeHUJUH, U3 Komopbix y 37 noo-
maeepounu duazHo3 X3. Y XeHWUH ¢ X3 Ha hoHe HopMasnbHOU Maccsl mesna ycma-
HOB8/1eHbl CMAMuUCMuUYecku 3Ha4yumo 6osiee 8bICOKUE 3HAYEHUA KOHUeHmpayuu UH-
mepnelikuHa (V1) 1 (p = 0,0028) u omHoweHus WJi-1/hakmop Hekposza onyxonu a
(p < 0,001) c nopo208bIMU 3HAYEHUAMU OAHHbIX Nnapamempos = 1,35 na/mn (4yscmau-
menbHoCcMb 75 %, cneyuguyHocme 83 %; 95%-0 dosepumeribHbili UHMepaan (95%
AN):0,88; 2,15) u = 1,03 (1yeacmsumensHocme 85 %, cneyugpuyHocme 78 %; 95% [U:
0,81; 1,27) coomsemcmaeHHO. Y XeHWUH ¢ u3bbimoyHoU maccol mesia makol 3asu-
CUMOCMU He 8bIABJIEHO.

Bb1800blI. [TosydeHHble pe3ysibmamsl Mo2ym 6bims 0CHOB0U 014 npogedeHus 60-
Jlee MacwmabHo20 Ucc1e008aHUA C yCMAHOB/IeHUeM KOHUeHmMpayuu YumoKUHO8
He MOJIbKO 8 CbIBOPOMKe KpOB8U, HO U 8 3HOOMempuu XeHWUH ¢ X3, Ymo no3eosaum
paspabomams MAanaouHB8A3ueHbeIl Memod onpedesieHUs pucka Haau4usa OaHHO20 3d-
60s1e6aHUSA Y XeHWUH penpodyKmugHO020 803pdcma.

Knrouesole cnoea: xpoHuyeckuli sSHOoMempum, uHmepnelkuH 1, pakmop Hekposa
ONyXoJ1U @, YUMOKUHbI, XpOHUYeCKoe 80cnasneHue, u3bbimo4yHas macca mena

Ona untnpoBaHusa: Vesnesa K.[., JaHycesny W.H., AtanaH A.B., Eroposa W.I0., babae-
Ba H.W., Pawunposa M.A., AxmepnssaHosa M.P, Lonoxos J1.0., Hapensea A.I, Jlazapesa J1.M.,,
CytypuHa J1.B. [lnarHoctnyeckasa 3HauMMOCTb YPOBHEN WHTEPNENKMHOB B CbIBOPOTKE
KPOBW Y »EHLMH PenpoAyKTUBHOIO BO3pacTa C XPOHUYECKMM SHAOMETPUTOM U HOpP-
MasibHOW 1N N36bITOYHOWN Maccol Tena. Acta biomedica scientifica. 2024; 9(3): 38-48.
doi: 10.29413/ABS.2024-9.3.4

39

Obstetrics and gynaecology



BACKGROUND

One of the main consequences of chronic endo-
metritis (CE) is a decrease in endometrial receptivity
against the background of inflammation, which can
subsequently cause the development of miscarriage
and infertility in women of reproductive age. This occurs
as a result of increased expression of proinflammatory
cytokines in the uterine cavity, which suppress endome-
trial growth and angiogenesis factors and lead to dys-
regulation of the decidualization processes of uterine
mucosa cells. These processes cause thinning of the en-
dometrium and reduce its ability to implant [1-3].

CE is a disease that causes difficulties for doctors,
since along with decreased receptivity and an increased
risk of infertility, this condition is very difficult to diag-
nose due to non-specific symptoms, and in some wom-
en it may not manifest itself clinically. Based on this,
it is difficult to establish the exact prevalence of this
disease in the general population. According to avail-
able data, CE occurs on average in 10-11% of women
of reproductive age [4].

To date, the most effective and reproducible
method for diagnosing CE is a pipelle biopsy to de-
termine the content of plasma cells expressing CD138
in the endometrial stroma [5, 6]. Despite the high sensi-
tivity and specificity of this research method, there are
some difficulties in its use. In particular, the procedure
for collecting endometrial samples for analysis is a mi-
nor gynecological operation and requires indications
for appointment [6, 7]. In this regard, the risk of missing
the presence of the disease in the patient is quite high.

For many years, researchers have been trying to de-
velop less invasive and more accessible methods for di-
agnosing CE, including finding a relationship between
some blood serum parameters and the presence of this
disease [8, 9]. Of particular interest are serum levels
of pro- and anti-inflammatory cytokines, since their im-
balance is recorded in the uterine mucosa of women
with CE [10]. Some researchers have found an increase
in the concentration of proinflammatory cytokines
in menstrual or venous blood in patients with CE [11].
However, these studies did not take into account ad-
ditional parameters that may affect the concentration
of cytokines in the blood, such as systemic inflamma-
tion due to the presence of concomitant diseases, in-
cluding hormonal disorders and obesity [12, 13].

Thus, the aim of this study was to establish a sig-
nificant association between the concentration of pro-
and anti-inflammatory interleukins in the blood serum
and the presence of chronic endometritis in women of re-
productive age without concomitant endocrine diseases.

MATERIALS AND METHODS

Research design
A cross-sectional study, described in detail in our
previously published works [8, 14], was conducted
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from May 2017 to December 2019. A total of 198 wom-
en of reproductive age (33.71 + 5.93 years) were exam-
ined. All participants were recruited during annual pre-
ventive examinations at the Scientific Centre for Family
Health and Human Reproduction Problems. All women
who took part in the study signed informed consent
for the examination. In working with patients, the eth-
ical principles set out in the World Medical Association
Declaration of Helsinki (1964, 2013 edition), the Federal
Law of the Russian Federation of 11-21-2011 No. 323-FZ
«On the Fundamentals of Health Protection of Citizens
in the Russian Federation» and the «Rules of Clinical
Practice in the Russian Federation», approved by Order
of the Ministry of Health of Russia dated 06-19-2003 No.
266 were observed. This study was approved by the lo-
cal Ethics Committee of the Scientific Centre for Family
Health and Human Reproduction Problems (protocol
No. 2.1 dated February 24, 2016).

The inclusion criteria for this reanalysis were:
the presence or absence of CE; the presence of data
on body mass index (BMI) and serum interleukin con-
centration. The exclusion criterion was the presence
of a concomitant diagnosis of polycystic ovary syn-
drome in patients. At the time of the study, all patients
had no signs of acute local or systemic inflammation.

Instrumental methods

Instrumental and clinical research methods have
been described in detail previously [8, 14]. Based
on the examinations conducted, BMI was calculated
for all patients, and the diagnosis of CE was established
based on the results of morphological and immunohis-
tochemical studies of endometrial samples.

Laboratory methods

Blood serum for research was obtained by centrifug-
ing tubes at 3000 rpm for 10 min. The serum was stored
indisposable Eppendorftubes atatemperature of -80°C.
Quantitative determination of the concentration
of interleukin (IL) 1, IL-6, IL-8, tumor necrosis factor (TNF)
a, interferon (INF), and C-reactive protein (CRP) was
performed using test systems of Vector-Best LLC (Russia)
on an ELx808 enzyme immunoassay analyzer (BioTek,
USA) according to the manufacturer’s instructions.

Statistical methods

The statistical analysis included descriptive sta-
tistics, testing of statistical hypotheses, ROC analysis
and determination of the odds ratio (OR). The Kolmog-
orov — Smirnov test was used to determine the prox-
imity to the normal distribution law of continuous
variables. The description of continuous variables is pre-
sented as the median and the lower and upper quar-
tiles. To test the statistical hypothesis of equivalence
in the location of two general populations for inde-
pendent random samples, the Mann — Whitney U-test
was used, and for several general populations, the Kru-
skal — Wallis test was used. To establish a correlation
between the values of the BMI and CRP parameters,



the Spearman’s rank correlation test was used. To es-
tablish the threshold values of the parameters and their
95% confidence intervals (95% ClI), the characteristic
curve analysis (ROC analysis) was performed. Sensitivity
and specificity were calculated; the area under the ROC
curve (AUC) was estimated. The OR was also calculated
for each threshold value.

RESULTS

Of the 198 participants, data from 86 women were
used for the present reanalysis according to the inclu-
sion and exclusion criteria (fig. 1).

The women were then divided into two groups
depending on the presence or absence of CE,
and the values of serum pro- and anti-inflammatory cy-
tokine concentrations, as well as their relationships be-
tween the groups, were compared (table 1).

FIG. 1.
Study design: PCOS - polycystic ovarian syndrome
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Based on the comparison results, we found statis-
tically significantly higher values of IL-1 concentration
(p = 0.0027) and IL-1/TNF-a ratio (p < 0.0001) in wom-
en with CE compared to the values of these parameters
in women in the control group.

In order to assess at what value of IL-1 concentra-
tion or IL-1/TNF-a ratio the presence of CE is observed
in women, a ROC analysis was conducted, and based
on the results we determined the threshold values
for the analyzed parameters (fig. 2).

Thus, in women with CE, the IL-1 concentration
values were = 1.3 pg/ml (sensitivity 78 %, specificity
59 %; 95% Cl: 0.76; 2.15 pg/ml), and the IL-1/TNF-a ra-
tio was > 0.89 (sensitivity 81 %, specificity 63 %; 95%
Cl: 0.69; 1.37). We also calculated the OR for the estab-
lished threshold values, which for IL-1 was 3.732 (95%
Cl: 1.503; 9.267), for the IL-1/TNF-a ratio - 6.243 (95% Cl:
2.356; 16.546).

Obstetrics and gynaecology



TABLE 1

MAIN CHARACTERISTICS AND CONCENTRATION OF INTERLEUKINS IN PREMENOPAUSAL WOMEN WITH
ORWITHOUT CHRONIC ENDOMETRITIS

Parameters

Age, years

BMI, kg/m?

IL-1, pg/ml
IL-6, pg/ml
IL-8, pg/ml
TNF-a, pg/ml

INF, pg/ml

IL-10, pg/ml

INF/IL-10
IL-6/1L-10
IL-1/IL-10
IL-8/IL-10
IL-6/TNF-a
IL-10/TNF-a

IL-1/TNF-a

Control (n =49) CE (n=37) p
38 (34;41) 39 (36; 43) 0.330
25.92(22.51;30.14) 23.84(21.05; 28.38) 0.105

Proinflammatory cytokines

0.95 (0,70; 1,85) 1.7 (1.10; 2.25) 0.0027
1.4 (0.75; 2.25) 0.9 (0.50; 2.10) 0.1640
14 (6.75; 33.00) 13 (7.30; 28.30) 0.7762
1.7 (1.30; 2.20) 1.3 (0.85; 1.85) 0.0976
0.6 (0.30; 1.05) 0.9 (0.35; 1.40) 0.1271

Anti-inflammatory cytokines
1.5(0.27; 2.25) 1.6 (0.70; 3.40) 0.3135

Relationships between pro- and anti-inflammatory cytokines

0.44 (0.145; 0.790) 0.43 (0.205; 0.89) 0.6712
1(0.52; 1.55) 0.46 (0.255; 1.435) 0.0862
0.68 (0.275; 1.465) 0.88 (0.54; 1.89) 0.1496
9.6 (5.75; 35.31) 7.5(2.58;22.00) 0.1608
0.73 (0.510; 1.820) 0.64 (0.395; 1.450) 0.5163
0.94 (0.310; 1,680) 1(0.470; 2.630) 0.1788
0.77 (0.43; 1.1) 1.19 (0.890; 2.295) <0.0001

Note. Data are presented as medians and lower and upper quartiles; p is the level of statistical significance when comparing parameter values between groups

using the Mann - Whitney test.

FIG. 2.

ROC curve of IL-1 concentration or IL-1/TNF-a ratio in premeno-
pausal women with or without chronic endometritis against the
background of normal weight or overweight: IL1 - ROC curve of
IL-1 concentration in patients with or without chronic endome-
tritis; IL1/TNF — ROC curve of IL-1/TNF-a ratio in patients with or
without chronic endometritis; the cut-off point for IL-1 concen-
tration is 1.3 (95% Cl: 0.76; 2.15); the cut-off point for IL-1/TNF-a
ratio is 0.89 (95% Cl: 0.69; 1.37)
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The low specificity of the obtained cut-off points
could be due to the fact that the groups included both
women with normal body weight and overweight
and obese women, who could have chronic inflamma-
tion against the background of elevated BMI values.
It should be noted that we did not find statistically
significant differences in BMI values in the studied
groups: 25.92 (22.51; 30.14) kg/m? in healthy women

TABLE 2

versus 23.84 (21.05; 28.38) kg/m? in patients with CE
(p = 0.105). Therefore, we further compared the val-
ues of interleukin concentrations and their ratios be-
tween women with or without CE depending on BMI.
We also assessed the concentration of CRP in the blood
as a marker of chronic systemic inflammation in over-
weight and obesity in women of the studied groups
(table 2) [15].

MAIN CHARACTERISTICS AND CONCENTRATION OF INTERLEUKINS IN PREMENOPAUSAL WOMEN WITH
ORWITHOUT CHRONIC ENDOMETRITIS DEPENDING ON BODY MASS INDEX

Control (n = 49) CE (n=37)
BMI < 25 kg/m? BMI = 25 kg/m? BMI < 25 kg/m? BMI = 25 kg/m?
Parameters (n=18) (n=31) (n=20) (n=17) p°
1 2 3 4
Age 38(33.5;41) 38 (34;41) 39 (36; 43) 39 (36;42.75) p,, = 0.4031
BMI, kg/m? 21.48(20.13; 23.29) 28.42(26.27;31.78) 21.18(20.06; 23.28) 28.79 (27.12;29.77) p,, <0.001
p,,=0.704°
p° <0.001 <0.001 p,,<0.001"
p,,=0.1069°
Proinflammatory cytokines
IL-1, pg/ml 0.8 (0.5; 1.25) 1.2(0.72; 1.9) 1.65(1.013; 2.975) 1.8(1.1; 2.15) p,,=0.0103
p,,=0.0059"
p° 0.1187 0.982 p,,=0.0024°
p,,=0.1069"
IL-6, pg/ml 0.955 (0.575; 1.825) 1.5(1.04; 2.4) 0.9 (0.425; 2.5) 0.9 (0.55; 2.1) 0.2159
IL-8, pg/ml 18.5 (6.775; 45.4) 12 (5.4; 33) 12 (7.05; 30) 14 (7.65; 28.3) 0.7762
TNF-a, pg/ml 1.8(1.325;2.4) 1.7(1.3;2) 1.3(0.8; 1.775) 14(1;2) 0.342
INF, pg/ml 0.75(0.25; 1.35) 0.6 (0.3;0.9) 0.85(0.325; 1.575) 0.9(04;1.3) 0.4036
CRP, 1U/I 1.3 (0.55; 2.20) 2.3(1.15;6.35) 0.7 (0.40; 1.90) 2.8(1.00; 3.05) p,,=0.0018
p,,=0.2803"
pb 0.0130 0.0142 p,,=0.1036"
p,,=0.5538"
Anti-inflammatory cytokines
IL-10, pg/ml 1.55(0.55; 2.3) 1.5(0.09; 2.3) 2(0.75;3.4) 1.3(0.6; 3.1) 0.6008
Relationships between pro- and anti-inflammatory cytokines
INF/IL-10 0.465 (0.215; 0.805) 0.375(0.095; 0.553) 0.385(0.178;0.618) 0.430 (0.270; 1.620) 0.3679
IL-6/IL-10 0.870 (0.658; 1.485) 0.895 (0.588; 1.615) 0.595 (0.248; 1.160) 0.440 (0.260; 2.000) 0.2020
IL-1/IL-10 0.705 (0.338; 1.833) 0.655 (0.230; 1.225) 0.610 (0.420; 2.833) 1.130 (0.690; 1.600) 04176
IL-8/IL-10 18.66 (7.95; 36.82) 8.03 (5.28; 28.06) 7.37 (2.64; 24.84) 7.50 (2.39; 20.00) 0.2687
IL-6/TNF-a 0.725 (0.545; 1.678) 0.880 (0.580; 2.190) 0.655 (0.425; 1.495) 0.640 (0.385; 1.305) 0.6363
IL-10/TNF-a 1.000 (0.410; 1.343) 0.940 (0.050; 1.880)  1.775(0.405;3,093)  0.890 (0.540; 2.425) 0.4826
IL-1/TNF-a 0.675 (0.315; 0.9475) 0.79 (0.44; 1.19) 1.260(1.015; 2.683) 1.140(0.815;2.015) p_, =0.0022
p,,=0.0011"
p 0.7619 0.2661 p,,=0.0157°
p,,=0.2661°

Note. Data are presented as medians and lower and upper quartiles; p is the level of statistical significance when comparing parameter values between groups
using the Mann - Whitney test.
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We found statistically significantly higher IL-1 con-
centration and IL-1/TNF-a ratio in women with CE re-
gardless of BMI compared to the results in women with-
out CE with normal body weight. However, we did not
find any significant differences in the values of these
parameters in women without CE and with CE against
the background of overweight and obesity. This can
be explained by the presumable presence of chron-
ic systemic inflammation in women with overweight
and obesity [15], which is confirmed by a statistical-
ly significantly elevated CRP level in such women re-
gardless of the presence of CE. In addition, in women
with overweight and obesity, we found a statistically sig-
nificant positive correlation of CRP with BMI (r = 0.495;
p < 0.001), which was absent in women with normal
body weight (r = 0.050; p = 0.763).

We next performed ROC analysis to establish risk
thresholds for the presence of CE for IL-1 or IL-1/TNF-a
ratio in women with normal body weight (fig. 3).

We found that in women with CE and normal
body weight, the IL-1 concentration was > 1.35 pg/ml
(sensitivity 75 %, specificity 83 %; 95% Cl: 0.88; 2.15),
and the IL-1/TNF-a ratio was > 1.03 (sensitivity 85 %,
specificity 78 %; 95% Cl: 0.81; 1.27). The OR for the es-
tablished threshold values was: for IL-1 - 8.167 (95%
Cl: 1.885; 35.381), for the IL-1/TNF-a ratio — 15 (95% Cl:
3.027;74.32).

FIG. 3.

ROC curve of IL-1 concentration or IL-1/TNF-a ratio in premeno-
pausal women with or without chronic endometritis against the
background of normal weight: IL1T nw - ROC curve of IL-1 concen-
tration in patients with normal weight; IL1/TNF nw — ROC curve
of IL-1/TNF-a ratio in patients with normal weight; the cut-off
point for IL-1 concentration is 1.35 (95% Cl: 0.88; 2.15); the cut-off
point for IL-1/TNF-a ratio is 1.03 (95% CI: 0.81; 1.27))

DISCUSSION

In this study, we examined the levels of pro- and an-
ti-inflammatory cytokines in the blood serum of wom-
en with and without CE, including their dependence
on BMI. Based on the results of the study, we found that
women with CE, regardless of BMI, have statistically sig-
nificantly higher values of serum IL-1 concentrations
and IL-1/TNF-a ratios. We also determined the thresh-
old values for these parameters in relation to the pres-
ence of CE using ROC analysis. However, the sensitivity
of certain threshold values of IL-1 and IL-1/TNF-a con-
centrations turned out to be relatively low, and there-
fore we decided to analyze the levels of pro- and an-
ti-inflammatory cytokines in women with and without
CE, depending on BM, since the presence of excess
body weight and obesity can provoke chronic system-
ic inflammation and affect the level of serum cytokines
[12], which can clinically manifest itself as an increase
in the level of CRP [15]. According to the analysis, we
also found a statistically significant association of higher
IL-1 and IL-1/TNF-a values with the presence of CE only
in women with normal body weight, but not in over-
weight and obese women. At the same time, in over-
weight women, regardless of the presence or absence
of CE, we found a significantly higher level of CRP than
in women with normal body weight, which indirectly
confirms the contribution of increased BMI to the de-
velopment of systemic inflammation. Subsequent ROC
analysis with the establishment of threshold values
showed more pronounced sensitivity and specificity
for certain points compared to the values established
for women without taking into account BMI. Thus, we
found that for women of reproductive age with nor-
mal body weight, CE is accompanied by an increase
in the concentration of IL-1 > 1.35 pg/ml and the value
of the IL-1/TNF-a ratio > 1.03.

Proinflammatory cytokines in the uterine mucosa
are produced by neutrophils, macrophages, and epithe-
lial cells in response to regulatory factors under phys-
iological conditions and bacterial and viral antigens
in case of a pathological process. Thus, neutrophils
in the uterine mucosa, under the influence of bacteri-
al lipopolysaccharides (LPS), can produce IFN-y, as well
as IL-12 and TNF-a. IFN-y, in turn, activates macro-
phages [16], which are located in the subepithelial stro-
ma of the endometrium and are the first to recognize
foreign antigens [17]. LPS can also directly stimulate
macrophages to produce proinflammatory IL-1(3, which
causes the secretion of human B-defensin-2 by endo-
metrial epithelial cells to resist bacterial invasion [18].
The development of inflammation in the endometrium
can also be promoted by T-helpers 1 (Th1), which pro-
duce TNF-a [19]. In addition, proteins that provide direct
stimulation of the production of proinflammatory cyto-
kines (TNF-a and IL-1pB) are expressed on epithelial cells,
monocytes and dendritic cells of the endometrium [20].
Thus, with the development of CE under the influence
of bacterial LPS and other proinflammatory factors



in the uterine cavity, the expression of cytokines re-
sponsible for the inflammatory response significantly
increases.

Proinflammatory cytokines (IL-1, IL-6, IL-8, IL15,
TNF-a) along with many hormones (estrogen, proges-
terone) and factors of decidualization and degradation
of the endometrium extracellular matrix (integrin 33,
IGFBP1 and metalloproteinases) are factors regulating
endometrial receptivity, which determines the success
of embryo implantation. In patients with CE, changes
in the expression and functioning of these factors are
noted, which can cause the development of infertility
and habitual miscarriage against the background of this
disease [3].

Thus, W.J. Wang et al. (2019) showed that the en-
dometrium of women of reproductive age with CE has
increased expression of proinflammatory IL-17 and de-
creased expression of anti-inflammatory IL-10 [2]. In our
previous studies, we found increased secretion of IL-14,
IL-4, IL-6, IL-10, as well as IFN-y and TNF-a in the endo-
metrium of women with CE compared to the results
in healthy women [21, 22]. C. Tortorella et al. (2014) also
found an increased concentration of proinflammatory
IL-1B, IL-6, and TNF-a in the menstrual blood of women
with chronic endometritis. At the same time, with re-
gard to CE screening, they revealed higher sensitivity
for such indicators as the IL-6/TNF-a and IL-6/IL-1( ra-
tios [23].

Currently, the most effective and reproducible
method for diagnosing CE is the detection of CD138+
cells in the endometrial stroma during a Pipelle biopsy
[5]. Despite the high sensitivity and specificity of this di-
agnostic method, it has a number of limitations. In par-
ticular, a Pipelle biopsy is a minor gynecological opera-
tion, and its use requires indications. At the same time,
it is known that CE can often be asymptomatic. Such
difficulties necessitate the search for new, less invasive
methods for diagnosing CE [4, 6, 71.

Thus, some researchers have attempted
to identify an association between the level of cytokines
in the blood serum and the presence of CE. According
to the results of the study by L.V.Tkachenko et al. (2020),
an increase in the concentration of proinflammatory
cytokines was found in uterine cavity aspirates, as well
as in the blood serum of women with CE: IL-1(, IL-2, IL-6,
TNF-a and IFN-y [10]. I.P. Koltsov et al. (2011) recorded
increased secretion of IL-8 by blood monocytes in wom-
en with chronic endometritis [24]. Yu.A. Sorokin et al.
(2022) in a study of the effectiveness of CE treatment
by introducing cavitated 0.9% sodium chloride solution
into the uterine cavity revealed statistically significant-
ly higher serum values of IL-13 (7.65 [6.3-8.98] vs. 1.22
[0.99-1.45]; p < 0.05) and TNF-a (2.75 [1.42-4.08] vs.
1.48 [1.29-1.67]; p < 0.05) in patients of reproductive
age with CE compared to the values of similar parame-
ters in women without CE [25]. These results are partial-
ly consistent with the data of our study that in women
with CE, the concentration of IL-1 in the blood serum
is > 1.3-1.35 mg/ml.
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Serum cytokine levels can change under
the influence of not only local but also systemic
inflammation. One of the common causes of chronic
systemic inflammation is obesity. Thus, obese people
may have elevated levels of proinflammatory cytokines
in the blood serum [12], as well as CRP [15]. Based
on this fact, we analyzed the levels of proinflammatory
cytokines in women of reproductive age
with or without CE depending on the body mass index.
As a result, we found that an increase in the serum
level of the proinflammatory cytokine IL-1 and the IL-1/
TNF-a ratio is statistically significant only in the group
of women with CE against the background of normal
body weight. At the same time, a significant increase
in the CRP level was observed only in overweight
and obese women, regardless of the presence of CE.
This may indirectly confirm the contribution of excess
body weight to the development of chronic systemic
inflammation, expressed in a relative increase in the CRP
level.

The advantage of this study is that the level
of interleukins in women with CE was assessed, among
other things, taking into account BMI and CRP levels,
since overweight and obesity can provoke chronic
systemicinflammation [12, 15]. Also, one of the exclusion
criteria was the presence of polycystic ovary syndrome
in patients, since this disease is also associated
with systemic inflammation and can affect serum
cytokine levels [13]. The disadvantages of this
study include the small patient sample size, which
does not allow extrapolating the research results
to the general population. Also, the lack of data
on the levels of proinflammatory cytokines directly
in the endometrial tissues with the determination
of their correlation with the concentration of cytokines
in the blood serum does not allow us to fully assert
that the established patterns in the form of increased
levels of IL-1 and the IL-1/TNF-a ratio are directly related
to the presence of CE in patients. In addition, we did not
assess the presence of other chronic diseases in patients
that may be accompanied by the development
of chronic systemic or local inflammation, which
could have influenced the analysis results of the level
of interleukins and CRP in the examined patients.

CONCLUSION

The conducted reanalysis of the cross-sectional
study data of women of reproductive age with or without
CE revealed a significantly higher serum concentration
of IL-1 and higher values of the IL-1/TNF-a ratio
in patients with CE against the background of normal
body weight compared to the results in healthy patients
with normal body weight with the establishment
of threshold values of these parameters. At the same
time, we did not find significant changes in the level
of serum cytokines in patients with or without CE against
the background of overweight and obesity, which can

Obstetrics and gynaecology



be explained by the presence of systemic inflammation
in them, which also affects the level of pro- and anti-
inflammatory cytokines. The absence of a significant
change in IL concentrations in patients of this group
may be associated with dysregulation of the immune
response against the background of overweight
and obesity associated with an increased level of CRP.

Thus, it is necessary to conduct additional
studies with a larger sample size, as well as assessing
the level of cytokines not only in the blood serum,
but also in the endometrium of women with or without
CE to confirm the obtained results and identify
a direct relationship between the studied parameters
in the blood serum and endometrium. This will allow
developing new a new method of minimally invasive
diagnostics or determining the risk of CE in women
of reproductive age.
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ABSTRACT

The polycystic ovarian morphology (PCOM) is a generally accepted ultrasound marker
for ovulatory dysfunction, is one of the criteria for polycystic ovary syndrome (PCOS)
and is established based on the assessment of ovarian volume (OV) and the follicle
number per ovary (FNPQ), taking into account the upper normal values determined
in healthy premenopausal women. However, there is a necessity for regular revision
of the PCOM characteristics depending on ethnic and age characteristics.

The aim. To develop differentiated standards for assessing the ultrasonographic ovary
structure in premenopausal women of various ethnicity.

Materials and methods. From March 2016 to December 2019, a multicenter
cross-sectional prospective study was conducted in Eastern Siberia (Irkutsk region)
and in the neighboring Republic of Buryatia. The study included 1134 participants:
715 women of Caucasian origin, 312 Asian women, 107 women of mixed ethnic
subpopulation.

Results. It has been established that for Caucasians, it is advisable to diagnose PCOM
when the ovarian volume is 9 cm? and/or FNPO > 12; for women of the Asian popula-
tion — when the ovarian volume is 7 cm? and/or FNPO > 11; for women of mixed ethnici-
ty —when the ovarian volume is 8 cm® and/or FNPO = 9. An important advantage of our
study is that all participants were recruited from a non-selective multi-ethnic popula-
tion of women with comparable socio-demographic characteristics living in the same
geographical conditions.

Conclusion. Differentiated approach for identifying the polycystic ovarian morphol-
ogy in premenopausal women of different ethnic groups requires using ethnically dif-
ferentiated normative readings.

Key words: PCOS, polycystic morphology, follicle number per ovary, ovarian volume,
pelvic ultrasound, premenopausal women, ethnicity
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PE3IOME

MonukucmosHaa cmpykmypa auyHukos ([1KA) aenaemca obwenpusHaHHbIM Yilb-
mpaseyKo8bIM MAPKepOM 08YNAMOPHOU OUCHYHKYUU, CITyKUM OOHUM U3 Kpume-
pues CUHOPOMA NOMUKUCMO3HbIX AuYHUK08 (CITKA) u ycmaHasnueaemcsa Ha OCHO-
8aHUU OUeHKU 06véma auyHukos (OA) u konudecmeaa ¢onnukynos Ha AudHUK (KOA)
C y4eéMom 8epXHUX HOPMAJIbHbIX 3HAYeHUU, onpedesiaemMbix 8 300p08bIX NONYAAYU-
AX XeHWUH penpodykmugHozo 8o3pacma. OOHAKo ommeyaemcsa Heobxooumocme
pe2ynapHo20 nepecmompa xapakmepucmuk [1KA 8 3asucumocmu om 3mHuUYecKux
U 803pacmHsix ocobeHHocmed.

Lenws. Paspabomames OuggepeHyupo8aHHbie HopMmamuesl 0719 OUeHKU yabmpa-
COHo2paghuyeckol Cmpykmypel AUYHUKOB y XeHWUH penpo0yKmueHo20 803pacma
pasnu4YHol SmHuUYeckol NpUHAadIexHoCmu.

Mamepuansl u Memoosl. B nepuod ¢ mapma 2016 no dekabpe 2019 2. nposedeHo
MHO20UeHmMposoe nonepeyHoe (Kpocc-CeKYUOHHOe) NpochekmusHoe Ucc/1ed08da-
Hue Ha meppumopuu BocmouHot Cubupu (Mipkymckasa obaacme) u 8 conpedeso-
HoU Pecnybnuke bypamus. B uccnedosaHrue sowsu 1134 yuacmHuysl: 715 XeHWUH
esponeoudHol npuHadnexHocmu, 312 — azuamckod, 107 — cMewaHHoU 3mHuye-
ckol cybnonynayuu.

Pe3ynemamel. YcmaHosneHo, ymo 011 esponeoudos [1KA yenecoobpasHo dua-
2HOCMuposames npu 06vémMe AUYHUKO8 9 cM’ u/unu KOA = 12; 0na XeHWUH asu-
amckou nonynayuu — npu 06véme Au4HUK08 7 cm? u/unu KOA = 11; 0na xeHWUH
cMewaHHol 3mHuyeckol NpuHadsexHocmu — npu ob6wvéme 8 cm? u/unu KOA = 9.
BaxHbiM npeumywiecmaom Hawe2o Uucc1e008aHUA ABAEMCA MO, YMO 8ce y4acm-
HUYbl 661U peKpymupOoBaHbl 8 HecesieKmugHoU MybmusmHuyeckol nonynayuu
JKEHUWUH C COnoCmMasumsiMu CoyuaabHo-0eMmopagpuyeckumu Xxapakmepucmuka-
MU, NPOXUBAIOUUX 8 0OUHAKOBbIX 2€02pAhuHeCKUX YC/T08USAX.

Bb1800bl1. []ns OuppepeHyupo8aHHo020 N0OX00d K 8blABEHUIO NOJUKUCMO3HOU
CMpYKMypbl AUYHUKOB Y XeHWUH penpodyKmueHo20 803pdcma pasIuyHbIX 3m-
HU4YecKux epynn HeobxoOUMO NPUHUMAMb 3MHUYecKU OupgpepeHyupos8aHHble
HOpMAamMuseHble 3Ha4eHus.

Knrouessle cnosa: C[TKA, nonukucmo3sHas cmpykmypd, Koau4ecmao (osuKky1o8
HAa AUYHUK, 06BéM AuYHUKaA, ¥Y3U op2aHo8 Mano2o masa, xeHWuHel penpooyKmues-
HO020 803pACMA, SMHUKA

Ana uyntnposaHua: Jlazapesa J1.M., Atanan A.B., laHycesuu W.H., Hagensaesa A.[,
BeneHbkasn J1.B., Eroposa W.10., babaesa H./., CytypuHa J1.B. YnbTpacoHorpaduueckne
HOPMATUBbI CTPYKTYPbl ANYHNKOB Y MEHLIUH PenpoayKTMBHOro BO3pacTa pasfnyHon
STHMYECKON NpuHaanexxHocTu. Acta biomedica scientifica. 2024; 9(3): 49-68. doi: 10.29413/
ABS.2024-9.3.5
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INTRODUCTION

Polycystic ovary structure (PCOM) is a generally
accepted ultrasound marker of ovulatory dysfunction
and, since 2003, following the adoption of the Rotter-
dam Consensus [1], has served as one of the criteria
for polycystic ovary syndrome (PCOS) [2-4]. Currently,
PCOM is defined based on the assessment of ovarian
volume (OV) and follicle number per ovary (FNPO) tak-
ing into account the upper normal values determined
in healthy populations of women of reproductive age [2,
4]. The latest guidelines on the diagnosis and manage-
ment of PCOS, published in 2023 [4], propose to con-
sider the provisions adopted in Rotterdam as basic
for the diagnosis of PCOS [4, 5]. However, it is noted
that there is a need for regular revision of the charac-
teristics of PCOM, taking into account ethnic and age
characteristics. The following updated criteria for defin-
ing PCOM in women of reproductive age are relevant:
the most effective ultrasound marker for identifying
PCOM in adults with transvaginal access should be con-
sidered FNPO, while FNPO > 20 in at least one ovary
should be considered the threshold value for polycystic
ovary structure. As an equally effective marker of PCOM,
along with OV = 10 ml, it is again proposed to consider
follicle number per cross-section (FNPS) > 10 in at least
one ovary. When using old ultrasound technologies
and/or transabdominal ultrasound (US) and/or when
the image quality is insufficient for an accurate assess-
ment of the follicle number in the entire ovary, the fol-
lowing criteria are necessary for establishing polycystic
ovary structure: OV = 10 ml or FNPS > 10 in both ova-
ries. When describing the ultrasound, it is proposed
to use clear standardized protocols for assessing poly-
cystic ovary structure, including at least the following:
date of the last menstruation (or phase of the cycle);
characteristics of the sensor used; high-quality count
of the total follicle number measuring 2-9 mm per ova-
ry. It is mandatory to measure the ovary in three di-
mensions and calculate the volume of each ovary; de-
scription of other ovarian features and/or pathologies,
including ovarian cysts, corpora lutea, dominant folli-
cles (= 10 mm) (which should not be taken into account
when calculating ovarian volume). It is recommended
to rely on the contralateral ovary FNPO for the diagnosis
of PCOMin the presence of adominantfollicle in the ova-
ry being evaluated. Uterine features and/or pathologies,
including endometrial thickness and structure, should
not be ignored.

Ethnic differences in the number of follicles and/
or ovarian volume are actively studied. Thus, in Chi-
nese women, the sufficient criteria for defining PCOM
[6] are smaller ovarian volumes and the follicle num-
ber compared to women of the European population:
> 6.3 cm® and > 10 follicles, respectively. Lower val-
ues compared to the Western population were also
demonstrated by Turkish women. The threshold criteria
for PCOM for them are OV = 6.43 cm?® and FNPO > 8 [7].
In the population of Korean patients, the follicle number
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is considered a more significant criterion for polycystic
disease than ovarian volume due to the smaller ovarian
volume characteristic of Asian women [8].

The volume of the ovaries and the number
of follicles change during a woman’s reproductive
period, reaching a maximum value in adolescence,
with a gradual decrease in adulthood and a rapid de-
crease at menopause. For example, in women over
35 years of age, the prevalence of PCOM is 7.8 %,
compared to 21 % in younger women [9]. Moreover,
the decrease in the number of follicles occurs faster
than the decrease in ovarian volume [10]. Age-related
processes in women involve a decrease in the number
of growing antral follicles [10].

The relevance of detecting PCOM is determined
by the fact that even in women with normal men-
strual function and without clinical signs of hyperan-
drogenism (HA), PCOM is associated with higher lev-
els of androgens and insulin and a lower pregnancy
rate [11]. However, hirsutism, ovulatory dysfunction
and menstrual cycle disorders were equally present
in patients with normal ovarian volume and enlarged
ovaries.

The diagnostic significance of PCOM depends on age
and ethnic characteristics, which requires large-scale
epidemiological studies to determine the population
characteristics of PCOM. Standardization of diagnos-
tic criteria for PCOM is the key to effective diagnostics
of PCOS and, accordingly, prevention of complications
and concomitant diseases associated with PCOS.

THE AIM OF THE STUDY

To develop differentiated standards for assessing
the ultrasonographic ovary structure in premenopausal
women of various ethnicity.

HYPOTHESIS

Ultrasonographic characteristics of the ovaries vary
among women depending on ethnicity and age.

MATERIALS AND METHODS

Study design and population. Subjects were re-
cruited during a cross-sectional prospective study (Clin-
icalTrials.gov: NCT05194384) conducted in two large re-
gions of Eastern Siberia (Irkutsk Region and the Republic
of Buryatia) from March 2016 to December 2019 [12, 13].
The study included women of reproductive age subject
to annual medical examination at their place of work.
The study was conducted in accordance with the World
Medical Association Declaration of Helsinki (1964)
and approved by the local Ethics Committee of the Sci-
entific Centre for Family Health and Human Reproduc-
tion Problems (Irkutsk) (protocol No. 2.1 dated February
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24, 2016). Informed consent was obtained from all sub-
jects. The study was conducted as part of the research
work “Prediction of metabolic and psychoemotional
disorders in women of different age groups with hyper-
androgen disorders for the development of personal-
ized approaches to prevention and treatment” (regis-
tration number 123051600030-1). The study was carried
out using the equipment of the Centre for the Develop-
ment of Progressive Personalized Medical Technologies
of the Scientific Centre for Family Health and Human
Reproduction Problems.

Inclusion criteria for the sample: age from 18 to 44
years inclusive; signing of informed consent; partic-
ipant’s willingness to fully comply with all study pro-
cedures; availability throughout the study period.
Exclusion criteria: age under 18 and over 45 years;
unwillingness to participate or difficulty under-
standing informed consent or the aims and require-
ments of the study; presence of factors that interfere
with the participant’s full compliance with the study
conditions. A total of 1,490 women of reproductive age
were invited to participate in the study, 92 of whom
were not included in the study due to lack of informed
consent. In total, 1,398 women of reproductive age
were included in the study.

Hyperandrogenism was defined as hirsutism (Hs)
greater than 4 (> 5 points) according to the cut-off values
for the modified Ferriman - Gallwey visual scale (mFG)
previously established by us for the entire population
using 2k-cluster analysis, and/or hyperandrogenemia -
with a blood serum total testosterone (tT) concentra-
tion > 73.90 ng/dl and/or a free androgen index (FAI)
value > 6.90 for Caucasians and a blood serum tT con-
centration > 41.03 ng/dl and/or FAl > 2.92 for Asians
and/or a dehydroepiandrosterone sulfate (DHEA-S)
level of 355 mg/dl for the entire population (according
to the cut-off values reflecting the 98" percentile con-
centrations of tT, DHEA-S, and FAIl in the blood serum
in the reference cohort). Oligomenorrhea was defined
as amenstrual cycle duration < 21 or > 35 days ora men-
strual frequency of less than 9 cycles per year (accord-
ing to the Rotterdam Consensus recommendations)
[1], and in the case of an intact menstrual cycle — a de-
crease in the blood serum progesterone level on days
20-24 of the cycle below 3-4 ng/ml. Primary amen-
orrhea was defined as the absence of menstruation
during life or the failure to reach menarche by the age
of 15 years or 3 years after thelarche [14]. Secondary
amenorrhea was defined as the absence of previous-
ly regular menstruation for 3 months, and in the case
of previously irregular menstruation - the absence
of menses for 6 months.

The clinical methods of the study included a ques-
tionnaire survey, general medical and gynecological ex-
aminations. During the objective examination, the hir-
sute number was assessed using mFG [15]in accordance
with the standardized scoring technology. During
the examination by the gynecologist, all women un-
derwent the following: assessment of the condition
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of the mammary glands; gynecological bimanual exam-
ination of the pelvic organs; Pap smear study.

To determine the hormone levels in each patient,
blood was collected from the cubital vein on an empty
stomach from 8 to 9 a.m., after a 15-minute rest (accord-
ing to the generally accepted method) and taking into
account the phases of the menstrual cycle, using dis-
posable vacuum systems BD Vacutainer (Becton, Dickin-
son and Company, USA).

Determination of concentrations of thyroid stimu-
lating hormone (TSH), free thyroxine (Free T4), prolactin
(PRL), luteinizing hormone (LH), follicle-stimulating hor-
mone (FSH), 17-OH-progesterone, sex hormone-bind-
ing globulin (SHBG) and progesterone was carried
out using the competitive solid-phase enzyme immu-
noassay method using the Alkor-Bio test systems (Rus-
sia). The study of total tT was carried out using a liquid
chromatography-mass spectrometry (LC-MS) LCMS-
8060 (Shimadzu, Japan). DHEA-S in blood serum was
determined using a chemiluminescent enzyme immu-
noassay analyzer Immulite 1000 (Siemens, USA).

Instrumental examination methods included pelvic
ultrasound performed by three experienced specialists
trained to perform ultrasound examinations uniformly
with coefficients of variation of examination results less
than 6 %, using only the Mindray M7 device (Mindray
Bio-Medical Electronics Co., China) with a transvaginal
probe (5.0-8.0 MHz) for sexually active subjects. Ovari-
an volume was calculated using the formula for an ob-
late ellipsoid: length x width x height x /6 [4, 5, 16].
The number of follicles was determined by scanning
each ovary from the inner to the outer edge in longitu-
dinal section (follicle number per ovary). Follicles were
measured in two planes of the ovary, and the follicle
diameter was determined as the average value of two
diameters (longitudinal and transverse).

Sample size calculations were carried out using
the formula:

n=I[(z,_J*P(1-P)/D?]

1-a

where n is the sample size for the study; z, =1.96
(at a = 0.05); P is the estimated prevalence of PCOS ac-
cording to previously published data; D is the absolute
error.

As a result, the sample size that would allow us
to identify a significant diagnostic potential of the ovari-
an volume and follicle count values per ovary using ROC
curves was at least 198 women for the entire sample.

The study data were entered and managed (report
generation, data export for statistical analysis) using
the REDCap information system, which is deployed
on the server of Scientific Centre for Family Health
and Human Reproduction Problems.

The statistical analysis methods included descrip-
tive statistics, testing statistical hypotheses, analysis
of relationships between variables, and construction
of statistical models. Interval estimation of propor-
tions and frequencies is performed by calculating 95%



confidence intervals (95% Cl). To test statistical hypoth-
eses, we used parametric Student’s t-test, nonparamet-
ric Mann — Whitney test, parametric one-way analysis
of variance (ANOVA, ANalysis Of VAriance) or nonpara-
metric rank analysis of variance according to Kruskal -
Wallis and median test, z-test, x? criterion. The significance
level is defined as 0.05. ROC analysis was used to deter-
mine the upper limit of the norm (ULN) for ultrasono-
graphic parameters.

RESULTS

Among the overall population of women of repro-
ductive age included in the study and who underwent
a complete examination, 1134 participants had satis-
factory visualization of the ovaries based on the results
of ultrasonography, and we divided them in the follow-
ing groups: women with a regular cycle and no signs
of hyperandrogenism - group 0 (control group)
(n=642); a group of women with PCOS according to NIH
(National Institutes of Health) criteria - participants
were defined by the combination of the presence of ol-
igomenorrhea/oligoanovulation (OA) [4, 5] and hyper-
androgenism (hirsutism and/or hyperandrogenemia) [4,
5, 17] - group 11 (n = 82); a group with the presence
of any one criterion of PCOS according to NIH (hyperan-
drogenemia or hirsutism or oligoanovulation) - group
11 (n=410) (fig. 1).

The number of women in subgroups depending
on ethnicity is presented in the diagram (fig. 1).

The main sociodemographic, anthropometric char-
acteristics, menstrual and reproductive history of wom-
en of reproductive age by groups are presented in Ta-
bles 1 and 2.

Women with PCOS according to NIH crite-
ria and study participants with any one symptom
of PCOS were younger compared to the representatives
of the control group (p < 0.001 and p = 0.013, respec-
tively). The ethnic composition of the analyzed groups
was comparable.

Women with PCOS had higher weight and waist cir-
cumference (WC) compared to women in the control
group and participants with any one symptom of PCOS
(p <0.001 and p =0.018; p = 0.003, and p = 0.020, respec-
tively). We noted a trend towards higher blood pressure
valuesin the group of women with two symptoms of PCOS
compared to the control group (p = 0.007). As expected,
participants with PCOS had a higher incidence of ovu-
latory dysfunction, hyperandrogenemia, and hirsutism
compared to the group with one criterion (p < 0.001
for all frequencies). The mFG index was statistically sig-
nificantly different in both groups compared to the con-
trol group (p < 0.001 for all groups), as well as between
women with one and two PCOS criteria, with predictably
higher values in group 11 (p < 0.001) (table 2).

The average age at menarche did not differ be-
tween the study groups. However, women with two
symptoms of PCOS had a longer menstrual cycle length
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compared with both the control group (p < 0.001)
and the group with one criterion (p < 0.001); however,
women in group 12 also had a statistically significantly
longer cycle length than the control group (p < 0.001).
Accordingly, the frequency of cycles per year was sig-
nificantly lower in the PCOS group compared with both
the group with one criterion (p < 0.001) and the control
group (p < 0.001), and in the group with one criterion
compared with the control group (p < 0.001). When
assessing the reproductive history (table 2), we noted
a lower number of pregnancies and births in women
in the groups with one and two PCOS criteria com-
pared to the control group (p < 0.001 for both groups),
with the lowest rate in the PCOS group. The lower fre-
quency of pregnancy can probably also explain the lack
of statistically significant differences in the frequency
of ectopic and non-viable pregnancies, as well as ther-
apeutic abortions at the request of a woman in the rep-
resentatives of the groups with one and two symptoms
of PCOS compared to the control group. At the same
time, we noted a higher number of antenatal fetal
deathsin the group of women with one criterion of PCOS
compared to the group with two criteria and the con-
trol group, and a higher number of spontaneous abor-
tions in women with two criteria of PCOS compared
to the control group and the group with one criterion
(p < 0.001). Certainly, these data confirm the negative
impact of both hyperandrogenism and oligoanovula-
tion on the reproductive function of women and justify
the need for early detection, management and treat-
ment of such patients.

There were no significant differences in the mean
levels of prolactin, TSH, FSH, and 17-OH between
the groups, although the participants with PCOS had
slightly higher 17-OH values, which were within the nor-
mal range, compared with women with one criterion
for PCOS and the control group. The representatives
of the group with two criteria of PCOS demonstrated
higher levels of testosterone, DHEA-S, LH/FSH ratio,
FAl, and AMH and, accordingly, the lowest SHBG value
compared with the control group and women with one
criterion (p < 0.001 for all values). However, women
with one criterion of PCOS similarly differed statistically
significantly in these hormones from the control group
(p < 0.001 for all values) (table 3).

As for FNPO and OV, the following main results
were obtained: among the studied groups, antral fol-
licles number and OV for both the right and left ovary
were increased in the groups with hyperandrogenism.
Among the groups with the presence of PCOS criteria,
the highest values of antral follicles number and OV
were found in the group with two criteria (table 3).

Determination of cut-off points for ovarian
volume and follicle number in overall population
and by ethnicity

In the next step, we evaluated the ultrasound charac-
teristics of the ovaries of the women included in the study.
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Women included in the study (n = 1134)

OA (+); HA and/or Hs (+)
(n=282)

Any one symptom
of PCOS (n = 82)

OA (+); HA and/or Hs (+)
(n=46)

Any one symptom
of PCOS (n = 248)

OA (+); HA and/or Hs (+)
(n=27)

r L —

Any one symptom
of PCOS (n=113)

FIG. 1.

Diagram of the distribution of women into subgroups with no PCOS criteria, with one and two criteria overall, and according

to ethnicity

Y Y
aﬁ no(' Women with a least
H no; one symptom of PCOS
> no (n=492)
(n=642)
» (Caucasians (n=715)
I
Y Y
OA no; )
HA no: Women with a least
Hs no one symptom of PCOS
(n = 425) (n=294)
> Asians (n=312)
Y Y
OA no; .
HA 22. Women with a least
Hs no. one symptom of PCOS
(n:-|72) (n:140)
| Mixed ethnic group
(n=107)
|
Y Y
OA no; )
HA no; Women with a least
Hs no one symptom of PCOS
(n=49) (n=58)

OA (+); HA and/or Hs (+)
(n=09)
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TABLE 1

SOCIO-DEMOGRAPHIC CHARACTERISTICS OF WOMEN IN THE STUDY GROUPS

Variables

Age (years),
M (SD), Me (LQ; UQ)

Caucasians, n/N (%)
Asians, n/N (%)
Mixed ethnicity, n/N (%)

Note. p , - X’ test; p, - Mann - Whitney test.

TABLE 2

Group without OA, HA, Hs

(n =642)
0

35.12+6.17
36.0 (31.0; 40.0)

NIH group
(n =82)

11

31.65+£6.55
32.0(26.25; 36.0)

Ethnic composition

421/642 (65.58 %)
172/642 (26.79 %)
49/642 (7.63 %)

46/82 (56.10 %)
27/82(32.93 %)
9/82 (10.98 %)

Group with any one
symptom
(n=410)

12

33.67 £6.55
34.0 (29.0; 39.0)

248/410 (60.49 %)
113/410 (27.56 %)
49/410 (11.95 %)

p, = 0.000
p, = 0.000
p,=0.013

0-11
0-12

11-12

p,,>0.05
p,,> 0.05
p,, > 0.05

ANTHROPOMETRIC CHARACTERISTICS, MENSTRUAL AND REPRODUCTIVE HISTORY OF PREMENOPAUSAL

WOMEN

Variables

BMI (kg/m?),
M (SD), Me (LQ; UQ)

Waist circumference (cm),
M (SD), Me (LQ; UQ)

SBP (mm Hg),
M (SD), Me (LQ; UQ)

DBP (mm Hg),
M (SD), Me (LQ; UQ)

Oliganovulation, n/N (%)
Hyperandrogenemia, n/N (%)
Hirsutism, n/N (%)

Hirsutism (scores),
M (SD), Me (LQ; UQ)

Age at menarche (years),
M (SD), Me (LQ; UQ)

Duration of the menstrual cycle,
M (SD), Me (LQ; UQ)

Minimum duration of the men-
strual cycle (days),
M (SD), Me (LQ; UQ)

Maximum duration of the men-
strual cycle (days),
M (SD), Me (LQ; UQ)

Group 0
(n =642)

2542 +£5.11
24.7 (21.5;28.18)

77.76 £12.02
76.0 (68.0; 85.0)

78.43 +£9.85
78.0(71.0; 84.0)

121.69 +13.75
121.0(113.0; 128.0)
0/642 (0.00 %)
0/642 (0.00 %)
0/642 (0.00 %)

0.56 +1.01
0.0 (0.0; 1.0)

133+1.35
13.0(12.0; 14.0)

27.67 £2.2
28.0(27.0; 29.0)

26.17 £2.39
26.0 (25.0; 28.0)

29.39+274
30.0 (28.0; 30.0)

Group 11
(n=82)

27.78 +6.09
26.9(22.82;31.85)

8291+ 1441
82.0(72.0;93.0)

80.7 +£10.75
80.0 (74.0; 84.75)

126.2+14.78
124.0(115.25; 135.0)

82/82 (100 %)
58/82 (70.73 %)
38/82 (46.34 %)

3.99+3.62
4.0 (0.25;6.0)

13.29+1.72
14.0 (12.0; 14.0)

35.22+12.49
32.0(28.0;38.0)

278+6.5
28.0(25.0; 30.0)

65.95 +37.43
51.0 (40.0; 90.0)
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Group 12
(n=410)

26.17 £6.02
24.9(21.8;29.4)

79.05+13.83
76.0 (69.0; 86.0)

78.65 +9.91
79.0 (71.25; 84.0)

122.7 £13.66
122.0(113.0; 130.0)
208/410 (50.73 %)
162/410 (39.51 %)

52/410 (12.68 %)

1.61+£251
0.0 (0.0; 2.0)

13.2+£145
13.0(12.0; 14.0)

29.27+53
28.0(27.0;30.0)

25.8+4.49
27.0 (24.0; 28.0)

40.73 + 28.68
31.0(28.0; 40.0)

p

p, =0.000
p,=0.175
p,= 0.01 811—12

p,=0.003
p,=0.346
p,= 0'02011-12

p,=0.109"
p,=0424
p,= 0'28011-12

p, = 0.007
p,=0.170
pP,= 0'06911—12

p,,=0.000
p,,=0.000
p,,=0.000

p, = 0.000
p, = 0.000
p, = 0.000

p,=0.843
p,=0.384
p,=0.556,,

p, = 0.000
p, = 0.000
p, = 0.000

p,=0.001
p, =0.945
p,=0.004,

p, = 0.000
p, = 0.000
p, = 0.000

0-11

0-12

0-11

0-12

0-12

0-11

0-12

11-12

11-12

11-12

0-11

0-12

11-12

0-11

0-12

0-11
0-12

11-12

0-11

0-12

0-11
0-12

11-12



TABLE 2 (continued)

Number of menstrual cycles per
year,
M (SD), Me (LQ; UQ)

Pregnancies

Number of pregnancies,
M (SD), Me (LQ; UQ)

Number of births,
M (SD), Me (LQ; UQ)

Number of stillbirths,
M (SD), Me (LQ; UQ)

Number of self-induced miscar-
riages,
M (SD), Me (LQ; UQ)

Number of ectopic pregnancies,
M (SD), Me (LQ; UQ)

Number of non-viable pregnan-
cies,

M (SD), Me (LQ; UQ)

Number of medical abortions,

M (SD), Me (LQ; UQ)

Infertility, n/N (%)

Note. p , - X’ test; p, - Mann - Whitney test.

TABLE 3

1223 +1.23
12.0(12.0; 12.0)

2.7 %254
2.0 (1.0; 4.0)

1.37 £1.01
1.0(1.0; 2.0)

0.02+0.17
0.0 (0.0; 0.0)

0.2+0.56
0.0 (0.0; 0.0)

0.04 +0.24
0.0 (0.0; 0.0)

0.03+£0.22
0.0 (0.0; 0.0)

1.06 + 1.85;
0.0 (0.0; 2.0)

120/633 (18.96 %)

9.2+256
9.0 (8.0; 11.75)

1.66 +2.48

1.0(0.0; 2.0)

0.74+0.89
0.0 (0.0; 1.0)

0.0+0.0
0.0 (0.0; 0.0)

0.07 £0.31
0.0 (0.0; 0.0)

0.06 +0.24
0.0 (0.0; 0.0)

0.04+0.19
0.0 (0.0; 0.0)

0.76 +1.87
0.0 (0.0; 0.75)

30/82 (37.04 %)

11.41£1.86
12.0(11.0; 12.0)

232+2.18
2.0(1,0;3,0)

1.27£1.11
1.0(0.0; 2.0)

0.0 £0.07
0.0 (0.0; 0.0)

0.16 £0.54
0.0 (0.0; 0.0)

0.04+0.23
0.0 (0.0; 0.0)

0.02+0.15
0.0 (0.0; 0.0)

0.88 = 1.41
0.0(0.0; 1.0)

104/404 (25.74 %)

p, =0.000
p, =0.000
p, =0.000

0-11
0-12

11-12

p,=0.000
p,=0.019
P, = 0'00011-12

p,=0.000
p,=0.035
p,=0.000

p,=0.193
p,=0.039
p,= 0‘52911-12

p,=0.000
p,=0.092
P,= 0.1 3511—12

p,=0.275
p,=0.720

0-11

0-12

0-11
0-12

11-12
0-12

0-11

0-12

0-11

p,=0.018
p,,=0071

0-12

11-12

HORMONAL CHARACTERISTICS OF PREMENOPAUSAL WOMEN AND DATA OF PELVIC ULTRASOUND

Variables

TSH (mIU/ml),
M (SD); Me (LQ; UQ)

PRL (mU/I),
M (SD); Me (LQ; UQ)

LH (mIU/ml),
M (SD); Me (LQ; UQ)

FSH (mlU/I),
M (SD); Me (LQ; UQ)

LH/FSH ratio,
M (SD); Me (LQ; UQ)

Group without OA, HA, Hs

(n=642)

0

372.01 +£256.99
314.5 (221.0; 445.5)

1.73+£1.2
1.5(1.1;2.1)

8.03+£10.89
53(3.2,7.9

7.02+8.25
5.4(3.8;7.3)

1.24+£1.12
0.93 (0.66; 1.5)

NIH group
(n=82)

11

403.91 +315.13
319.0 (239.5; 467.0)

1.75+1.05
1.6 (1.0; 2.28)

12.94 +13.06
8.5(5.28; 16.95)

6.91 +5.07
6.15(4.32;7.7)

191 +£1.31
1.61(1.02; 2.38)
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Group with any one

symptom
(n=410)

12

393.92 +251.01

329.0 (235.0; 483.0)

1.94 £ 1.95
1.5(1.1;2.2)

10.06 +12.31
6.0 (3.7, 10.85)

9.34+59
5.5(3.9;7.52)

14+£1.07
1.04 (0.67; 1.83)

p,=0.807
p, =0.065
p, =0.869

: 1-12

0-11

0-12

p,=0.756
p,=0.340
p,=0.826

° 11-12

0-11

0-12

p, = 0.000
p, = 0.000
p, = 0.000

0-11
0-12

11-12

p,=0.100
p,=0.260
p,=0.289

" 1-12

0-11

0-12

p, = 0.000
p,=0.022
p, = 0.000

0-11
0-12

11-12



TABLE 3 (continued)

Testosterone (g/dl),
M (SD); Me (LQ; UQ)

SHBG,
M (SD); Me (LQ; UQ)

FA,
M (SD); Me (LQ; UQ)

DHEA-S (mg/dl),
M (SD); Me (LQ; UQ)

17-OH-progesterone,
M (SD); Me (LQ; UQ)

AMH,
M (SD); Me (LQ; UQ)

247.03+132.3
246.38 (153.5; 326.87)

82.86 +54.5
67.45 (43.7; 105.65)

1.41+1.09
1.16 (0.63; 1.92)

158.59 £ 65.38
150.0 (110.5; 200.0)

55+£335
5.2(2.48;7.7)

278 £245
2.1(1.0;4.0)

Ultrasound characteristics of the ovaries

All ovaries

ov

FNPO

Left ovaries

(0)Y)

FNPO

Right ovaries

(0)Y)

FNPO

6.36 +2.57
5.93 (4.71;7.46)

6.74 +2.83

6.00 (5.00; 8.00)

8.12+9.0

6.34 (4.92; 8.57)

6.4 +2.65

6.0 (5.0; 8.0)

9.06 + 23.65

6.72(5.23;8.84)

6.68 +2.79
6.0 (5.0; 8.0)

571.09 £ 659.06 403.15 = 384.43 P.= g'gggo—n
432.47 (306.46;609.6)  298.2 (209.63;434.57)  Pu= 7901,
pu = 0‘00011-12

60.08 + 43.87 7632+ 52.78 zu = g'gggo-n
44.3(29.72;75.4) 64.8 (38.1;98.9) .=0.027,
p,=0.003

4524492 31£678 zu = g’gggo-n
3.36 (1.82; 5.36) 1.65 (0.94; 3.5) u” T 012
p,=0.000,

244.67 £109.9 190.59 + 98.33 P.= g'gg:o-n
2330(16875;316.25)  170.0(118.0;2400)  Pu= 2¥ o012
p,=0.000,

6.01+3.18 5.83+4.78 Zu - 8@%«
5.6 (4.3;6.9) 4.9(2.9;6.9) .=0912,,,
p,=0.107, .,

6.58 + 5.51 466 +4.74 zu = g’gggo-n
5.3 (2.65;8.12) 32(1.7;6.1) .=0.000, ,,
p,=0.001,

9.66 + 5.43 7.35+3.73 P.= g’gggo-n
8.82 (5.96; 11.40) 6.53 (4.83;9.09) P, =9.999, ,,
p,=0.001,

1092 + 4.97 7.97 +3.70 P.= g'gggo—n
12,00 (7.00; 13.5) 7.00 (5.00; 10.00) p,=0.000, ,
pu =0.001 11-12

1025 + 8.67 833675 zu = g'gggo-n
8.68 (6.02; 11.69) 6.9(5.0;9.7) .=0.000,
p,=0.001,

10.44 + 531 7.26+338 zu = g'gg:o-n
10.0(7.0;13.0) 7.0 (5.0;9.25) . =0.000,,,
p,=0.000,

11.23£7.15 8.98+8.19 zu = g'gg‘s’o-n
9.74(6.67; 12.55 7.46 (5.34;10.54 w= 99930,
( ) ( ) o000
10.77 + 4.8 7.66 +3.84 ,’:u = g'gggo-n
12.0(7.0;14.0) 7.0 (5.0;10.0) .=0.000,,,
p,=0.000,

Note. p, — Mann - Whitney test.

The exclusion criterion for an ovary was the presence
of a mass, cyst, or follicle of 10 mm or more in diam-
eter detected during the ultrasound scan performed
in this study. A total of 1665 ovaries that met the in-
clusion criteria were ultimately included in the anal-
ysis. In the control group, 927 ovaries were evaluated
(group 0 in the diagram); in the group with at least
one PCOS criterion (group 12 in the diagram), 597
ovaries were evaluated; in women with two PCOS
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criteria (group 11), 132 ovaries were evaluated (fig. 2).
In women of Caucasian ethnicity, 1024 ovaries met
the inclusion criteria, in Asian women, 458 ovaries,
and in the mixed ethnicity group, 174 ovaries met
the inclusion criteria. Next, the cut-off points (upper
normal values) for ovarian volume and follicle number
were determined to classify women without symptoms
of PCOS with the group of participants demonstrating
single criteria of PCOS and with women with PCOS

Obstetrics and gynaecology
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both in general and taking into account their ethnic-
ity. To clarify the upper normal values for ovarian vol-
ume and of antral follicles number per ovary in wom-
en with any one criterion of PCOS, the following
subgroups were identified when stratifying by ethnic
groups. The overall population is group 0/12, which
included 1052 participants, the average age was

Group 0
OA(-) HA(-) Hs(-)
n =642

34.4 + 6.35 years, the number of ovaries in this group
was 1524. Group 0c/12c - Caucasians (n = 669, number
of ovaries — 953), the average age was 34.4 + 6.4 years.
Group 0a/12a - Asians (n = 285, number of ovaries —
412), average age 33.8 = 6.7 years. Group Om/12m -
participants of mixed ethnicity (n = 98, number of ova-
ries — 159), average age 32.1 £+ 7.3 years (fig. 2).

Group 12
(any symptom of OA or Hs or HA)
n=410

Average age 35.12 £ 6.17 years
Nov. =927

Group Oc — Caucasians

Average age 33.65 £ 6.55 years
Nov.= 597

Group 12c - Caucasians

(n = 421; Nov. = 604)
Average age 35.0 £ 6.2 years

Group 0Oa - Asians
(n =172; nov. = 248)

(n = 248; nov. = 349)
Average age 33.0 £ 6.6 years

Group 12a - Asians
(n=113; nov. = 164)

Average age 34.0 £ 6.7 years

Group Om — mixed
(n =49; nov. = 75)

Average age 32.6 £ 5.5 years

Group 11m - mixed
(n =49; nov. = 84)

Average age 30.8 £ 8.0 years

FIG. 2.

Average age 33.6 £ 5.9 years

Inclusion diagram of study participants to determine cut-off points for ovarian volume and follicle number when classifying pa-

tients into groups 0-12 overall and by ethnicity

FIG. 3.

ROC-curves for ovarian volume and antral follicles number per ovary for premenopausal women (group 0/group 12 (any one sign
of PCOS according to NIH criteria (hyperandrogenism/oligoanovulation)) for overall population, Caucasian women, Asian women,

and women of mixed ethnicity
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TABLE 4

CUT-OFF POINTS FOR OVARIAN VOLUME AND FOLLICLE NUMBER WHEN CLASSIFYING THE PATIENTS INTO
GROUPS OVERALL AND BY ETHNICITY (GROUP 0/GROUP 12 (ANY ONE SIGN OF PCOS ACCORDING TO NIH
CRITERIA (HYPERANDROGENISM/ OLIGOANOVULATION))

Parameters c:;"‘::f 95 :A’ﬁc;:‘i’;:s“t' AUC fi i °/A°lfé Sensitivity  Specificity PSPR  PSNR
Ovarian volume
All ethnic groups 7.55 (6.83; 8.75) 0.57 (0.54; 0.60) 0.39 0.77 0.11 0.54
Caucasians 7.71 (6.95;9.79) 0.58 (0.54; 0.62) 0.42 0.75 0.14 0.51
Asians 5.74 (5.19;9.36) 0.56 (0.50; 0.62) 0.54 0.63 0.24 0.35
Mixed ethnicity 741 (6.04;7.47) 0.61 (0.52;0.70) 045 0.89 0.11 0.67
Antral follicles number per ovary

All ethnic groups 8.50 (6.50; 9.50) 0.60 (0.57;0.63) 0.39 0.80 0.09 0.61
Caucasians 8.50 (6.50; 9.50) 0.62 (0.58; 0.66) 0.44 0.78 0.12 0.56
Asians 6.50 (5.50; 10.50) 0.58 (0.52; 0.64) 0.55 0.61 0.23 0.36
Mixed ethnicity 7.50 (7.50; 8.50) 0.63 (0.55;0.72) 0.44 0.85 0.14 0.57

Note. PSPR - prognostic significance of a positive result; PSNR - prognostic significance of a negative result.

ROC-analysis was performed on the data set ob-
tained in the groups of women presented in figure 3.
The threshold values and diagnostic efficiency of the OV
and antral follicles number per ovary are presented
in table 4.

Determination of cut-off points for ovarian volume
and follicle number when classifying the patients
into groups 0-12 of women of Caucasian, Asian,
and mixed ethnicity aged less than 35 years
and aged 35 years and older inclusive

To clarify the cut-off values for OV and antral folli-
cles number per ovary in women with any one criteri-
on of PCOS, the following subgroups were identified
when stratifying the patients by ethnic groups and age.
The overall population is the 0/12 group, which includ-
ed 1052 participants, the average age was 34.4 + 6.35
years, the number of ovaries was 1524; then, depend-
ing on age, the women were divided into participants
aged 18-34 years and 35-44 years. As a result, the dis-
tribution by groups is as follows: group 0al1/12a1 -
496 participants, the average age was 28.91 + 3.84
years, 726 ovaries were subject to assessment; Group
0c_,/12c_, - Caucasians aged 18-34 years (n = 324,
number of ovaries — 466), average age 28.94 + 3.85
years; Group Oa, /12a, - Asians aged (n =122, number
of ovaries — 177), average age 28.84 + 3.95 years; Group
Om, /12m, - participants of mixed ethnicity (n = 50,
number of ovaries — 83), average age 28.88 + 4.06 years
(fig. 4).

Womenaged 35-44 yearsweredistributed asfollows:
group 0_/12_ - 556 women, average age 39.59 + 3.03
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years, 798 ovaries; group 0c_/12c_, - Caucasians aged
18-34 years (n = 345, number of ovaries — 487), average
age 39.56 * 3.08 years; group 0a_/12a_, - Asians aged
35-44 years (n = 163, number of ovaries — 235), aver-
age age 39.69 + 2.92 years; group 0c_/12c_, — women
of mixed ethnicity (n = 48, number of ovaries - 76), aver-
age age 39.42 + 3.07 years (fig. 4).

Next, ROC analysis was performed on the data set
obtained in the groups presented in figure 3. The thresh-
old values and diagnostic efficiency of the OV and antral
follicles number per ovary are presented in table 4.

The threshold values for OV in women with one cri-
terion of PCOS were: for all ethnic groups - 7.55 cm?;
for Caucasians — 7.74 cm?; for Asians - 5.74 cm?3; for rep-
resentatives of mixed ethnicity — 7.41 cm3. The area
under the curve (AUC) for ovarian volume was 0.57,
0.58, 0.56 and 0.61, respectively. The threshold values
for antral follicles number per ovary in women with one
criterion of PCOS were: for all ethnic groups - 8.50;
for Caucasians - 8.50; for Asians - 6.50; for representa-
tives of mixed ethnicity - 7.50. The AUC of antral follicles
number per ovary was 0.60, 0.62, 0.58 and 0.63, respec-
tively (table 3).

The cut-off values for OV in women with any one
PCOS criterion, taking into account age for all ethnic
groups, for participants aged 18-34 years were 7.48 cm?
(AUC = 0.63), which was statistically significantly high-
er than the cut-off levels for women aged 35-44 years
(4.63 cm?; AUC=0.53; p < 0.05) (table 5). For Caucasians
in the age group of 18-34 years, this value was 8.02 cm?
(AUC = 0.62), which was statistically significantly high-
er than the cut-off levels for women aged 35-44 years
(5.22 cm?; AUC = 0.535; p < 0.05) (table 5).
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Group 0 OA(-) HA(-) Hs(-) 18-44 years - »| Group 12 (any one symptom of PCOS according to NIH
0 (n =642; nov. = 927) criteria) (HA/OA) 18-44 years (n = 410; nov. = 597)
Group 0 OA(-) HA(-) Hs(-) Group 12 (any one symptom
> under 35 years - > of PCOS) under 35 years -
0al (n=277; nov.= 391) 12a1 (n = 219; nov. = 335)

| Group Caucasians Ocal (n = 182; nov. = 253) |<—>| Group Caucasians 12cal (n = 142; nov. = 213) |
| Group Asians Oaal (n =72; nov.= 101) |<—>| Group Asians 12aal (n = 50; nov. = 76) |

| Group Mixed ethnicity 0ma1 (n = 23; nov. = 37) |<—>|Group Mixed ethnicity 12ma2 (n = 27; nov. = 46)|

Group 0 Group 12
- OA(-) HA(-) Hs(-) _ _ any one symptom of PCOS -
35-44 years inclusive h - 35-44 years inclusive
0a2 (n = 365; nov. = 536) 12a2 (n=191; nov. = 262)

| Group Caucasians 0ca2 (n = 239; nov.= 351) |<—>| Group Caucasians 12ca2 (n = 106; nov. = 136) |

Group Asians 0aa2 (n = 100; nov. = 147) |<—>| Group Asians 12aa2 (n = 63; nov. = 88) |

| Group Mixed ethnicity Oma2 (n = 26; nov. = 38) |<—>|Group Mixed ethnicity 12ma2 (n = 22; nov. = 38)

FIG. 4.
Inclusion diagram of study participants to determine cut-off points for ovarian volume and follicle number when classifying pa-
tients into groups 0-12 overall, by age and by ethnicity

TABLE 5

CUT-OFF POINTS FOR OVARIAN VOLUME AND FOLLICLE NUMBER WHEN CLASSIFYING PATIENTS UNDER
35 YEARS OF AGE AND 35-44 YEARS OF AGE INTO GROUPS 0-12

Cut-off 95% ClI for cut- 95% CI ——_ S
Parameters T e AUC for AUC Sensitivity  Specificity PSPR PSNR

Ovarian volume

All ethnic groups
under 35 years of age, 748 (6.19;9.13) 0.63 (0.59; 0.67) 0.53 0.69 0.22 0.40
0/12a1 (n =726)

All ethnic groups
35-44 years of age, 4.63 (3.02;5.42) 0.53 (0.49; 0.58) 0.40 0.72 0.27 0.23
0/12a2 (n =798)

Caucasians under
35 years of age, 8.05 (6.33;9.76) 0.62 (0.57;0.67) 0.52 0.71 0.21 0.42
0/12a1 (n = 466)

Caucasians 35-44
years of age, 0/12a2 5.22 (3.65; 6.27) 0.55 (0.49;0.61) 0.49 0.65 0.29 0.26
(n=487)

Asians under 35 years
of age, 0/12a1 5.30 (5.04;9.53) 0.64 (0.55;0.72) 0.78 0.51 0.49 0.19
(n=177)

Asians 35-44 years
of age, 0/12a2 4.73 (3.09; 6.18) 0.62 (0.54; 0.70) 0.26 0.87 0.21 0.18
(n=235)

Mixed ethnicity
under 35 years of age,  7.30 (5.56; 8.63) 0.66 (0.54;0.78) 0.57 0.84 0.21 0.52
0/12a1 (n =83)

Mixed ethnicity 35-44
years of age, 0/12a2 6.83 (5.79; 8.63) 0.62 (0.50;0.73) 0.37 0.95 0.09 0.71
(n=76)
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TABLE 5 (continued)

Antral follicles number per ovary

All ethnic groups
under 35 years of age,
0/12al (n =726)

All ethnic groups
35-44 years of age,
0/12a2 (n =798)

Caucasians under
35 years of age,
0/12a1 (n = 466)

Caucasians 35-44
years of age, 0/12a2
(n =487)

Asians under 35 years
of age, 0/12a1
(n=177)

Asians 35-44 years
of age, 0/12a2
(n=235)

Mixed ethnicity
under 35 years of age,
0/12a1 (n=83)

Mixed ethnicity 35-44
years of age, 0/12a2
(n=76)

9.50

6.50

9.50

6.50

9.50

5.50

7.50

7.50

(7.50; 10.50) 0.63

(6.50; 10.50) 0.52

(8.50; 11.50) 0.63

(6.50; 10.50) 0.52

(5.50; 10.50) 0.60

(1.0; 0.45) 0.59

(7.50; 8.50) 0.68

(7.50; 8.50) 0.64

(0.58;0.67) 0.48 0.75 0.16 0.51
(0.48;0.57) 0.38 0.72 0.12 0.49
(0.58; 0.68) 0.53 0.72 0.20 0.45
(0.45; 0.58) 0.43 0.68 0.16 0.44
(0.52; 0.69) 0.37 0.86 0.09 0.66
(0.51;0.67) 0.56 0.59 0.27 0.31
(0.57;0.80) 0.57 0.86 0.25 0.49
(0.53;0.75) 0.34 0.87 0.07 0.69

Determination of cut-off points for ovarian

volume and follicle count when classifying
the patients into groups 0-11 overall
and by ethnicity

To clarify the upper normal values for OV and an-
tral follicles number per ovary in women with two signs
of PCOS according to the NIH criteria, the following
subgroups were identified when stratifying by ethnic

groups. The overall population is group 0/11, which in-
cluded 724 participants, the average age was 33.1 £ 7.2
years, the number of ovaries was 1059. Group 0c/11c -
Caucasians (n = 467, the number of ovaries was 675),
the average age was 34.8 + 6.9 years. Group 0a/11a -
Asians (n = 199, the number of ovaries was 294), the av-
erage age was 32.1 £ 6.9 years. Group Om/11m — women
of mixed ethnicity (n = 58, the number of ovaries was
90), the average age was 32.9 + 8.3 years (fig. 5).

Group 0

OA(-) HA(-) Hs(-)

n=642

Average age 35.12 + 6.17 years

Nov. = 927

Group 11
OA(+) HA(+) Hs(+)
n=282

Average age 31.65 + 6.55 years
Nov=132

Group Oc — Caucasians

(n = 421; Nov. = 604)

Average age 35.0 = 6.2 years

Group 11c - Caucasians

(n=46; nov.=71)
Average age 34.5 * 6.8 years

Group 0a - Asians
(n=172; nov. = 248)

Average age 34.0 = 6.7 years

Group 11a - Asians
(n=27; nov. = 46)

Average age 31.2 = 5.8 years

FIG. 5.

Group Om — mixed
(n=49; nov. = 75)

Average age 30.8 = 8.0 years

Group 11m - mixed
(n =9; Nov. = 15)

Average age 34.4 £+ 6.9 years

Inclusion diagram of study participants to determine cut-off points for ovarian volume and follicle number when classifying pa-
tients into groups 0-11 overall and by ethnicity
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ROC-analysis was performed on the data set ob- The threshold values for OV in women with two
tained in the groups presented in figure 6. The thresh- PCOS criteria were: for all ethnic groups - 8.11 cm?;
old values and diagnostic efficiency of OV and antral for Caucasians - 8.4 cm?; for Asians — 6.56 cm?; for rep-
follicles number per ovary are presented in table 6. resentatives of mixed ethnicity - 7.11 cm3. The AUC

FIG. 6.

ROC-curves for ovarian volume and antral follicles number per ovary for premenopausal women (group 0/group 11 (PCOS according
to NIH criteria (hyperandrogenism/oligoanovulation)) for overall population, Caucasian women, Asian women, and women of mixed
ethnicity

TABLE 6

CUT-OFF POINTS FOR OVARIAN VOLUME AND FOLLICLE NUMBER WHEN CLASSIFYING PATIENTS
INTO GROUPS OVERALL AND BY ETHNICITY (GROUP 0/GROUP 11 (PCOS ACCORDING TO NIH CRITERIA
(HYPERANDROGENISM/OLIGOANOVULATION))

Cut-off 95% Cl for cut- 95% Cl for P P
Parameters point off points AUC AUC Sensitivity Specificity PSPR PSNR

Ovarian volume

All ethnic groups 8.11 (7.62; 8.66) 0.73 (0.67;0.78) 0.62 0.80 0.15 0.61
Caucasians 8.40 (7.61;8.81) 0.74 (0.67; 0.82) 0.70 0.79 0.18 0.59
Asians 6.56 (4.71;9.37) 0.70 (0.62;0.79) 0.63 0.75 0.20 0.51
Mixed ethnicity 7.51 (5.73; 8.57) 0.89 (0.81;0.97) 0.87 0.91 0.17 0.73

Antral follicles number per ovary

All ethnic groups 9.50 (7.50; 10.50) 0.78 (0.73;0.82) 0.61 0.86 0.12 0.70
Caucasians 9.50 (8.50; 11.50) 0.79 (0.73; 0.86) 0.69 0.84 0.15 0.65
Asians 6.50 (6.50; 11.00) 0.76 (0.68; 0.83) 0.67 0.70 0.29 0.40

Mixed ethnicity 8.50 (7.50;9.00) 0.88 (0.75; 1.00) 0.87 0.95 0.15 0.78

Note. PSPR - prognostic significance of a positive result; PSNR — prognostic significance of a negative result.
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for ovarian volume was 0.73, 0.74, 0.71 and 0.89, re-
spectively. The threshold values for antral follicles
number per ovary in women with one PCOS criterion
were: for all ethnic groups - 9.50; for Caucasians - 9.50;
for Asians - 6.50; for representatives of mixed ethnici-
ty — 8.50. The AUC of antral follicles number per ovary
was 0.78, 0.79, 0.76 and 0.88, respectively (table 6). Con-
sidering the high values of sensitivity and specificity
for the threshold levels of OV and antral follicles number
per ovary both in the overall population and depending
on ethnicity, we can conclude that the diagnostic ability
of the studied variables is satisfactory.

Determination of cut-off points for ovarian volume
and follicle count when classifying the female
patients aged less than 35 years and aged 35 years
and older inclusive (group 0-11)

Atthe nextstage, to determine the upper normal val-
ues for OV and antral follicles number per ovary in wom-
en with two signs of PCOS according to the NIH criteria,
the following subgroups were identified when stratified
the patients by ethnic groups and age. The overall pop-
ulation is group 0/11, which included 724 participants,
the average age was 34.72 + 6.30 years, n_ = 1059.
The women were then divided depending on age into
participants aged 18-34 years (B1) and 35-44 years
(B2). Taking into account the age, the following groups
were ultimately formed. Group 0,/11_, included 329
participants, average age 28.96 + 3.93 years, n_ = 480.

Group 0 OA(-) HA(-) Hs(-) 18-44 years

Group Oc_ /11c_, included Caucasians aged 18-34 years
(n=212;n_=302),average age 28.83 + 3.94 years. Group
0a_/11a_ mcIuded Asians aged (n = 87; n,, = 128), aver-
age age 29 55 + 3.68 years. Group Om_ /1 7 m_, included
individuals of mixed ethnicity (n = 30; nov‘— 50) average
age 28.17 + 4.49 years (fig. 7).

Women aged 35-44 vyears were distributed
as follows: group 0_/11_, - 395 participants, average
age 39.52 £ 4.04 years,n_ = 579; group Oc_/11c_, - Cau-
casians aged 18-34 years (n = 255; n,= 373), average
age 39.49 + 3.08 years; group 0a_/11a_, - Asians aged
(n =112; n,= 166), average age 39.44 + 3.01 years;
group Om_/11m_, - individuals of mixed ethnicity
(n=28; n,= = 40), average age 40.14 + 2.85 years (Fig. 7).

Thethreshold values for OVin women with two crite-
ria of PCOS, taking into account age for all ethnic groups
were: for participants aged 18-34 years - 8.39 cm?
(AUC = 0.77); for women aged 35-44 years - 8.43 cm?
(AUC = 0.58); for Caucasians in the age group 18-34
years — 8.57 cm?® (AUC = 0.80); in the group of women
aged 35-44 years - 8.51 cm? (AUC = 0.80) (table 7).

For Asian women aged 18-34 years, the thresh-
old for ovarian volume was determined as 6.52 cm?
(AUC 0.75), for the age group 35-44 years -
6.75 cm?® (AUC 0.72). For 18-34-year-old partici-
pants in the mixed group, the threshold was 7.50 cm?
(AUC = 0.86), for the age group 35-44 years — 7.50 cm?
(AUC = 0.87) (table 7). We noted the absence of statisti-
cally significant differences in ovarian volume in women
aged 18-34 and 35-44 years in all ethnic groups.

Group 12 (2 symptoms of PCOS according to NIH criteria)

0 (n = 642; Nov. = 927)

Group 0 OA(-) HA(-) Hs(-)

(HA/OA) 18-44 years (n = 82; nov.= 132)

Group 11 (2 symptoms of PCOS)

under 35 years
0al (n=277; nov.=391)

Group Asians 0aal (n = 72; nov.= 101)

Group 0
OA(-) HA(-) Hs(-)

| Group Caucasians Ocal (n = 182; nov. = 253) |<—>| Group Caucasians 11cal (n = 30; nov.=49) |

p—

| Group Mixed ethnicity Oma1 (n = 23; nov. = 37) |<—>| Group Mixed ethnicity 11ma2 (n = 7; nov. = 13) |

under 35 years
11a1 (n=52; nov. = 89)

Group Asians 11aal (n = 15; nov. = 27) |

Group 11
2 symptoms of PCOS

35-44 years inclusive
0a2 (n = 365; nov. = 536)

Group Asians 0aa2 (n = 100; nov. = 147)

FIG. 7.

| Group Caucasians 0ca2 (n = 239; nov. = 351) |<—>| Group Caucasians 11ca2 (n = 16; nov.

pa—

| Group Mixed ethnicity 0Oma2 (n = 26; nov. = 38) |<—>| Group Mixed ethnicity 11ma2 (n = 2; nov. =

\i

35-44 years inclusive
11a2 (n = 30; nov. = 43)

Group Asians 11aa2 (n = 12; nov.= 19)

Inclusion diagram of study participants to determine cut-off points for ovarian volume and follicle number when categorized into

groups 0-11 overall, by age and by ethnicity

63

Obstetrics and gynaecology



TABLE 7

CUT-OFF POINTS FOR OVARIAN VOLUME AND FOLLICLE NUMBER WHEN CLASSIFYING PATIENTS UNDER

35YEARS OF AGE AND 35-44 YEARS OF AGE INTO GROUPS 0-11

Parameters

All ethnic groups
under 35 years
of age, 0/11a1
(n=2815)

All ethnic groups
35-44 years of age,
0/11a2 (n =579)

Caucasians under
35 years of age,
0/11alc (n=302)

Caucasians 35-44
years of age,
0/11a2c (n=373)

Asians under
35 years of age,
0/12a1(n=128)

Asians 35-44 years
of age, 0/11a2a
(n=166)

Mixed ethnicity
under 35 years
of age, 0/11a1m
(n=50)

Mixed ethnicity
35-44 years of age,
0/11a2m (n = 40)

All ethnic groups
under 35 years
of age, 0/11a1
(n=815)

All ethnic groups
35-44 years of age,
0/11a2 (n =579)

Caucasians under
35 years of age,
0/11alc (n=302)

Caucasians 35-44
years of age,
0/11a2c (n=373)

Asians under
35 years of age,
0/12a1 (n=128)

Cut-off 95% Cl for cut-

point

8.39

8.43

8.57

8.51

6.52

6.85

7.51

7.50

10.50

6.50

11.50

11.50

10.50

off points Auc

(7.58;9.04) 0.77

(4.58; 10.62) 0.58

(7.58;9.06) 0.80

(7.58;9.17) 0.80

(5.23;9.53) 0.75

(5.34;9.50) 0.72

(5.73;8.57) 0.86

(5.73;8.57) 0.87

95% CI
for AUC

Ovarian volume

(0.71;0.82)

(0.49; 0.68)

(0.72;0.87)

(0.73;0.87)

(0.64; 0.85)

(0.62;0.82)

(0.75;0.97)

(0.77;0.97)

Sensitivity

0.73

0.40

0.84

0.41

0.78

0.84

0.92

1.00

Antral follicles number per ovary

(8.50;11.50) 0.82

(6.50; 9.50) 0.65

(9.50; 11.50) 0.84

(9.50; 11.50) 0.84

(7.50; 11.00) 0.76

(0.77;0.87)

(0.55;0.74)

(0.77;0.90)

(0.78; 0.90)

(0.65;0.87)
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0.73

0.58

0.82

0.59

0.63

Specificity

0.76

0.87

0.74

0.87

0.67

042

0.84

0.71

0.85

0.72

0.82

0.79

0.91

PSPR

0.24

0.05

0.29

0.06

0.35

0.54

0.30

0.35

0.19

0.73

0.23

0.13

0.11

PSNR

0.51

0.75

0.48

0.75

0.37

0.15

0.57

0.46

0.63

0.49

0.59

0.62

0.75



TABLE 7 (continued)

Asians 35-44 years
of age, 0/11a2a
(n=166)

6.50 (6.50; 11.00) 0.76

Mixed ethnicity
under 35 years
ofage, 0/11aTm
(n=50)

8.50 (7.50; 10.00) 0.96

Mixed ethnicity
35-44 years of age,
0/11a2m (n = 40)

8.50 (7.50; 11.00) 0.96

DISCUSSION

In our study, cut-off points for OV and antral folli-
cles number per ovary were determined using pairwise
comparisons of three groups: 1) women with regular
cycles and no signs of hyperandrogenism versus 2)
study participants with oligomenorrhea/olianovu-
lation [4, 5] and hyperandrogenism (hirsutism and/
or hyperandrogenemia) [4, 5, 17], the combination
of which allows the diagnosis of PCOS without assess-
ment of ovarian ultrasonographic characteristics, or 3)
women with either oligoanovulation or any one sign
of hyperandrogenism.

According to our data, for differentiation of the 1
and 2" comparison groups in Caucasians, the best
compromise between sensitivity and specificity was
achieved with a diagnostic threshold for OV > 9 cm?,
which did not depend on age (8.57 cm® and 8.51 cm?
in the younger and older age groups, respective-
ly) and was slightly lower compared to the results
of previous studies presented by E. Carmina et al. [18],
D. Dewailly et al. [19] and M.E. Lujan et al. [20], where
the ULN was 10 cm?.

For Asian women, the upper normal value for ovary
that we determined also did not differ statistically sig-
nificantly depending on age. Thus, at the age of 18-34
years, the ULN for ovary was determined as 6.52 cm?,
and for the age group of 35-44 years - 6.75 cm?, which
is consistent with the data obtained previously in Kore-
an patients with PCOS [8], who had the right ovary vol-
ume of 6.4 cm?, the left - 6.7 ml [8], as well as in Chinese
women [21]: the ULN values for ovary were 6.3 cm?® [22]
and 7 cm? [23]. A lower OV in women of the Asian pop-
ulation with PCOS compared to Caucasians has been
mentioned previously [24-26].

When comparing patients with two criteria
for PCOS and a control group of Caucasian ethnicity,
high values of sensitivity and specificity were deter-
mined at a threshold level of FNPO > 12, while D. De-
wailly et al. [19] and M.E. Lujan et al. [20] on a similar

(0.68;0.83)

(0.92; 1.00)

(0.92; 1.00)
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0.67 0.70 0.29 0.40

1.00 0.92 0.30 0.64

1.00 0.45 0.4 0.27

sample proposed an ULN for FNPO at a level of > 19
and > 26, respectively. The authors substantiated their
results by the high sensitivity of modern ultrasound
devices and assumed that the use of a lower thresh-
old for assessing FNPO would lead to overdiagnosis
of PCOM in young women with a high ovarian reserve.

Our study demonstrated the high performance
of FNPO as a marker of PCOM in women of the Asian sub-
population. The best compromise between sensitivity
and specificity was achieved with a threshold for FNPO
> 11, which is consistent with the results of estimating
the ULN for FNPO in Asian women obtained by other
researchers: > 10 [22], > 11.25 for young women under
35 years old and > 10.75 for the older age group [271].

For women of mixed ethnicity, according to the results
of our study, the ULN for OV was > 8 cm?, and for FNPO
> 9. The data obtained are unique, since similar stud-
ies have not been previously conducted in populations
of women of mixed (Caucasian-Asian) ethnicity.

The obtained values can be explained by the con-
tingent included in the study (a small number of young
women aged 18-25 years) with an average age of par-
ticipants in the 18-35 group of 28.83 + 3.94 years.
It is known that the period of the most rapid loss of fol-
licles in both women with PCOS and those without
PCOS occurs between the ages of 18 and 30 years [28].

Strengths of the study. Overall, given the high
sensitivity and specificity values for the ovarian volume
and antral follicles number cut-off levels which we de-
termined both in the overall population and depend-
ing on ethnicity, we can conclude that the diagnostic
ability of the studied variables is satisfactory. An im-
portant advantage of our study is that all participants
were recruited from a non-selective multiethnic popu-
lation of women with comparable socio-demographic
characteristics and living in the same geographic con-
ditions [12, 29]. We consider the population of Eastern
Siberia as an ideal model for studying the character-
istics of PCOM in Caucasians and Asians using ethni-
cally dependent normative ranges of androgens [30].
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Another advantage is that testosterone measurement
for the diagnosis of hyperandrogenemia in our study
was performed using the HPLC-MS/MS method [31],
while our previously developed population-specific
standards for assessing hirsutism were used.

Limitations of the study. In our study, the exam-
ination of patients was carried out using mid-range ul-
trasound equipment. At the same time, mid-range ultra-
sound devices are the most frequently used equipment
in practical healthcare and our data are as close as pos-
sible to the realities of routine medical practice.

CONCLUSION

For a differentiated approach to identifying PCOM
in women of reproductive age of different ethnic groups,
it is necessary to take into account the normative values
we have developed: thus, in Caucasians, it is advisable
to diagnose PCOM with an ovarian volume of 9 cm?® and/
or FNPO = 12; in women of the Asian population, an ovari-
an volume of 7 cm?® and/or FNPO = 11 is diagnostically sig-
nificant, and for women of mixed ethnicity - 8 cm® and/
or > 9, respectively. When assessing age aspects, we noted
the absence of statistically significant differences in the up-
per normal values of OV and FNPO in women aged 18-34
and 35-44 years in all ethnic groups.
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ABSTRACT

Ovarian reserve is the basis of female fertility. The main markers of ovarian reserve
are the level of anti-Mullerian hormone and the number of antral follicles. In addition
to the natural age-related loss of follicles, many women experience a premature dimin-
ished ovarian reserve associated with a number of factors. This can be caused by both
various diseases and environmental factors, lifestyle, and social aspects.

The aim of this review was to examine the influence of external factors on the ovar-
ian reserve and women fertility. A systematic analysis of data from modern scientific
literature, domestic and foreign sources was carried out. The search involved such re-
sources as PubMed, MEDLINE, Science Direct, eLibrary, Scopus, Cyberleninka. A detailed
analysis of the influence of environmental pollution, lifestyle (sleep, nutrition, phys-
ical activity), previous surgeries, bad habits, obesity, psychological and social factors
on the ovarian reserve and reproductive function of women was carried out. Signifi-
cantly diminished ovarian reserve was noted with low sleep quality, excessive physical
activity, and an unbalanced diet poor with animal proteins. Regular consumption of al-
cohol, smoking and exposure to certain chemical environmental pollutants cause pre-
mature follicle apoptosis and the onset of menopause. Circadian dysrhythmia, chronic
stress and obesity can lead to the ovarian menstrual cycle disorders and the develop-
ment of infertility in women. Previous parovarium surgeries are a significant risk factor
for diminished ovarian reserve. Further population-based studies are needed to deter-
mine the precise mechanisms of influence of various factors on female fertility.

Key words: ovarian reserve, follicles, menopause, fertility, infertility, lifestyle, smoking,
environmental factors
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PE3IOME

OsapuarnbHblli pe3eps — 0cHo8a XeHcKol hepmusnbHocmu. OCHOBHbIMU MAapKepamu
08apUAIbHO20 pe3epsa ABMAMCA Ypo8eHb AHMUMIOIepO8A 20pPMOHA U Kosuye-
CMB8o aHMpanbHsix osIuKynos. lomumo ecmecmeeHHoU 803pacmHol nomepu
hONINIUKYII08, MHO2UE XeHUJUHbI CMAIKUBAIOMCS C NpexXxoespeMeHHbIM CHUXeHUeM
08apuasIbHO20 pe3epea, C8A3AaHHLIM C MHOXeCm8oM (hakmopos. [IpudyuHamu 0aHHO-
20 ABJIEHUA MO2ym CMame KAk pas/iudHvle 3a60/1e8aHUs, Mak u hakmopel 8HewHel
cpeObl, 06pa3s Xu3HuU, COUUATbHbIE ACNeKMbl.

Ljensio Hacmosuwe20 063o0pa cmasio pdccMompeHue 8/IUSHUS 8HeWHUX (hakmopos
HAa 08apuasbHbIU pe3eps U hepmusibHOCMb XeHWUH. [TposedéH cucmemamuyeckuli
aHanu3 0aHHeix cospeMeHHoU Hay4YHol aumepamypsl, omeyecmaseHHbIX U 3apy6ex-
HbIX UCMOYHUKOB. B noucke 6biiu 3a0elicmeosaHsl makue UHGHOPMAayUuOHHbIe pecyp-
col, kKak PubMed, MEDLINE, Science Direct, eLibrary, Scopus, Cyberleninka. [IposedéH
NoOpObHLIU AHANU3 8/IUAHUSA 3a2pA3HEeHUs OKpyXaroujel cpedsl, 06pasa Xu3HuU (CoH,
numadue, usuyeckue Hazpysku), nepeHecéHHbIX onepayul, 8peoHbIX NPUBbLIYEK,
OXUPEeHUs, NCUXO0JI02UYeCcKUX U COYUuasbHbIX (hakmopos8 Ha 08apudasbHeil peseps
U penpodyKmusHyto yHKYUIO XeHWUH. OmmedyeHo cyujecmeeHHoe CHUXeHUe 08d-
puanbLHO20 pe3epsa NpU HU3KOM Kayecmaee CHaA, Ype3MepHbiX hu3U4ecKux Hazpy3Kax,
HecbanaHcuposaHHoU oueme, 06e0HEHHOU

XKUBOMHbIMU besnikamu. PezynapHoe ynompebrieHue asikoeosis, KypeHue mabaka
u 8030elicmeue HeKomopbIX XUMUYECKUX 3dzpsA3HUmerel okpyxarouwel cpedsl npu-
800aM K npexoespemMeHHOMY anonmosy (hosI/IUKY108 U HACMYyNJIeHUto MeHoNnay3el.
LupkaduaHHas duspummus, XpoHuYeckuli cmpecc U oXxupeHue Mo2ym npugooums
K HapyuweHUaM 08apuasibHO-MeHCMpYyaabHO20 YUKIA U pa38umuto 6ecnioous y XeH-
WuH. [NepeHecéHHble onepayuu Ha NpUOAMKAX ABMAIOMCA CyWecmsaeHHbIM hakmo-
POM PUCKA CHUXEeHUs 08apuasbHO20 pe3epad. [1a 8blIACHEHUS MOYHbIX MeXaHU3Mos
8030elicmausa pas/iuyHbIX (hakmopos Ha epmusibHOCMb XeHWUH Heobxo0UMbl
oanbHelwue NONYAAYUOHHbIe UCC/Ie008AHUA.

Knioueable cnoea: osapuasbHeili pe3eps, hosuKysbl, MeHonaysd, hepmusibHOCMb,
6ecnnodue, 06pas Xu3Hu, KypeHue, 3kos1o2udeckue pakmopel

Ona yntnposaHus: 3otos C.B., Jluxauesa B.B., Motbipesa [1.10., Asaposa O.B., Ansunko-
B1Y b./. akTopbl pricka CHXEHVA OBapranbHOro pe3epBa »KeHLVH: akTyalbHOe COCTO-
AHne npobnembl. Acta biomedica scientifica. 2024; 9(3): 69-78. doi: 10.29413/ABS.2024-9.3.6
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INTRODUCTION

According to Russian and international associations
of human reproductive science and embryology, the inci-
dence of infertility among married couples has increased
in recent decades, while the average age of its onset has
decreased. Today, infertility in couples is a common prob-
lem among young women and men. Environmental pol-
lution, various somatic diseases, lifestyle, psychological
stress, and social aspects are factors that negatively af-
fect reproductive function. While men can completely re-
new their sperm pool in a relatively short period of time,
for women the impact on eggs can be irreversible in some
cases and significantly affect their ability to conceive [1].

The reproductive lifespan of women begins
at puberty and ends at menopause, after the deple-
tion of the ovarian follicle reserve [1]. Ovarian reserve
is the basis of female fertility. In clinical practice,
itis usually assessed using parameters such as the wom-
an’s age, antral follicle number, Anti-Millerian hormone
(AMH) level, and basal levels of sex hormones, includ-
ing follicle-stimulating hormone (FSH), luteinizing hor-
mone, and estradiol [2].

Numerous studies have identified a number
of determining factors that can have a negative impact
on ovarian reserve and fertility in women, but most fac-
tors should be considered in combination due to their
interaction with each other and the complexity of in-
terpretation [2]. This review examines in detail such risk
factors for decreased ovarian reserve as environmental,
social, psychological factors, lifestyle (sleep, nutrition,
unhealthy habits, physical activity), obesity, and previ-
ous surgeries on the pelvic organs. Multicenter and pop-
ulation-based scientific studies are needed to study
the impact of each factor in more detail.

ENVIRONMENTAL FACTORS

A growing number of epidemiological studies
and experimental animal models suggests that expo-
sure to a number of ubiquitously distributed reproduc-
tively toxic environmental chemicals (RTECs) may con-
tribute to earlier menopause and premature ovarian
failure. These include lead, mercury, toluene, perchlo-
rates, bisphenol A and some phthalates, pesticides, per-
fluorochemicals, polychlorinated biphenyls, and poly-
brominated diphenol ethers [3, 4].

The negative impact of toxic substances on the ova-
ries can occur in three ways: disruption of the endo-
crine system; induction of oxidative stress; epigenetic
changes [4, 5]. Depending on the moment of exposure
to ovarian ontogenesis, the effect of RTECs on ovarian
function can be temporary or permanent. This effect
causes the greatest harm prenatally, affecting the on-
togenesis of the ovaries in the female fetus at the time
of follicle development, and affects the reproductive
function of girls whose mothers were exposed to RTECs
during pregnancy [6].
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Environmental toxicants can trigger the formation
of reactive oxygen species such as free radicals, oxygen
ions, and hydrogen peroxide in the body cells. Oxida-
tive stress is induced by cellular oversaturation with re-
active oxygen species (ROS), when cellular machinery
and endogenous antioxidants that regulate ROS levels
are overloaded by exogenous reactive oxygen species.
There is strong evidence that ROS are involved in the ini-
tiation of antral follicle apoptosis [7]. The role of oxida-
tive stress in the pathogenesis of premature ovarian fail-
ure has been confirmed [7, 8].

Epigenetic modifications can occur as a result
of environmental pollutants affecting DNA methylation,
which can alter ovarian function. For example, bisphe-
nol A, which is used in the manufacture of plastics, can
destroy methyl groups and inhibit enzymes responsible
for DNA methylation [5].

A number of scientific papers have shown the im-
pact of chemical pollutants of the environment on any
stage of follicle formation, as well as on the develop-
ment of the ovaries in general. Evidence has been found
that exposure to RTECs in the prenatal, neonatal, prepu-
bertal periods and even in adulthood leads to disrup-
tion of ovarian function and a reduction in the duration
of reproductive function in female rodents [3].

Due to their similarity to natural ligands, many en-
vironmental compounds have the ability to bind to sex
hormone receptors (albeit with lower affinity) and can
thus influence either the initial stages of ovarian re-
serve formation during fetal development or the main-
tenance of ovarian reserve in adults [9]. Exposure
to chemicals can negatively affect ovarian reserve
through aryl hydrocarbon or estrogen receptors. Thus,
after binding to such an exogenous ligand, the aryl hy-
drocarbon receptor induces the synthesis of proapop-
totic factors that promote follicular atresia.

Major international organizations, including
the Endocrine Society [10], the World Health Organi-
zation and the International Pollutants Elimination
Network [11], and the International Federation of Gy-
necology and Obstetrics [12], have noted an increase
in chemical pollution in recent decades and empha-
size the need for more detailed study of chemical im-
pacts on the female reproductive system. For example,
a study of the fertility of women living in the Aral Sea
basin showed that they had a reduced number of an-
tral follicles number compared to women of the same
age living in a more ecologically favorable region [13].
The drainage of the Aral Sea has led to increased levels
of various toxicants in the soil, water, and air, name-
ly substances such as pesticides and heavy metals,
which contribute to the development of various dis-
eases among the local population. Cross-sectional
studies show that exposure to certain environmen-
tal chemicals can compromise women'’s reproductive
health and in some cases correlate with earlier onset
of menopause [3]. However, in humans, adverse ef-
fects from chemical exposure are usually diagnosed
after several years or decades, making it difficult
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to determine the relationship between RTECs expo-
sure and reproductive health [6].

Further epidemiological and experimental studies
are needed to determine the direct and indirect ef-
fects of environmental chemical pollutants on ovarian
function and to better understand their mechanisms
of action.

LIFESTYLE

Sleep, nutrition and physical activity. Recently,
more and more attention has been paid to the influ-
ence of a woman'’s lifestyle, diet, sleep and wakeful-
ness patterns, and physical activity on the women
reproductive function. Today, more and more women
are into various diets, therapeutic fasting, extreme
physical activity, and equally with men choose «diffi-
cult professions» with shift work schedules and high
stress levels. Researchers have shown that intense
physical exercise and poor sleep quality have a signif-
icant negative impact on the antral follicles number
in women aged 31 to 36 years [14]. Excessive physical
activity leads to menstrual irregularities, decreased
ovulation frequency, disruption of endometrial devel-
opment, and in some cases, amenorrhea and subfer-
tility. The probable cause of these conditions is dys-
regulation of the hypothalamic-pituitary-ovarian axis
due to a decrease in systemic stimulating signals
for the release of gonadotropin-releasing hormone
and impaired secretion of gonadotropins [15].

Adherence to a certain type of diet in some cases
can also affect the ovarian reserve. Thus, it was shown
that the transition to an exclusively plant-based diet
without animal components, containing sugar and not
supplemented with folicacid and vitamin B12, is associ-
ated with the risk of early menopause, while a“healthy”
plant-based diet, additionally enriched with a vitamin
complex, did not affect the timing of menopause [16].
In another study, the authors conclude that giving
up vegetarianism contributes to longer-term preser-
vation of fertility [17]. In a sample of more than 2,000
women, a relationship between regular consumption
of dairy products and a reduced risk of early meno-
pause was found [18]. Today, this is of particular im-
portance, since adherence to veganism, which entails
the rejection of dairy products, is widespread among
modern women.

Long-term fasting can also have a negative impact
on women’s reproductive function. Thus, a diet viola-
tion leads to a decrease in the amplitude of the pulse
secretion of thyroid-stimulating hormone: a decrease
in its basal concentration in the blood serum, as well
as a decrease in its peak level at night [19], which in turn
leads to dysfunction of the thyroid gland and indirectly
affects female fertility.

Misalignment of the biological clock with the sleep-
wake cycle as a result of long and frequent flights,
shift work, and stressful situations underlies
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the phenomenon of circadian dysrhythmia [20]. Circa-
dian dysrhythmiais associated with a higher body mass
index (BMI), obesity [21], and an increased risk of de-
veloping metabolic syndrome and type 2 diabetes [22].
The production of thyroid-stimulating hormone is also
associated with circadian rhythms. Thus, in a study that
included an examination of more than 5,000 patients,
an increased risk of subclinical hyperthyroidism was
found in patients who slept little (less than 7 hours
per day), in contrast to people who slept more than
8 hours per day [23]. Hypothyroidism, in turn, is often
the cause of endocrine infertility, as it is accompanied
by increased prolactin levels, anovulatory menstrual
cycles, luteal phase defects and changes in sex hor-
mone levels [24, 25].

Circadian dysrhythmia can also have a direct effect
on the secretion of reproductive hormones, leading
to anovulation, and in some cases is combined with in-
sulin resistance [26].

Smoking. According to numerous scientific studies,
tobacco smoking has a number of consequences that
are potentially harmful to a woman'’s reproductive func-
tion, as it can have an adverse effect on ovarian func-
tion, cause mutations in germ cells, and increase the risk
of early miscarriages and adverse outcomes of assisted
reproductive technology cycles [27].

Tobacco toxins have been shown to have a detri-
mental effect on the follicle pool and increase the rate
of follicular atrophy and atresia, leading to a decrease
in their number, changes in sex hormone levels, and ul-
timately to a decrease in fertility [2, 28]. Smoking has
been found to be associated with a decrease in estradi-
ol and estriol concentrations, an increase in testoster-
one levels, and a tendency toward an increase in serum
FSH levels [29].

Other negative effects of tobacco toxins include in-
creased rates of apoptosis as well as necrosis in various
human tissues and increased apoptosis in primordial
germ cells differentiated from human stem cells in vitro
[30]. These effects may also manifest as increased rates
of follicular apoptosis or ovarian dysfunction. Indeed,
polycyclic aromatic hydrocarbons in cigarette smoke are
toxic to follicles, which has been demonstrated in both
animal models and numerous human studies [2, 28].

Smoking is associated with an increased rate
of follicle loss in Caucasian women. In 14,620 mid-
dle-aged women in the Study of Women's Health across
the Nation, smoking was associated with an earlier age
at menopause (0.3-1.2 years earlier), but there was no
dose-response effect with the number of cigarettes
smoked per day [28]. Data were obtained indicating
a higher incidence of early ovarian failure syndrome,
reduced fertilization and implantation rates, pregnancy
rates, and live birth rates in assisted reproductive tech-
nology programs in women who smoke [31, 32].

Among women of reproductive age, users of popu-
lar e-cigarettes have been found to have higher levels
of several markers of toxin exposure (including nico-
tine metabolites, the tobacco carcinogenic biomarker



NNAL (4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol),
lead, and volatile organic compounds) [33]. This study
showed that exclusive use of e-cigarettes may reduce
exposure to some toxins compared with smoking com-
bustible cigarettes, but e-cigarettes result in greater
exposure to toxicants compared with quitting smok-
ing completely. Even reduced levels of tobacco toxins
in e-cigarette users may lead to potentially harmful re-
productive health consequences [33, 34].

Alcohol is also one of the risk factors for decreased
female fertility. The biological mechanisms of the nega-
tive impact of alcohol on reproductive function are still
poorly understood. One hypothesis is that alcohol can
reduce fertility by changing the concentration of en-
dogenous hormones [35]. Another theory suggests a di-
rect negative effect of alcohol on egg maturation, early
blastocyst development, and implantation [36].

A group of researchers from Denmark showed
on a cohort of more than 6 thousand women that reg-
ular consumption of 14 servings of alcohol per week
is associated with an increase in estrogen concentra-
tion, which reduces the secretion of FSH, resulting
in the suppression of folliculogenesis and ovulation,
as well as the amount of bioavailable forms of estrogen.
In this work, the «serving» of alcohol was calculated de-
pending on its strength (beer - 330 ml, wine - 120 ml,
hard liquor — 20 ml) [35].

Alcohol consumption is combined with the con-
sumption of other toxins present in alcoholic bever-
ages, such as ethyl carbamates, tetra-beta-carbolines
or food additives, which have a toxic effect on oocytes,
including through the development of oxidative stress,
accelerating follicular apoptosis [36]. To date, research-
ers agree on the negative impact of alcohol consump-
tion on female reproductive function.

Data from univariate and multivariate analyses [2]
conducted in China on a cohort of 1,513 women showed
a significant negative correlation between alcohol con-
sumption and AMH levels in both the 20-30 and 31-36
age groups. In 2017, a group of scientists from China
conducted a dose-response meta-analysis based on 19
studies with a total of more than 98 thousand women
and established a linear dose-dependent relationship
between a decrease in the ability to spontaneously con-
ceive and an increase in the dose of alcoholic beverages
consumed per 12.5 g of ethanol per day (relative risk —
0.98; 95% confidence interval: 0.97-0.99) [36]. The data
from these studies demonstrate that abstinence from al-
cohol is important for maintaining reproductive func-
tion, which is especially important for young women
under 36 years of age [2].

OBESITY

Obesityisadiseasethatiscloselyrelated toaperson’s
lifestyle and is currently becoming increasingly global
in scale. Today, over 2 billion people worldwide suffer
from excess body weight and obesity [37]. Obesity has
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a negative impact on a woman'’s reproductive function,
associated with changes in the regulation of the hypo-
thalamic-pituitary-ovarian axis, a decrease in the quality
of eggs and a disruption of the physiological processes
of the endometrium, which has been proven in a cohort
of over 47 thousand women from Denmark and is con-
firmed by data from Russian scientists [38, 39].

Obesity leads to ovarian-menstrual cycle disorders
and an increase in the number of anovulatory cycles.
It has been proven that decreased fertility in obese pa-
tients may be associated, in particular, with a decrease
in ovarian reserve [40].

Depending on the degree of obesity, patients ex-
perience a progressive decrease in ovarian reserve
parameters: AMH concentration levels, a decrease
in ovarian volume and antral follicles number, in par-
allel with an increase in serum testosterone concen-
tration [39, 40]. Other studies have shown that women
of reproductive age with abdominal obesity against
the background of insulin resistance have a decrease
in ovarian reserve and accelerated aging processes
of the reproductive system [41, 42]. Some researchers
have observed an inverse correlation between AMH
levels and BMI, including in polycystic ovary syndrome,
which is also often associated with infertility, as shown
in a sample of 489 women with infertility examined
in the USA [43].

It is interesting that the body mass index in late
adolescence is an important prognostic factor for fer-
tility in the reproductive period: for example, women
in the Nurses’ Health Study, conducted in Boston, USA
on a cohort of 1950 people [44], who were under-
weight at 18 years of age (BMI < 18.5 kg/m?), needed
on average 25 % more time to get pregnant than women
with normal weight in adolescence. This suggests that
the prepubertal period is a critical time for program-
ming the implementation of reproductive function [15].
Large randomized multicenter clinical trials are needed
to study in more detail the role of body mass index in re-
ducing ovarian reserve, including women of different
ages and races and comprehensively assessing the in-
fluence of concomitant factors.

LATE PREGNANCY PLANNING

One of the main factors influencing the ovarian re-
serve is age. Today, there is a worldwide trend towards
anincrease in the age of women giving birth for the first
time. In Russia, from 1990 to the present, the average
age of a mother at the time of the birth of her first child
has increased from 22 to 26 years [45]; and in the USA,
over the past 30 years, the proportion of women giv-
ing birth over 35 years has increased from 8 % to 18 %
[46]. With age, women'’s fertility decreases, and the op-
timal age for the birth of a first child is from 20 to 30
years, while after 35 years, the ability to conceive spon-
taneously decreases, while the risk of giving birth
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to a child with congenital malformations or chromo-
somal pathology increases [1].

On the other hand, social, cultural and economic fac-
tors, the use of contraception and the availability of as-
sisted reproductive technologies shape the tendency
in society to plan pregnancy at the age of 35 and old-
er [47]. A study conducted in Spain on a sample of 326
women revealed that women who were in stable rela-
tionships became mothers at an older age (31.83 + 0.29
years) than unmarried women. The average time re-
quired to achieve pregnancy increased with increas-
ing maternal age and averaged 24 months for women
around 35 years of age compared to 3 months or less
for women around 29 years of age. Women 35 years
of age and older were more likely to require medical as-
sistance to achieve pregnancy [47]. At the same time,
age-related decrease in ovarian reserve in combination
with concomitant diseases (obesity, diabetes, etc.) often
leads to the fact that by the time of pregnancy planning,
a woman has less and less chance of spontaneous con-
ception [1, 46].

PSYCHOLOGICAL FACTORS AND STRESS

Factors that have an adverse effect on the func-
tion of the endocrine system include chronic stress.
Individual perception of increased physical and mental
stress can affect the regulatory function through an in-
crease in the level of corticosteroid hormones, and they
in turn affect the functioning of the hypothalamic-pitu-
itary-ovarian axis [48].

In 2015, an experimental study was published
in animal models showing that stress-induced chang-
es in neuroendocrine and immune responses lead
to premature ovarian failure and early menopause [49].
The latest study by Chinese scientists has caused reso-
nance: in animal models, it was shown that prolonged
three-week stress consistently reduced plasma AMH
and estradiol concentrations, induced loss of primordial
and preantral follicles, increased granulosa cell apopto-
sis in growing follicles, and ultimately reduced litter size
in rats. Based on these results, scientists suggest that
in humans, chronic psychological stress also causes loss
of ovarian reserve by accelerating activation of primor-
dial follicles and destruction of growing follicles, lead-
ing to ovarian exhaustion and decreased fertility [50].

Some population studies have shown that the dis-
covery of infertility in a family is a stress factor in itself
and can lead to depression. According to the litera-
ture, infertile men and women are perceived by society
as inferior, socially maladjusted, and negative social
attitudes aggravate their plight. According to research-
ers from India, for both men and women, factors such
as weak support from a spouse, financial constraints,
and social maladjustment in the first years of marriage
are stress factors in themselves [51]. Thus, patients find
themselves in a “vicious circle” when infertility causes
stress, which aggravates the course of the disease.
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In the study of emotional state, a scale for assessing
positive and negative affect is used [52]. Thus, a high
level of positive affect is defined as a state of pleas-
ant involvement, high energy and full concentration
as opposed to despondency and lethargy. In a study
of female fertility and stress on a sample of more than
1000 women from the USA, it was shown that women
with a low level of positive affect may experience an ac-
celerated decrease in antral follicle number, and, con-
versely, high positive affect may be a protective factor
mitigating the negative impact of psychological stress
on antral follicle number [53].

PELVIC ORGANS SURGERIES

Pelvic organ surgeries have a significant negative
impact on the ovarian reserve, since surgical interven-
tion involves the removal of part of the ovarian tissue
and disruption of the blood supply to the reproductive
organs. A univariate and multivariate analysis conduct-
ed in China on a cohort of 8,323 women confirmed
that appendage surgeries have a significant negative
impact on such ovarian reserve indicators as antral fol-
licle number and AMH in women aged 20-30 and 31-
36 years [42].

Appendage surgeries lead to disruption of the blood
supply to the ovaries and maturation of antral follicles,
and removal of ovarian tissue during enucleation of be-
nign and malignant ovarian neoplasms leads to a de-
crease in the amount of ovarian cortex and, as a con-
sequence, to a decrease in the ovarian reserve [54].
Many researchers associate the main traumatic effect
on the ovary with the bipolar coagulation method, of-
ten used in surgical interventions, however, in the work
of Korean researchers on a group of 125 patients [55],
it was shown that the level of Anti-Millerian hor-
mone decreases after appendage surgeries, regardless
of the method used in surgical hemostasis. It is also
noted that repeated interventions on the ovaries are
significantly more traumatic for the ovarian reserve
than primary ones [56], and the postoperative decrease
in AMH occurs much more intensively with initially re-
duced levels of this hormone. This should be taken into
account when counseling and planning appendage sur-
gery for women planning to have children.

Moreover, surgical interventions on the uterus do
not have adverse consequences for the ovarian reserve;
the antral follicles number or the level of Anti-Mdlleri-
an hormone do not change after myomectomy or other
surgeries on the uterus [57].

Thus, when planning surgical intervention
on the uterine appendages in women of reproduc-
tive age, it is necessary to conduct a thorough as-
sessment of the ovarian reserve, as well as discuss
possible methods of preserving fertility, for example,
by performing superovulation stimulation and cryo-
preservation of oocytes before surgery, or alterna-
tive methods of surgical treatment, such as reduction



therapy for endometrioid ovarian cysts, instead of their
resection, before entering into in vitro fertilization pro-
grams [58]. However, advocating for the preservation
of the ovarian reserve of each woman of reproductive
age, one should not lose sight of oncological vigilance,
that is, in each specific case, use an individual approach.

CONCLUSION

The female reproductive system is a delicate mecha-
nism that is influenced by many factors. Changes at any
stage of gametogenesis can negatively affect the ability
to conceive. Life in the modern world, environmental
problems, social behavioral trends, psychological fac-
tors leave a certain imprint on the reproductive func-
tion in general and the ovarian reserve in particular.
Although female fertility has a certain ability to adapt
to a new lifestyle, environmental pollution, social be-
havior and other factors, age-related risk factors, sur-
gical interventions on the appendages, intense phys-
ical activity, normalization of work and rest, as well
as the use of toxins should be taken seriously. Scientific
research shows that female fertility is more susceptible
to the effects of external factors with age [2].

The ways to solve the problem of the risk of reduc-
ing the ovarian reserve include conducting conversa-
tions, education and competent prospective counseling
of teenage girls and women of young reproductive age,
which can prevent the negative impact of a number
of factors and adjust the lifestyle and reproductive plans
of women both in our country and around the world.
If the influence of environmental factors is not always
possible to identify and correct in time, then minimiz-
ing the impact of tobacco and alcohol toxins is possible
for women striving to give birth to a healthy child.

The wide modern possibilities of “delayed child-
bearing” associated with cryopreservation of oocytes,
embryos and ovarian tissue can partially solve the prob-
lem of age-related loss of ovarian reserve and late im-
plementation of a woman'’s reproductive plans.

A balanced approach to the choice of method, vol-
ume and timing of surgical interventions on the uter-
ine appendages, drawing up a correct plan for man-
aging patients together with a gynecological surgeon
and a reproductive specialist will help minimize
the consequences of these surgeries in relation
to the fertility of patients.

Giving up unhealthy habits, choosing a healthy life-
style, stabilizing the sleep and wakefulness patterns,
regular moderate physical activity and a balanced diet
are the basis for the normal functioning of the hypo-
thalamic-pituitary-ovarian system, and therefore en-
suring the long-term preservation of normal reproduc-
tive function in women.
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LIGAND-ASSOCIATED ACTIVATION OF VITAMIN D RECEPTORS AND POTENTIAL
POINTS OF APPLICATION OF ITS EFFECTS IN THE MORPHOGENESIS OF IMMUNE
INFLAMMATION: LITERATURE REVIEW

Ablyakimov E.T., ABSTRACT
Kriventsov M.A.

According to recent data, vitamin D is classified as a substance with hormonal ac-
tivity, which, in addition to classical, has “non-classical” effects caused by the com-
plex relationship between vitamin D and effector cells of the immune system. This
relationship is based on the expression of the vitamin D receptor (VDR) on immune
cells, which is encoded by the corresponding VDR gene. Vitamin D receptor specifi-
cally binds the active form of vitamin D (1,25(OH) D). Asa result, a D,-VDR complex
is formed, which mediates the effects of vitamin D through the formation of intracel-
lular signaling pathways that transform the activity of certain target genes. However,
it is not entirely clear how vitamin D realizes its effects at the cellular and receptor
levels. According to the literature, studies of recent decades have revealed a significant
role of vitamin D and immune checkpoint receptors (PD-1 (programmed cell death),
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ed by ligand-associated activation of vitamin D receptors, D -VDR complex and im-
mune checkpoint receptors (PD-1, PD-L, CTLA) in inflammation may become the ba-
sis for the development of new strategies for the diagnosis, prognosis and treatment
of various diseases.
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PE3IOME

Co21acHo Noc1e0HUM OaHHbIM, BUMAMUH D omHocam K 8ewjecmeam ¢ 20pMOHA b-
HOU akmugHOCMbI0, KOMOPbIU, NOMUMO KJIACCUYECKUX, UMeem «HeKdccuyeckue»
3hhekmel, 06yc108/1€HHBIE HAJIUYUEM CJI0OXKHOU 83AUMOCBA3U Mexdy sumamu-
HoMm D u agpcpekmopHbeIMu Kiemkamu UMMYHHOU cucmemel. [JaHHAaA 83aumMoceAsb
obycnosneHa skcnpeccueli peyenmopa eumamuHa D (VDR, vitamin D receptor)
HA UMMYHHbIX KJlemKax, Komopbil Kooupyemca coomaemcmaytouum 2eHom VDR.
Peuenmop sumamuHa D cneyugudecku cea3biedem akmugHyro popmy 8umamuHa
D (1,25(0OH) 2D3). B pe3ynbmame obpasyemcsa c10Hbll KOMNeKc D3-VDR, Komopell
onocpedyem 3¢pekmsl sumamuHa D nymém ob6pazosaHus 8HYMPUKIEMOYHbIX
CU2HANbHBIX NnymeU, mpaHchopMupyoUuUX dKMUBHOCMb ONPedeséHHbIX mapaem-
Hblx 2eH08. [Ipu 3mom 00 KOHUA He ACHO, KaKum 0bpaszom sumamuH D peanusyem
C80U 3¢hheKmbl HA KITIeMOYHOM U peyenmopHOM ypo8HsAX. [To daHHbIM lumepamy-
pbl, Ucc1e008aHUA NOCeOHUX Oecamusiemuli 8bIA8UJU 3HAYUMYIO POJTb BUMAMUHA
D u peyenmopos umMmyHHbIX KOHMPOsIbHLIX moyek (PD-1 (programmed cell death),
PD-L (PD ligand), CTLA (cytotoxic T lymphocyte associated protein)) 8 aymoummyH-
Hbix 3a60/1€8aHUAX. B3mom 0630pe u3nazaromcsa 803MoXHble MexaHU3Mbl 83aUMOC-
843U OaHHbIX nymel. bonee 21y6oKkoe NOHUMAHUe MeXK/iemoyHblx 83aumocesseli
0NOCPeO0BAHHBIX TU2AHO-ACCOUUUPOBAHHOU akmusayuel peyenmopos 8umamu-
Ha D, komnnekca D3-VDR U peyenmopo8 UMMYHHbIX KOHMPOJibHbix moyek (PD-1,
PD-L, CTLA) 8 sBocnaneHuu moxem cmame 0cHogoU 0414 pa3pabomku HO8bIX cmpa-
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INTRODUCTION

Until recently, the role of vitamin D was consid-
ered only from the standpoint of its effect on calcium
and phosphorus metabolism in the body. However,
over the past 15 years, new effects of vitamin D, such
as neuroregenerative, neurosteroid and immunomod-
ulatory effects have been identified [1]. Nevertheless,
the role of vitamin D (VD), one of the most important
vitamins in the body, remains insufficiently studied due
to the pleiotropic nature of its effects. Modern data indi-
cate a close relationship between vitamin D, (calcitriol)
and immune cells [2], as well as autoimmune diseases
[3, 4], which allows us to consider it as an important reg-
ulatory link in a complex system of intercellular inter-
actions. On the other hand, studies in recent decades
have also revealed a significant relationship between
immune checkpoint proteins (ICPs) and immune cells [5,
6], which is manifested in fine regulation of the balance
between tolerance and immunopathology. It is possible
that these links in immune regulation are interconnect-
ed. However, due to limited information, which confirms
the relevance of this problem, this literature review
presents key information concerning modern concepts
of the structural and functional organization of the VD
gene and receptor (VDR, vitamin D receptor), «<non-clas-
sical» effects of VD in the morphogenesis of immune in-
flammation, potential relationships between the D,-VDR
complex and immune checkpoint receptors and pos-
sible points of application of this relationship within
the framework of granulomatous inflammation.

1. Modern concepts of the structural
and functional organization of the gene
and receptor of vitamin D

The literature contains a fairly broad range of data
on the role of VD, the VDR gene, and the VDR receptor
in the development of various pathological process-
es and diseases. To some extent, this is due to the fact
that, according to modern scientific knowledge, VD has
endocrine functional activity, similar to a hormone [7],
which attaches to and interacts with its specific recep-
tors (VDR) on various cells, thus exerting numerous ef-
fects on various body systems.

The VDR or NR1/1 gene (nuclear receptor subfami-
ly 1 group | member 1) is encoded by a relatively large
gene (> 100 kb) and is localized on the submetacentric
12t chromosome, its long arm (12q12-q14). The NR1I1
gene has about 60 thousand nucleotide pairs and con-
sists of 14 exons and intermediate introns. The VDR
gene can be divided into two regions: coding and non-
coding. The noncoding region of the VDR gene includes
6 of the 14 exons: 1A, 1B, 1C, 1D, 1E and 1F. The remain-
ing 8 exons are part of the coding region of the VDR
gene, which encodes information about the primary
structure of the VDR gene protein, consisting of 4 func-
tional domains [8].

The NR1I1 gene exerts its effects through genomic
(nuclear) and extragenomic mechanisms.
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The genomic pathway leading to changes in gene
transcription takes from several hours to several days [9].
The VDR gene encodes the nuclear VDR, which, together
with the retinoic acid receptor (RAR), retinoid X recep-
tor (RXR), and peroxisome proliferator-activated recep-
tor (PPAR), is part of the second group of the nuclear
receptor (NR) family [10]. The first group includes estro-
gen, androgen, progesterone, and mineralocorticoid
receptors [11]. The second group of receptors can form
heterodimers with each other (e.g., VDR-RXR), and also
function and exert effects through interaction with cer-
tain ligands [10, 11].

In addition to the classical target cells (enterocytes,
parathyroid cells, and nephrocytes), which are directly
involved in maintaining calcium homeostasis, the VDR
gene is also expressed in immune system cells (mono-
cytes, macrophages, dendritic cells, lymphocytes) [12].
In addition, VDR gene expression was detected in brain
neurons, cardiomyocytes, smooth muscle cells, vascular
endothelium, breast cells, prostate cells, skin, and other
organs [13].

The extragenomic pathway and its effects, accord-
ing to the latest updated data, are mediated by the syn-
thesis of secondary messengers (cyclic adenosine mo-
nophosphate, inositol triphosphate, etc.), which are
associated with the steroid receptor MARRS (membra-
neassociated rapid response steroid), which contributes
to a faster response - from several seconds to several
minutes [14], — in contrast to the genomic pathway.
Thus, the extragenomic effects of VD are realized much
faster than the genomic ones.

Upon entering the cell, VD3 binds to VDR. VDR
consists of 427 amino acids and has 4 main functional
domains:

1. the highly variable N-terminal A/B domain
is responsible for the transactivated functions of VDR
induced by ligands, but its structural elements are poor-
ly defined;

2. the DNA-binding domain (DBD) is the central
DNA-binding domain;

3. the ligand-binding domain (LBD) is the Ii-
gand-binding domain at the C-terminus;

4. theflexible region connecting the DBD and LBD
is called the hinge domain.

After binding to VD3, VDR forms an active D,-VDR
complex, which is transported across the nuclear mem-
brane directly into the cell nucleus [15].

An even more complicated complex is then formed
by binding of the D3-VDR complex to one of the three
retinoid X receptors (RXRa, RXR[, RXRy). Subsequent-
ly, this D,-VDR-RXR complex binds to VDREs (vitamin D
response elements) on the surface of the DNA of tar-
get genes. VDREs are multiple regions of the genome
whose activity is under the control of D.. After bind-
ing of D,-VDR-RXR to VDREs, activation or, conversely,
suppression of the corresponding target genes occurs
[16]. Thus, an important conclusion can be made that
calcitriol mediates its effects through ligand-associated
activation of vitamin D, receptors (D,-VDR complex).
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VDR is mainly concentrated in the nucleus, cy-
tosol, and cytoplasmic membrane. VDR specifically
binds the active form of VD (1,25(0H),D,) and medi-
ates its actions. Thus, the effects of VD are directly due
to a complex interaction with its receptor VDR. This D_-
VDR complex cannot be considered separately, since
it functions as a single mechanism. The absence, defi-
ciency, or structural defect of any of the components
of the complex (D, or VDR) disrupts the functioning
of its components and the implementation of its effects
- both genomic and extragenomic. A striking example
of disruption of the D,-VDR complex is VD deficien-
cy in adults, usually associated with the development
of osteoporosis and osteomalacia, as well as hereditary
mutations of the VDR gene, which lead to the develop-
ment of vitamin D-resistant rickets in children, charac-
terized by muscle weakness, growth retardation, bone
deformities, and secondary hyperparathyroidism.

It is currently known that ligand-associated activa-
tion of VD receptors has multiple effects, since VDR re-
ceptors are expressed in many tissues of the body [17].
The ubiquitous distribution of VDR reflects its pleiotro-
pic biological activity [18]. In the nuclei of target cells,
an active nuclear D,-VDR complex functions, which con-
trols the transcription of about 3% of the entire human
genome. In addition, in the cytoplasmic membranes
of cells, the D,-VDR complex functions as a modulator
of gene expression and a coordinator of a number of im-
portant biochemical processes [19].

Many genes with the expression regulated by li-
gand-associated activation of VDR have been described:
for example, activation of the DEFB4A and CAMP genes
encoding cathelicidin and defensin-f2 [20], as well
as suppression of the IL-2 gene activity in activated
T lymphocytes [21]. The listed genes are located “far”
from chromosome 12 encoding VDR, but, nevertheless,
are under the control of vitamin D. It is possible that
the genes encoding ICT proteins are also under the influ-
ence of vitamin D. In addition, the D,-VDR-RXR complex
suppresses gene expression and synthesis of interferon
y (IFN-y), which is a key cytokine of Th1 lymphocytes
in humans, by competitively inhibiting the NF-kB fac-
tor (nuclear factor kappa-light-chain-enhancer of ac-
tivated B cells) [22]. Thus, by increasing or decreasing
the expression level of various genes, the D,-VDR-RXR
complex implements the “classical” and “non-classical”
effects of VD.

At present, the biological effects of VD can be di-
vided into “classical” (calcitropic, regulating phospho-
rus-calcium metabolism) and “non-classical” (regulation
of metabolism and cell cycle, anti-inflammatory, anti-
bacterial, antitumor, antihypertensive effects). More-
over, VD is directly involved in the regulation of the func-
tioning of immune system elements.

2. “Non-classical” effects of vitamin D
in the morphogenesis of immune inflammation
Morphogenesis of immune inflammation implies
strengthening or weakening of the immune response
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during inflammation (including granulomatous inflamma-
tion) as a result of changes in the receptor and cytokine
profile, cellular subpopulations, including under condi-
tions of ligand-associated activation of vitamin D receptors.

Vitamin D deficiency, according to the latest data
from world literature, has become a new pandem-
ic of the 21st century, which is especially pronounced
in northern latitudes, due to a deficiency of ultraviolet
(UV) radiation in residents of megacities. In addition,
vitamin D is pathogenetically associated with a pro-
gressive increase in the prevalence of various diseases,
including autoimmune diseases such as type 1 diabetes
mellitus, bronchial asthma, atopic dermatitis, alopecia
areata, systemic lupus erythematosus (SLE), psoriasis,
etc. [23]. This is far from a complete list of all diseases
that are associated with VD deficiency. In particular,
in northern latitudes, the prevalence of multiple scle-
rosis and rheumatoid arthritis is inversely proportional
tothe level of UV radiation, which may indirectly indicate
the participation of VD in the manifestation and patho-
genesis of these diseases [24]. Moreover, according
to B. Terrier et al.,, vitamin D supplements statistically
significantly increased the number of Treg lymphocytes
and decreased the number of Th1 and Th17 cells [25].
However, the mechanism of the relationship between
VD deficiency and autoimmune processes underlying
the above-mentioned diseases is not fully understood.

Current data indicate that VD suppresses acquired
immunity but stimulates innate immunity. The first
evidence that VD is a significant stimulator of innate
immunity may be data on the treatment of tuberculo-
sis with fish oil [26], as well as the synthesis of antimi-
crobial peptides such as defensin-$2 and cathelicidin
[27]. In addition, defensin-B2 transcription is directly
activated by the D,-VDR-RXR genomic complex [27,
28]. For example, cathelicidin gene expression is en-
hanced after pathogen recognition by TLRs (toll-like re-
ceptors) as a result of the interaction of mature mono-
cytes with Mycobacterium tuberculosis, thus promoting
increased synthesis and secretion of 1a-hydroxylase
and VDR [29]. These studies provide more detailed ex-
planations of the mechanisms which help VD potenti-
ate the antimicrobial action of monocytes and macro-
phages, which are key effector cells in the fight against
pathogens such as Mycobacterium tuberculosis.

The level of VDR expression changes dynamically
during the formation and maturation of various effec-
tor cells of the immune system. On the one hand, na-
ive T lymphocytes are characterized by a relatively low
level of VDR expression, while mature forms of T lym-
phocytes are distinguished by a high level of VDR ex-
pression [30]. On the other hand, monocytes in the pro-
cess of differentiation into macrophages and dendritic
cells (DCs) show, on the contrary, a decrease in the level
of VDR expression [31]. Thus, the level of VDR expres-
sion, and accordingly, the susceptibility of effector cells
of the immune system to VD are manifested differently
depending on the degree of cell maturity, which may
play a key role in the complex system of regulation



of the immune response, as well as its specificity, reac-
tivity and plasticity.

Peculiarities of the influence of the D -VDR
complex on innate immune cells: macrophages
and dendritic cells

Blood monocytes undergo differentiation into mac-
rophages, which are the main cells of the humanimmune
system, through which interaction and coordination
of innate and acquired immunity occurs. Mature macro-
phages are capable of activating the immune response
by chemotaxis, phagocytosis, and presentation of anti-
gen to T-helpers (Th). In particular, macrophages, unlike
monocytes, can undergo so-called polarization, i.e. dif-
ferentiate into two phenotypes (M1 or M2) depending
on inducing factors and cytokines. For example, macro-
phages with the M1 phenotype destroy bacteria, viruses
and tumor cells, are formed under the direct influence
of lipopolysaccharides, tumor necrosis factor a (TNF-a),
IFN-y, while macrophages with the M2 phenotype de-
stroy extracellular pathogens and are formed upon
stimulation of interleukin (IL) 4 and IL-13. Immunogenic
macrophages with the M1 phenotype activate the Th1
immune response as a result of the synthesis of a cer-
tain spectrum of cytokines, while the tolerogenic phe-
notype of M2 macrophages shifts the balance of Th cells
towards Th2 [32]. In addition, macrophages express
VDR, which makes them susceptible to VD [33].

The D,-VDR complex exerts mainly suppressive
effects on monocytes by decreasing the expression
of MHC Il (major histocompatibility complex), TLR2
and TLR4 molecules, which leads to anergy of further re-
sponses. Moreover, ligand-associated activation of VDR
reduces the expression level of CD40, CD80, CD86, which
promote co-activation and stimulation of the immune
response, and also suppresses the synthesis of IL-1q, IL-
1B, IL-2, IL-6, IL-12, TNF-a and IFN-y. Among the activat-
ing effects of the D,-VDR complex, there is an increase
in the synthesis of anti-inflammatory cytokines: IL-10,
IL-4 and IL-5 [34].

Based on the foregoing, it follows that the D,-VDR
complex inhibits the immunogenic, proinflammato-
ry responses of macrophages with the M1 phenotype,
contributing to a decrease in their activity. On the other
hand, the D,-VDR complex polarizes macrophages to-
wards the tolerogenic M2 phenotype.

However, other studies refute the theory that the D,-
VDR complex suppresses macrophages with the M1
phenotype. For example, according to data from N. Wafa
et al.,, exposure to the D,-VDR complex in the presence
of Pseudomonas aeruginosa stimulated the synthesis
of IL-1B, which increased the M1/M2 ratio [35].

Red bone marrow progenitor cells initially differ-
entiate into immature DCs, which are transformed
into mature DCs through migration and phagocytosis
of various pathogens. During phagocytosis, antigenic
determinants (epitopes) are formed from various micro-
organisms, which bind to MHC class Il in the Bjorkman
cleft and are expressed on the cell surface. At the same
time, DCs express CD40, CD80, and CD86 (costimulatory
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proteins) and acquire the ability to migrate to regional
lymph nodes, where they present a ready-made MHC-II
complex bound to the epitope to ThO cells [36]. When
the D,-VDR complex acts on immature DCs, effects
similar to those of macrophages develop. On the one
hand, the level of expression of costimulatory pro-
teins and MHC class Il is suppressed, which contributes
to a decrease in the synthesis and secretion of IL-12,
suppression of antigen presentation on the surface
of DCs, and on the other hand, the synthesis of IL-10
is enhanced [37].

The activity of Th1 and Th17 lymphocytes, which
play a key role in the pathogenesis of autoimmune
diseases, sharply decreased as a result of a decrease
in the synthesis of IL-12 and IL-23 by dendritic cells
after ligand-associated activation of VDR [38]. More-
over, the D,-VDR complex inhibits the differentiation
of monocytes into DCs and their subsequent matura-
tion [34]. This pattern may explain the reason for the in-
crease in the number of tolerogenic DCs, since they con-
sist to some extent of immature cells [39].

Features of the influence of the D -VDR complex
on the components of acquired (adaptive)
immunity (T- and B-lymphocytes)

The precursor of T lymphocytes, like all formed el-
ements of the blood, is a pluripotent hematopoietic
stem cell, and its marker is CD34. From the red bone
marrow, early pre-T lymphocytes migrate to the thy-
mus gland, where antigen-independent differentiation
of T lymphocytes and the process of so-called “positive”
and “negative” selection occur [40].

After selection and exit from the thymus, T lympho-
cytes, like macrophages, undergo polarization. Accord-
ing to the literature, ThO lymphocytes can differentiate
in one of four directions:

1.  Th1lymphocytes, which are capable of destroy-
ing foreign pathogens, virus-infected and oncotrans-
formed cells, and can also cause autoimmune diseases
and delayed type IV hypersensitivity reactions, synthe-
size IL-2, IL-12, IL-15, IFN-y and TNF-a and thus activate
cellular immunity;

2. Th2 lymphocytes, which synthesize anti-in-
flammatory cytokines such as IL-4, IL-5, IL-6, IL-10, IL-13,
and participate in humoral immunity;

3. Th17 lymphocytes, which synthesize mainly
IL-17. These cells protect against pathogens by synthe-
sizing IL-8 and thus mobilizing neutrophils to the site
of inflammation. In addition, Th17 lymphocytes damage
their own cells and tissues in various autoimmune dis-
eases [41]. On the one hand, as shown above, VDR-medi-
ated activation inhibits Th17 lymphocytes and, accord-
ingly, tissue damage in immune inflammation, which
complicates treatment with immune checkpoint inhibi-
tors; on the other hand, VD enhances PD-L1 expression
on both epithelial and immune cells, which is reflected
in their synergistic effect;

4. in Treg lymphocytes (T-suppressors), which
have a specific CD4*CD25*FOXP3* phenotype. Treg cells
synthesize IL-10, TGF-f and are functional antagonists
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of Th1, Th2 and Th17 lymphocytes [42]. The main func-
tion of Treg cells is to prevent autoimmune reac-
tions [43]. Moreover, Treg lymphocytes express CTLA-4
[44] and PD-1 [45].

In addition, another type of T-helper subpopula-
tion is distinguished - the so-called Th3 lymphocytes
with immunoregulatory and immunosuppressive func-
tions, which are induced by the introduction of a foreign
oral antigen. TGF-f is the main anti-inflammatory cyto-
kine of these cells.Th3 cells have been described as CD4*
FOXP3--requlatory T cells, i.e.,, unlike the well-char-
acterized Treg cells, Th3 lymphocytes do not express
the FOXP3 transcription factor [46]. It is still unclear how
the D,-VDR complex acts on Th3 lymphocytes.

As mentioned above, the D,-VDR complex inhibits
IL-12 synthesis by macrophages and DCs. As a result,
ThO lymphocytes differentiate not into Th1 but into Th2
lymphocytes [47]. Treatment of T lymphocytes with VD
promotes suppression of the synthesis and secretion
of proinflammatory cytokines by Th1 lymphocytes (IL-2,
IFN-y, TNF-a) [48], and also initiates the secretion of an-
ti-inflammatory cytokines by Th2 lymphocytes (IL-3, IL-
4, IL-5, IL-10) [47]. Moreover, proliferation and homing
of CD4* T cells to lymph nodes is significantly reduced
as a result of suppression of E-selectin ligand synthesis
in endothelial cells after ligand-associated activation
of VDR [49].

It has been shown that higher levels of VD can in-
duce a variety of anti-inflammatory functions, including
an increase in Treg cell numbers. In addition, experi-
mental studies have shown that other small molecules,
including retinol, niacin, and short-chain fatty acids, can
potentiate Treg cell functions. However, the relationship
between VD therapy and changes in Treg cell numbers
or function in patients or healthy volunteers has not
been clearly defined [50].

B-lymphocytes are similar to T lymphocytes and are
susceptible to the action of VD. On the one hand, VD di-
rectly inhibited the differentiation and proliferation
of B lymphocytes in patients with SLE [51]. However,
on the other hand, ligand-associated activation of VDR
did not have a direct effect on B lymphocytes, sup-
pressing their proliferation and differentiation, but only
an indirect effect, by inhibiting active T lymphocytes.
As a result, either the functional activity of B lympho-
cytes decreased, which was manifested by a decrease
in the synthesis of IgM and IgE, or B cells died complete-
ly as a result of apoptosis [52].

In summary, it can be concluded that key cells
of the immune system, such as monocytes, macro-
phages, dendritic cells, T- and B-lymphocytes, are sus-
ceptible to ligand-associated activation of VDR, which
is reflected in the dynamics of cytokine synthesis
and modification of their receptors as a result of the in-
teraction of the D,-VDR complex with the correspond-
ing target genes. In addition, the active D,-VDR complex
helps to reduce the concentration of proinflammatory
cytokines (IL-1, IL-6, IL-12, IL-17, etc.) as a result of inhi-
bition of their biosynthesis and, conversely, to increase
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the concentration of anti-inflammatory cytokines (IL-3,
IL-4, IL-5, IL-10 and IL-13). This cytokine rearrangement
is a mirror image of the effect of the active D,-VDR ge-
nomic complex on the polarization of naive ThO lympho-
cytesintoTh1 and Th17 cells and naive ThO lymphocytes
into Th2 and Treg lymphocytes. The above-mentioned
effects of ligand-associated VDR activation may contrib-
ute to a decrease in the incidence of various immune
and autoimmune reactions, primarily Th1-dependent,
and may also contribute to the alleviation of the patient’s
clinical symptoms. In reality, the immune complex ef-
fect of ligand-associated VDR activation on the immune
system is undoubtedly deeper and more multifaceted,
and it remains to be studied.

3. Potential relationship of the D,-VDR complex
with immune checkpoint receptors

The immune checkpoint family is one of the key el-
ements of the regulatory link of the immune response.
According to the literature, the ICP family consists
of several main proteins. First of all, these are the pro-
grammed cell death receptor PD-1 and the programmed
cell death ligand PD-L, as well as the cytotoxic protein
CTLA4. On the one hand, these ICP receptors are sus-
ceptible to the effects of various viruses, as well as neo-
plastic cells, which ultimately leads to the suppression
of antiviral and antitumor immunity, respectively [53].
On the other hand, ICP inhibitors in the form of various
drugs open up new prospects not only in the immuno-
therapy of tumor processes, transplant immunity, aller-
gies, but also in the control of autoimmune processes.

T-lymphocyte is activated as a result of the si-
multaneous action of two key signals. First of all, this
is the binding and interaction of proteins expressed
on the surface of effector cells, namely the T cell receptor
(TCR) of the lymphocyte with MCH antigen-presenting
cells (APQ), respectively, which is necessary for the spec-
ificity of the immune response. At the same time, the in-
teraction of the CD28 protein expressed on the surface
of the T-lymphocyte occurs in a similar way with CD80
(B7-1) or CD86 (B7-2) on the surface of APC, resulting
in the formation of a secondary costimulatory signal
that ensures the maintenance of the primary signal.
However, the absence of the secondary signal contrib-
utes to the development of anergy or apoptosis of the T
lymphocyte [54].

ICT proteins, along with other receptors and cyto-
kines, provide a fine mechanism for regulating cytotox-
ic lymphocytes during their activation upon interaction
of TCR with the peptide associated with MHC class I.
At the same time, as a result of the interaction of PD-L
on the surface of the target cell with PD-1 on the surface
of T cells, two important events occur. First, the “switch-
ing off” or even death of the T-lymphocyte, and second,
the survival and preservation of the target cell. This “res-
cue” mechanism also has two opposite outcomes. First
of all, a positive outcome is associated with the sup-
pression of the development of autoimmune aggres-
sion, while a negative outcome is used by tumor cells



to protect themselves from antitumor immune surveil-
lance [55].

The PD-1 protein (CD279) is one of the best known
ICT proteins, which is expressed on immunocompetent
cells such as monocytes, macrophages, DCs, natural kill-
ers, T and B lymphocytes. The PD-1 protein, together
with the complementary ligands PD-L1 (CD274 or B7-
H1) and/or PD-L2 (CD273 or B7-DC), forms the B7:CD28
receptor family, which contains inhibitory tyrosine-con-
taining amino acid sequences (ITIM, immunoreceptor
tyrosine-based inhibition motif) in the intracellular do-
main [56]. In addition, activated TCR on the T-lymphocyte
surface potentiates PD-1 expression, while induction
by type | and Il IFN molecules together with JAK2-as-
sociated proteins increases PD-L1 expression [57]. Thus,
PD-1 protein and VDR are expressed on the same cells,
which indirectly confirms their relationship.

As a result of binding and interaction of the PD-1 re-
ceptor with its ligand PD-L1 and/or PD-L2, an intracellu-
lar signal is generated that stimulates phosphorylation
of two sequences - ITIM and ITSM (immune receptor ty-
rosine-based switch motif) - with subsequent activation
of two phosphatases: SHP-1 and SHP-2 (Src homology
region 2 domain-containing phosphatase) [58]. In turn,
SHP-1 and SHP-2 suppress phosphorylation of the PI3K/
Akt (phosphoinositide 3-kinase/protein kinase B) signal-
ing pathway, association of ZAP-70 (Zeta-chain-associat-
ed protein kinase 70) and the CD3{ complex, which leads
to «switching off» of TCR on the surface of the T lympho-
cyte. On the one hand, T-cell inactivation is manifested
by a decrease in their proliferation and functional activity,
which is manifested in the form of a decrease in the syn-
thesis of key cytokines, such as IL-2 and IFN-y, on the oth-
er hand, their death occurs through apoptosis, which
is a consequence of the inhibition of transcription fac-
tors NF-kB and AP-1 (activator protein 1). Similar effects
in T-cells are caused by the D,-VDR-RXR complex. Thus,
itis possible that the potential relationship between vita-
min D and ICT lies in the activation of the listed intracel-
lular signaling pathways.

At the same time, cytotoxic T-lymphocyte-associat-
ed protein 4, also known as CTLA4 (CD152), is also ex-
pressed on the T-lymphocyte surface. CTLA-4 competes
with the CD28 receptor for the B7 family ligand: B7-1
(CD80) and B7-2 (CD86). Upon binding to the B7 ligand,
the activated CTLA-4 complex inhibits T-lymphocyte
activation [59]. In addition, CTLA4 leads to the suppres-
sion of the downstream PI3K/Akt, cyclin D,, CDK4/CDKs,
and NF-kB pathways, thereby altering T-lymphocyte dif-
ferentiation [60]. Ligand-associated activation of VDR has
a similar inhibitory effect on NF-kB. At the same time, VD
stimulates the PI3K/Akt pathway [61], unlike CTLA-4.

Based on modern scientific data, in addition
to T lymphocytes, PD-1, PD-L1/2 and CTLA-4 are also
expressed by tumor cells, thus suppressing neoplastic
immune surveillance [62]. As an “antidote”, correspond-
ing monoclonal antibodies to ICT proteins were cre-
ated, which neutralized the negative impact of malig-
nant cells on the functions of T lymphocytes as a result
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of their “reanimation”. These monoclonal antibodies are
widely used in practical medicine.

Macrophages also express ICT proteins, name-
ly PD-1. According to recent studies, PD-1 expression
is more specific for the anti-inflammatory M2 phe-
notype of macrophages. Moreover, anti-PD-1 thera-
py can redirect macrophages from the M2 phenotype
to the M1 phenotype [63]. Therefore, immune blockade
of PD-1 will provoke an increase in phagocytosis activ-
ity and a decrease in tumor volume. At the same time,
the active D,-VDR complex transforms macrophages to-
wards the tolerogenic M2 phenotype, which suggests
a synergistic effect of VD with the PD-1 molecule.

In particular, the anti-inflammatory cytokines IL-10
and IL-4 stimulate PD-L1 expression on monocytes and PD-
L2 expression on DCs [64]. Since the D,-VDR complex in-
creases the synthesis of IL-10 and IL-4, it is likely that it will
also increase the expression of PD-L1 and PD-L2, respec-
tively, but most likely indirectly (through intracellular sig-
naling pathways) rather than directly. On the other hand,
in severe COVID-19, vitamin D administration, on the con-
trary, inhibited PD-L1 expression [65]. Finally, itis not entire-
ly clear how the D,-VDR-PD-L1 axis and the D,-VDR-PD-L2
axis, as well as the D,-VDRCTLA-4 axis, play a gatekeeper
role in the immunoregulation of cancer, autoimmune
and allergic processes, which requires further research
in this area.

4. Modern concepts of productive granulomatous
inflammation and potential points of application
of the D_-VDR complex in its implementation

Immune granuloma (the most common type
of granuloma) is a HRT IV involving T-helpers (CD4")
and macrophage cells. First, monocytes differentiate
into mature macrophages and DCs. Then, APCs (macro-
phages, DCs) phagocytose the pathogen, cleave it into
epitopes, then bind them to MHC class Il in the Bjork-
man cleft and present them on their surface to naive
CD4* lymphocytes. After contact with the epitope, ThO
lymphocytes differentiate into Th1 lymphocytes under
the influence of macrophages synthesizing IL-12. Acti-
vated Th1 lymphocytes synthesize IFN-y, the main cyto-
kine of granulomatous inflammation [66].

At the cellular level, the key to the pathogenesis
of granuloma is the differentiation of monocytes into
mature macrophages [67]. This process can be deter-
mined histologically (a threefold increase in the size
of the cell and its organelles, a corrugated cytoplasmic
membrane) and microscopically (the appearance of ves-
icles and granules in the cytoplasm) [68], as well as im-
munohistochemically, since monocytes express mainly
CD14 and CD16 on their cell surface, while macrophages
express CD14, Cd11b, CD68, MAC-1 and MAC-3, EMR1
and Lysozyme M [69]. In addition, the D,-VDR complex
influences the differentiation of monocytes, promoting
their differentiation into M2-phenotype macrophages,
which express PD-L1 [70]. On the other hand, ligand-as-
sociated activation of VDR suppresses M1-phenotype
macrophages, although these data are contradictory.
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Theodor Langhans first described multinucleated
giant cells (MGCs) in his studies of tuberculosis over 150
years ago, and these cells were posthumously named
Langhans giant cells in his honor. Like epithelioid cells,
MGCs can be identified histologically by their charac-
teristic morphology: three or more nuclei of the same
shape within a cell. Macrophages isolated from various
tissues can differentiate into MGCs in vitro [71], as well
as in the presence of IL-4 or IL-13, GM-CSF (granulo-
cyte-macrophage colony stimulating factor) + IL-4,
IFN-y + IL-3, or mycobacterial glycolipids [72]. Thus, MGC
formation is specific only to macrophages. On the other
hand, it is completely unclear how the D,-VDR complex
promotes MGC formation in immune granuloma.

Several subpopulations of T lymphocytes can
be found in immune granulomas: CD4* effector T cells,
CD4* regulatory T cells, and CD8* cytotoxic T-cells. De-
pending on the etiology of the granuloma, different types
of polarized effector CD4* cells can be identified, such
as Th1,Th2, Th3, or Th17 lymphocytes (e.g., Th1 and Th2
cells are detected in tuberculosis and schistosome gran-
ulomas, respectively) [73]. In addition, T lymphocytes,
along with monocytes, express VDR [74] and PD-L1 [62].

Among all cytokines, IFN-y and TNF-a are most
closely associated with granuloma formation. Both
IFN-y and TNF-a play a critical role in granuloma forma-
tion. The main function of these cytokines in tubercu-
lous granuloma is to increase the bactericidal capacity
and survival of macrophages and, thereby, to maintain
the cellular integrity of the granuloma [75]. In addi-
tion, binding of PD-1 to its ligand PD-L1 and/or PD-L2
contributes to a decrease in IFN-y production by T lym-
phocytes, similar to the effect of the D,-VDR complex.
At the same time, the mechanism of the relationship
between ligand-associated activation of VDR and these
signaling pathways is not entirely clear.

Ligand-associated activation of VDR inhibits
the production of IFN-y, lymphotoxin, IL-2 and prolif-
eration of certain T-lymphocyte subsets [76]. In vitro
studies have shown that 1,25(0H)2 D, stimulates pro-
liferation, differentiation and transformation of mono-
cytes into epithelioid cells [77]. On the other hand, VD
inhibits the differentiation of macrophages into DCs
and the maturation of the latter, while stimulating their
apoptosis [78]. Thus, the effects of ligand-associated ac-
tivation of VDR on granuloma development are ambig-
uous. In addition, to date, there are no data on the re-
lationship between the D,-VDR complex and immune
checkpoint proteins (PD-1, PD-L, CTLA), which requires
further research in this area.

CONCLUSION

Thus, according to the literature, ligand-associated
activation of VDR initiates both genomic and extrage-
nomic effects. These effects are mediated by the D_-VDR
complex. The absence, deficiency or structural defect
of any of the components of the complex (D, or VDR)
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disrupts the functioning of its components and the im-
plementation of “classical” and “non-classical” effects.
Among the “non-classical” effects, special attention
is paid to the action of VD on the immune system, which
is manifested in general by an anti-inflammatory vector
with the implementation of effects on antigen-present-
ing cellsand lymphoid cells, including indirectly through
the signaling pathways of immune checkpoints. The im-
munocorrective effects of calcitriol have opened up new
possibilities for the therapeutic use of VD and its ana-
logues (e.g., paricalcitol) to control autoimmune dis-
eases associated with excessive synthesis of cytokines
and the formation of autoreactive immune cells. In ad-
dition, the D,-VDR complex stimulates cell differentia-
tion and has antiproliferative activity, which may play
a key role in inhibiting tumor processes. This is probably
the result of the relationship between ligand-associat-
ed activation of VDR and immune checkpoint proteins
(PD-1, PD-L, CTLA), which remains unexplored and seems
to be a promising direction for further research.
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ABSTRACT

Background. Fatal familial insomnia is a rare genetically determined neurodegener-
ative disorder from the group of prion diseases. Its main cause is the autosomal domi-
nant D178N mutation of the PRNP gene, which leads to the synthesis of the pathologi-
cal prion protein PrP.

The aim. Using the example of a clinical case to describe an example of the early onset
of fatal familial insomnia in a teenager, a clinical example of its management.
Materials and methods. Female patient V., 16 years old, of hyposthenic constitution,
undernourished, with negative family history (multiple sclerosis in her paternal grand-
mother) for the first time consulted a neurologist in Tver for the complaints of superfi-
cial sleep, shortened to 4-5 hours, unspecific pain all over the body, periodic numbness
in the upper limbs. Six months later, retardation of speech and movements, changes
in gait, and intentional tremor occurred; sleep was shortened to 2 hours. In the future,
the teenager lost the ability to independently maintain the vertical body position,
the ability to walk without assistance, speech was reduced to syllable answers to ques-
tions. In order to verify the diagnosis and to carry out differential diagnosis with other
neurodegenerative diseases, the girl underwent auxiliary research methods: detection
of antibodies to nuclear antigens, magnetic resonance imaging, computer electroen-
cephalography, polyexomal genome sequencing.

Results. Based on the anamnesis, complaints, clinical picture and results of genetic re-
search the final diagnosis of fatal familial insomnia was made. Due to the lack of etio-
logical and pathogenetic therapy, the patient was subsequently provided with pallia-
tive medical care. The fatal outcome occurred 19 months after the onset of the disease.
Conclusions. The presented clinical case reflects the complexity of managing patients
with rare genetic diseases, confirms the need for mandatory polyexomal genome se-
quencing in order to verify the diagnosis, which allows timely palliative care.
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PE3IOME

O6ocHoeaHue. DamanvHas cemeliHas 6ecCOHHUYA — pedKoe eeHemuuecku demep-
MUHUpOBAHHOE HelipoOezeHepamusHoe paccmpolcmeo U3 2pynnbl NPUOHHBIX 3d-
6onegaHull. OCHOBHOU NPUYUHOU e20 B03HUKHOBEHUS A8JIAeMCA aymoCOMHO-00MU-
HaHmHaa mymayus D178N eeHa PRNP, npugodAawaa K cuHme3sy namoJsio2u4yecko2o
npuoHHozo 6esika PrP.

Lene. Ha npumepe KuHUYeckozo cjy4ds onucame npumMep paHHezo 0ebroma ¢a-
mansHoU cemeliHOU 6eCCOHHUUbLI Y NOOPOCMKA, KIIUHUYECKUU npumep e20 8e0eHUs.
Mamepuansi u Mmemoosl. [layueHmka B., 16 lem, 2unocmeHUYeCcKo20 MesloC/IoXe-
HUA, NOHUXeHHO20 NUMAHUSA, C OMA20WEHHOU HacredcmeeHHocmeto (y 6abywku
no JIUHUU omya — paccesiHHbIl CKlepo3) enepabie obpamunacs K Hegposnozy 2. Teepb
C Xas06amu Ha NOBEPXHOCMHbIU, YKOPOUYEHHbIU 00 4-5 4acos coH, 60/1u Hecheyugu-
UeckKo20 xapakmepa 8o 8CéM meJsie, nepuoduyeckue oHeMeHUs 8 8ePXHUX KOHeYHO-
cmsax. Cnycms nosieo0a npucoeouHUIUCL 3dMOPMOXEHHOCMb 8 peyu U 08UXEHUSX,
u3MeHeHUe NOXOOKU, UHMEHYUOHHbIU mpeMop, COH yKopodeH 00 2 4acos. B dasb-
Heliwem noOpOCMOK ympamusi CNOCO6HOCMb K CAMOCMOAMesbHOMY NOOOEPXKAHUIO
8epMUKA/IbHO20 NOJIOXKEHUS meJid, CNOCOOHOCMb X00UMb 6e3 NOCMOpPOHHel NOMO-
WU, peyn bbiia ceedeHa K 00HOC/IOXHbLIM omeemam Ha sonpocsl. C yesbio sepugu-
Kayuu 0uazHo3a u ouggepeHyuanbHol OudzHOCMUKU C UHbIMU hopmamu Helipoode-
2eHepamueHbix 3a60/1e8aHUli NOOPOCMKY NPOBOOUIUCL BCNOMO2AaMesIbHble Memoobl
uccn1e008aHuUA: onpedesieHUe Haau4yus aHmumern K S0epHbiM aHMu2eHam, MazHuUm-
HO-Pe30HAaHCHAs MoMo2pagus, KOMNblOMepHAs 3/1eKmpo3Huedpanozpagpus, nosu-
3K30MHOE CeK8eHUpOB8aHue 2eHOMA.

Pesynemamel. Y4umeoleas aHamHe3, xanobbl No0poCcmKa, MHO2006pasue K/uHuye-
CKUX nposeneHuli 3a60/1e8aHUsA, a Makxe pe3ysbmamel NOUIK30MHO20 CEKBEHUPO-
8aHUA 2eHOMa, bbl1 nocmassieH OKOHYaMesibHbIl OudeHo3 amasnbHol cemeliHoU
beccoHHUUbI. Bsudy omcymcmeus smuonozudeckoli U namozeHemuyeckol mepa-
nuu 6osbHoU 8 dasbHeliweM 0KA3bI8aaacy NAIUAMUBHAS MeOUUYUHCKAA NOMOWb.
JlemarnbHeil ucxod Hacmynus yepes 19 mecsiyes nocsie 0ebroma 3a60/1e8aHUS.
Bb1800bI. PaccmompeHHbIl KnuHUYeckul cayyal ompaxaem C/10XKHOCMb gede-
HUA nayueHMos ¢ pedKUMU 2eHemuy4ecKUMU 3a60/1e8aHUAMU, noomeepxoaem
Heobxo0uUMocme 06A3amesibHO20 NposedeHUA NOTUIK3OMHO20 CeK8eHUPOBAHUSA
2eHOMd C Yesibio sepugukayuu 0uazHo3d, 4Ymo No380Jigem c80espeMeHHO OKA3bl-
8aMb NAZIUAMUBHYIO NOMOWb.

Knioyesble cnoea: pamaneHas cemeliHas 6ecCOHHUUA, NPUOHHHbIE 3a60/1e8aHUS,
6es1IKu-npuoHsl, HelipoOezeHepauus

Ona untuposaHua: CopokoBunkosa T.B., Mopo3os A.M., Kpokosa A.H., HaymoBa C.A.,
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BACKGROUND

Prion diseases are a group of neurodegenerative
diseases that result from the conversion of the normal
prion protein PrPC, which has a predominantly a-helical
structure, into an abnormal form of the protein called
the PrPSc prion. This group of human diseases occurs
in most developed countries of the world with a fre-
quency of 1-1.5 cases per 1 million per year. Among
them, fatal familial insomnia with an autosomal dom-
inant type of inheritance is distinguished, associat-
ed with a mutation in codon 178 (D178N) of the PRNP
gene, located on the short (p) arm of chromosome 20
at position p13 [1]. As a result of missense mutation,
normal aspartic acid (Asp) is replaced by asparagine
(Asn), which leads to neuronal degradation, prolifer-
ation of astrocytes and microglial cells, accumulation
of abnormal prion protein mainly in the anterior ven-
tral and mediodorsal thalamus nuclei, inferior olivary
nucleus, cerebellum and entorhinal brain cortex [2, 3].
Patients with fatal familial insomnia are more common
in the age group from 20 to 61 years, and it is equal-
ly common among men and women. The fundamental
symptom of this pathology is insomnia, and its sever-
ity correlates with the disease progression. Vegetative
dysfunction may manifest itself in attacks of high blood
pressure, episodes of tachypnea, hyperhidrosis, sexual
dysfunction, and persistent subfebrile body tempera-
ture. In terms of the motor system, the most common
are gait ataxia and myoclonus. In the area of cogni-
tive impairment, inhibition, decreased concentration,
and loss of short-term memory are prevalent. Dysarthria
and bulbar dysfunctions may appear at a later stage.
As the neurological deficit increases, changes in mental
status are added [4, 5].

The complexity of managing patients with fatal fa-
milial insomnia is associated with the absence of spe-
cific signs of the disease in routine diagnostic methods,
international standards of clinical diagnostic criteria,
and the insufficient scientific data for the development
of etiological and pathogenetic therapy [6, 71.

THE AIM OF THE STUDY

To describe an example of the early onset of fatal
familial insomnia in an adolescent, and a clinical case
of its management.

MATERIALS AND METHODS

Female patient V., 16 years old, of hyposthen-
ic constitution, undernourished, hereditary taint-
ed (multiple sclerosis in her paternal grandmother)
for the first time consulted a neurologist in Tver
in March 2019 for the complaints of sleep disorders,
periodic numbness in the upper limbs, persistent dry
cough, non-specific pain all over the body. It is known
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from the anamnesis that the first symptoms appeared
in January 2019. According to the mother, against
the background of a stressful situation in the family,
the adolescent’s sleep duration shortened to 4-5 hours,
and parasomnias associated with the REM sleep, such
as nightmares and dysphoria appeared. By the end
of February, the patient began to complain of senso-
ry disturbances, manifested by episodes of numbness
in the upper limbs, non-specific pain all over the body,
not related to physical activity, stress, or medication,
and an obsessive dry cough.

Upon examination, the patient is hyposthenic, un-
dernourished, skin and visible mucous membranes are
of physiological color and moderate humidity. Vesicular
breathing occurs in all parts of the lungs. Heart sounds
are clear and rhythmic. Blood pressure is 110/75 mm Hg.
Pulse is symmetrical, rhythmic, of satisfactory filling
and tension, 96 beats per minute. The musculoskeletal
system is normal. Urination and stool are not impaired.
Neurological status: in the cranial nerves - horizontal
nystagmus in extreme leads. Muscle tone is slightly
reduced in the upper limbs. Tendon reflexes are brisk.
In the Romberg pose, there is mild static ataxia.

Neurometabolic  therapy  (gamma-amino-be-
ta-phenylbutyric acid hydrochloride 250 mg) and in-
tramuscular injections of a vitamin complex containing
thiamine disulfide, pyridoxine hydrochloride, and cya-
nocobalamin were prescribed.

In March, the patient was admitted to the neu-
rology department of the regional hospital to clarify
the diagnosis and treatment. The previously described
symptom complex is joined by non-specific, constant
pain in the back of the neck, non-systemic dizziness,
and persistent increase in body temperature to 37.5 °C.
Magnetic resonance imaging (MRI) with a power of 1.5T
did not reveal any pathology of the brain. Examination
for systemic diseases showed the presence of antibod-
ies to nuclear antigens - 0.2 units (with the norm being
0 units); other indicators were normal. A decision was
made to continue the course of neurometabolic therapy
in combination with therapeutic exercise and magnetic
therapy for the neck area. A consultation with a psycho-
therapist was conducted and the presence of a depres-
sive disorder was diagnosed; an antidepressant (es-
citalopram oxalate 5 mg) was added to the treatment
regimen - showing no positive clinical effect. The neu-
rologist transferred the patient to a tranquilizer (medaz-
epam 10 mg) and a nootropic (hopantenic acid 250 mg),
but the condition remained without positive dynamics.

Five months after the onset of the disease,
the adolescent’s sleep was shortened to 2 hours; speech
and movement retardation, changes in gait such
as obsessive short stepping movements when stop-
ping, and intention tremor were observed. A second
course of medazepam (15 mg) was prescribed, which
led to sleep extension to 12 hours, but upon awakening,
an attack of derealization occurred: the child did not un-
derstand where she was, what day and time it was, did
not recognize the surrounding environment and spoke



phrases unrelated to the environment. The neurologi-
cal status includes rest and action tremor (ability to walk
independently is preserved), eyelid tics, ataxia, noisy
sighs and vocalizations, diplopia, poor speech, mainly
monosyllabic sentences. All therapy was discontinued.
The patient was referred for a psychiatrist consultation,
and borderline state of dissociative personality disorder
was diagnosed. Neuroleptic treatment was prescribed -
quetiapine fumarate 25 mg.

Six months after the onset of the disease, clinical man-
ifestations are supplemented by obsessive head move-
ments, non-specific pain in the lumbar region, and acute
urinary retention. The patient was hospitalized, a sec-
ond MRI scan with intravenous contrast was performed,
but no specific data was found to determine the cause
of the disease. The patient was diagnosed with undiffer-
entiated hereditary degenerative disease of the central
nervous system. During the patient’s inpatient treatment,
an episode of confusion was noted, symptoms of acute
psychosis with attacks of depersonalization and dereal-
ization, autoaggression, chaotic movements, echolalia,
and lack of insight into her condition appeared. Psychoc-
orrection was carried out without pharmacological sup-
port. Discharged home for outpatient supervision.

In September 2019, the child’s condition wors-
ened: the patient lost weight to 47 kg, pelvic disorders
in the form of daytime and nighttime enuresis, encopresis
appeared. Due to progressive degenerative symptoms,
she was referred to the neurology department of a federal
hospital. There are medium-swinging horizontal nystag-
mus in extreme abductions in the area of cranial inner-
vation. Positive symptoms of oral automatism (probos-
cis and nasolabial). In the motor-reflex sphere: impaired
gait, astasia-abasia, the patient walks only with support,
moves in small steps, during examination involuntarily
moves the upper and lower limbs. Notable muscle hypot-
rophy is observed. Muscle strength is reduced in the low-
er limbs to 4 points. Muscle tone is altered according
to the plastic type, the “cogwheel” symptom is noted
in the upper limbs. Tendon reflexes from the upper limbs
are high, with expansion of zones without a clear differ-
ence between the sides, from the lower limbs - are not
evoked. Inconstant Babinski's symptom on the right.
The patient does not manage to stand in the Romberg
pose, sits with support. Intention on both sides during
the finger-hammer test. There are pelvic organ dysfunc-
tions in the form of periodic urinary retention and incon-
tinence, constipation. Hyperhidrosis is observed, facial
expression is poor, the patient answers questions pas-
sively, the answers are scanty. Speech is quiet, hyperla-
lia with a nasal tint. Pharmacological therapy was pre-
scribed, including a multivitamin complex, valproic acid
(300 mg), levocarnitine (1 ml), phenobarbital (25 mg).
Discharged for residential treatment.

Twelve months after the onset of the disease,
the child’s condition remained severe. The patient'’s
weight was 35 kg, body mass index was 14 kg/m?. Upon
examination: consciousness was confused, a forced po-
sition in bed was noted, accompanied by obsessive,
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fanciful movements of the limbs and trunk. The skin
was pale gray, clean, there were periorbital dark circles
on the face. Speech was still impaired, the patient an-
swered questions with difficulty, used monosyllabic sen-
tences. General hyperhidrosis with accompanying distal
hyperthermia was observed. She could not sit or walk
independently, movement was possible only with sup-
port. Pelvic organ functions were also impaired: stool
with a tendency to constipation, dysuric phenomena
in the form of urinary retention.

To verify the diagnosis, the patient underwent diag-
nostic tests. Thus, electroencephalographic monitoring
showed slow forms of theta-range activity of 6 Hz, reg-
istered in all parts of the cerebral hemispheres, without
regional differences.

General blood and urine analysis revealed no pa-
thology. Polyexome genome sequencing revealed
a mutation in the second exon of the PRNP gene, leading
to the pAsp178Asn substitution, associated with fatal fa-
milial insomnia.

RESULTS AND DISCUSSION

Taking into account the anamnesis, complaints
of the adolescent, the diversity of clinical manifesta-
tions of the disease, as well as the results of polyexome
genome sequencing, the final diagnosis was: fatal famil-
ial insomnia. Due to the lack of etiological and pathoge-
netic therapy for this disease, the patient subsequently
received palliative medical care. The fatal outcome oc-
curred 19 months after the onset of the disease.

According to literature data, patients with fatal fa-
milial insomnia are more common in the age group
from 20 to 61 years, and life expectancy varies from 7
to 72 months [8]. In the described clinical case, the on-
set was diagnosed in a 16-year-old girl; patients with fa-
tal familial insomnia in adolescence have not been pre-
viously reported.

The presented clinical case demonstrates the am-
biguity and multifaceted nature of clinical manifesta-
tions of fatal familial insomnia, which confirms the need
to use unified diagnostic criteria. Thus, a clear diagnos-
tic hierarchy was established, which included: organic
symptoms associated with sleep in the form of intracta-
ble insomnia; decreased cognitive abilities in the form
of progressive dementia; the appearance of halluci-
nations, delusional disorders, depression; dissociative
identity disorder; weight loss of more than 10 kg over
the past 6 months. The determining diagnostic crite-
ria remained a positive family history with existing in-
somnia and data genome from polyexome sequencing
with the identified mutation of the PRNP gene [9].

CONCLUSION

The clinical case reflects the complexity of man-
aging patients with rare genetic diseases, in particular
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with fatal familial insomnia, associated with the ab-
sence of specific changes during typical diagnostic pro-
cedures (MRI, EEG) and standards of etiopathogenetic
therapy, which confirms the need for mandatory poly-
exome genome sequencing and detection of the D178N
mutation to verify the diagnosis, allowing timely provi-
sion of palliative care.
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INFECTIOUS DISEASES

ABSTRACT

Introduction. Influenza remains a serious viral infection in children and has con-
sequences for the organism.

The aim of the study. Toanalyzethe lipid peroxidation products and antioxidant de-
fense (AOD) components level in children of two age groups with seasonal influenza.
Materials and methods. We examined 141 children aged from 1 month to 6 years
with a diagnosis of influenza (subgroup 1 — 1 month — 2.11 years (n = 78); sub-
group 2 - 3-6 years (n = 63)), 47 children of control group (subgroup 3 — 1 month -
2.11years (n=17); subgroup 4 - 3—6 years (n = 30)). Spectrophotometric, fluorometric
and statistical methods were used.

Results. In subgroup 1 of children with influenza, there were higher levels of com-
pounds with double bonds (p = 0.001), conjugated dienes (CDs) (p < 0.0001),
ketodienes and conjugated trienes (KD and CT) (p = 0.004); in subgroup 2 of chil-
dren with influenza - increased values of CDs (p < 0.0001), KD and CT (p < 0.0001)
and thiobarbituric acid reactants (p < 0.0001) compared to the control. The AOD
system in subgroup 1 was characterized by a decrease in the level of a-tocopherol
(p < 0.0001), retinol (p < 0.0001) and higher oxidized glutathione (GSSG) values
(p = 0.002) compared to the control. Children of subgroup 2 had lower values
of the level of a-tocopherol (p < 0.001), retinol (p = 0.012) and total antioxidant
activity (p < 0.0001) and higher values of GSSG (p = 0.035) compared to the control.
Conclusion. In children with influenza, regardless of age, there is a higher level
of production of lipid peroxidation indicators, a lack of fat-soluble vitamins and high-
er values of oxidized glutathione than in healthy children.

Key words: influenza, children, lipid peroxidation, antioxidant defense

For citation: KazantsevaE.D., Darenskaya M.A., Rychkova L.V, Petrova A.G.,SemenovaN.V.,
Kurashova N.A., Grebenkina L.A., Kolesnikova L.I. Lipid peroxidation — antioxidant defense
system in children with seasonal influenza. Acta biomedica scientifica. 2024; 9(3): 95-101.
doi: 10.29413/ABS.2024-9.3.9
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PE3IOME

BeedeHue. [punnocmaémcs cepbé3Hol 8upycHol uHgekyuelly demeti u umeem
nocnedcmaus 0719 300p08bs.

Lens uccnedosaHus. poaHanuzuposame yposeHb NPOOYKMO8 nepeKucHo20
OKUCJIeHUSA JTUNUO08 U KOMNOHEeHMo8 dHMuoKcudaHmHou 3aujumel (AO3) y 0emeli
08YX 803pAdCMHbIX 2pyNnn, 60JIbHbIX CE30HHLIM 2PUNNOM.

Mamepuanel u memoowbl. O6cnedosaH 141 pebéHok 8 8o3pacme om 1 mecaua
00 6 iem c duazHo3om 2punn (1-a nodzpynna —om 1 mecsiya 0o 2,11 200a (n = 78);
2-1 nodepynna — 3-6 nem (n = 63)); 47 demeli KOHMpPoObHOU 2pynnesi (3- NOO-
2pynna — om 1 mecaya 0o 2,11 200a (n = 17); 4-1 nodepynna — 3-6 iem (n = 30)).
Wcnone3osanuce cnekmpogpomomempudeckue, prryopomempuyeckue U cmamu-
cmuyeckue Memoosl.

Pe3synomamel. B 1-(i noozpynne demet c 2punnom ommeyanuce 6osiee 8bicOKUe
YpOBHU coeOuHeHul ¢ 080UHbIMU c8a3amu (p = 0,001), OueHOB8bIX KOHBI2aMO8
(4K) (p < 0,0001), kemoodueHos u conpsxéHHbix mpueHos (K4 u CT) (p = 0,004);
80 2-Ui no02pynne demeli ¢ 2punnomM — nogslweHHsle 3HadeHus K (p < 0,0001),
K u CT (p < 0,0001) u TbK-akmugHbix npodykmos (p < 0,0001) 8 cpasHeHuUU
¢ koHmposem. Cucmema AO3 8 1-Ui nodz2pynne xapakmepu308a1dcb CHUXEHUEM
ypo8Ha a-mokogpepona (p < 0,0001), pemurona (p < 0,0001) u 6osee 8bIcCOKUMU
3HAYeHUAMU OKUC1eHHOo20 2lymamuoHa (GSSG) (p = 0,002) no OmHOWeHUo K KOH-
mposo. Y 0emel 2-U nodzpynnsl ommeyasnuce bosiee HU3KUE 3Ha4eHUs YPOBHs
a-mokogpepona (p < 0,001), pemuHona (p = 0,012), o6wel aHmuokuciumesibHou
akmugHocmu (p < 0,0001) u nogbiweHHbie 3Ha4yeHUA GSSG (p = 0,035) 8 cpasHeHUU
C KOHMPOJIEM.

3aknoyeHue. Y demeli npu epunne He3asuCcUMo om 803pdcmad ommeyaromcs
60os1ee 8bICOKUL, YeM y 300p0o8bix Oemel, yposeHb NPOOYKMO8 IunonepoKcuoa-
Yuu, HedoCMamokK XupopacmeopuMblX 8UMAMUHO8 U NOBblWeHHble 3HaYeHUs
OKUCJ1IeHHO20 2JlyMmamuoHa.

Knroueeavble cnoea: 2punn, 0emu, nepexkucHoe oKucaeHue unudos, AHMUOKCU-
0aHmMHas 3awuma

AnauyntupoBaHma: KasaHuesa E.[., JapeHckasa M.A., PoiukoBa J1.B., MeTpoBa A.l., Cemé-
HoBa H.B., Kypawosa H.A., IpebeHkmHa J1.A., KonecHukoBsa J1.U. MepekncHoe okucneHne
NMNUAOB — CMCTEMa aHTUOKCUAAHTHOW 3alWTbl y AeTell C Ce30HHbIM rpunnom. Acta
biomedica scientifica. 2024; 9(3): 95-101. doi: 10.29413/ABS.2024-9.3.9
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ABBREVIATIONS

AOD - antioxidant defence

CDs - conjugated dienes

DB - double bounds

GSH - reduced glutathione

GSSG - oxidized glutathione

KD and CT - ketodienes and conjugated trienes
LPO - lipid peroxidation

OS - oxidative stress

SB - Schiff basis

SOD - superoxide dismutase

TAA - total antioxidant activity
TBARs — thiobarbituric acid reactants

INTRODUCTION

Influenza remains a pressing acute respiratory viral in-
fection, which causes significant social and economic dam-
age to public health [1]. Influenza and influenza-like infec-
tions are comparable in scale of damage to traumas, cardio-
vascular diseases and malignant neoplasms [2]. The influen-
za virus is characterized by seasonal circulation; small chil-
dren, the elderly, people with weakened immune system
and people with chronic diseases are at risk and have a high
susceptibility to this disease [3]. The number of sick chil-
dren during the epidemic period exceeds 30 %, the prob-
ability of illness and the risk of severe course in children
is 1.5-3 times higher than in adults [4]. The influenza virus
has significant genetic variability, which reduces the ef-
fectiveness of existing vaccines and limits the therapeutic
possibilities due to the emergence of new strains resistant
to standard therapy [3]. The emergence of a new corona-
virus infection caused by SARS-CoV-2 requires new diag-
nostic and therapeutic options, especially in risk groups,
since influenza viruses and SARS-CoV-2 are both RNA vi-
ruses [2]. In the pathogenetic mechanisms of the infectious
process during influenza, of great importance is the non-
specific defense system: lipid peroxidation-antioxidant de-
fense (LPO-AQD) [5].

The role of LPO has been proven in the phagocyto-
sis and destruction of microorganisms, in the metabolism
of some xenobiotics, and in the synthesis of some biolog-
ically active substances, in particular prostaglandins [6-
8]. Because hydroperoxides act as primary stable products
in the oxidation of unsaturated fatty acids of phospholip-
ids, this process is called peroxidation. Subsequently, per-
oxidative degradation of phospholipid molecules occurs,
which changes the conformation of the cell membrane
and lipoproteins [9]. Excessive synthesis of lipid peroxida-
tion products is prevented by the antioxidant defense sys-
tem, the main elements of which are antioxidants — sub-
stances that inhibit or reduce the intensity of free radical
oxidation, neutralizing free radicals, exchanging their hy-
drogen atom for the oxygen of free radicals [10, 11]. Cur-
rently, the study of this process is very relevant and the role
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of oxidative stress in children of different ages and in vari-
ous pathological conditions (arterial hypertension, chron-
ic gastroduodenitis, influenza, cholelithiasis, pyelonephri-
tis, metabolic syndrome, type 1 diabetes mellitus) has been
proven [12, 13]. Despite the available research, there are very
little data on changes in this system in children with influ-
enza in a comparative age aspect.

THE AIM OF THE STUDY

To analyze the lipid peroxidation products and anti-
oxidant defense components level in children of two age
groups with seasonal influenza.

MATERIALS AND METHODS

We examined 141 children diagnosed with influenza
who were hospitalized at the Irkutsk Regional Infectious
Diseases Clinical Hospital from 2018 to 2019; the average
age of the patients was 2.87 £ 0.9 years. In the control group
(n = 47), the average age of patients was 3.13 £ 1.1 years.
In the main group, patients were divided into subgroups:
subgroup 1 - 1 month - 2.11 years (n = 78); subgroup 2 -
3-6 years (n = 63)), control group: subgroup 3 - T month -
2.11 years (n = 17), subgroup 4 — 3-6 years (n = 30).

When working with case histories, the following
were assessed: gender, age of a child, duration of hospi-
talization, main diagnosis, concomitant diagnosis, pres-
ence of complications, nature and duration of the main
clinical symptoms, general and biochemical blood tests,
verification of the influenza virus by polymerase chain
reaction.

Gender structure of patients with influenza:
70 (52 %) boys and 64 (48 %) girls; average age - 3 years.
In the structure of influenza incidence, influenza A (HTN-
1sw2009) serotype predominated - in 76 % of cases, influ-
enza A (H3N2) made 16 %. In the structure of concomitant
diagnoses, a significant place belongs to acute intestinal in-
fection - 16 % (of rotavirus and noravirus etiology), atop-
ic dermatitis was notes in 2 % of cases, hypochromic ane-
mia —in 6 %, enterobiasis was observed in isolated cases.

The structure of complications of the underlying dis-
ease: acetonemic vomiting syndrome or ketoacidosis syn-
drome was observed in 12 % of cases, pneumonia was de-
tected in 16 %, obstructive bronchitis — in 2 %. The average
length of hospitalization was 5 + 1.6 days.

The clinical picture of seasonal influenza had the fol-
lowing characteristics: 66 % of children had a runny nose,
84 % had dry cough, 92 % had fever, and 38 % of children
had complaints of intoxication. Apathy and drowsiness
were observed in 44 % of patients, weakness was observed
in 34 %, decreased appetite in 26 %, headaches bothered
8 % of children, pain in muscles and joints was not observed
in anyone. Sore throat and pain when swallowing were not-
ed by 6 % of children, abdominal pain and diarrhea were ob-
served in 8 % of children, vomiting - in 28 %, convulsions -
in 4 %, ear pain and dizziness - in 1 % of children.
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The nature of rhinitis in 72 % of cases was mucous,
the duration of the runny nose was 5 + 2.48 days. The na-
ture of the cough in 84 % of cases was dry; 6 % of children
had wet cough, duration - 5 + 1.5 days. The median body
temperature during fever was 38.5 + 0.68 °C, the duration
of fever was 2 + 1.45 days. Pharyngeal hyperemia was ob-
served in 96 % of cases.

The study was conducted in accordance with the Dec-
laration of Helsinki of the World Medical Association (1964,
ed. 2013) and approved by the Biomedical Ethics Commit-
tee at the Scientific Centre for Family Health and Human Re-
production Problems (Extract from meeting No. 8.4 of No-
vember 2, 2018).

The research materials were plasma and serum. The S-
monovette dipotassium ethylene diamine tetraacetic acid
(K3-EDTA) blood collection system (Sarstedt, Germany)
was used for venous blood collection (10 mL). The analysis
was conducted after overnight rest of subjects, blood was
taken on an empty stomach, between 8.00 and 9.00 a. m.Im-
mediately after collection, blood was centrifuged at 1500x g
for 10 min to separate the plasma from the erythrocytes.
Plasma was taken, and the erythrocytes were washed
three times in cold saline solution (0.9 % NaCl, w/v). Then,
the erythrocytes were hemolyzed by adding 9 volumes
of cold 50 mM phosphate buffer of pH = 7.4 (v:v). Samples
were kept frozen at the temperature of —40 °C until use.

Theintensity of the lipid peroxidation processes was as-
sessed by the content of unsaturated double bonds (DB), pri-
mary products — conjugated dienes (CDs), and secondary —
ketodienes and conjugated trienes (KD and CT) products
by the method of I.A. Volchegorskiy et al. (1989) [14], based
on the intensive absorption of conjugated diene structures
by lipid hydroperoxides in the range 220, 232 and 278 nm.
The content of end products - thiobarbituric acid reactive
substances (TBARs) and Schiff basis (SB) — was determined
in the reaction with thiobarbituric acid in the range 532
and 440 nm using the fluorimetric method of V.B. Gavrilov
etal. (1987) [15]. Total antioxidant activity (TAA) was evalu-
ated by the method of G.I. Klebanov et al. (1988) [16]. To eva-
luate TAA, a model system, which is a lipoprotein suspen-
sion of chicken egg yolk that allows to evaluate the ability
of blood serum to inhibit the accumulation of TBARs in sus-
pension, was used. LPO was induced by adding FeSO ,*7H,0.
The content of reduced and oxidized glutathione (GSH
and GSSG) was determined by P.J. Hissin, R. Hilf (1976) [17],
the activity of superoxide dismutase (SOD) was measured
using the method of H.P. Misra, |. Fridovich (1972) [18]. Con-
centrations of a-tocopherol and retinol were determined us-
ing the method of R.Ch. Chernyauskene et al. (1984) [19].
The method provides for the removal of substances that pre-
vent determination by saponification of samplesin the pres-
ence of large amounts of ascorbic acid and extraction of un-
saponifiable lipids with hexane, followed by fluorometric
determination of the content of a-tocopherol and retinol.
At this, a-tocopherol has intense fluorescence with maxi-
mum of excitation atA =294 nm and radiation atA=330 nm;
retinol at A = 335 and A =460 nm.

Plasma was analyzed to determine the levels of lipid per-
oxidation products (DB, CDs, KD and CT, TBARs, SB) and an-
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tioxidant defense factors (TAA, a-tocopherol, retinol). SOD,
GSH, and GSSG were estimated in erythrocytes.

The measurements were carried out using a spectro-
photometer SF-2000 (Russia), a spectrofluorophotometer
BTS-350 (Spain) and fluorate 02 ABFF-T (Russia).

The work was carried out using the equipment
of the Center for the Development of Advanced Personal-
ized Health Technologies of the Scientific Centre for Family
Health and Human Reproduction Problems, Irkutsk.

To analyze the obtained data, the statistical package
Statistica 10.0 (StatSoft Inc., USA) was used. To determine
the proximity to the normal law of distribution of quantita-
tive characteristics, a visual-graphical method and Kolmogo-
rov — Smirnov agreement criteria with the Lilliefors and Sha-
piro — Wilk correction were used. Equality of common var-
iances was tested using Fisher’s test (F-test). The nonpara-
metric Mann — Whitney test was used to analyze intergroup
differences for independent samples. The critical signifi-
cance level was set at 5 % (0.05).

RESULTS AND DISCUSSION

The obtained data are presented in Table 1.

Data analysis in children with seasonal influenza in age
group 1 showed statistically significantly higher values
of compounds with unsaturated DB, CDs, KD and CT com-
pared to the corresponding control (Table 1).

In the group of children of age group 2 with influen-
za, the differences concerned increased values of CDs,
KD and CT and TBARs (Table 1).

The AOD system in age group 1 of children with influ-
enza was characterized by lower levels of a-tocopherol, reti-
nol and higher values of GSSG (Table 1).

Children of age group 2 had lower values of a-tocopherol,
retinol, total AOA and higher values of GSSG (Table 1).

No statistically significant differences were obtained
between different age groups of children with influenza.

In the formation of homeostasis of any living or-
ganisms, LPO-AOP processes play an important role,
which has been proven by numerous scientific studies [7,
20].In a healthy body, two processes occur in parallel in all
cellsand membranes: on the one hand, itis LPO and the for-
mation of free radical metabolic products; on the other
hand, it is a powerful antioxidant defense [20]. Hyperacti-
vation of these processes leads to the formation of oxida-
tive stress, which is of significant importance in the patho-
genesis of infectious diseases [21]. LPO metabolites lead
to proliferation of cells of the immune system, accumula-
tion of neutrophils at the site of inflammation, change sur-
face receptorsin macrophages, and increase the expression
of adhesion molecules on endothelial cells [7]. The death
of the infectious agent in the pathogenesis of inflammato-
ry reactions is possible only if one’s own tissues are dam-
aged at the site of injury. As a result of free radical oxida-
tion, damage to mitochondrial membranes and nuclear
structures of cells occurs, this in turn leads to the destruc-
tion of blood vessels and barrier mechanisms at the cellu-
lar level, resulting in the development of a disease with in-



TABLE 1

LEVELS OF LPO PRODUCTS AND AOD COMPONENTS IN CHILDREN OF TWO AGE GROUPS WITH SEASONAL INFLUENZA,

ME (Q1; Q3)

Parameters

DB, units

CDs, umol/L

KD and CT, units

TBARSs, pmol/L

SB, units

retinol, umol/L

a-tocopherol, pmol/L
TAA, units

GSSG, mmol/L

GSH, mmol/L

SOD activity, units

Control
(1 month -
2.11 years)

(n=17)

1

1.54 (1.22; 1.80)

1.19(0.96; 1.38)

0.47 (0.28; 0.80)

1.03(0.92; 1.33)

0.04 (0.03; 0.05)

1.75(1.63; 1.97)

10.00 (9.47; 11.74)

16.43 (8.87; 26.28)

1.86 (1.56; 2.22)

2.42(2.11;2.65)

1.56 (1.55; 1.60)

Influenza
(1 month -
2.11 years)

(n=178)

2

2.46 (1.68;3.18)

2.30 (1.68; 3.25)

0.76 (0.48; 1.36)

1.47 (0.83; 2.01)

0.05(0.03; 0.09)

1.23(1.08; 1.58)

6.28 (5.30; 7.46)

12.15 (8.62; 15.94)

2.33(2.23;2.57)

2.34(2.24;2.52)

1.61(1.57; 1.68)

Control Influenza
(3-6 years) (3-6 years)
(n=30) (n=63) p
3 4
1.94 (1.68; 2.18) 2.23(1.48;3.01) p,_,=0,001
_ . p,_, <0,0001
1.00 (0.82; 1.38) 2.33(1.44;3.12) P, , <0,0001
_ . p,_,=0,004
0.37 (0.24; 0.66) 0.74(0.42; 1.14) p, . <0,0001
0.82(0.62; 1.13) 1.55 (1.08; 2.06) P5_, < 0,0001
0.05 (0.04; 0.06) 0.07 (0.03;0.12)
_ . p,_, <0,0001
1.32(1.14; 1.88) 1.22(0.95; 1.51) P, =0012
867(6.351022)  6.27 (5.05;7.47) Py < 0,0001
P5_, < 0,001
18.01(14.68;26.81) 12.20(8.27; 15.76) P34 < 0,0001
. . p,_,=0,002
1.96 (1.69; 2.46) 2.32(2.12; 2.55) p,.=0035

2.52(2.24;2.66)

1.56 (1.52;1.59)

2.33(2.27;2.58)

1.60 (1.55; 1.64)

Note. p - statistically significant differences between groups with influenza and control groups.

flammatory, toxic and autoimmune mechanisms in patho-
genesis [22, 23]. The synthesis of various other metabolites
leads to persistent changes in the composition of biomem-
branes, the development of a serious imbalance in the LPO-
AOD system, and they further have a damaging effect on
healthy cells of the body.

We have shown an increase in the content of lipid per-
oxidation products in children with seasonal influenza, re-
gardless of the child’s age. It is known that the end prod-
ucts of lipid peroxidation can change the functional activ-
ity of phagocytes, inhibit the biosynthesis of superoxide
radicals by neutrophils, slow down phagocytosis in mono-
cytes and neutrophils, having pronounced chemotactic
activity [24]. The described changes are possible under
conditions of a significant deficiency of antioxidant sub-
strates. In our study, we found a pronounced deficiency
of fat-soluble vitamins in children with seasonal influen-
za, regardless of age. At the same time, in young children
there was an increase in the oxidized form of glutathione,
and at the age of 3-6 years - a decrease in the total anti-
oxidant activity of blood serum. Fat-soluble vitamins (to-
copherols and retinol) are present in the fat layer of cell
membranes and are able to neutralize free radicals [19]. Al-
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pha tocopherol is the biologically most active of the toco-
pherols; it limits free radical reactions, being a donor of hy-
drogen ions, like ascorbate. Due to its lipophilicity, the to-
copherol molecule has the ability to integrate into the li-
pid layer of cell membranes, providing membrane protec-
tive and membrane stabilizing effects. Alpha-tocopherol
can maintain the functional integrity of the outer plasma
membrane of cells, can participate in the mechanisms of tis-
sue respiration in mitochondria, regulate the functioning
of cell enzyme systems, thereby preventing LPO activity
[24]. The greatest antioxidant properties among retinol pre-
cursors has beta-carotene; it has conjugated double bonds
and is capable of rapid oxidation using free radical oxida-
tion mechanisms [25]. When antioxidant defense is sup-
pressed, free radical damage occurs to various cell struc-
tures and tissues [26, 27].

The results of our study are confirmed by literature
data. It is known that in uncomplicated forms of influen-
za A among pediatric patients, there is a decrease in AOD
and a significant increase in LPO processes, depending
on the severity of the clinical course of the viral infec-
tion. In patients with influenza A who had complications
in the form of viral-bacterial pneumonia, AOD is signifi-
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cantly weakened, and LPO processes are very active [26].
It was previously studied that influenza produces reactive
oxygen species of mitochondrial origin, which destroys lung
epithelial cells, leading to their histopathological damage.
Pore-forming toxins produced as a result of necroptosis fur-
ther aggravate the damage to lung tissues and structures,
while creating a breeding ground for the spread of patho-
genic bacteria [27]. The use of drugs with antioxidant prop-
erties in the treatment of viral infections, in particular influ-
enza in children, can lead to the elimination of necroptosis
and reduce the severity of the disease complicated by a sec-
ondary bacterial infection [27, 28].

Thus, the study confirms the importance of lipid peroxi-
dation processes in the pathogenesis of infectious patholo-
gy, including the formation of complicated and uncompli-
cated forms of seasonal influenza in children.

CONCLUSION

In conclusion, we would like to note that there are high-
er rates of primary, secondary and end products of lipid
peroxidation, and a pronounced lack of fat-soluble vita-
mins in children with seasonal influenza, regardless of age.
In young children, higher levels of the oxidized form of glu-
tathione were observed, in 3-6 years old children - re-
duced production of antioxidant factors. In connection
with the changes in the LPO-AOD system identified in our
study, we recommend implementing measures aimed
at correcting the above indicators, namely, prescribing
medications with antioxidant properties for the treatment
of children with seasonal influenza.
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ABSTRACT

Therapeutic drug monitoring is the practice of measuring the concentration of a drug
in patient’s biological fluids to assess the effectiveness and safety of drug therapy.
The results of determining the drug level in biological fluids can also indicate noncom-
pliance of therapy regimen and low adherence to therapy.

The aim. To compare the concentrations of some antiretroviral drugs (lopinavir, ri-
tonavir, lamivudine, abacavir, zidovudine) in children living with HIV infection of dif-
ferent age groups.

Methods. We examined 184 children with perinatal HIV infection who underwent
therapeutic drug monitoring of nucleoside reverse transcriptase inhibitors (lamivu-
dine, abacavir, zidovudine) and protease inhibitors (lopinavir, ritonavir). Children
were divided into four age groups. Group 1 included children 1-2 years old (n = 7);
group 2 - children 3-5 years old (n = 14); group 3 - children 6-11 years old (n = 78);
group 4 — children 12-17 years old (n = 85). The concentration of antiretroviral drugs
in blood plasma was determined using high-performance liquid chromatography
with mass selective detection.

Results. The lowest lopinavir concentration was found in children 12-17 years old
(3782 [2117-5046] ng/ml), which was statistically significantly different from the sim-
ilar values in children 6-11 years old (5614 [3521-7264] ng/ml; p = 0.011). For other
antiretroviral drugs, no statistically significant differences in blood plasma concen-
trations were found in children of different age groups.

Conclusion. The lowest lopinavir concentrations are detected in children older than
11 years. For the other studied antiretroviral drugs, this pattern was not revealed.

Key words: antiretroviral therapy, HIV infection, therapeutic drug monitoring, children
and adolescents, adherence
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PE3IOME

Tepanesmudyeckul 1iekapcmeeHHbIlU MOHUMOPUH2 — NPAKMUKA U3MepeHUsA KOHUEeH-
mpayuu sekapcmeeHHo20 npendapama 8 6uosio2udeckUx XUOKocmax nayueHma
0719 OUeHKU 3¢hhekmusHocmu u 6e3onacHocmu siekapcmeeHHoU mepanudu.
Pe3ynemamel onpedeneHus yposHa 1eKapcmeeHHO20 Npenapama 8 6uoo2u4ecKux
XKUOKOCMAX MAKXe MOo2ym yKa3sl8ams HA HECOOTI00eHUE pexXUMA JIeYeHUs U HU3KYHO
npusepxeHHOCMb K mepanudul.

Lens uccnedosanusa. CpasHUMb KOHUEHMpAyuu HEKOMopbIX aHMupemposupyc-
HbIX Npenapamos (I0NUHAasup, pumoHasup, 1amusyouH, abakasup, 3udosyouH) y de-
med, )xusywux ¢ BU4-uHgekyuel, 8 pasHblx 803pdCmMHbIX 2pyNnnax.

Memooebi. O6criedosaHo 184 pebéHka c nepuHamasneHol BUY-uHgpekyuel, komopsim
nposedéH mepanesmuyeckull 1eKapcmeeHHbIli MOHUMOPUH2 HyK/1e03UOHbIX UH2U-
6umopos ob6pamuol mpaHckpunmasel (HNOT) (namusyduH, abakasup, 3u008youH)
U UHeubumopos npomeassl (TonUHABUP, pumoHasup). lemu pasdeneHsl Ha 4 803-
pacmueie epynnel. B nepayto epynny eksodeHs 0emu 1-2 1em (n = 7); 80 8mopyto —
demu 3-5 iem (n = 14); 8 mpemesio — demu 6-11 iem (n = 78); 8 yemeépmyio — demu
12-17 nem (n = 85). KoHyeHmMpayuo aHmupemposupycHbIx Npenapamos 8 niame
Kpo8u onpedesissiu MemooOM 8bICOKOIEHeKmMuU8BHOU XUOKOCMHOU XxpoMamoezpaguu
¢ macc-cesiekmusHoU 0emekuyued.

Pesynemamel. Camas HU3KAa KOHUeEHMpayus /IonuHasupa ewiseseHa y oemel
12-17 nem (3782 [2117-5046] He/mMs1), Komopasa cmamucmuy4ecku 3HGYUMO OmJiu-
uanace om aHano2u4Ho20 nokazamesns demel 6-11 nem (5614 [3521-7264] He/ mii;
p = 0.011). jna Opyaux aHmupemposupycHbiX NPeNnapamos He 8biA8/IeHO CMamu-
CMuYecku 3Ha4uMelX pasnuyuli KoHyeHmpayuli 8 niasme kposu y demetl pasHbix
803pPACMHbIX 2pynn.

3aknoyenue. Camble HU3KUE KOHUEHMPAYUU JIonuHagupa demekmupytomcs y oe-
mel cmapwe 11 nem. [jna Opyaux usy4aembix aHMuUpemposupycHbiX hpenapamos
0aHHoU 3aKOHOMEPHOCMU He 8bls8J1eHO.

Kniouyeswlie cnosa: aHmupemposupycHaa mepanus, BUY-uHpekyus, mepanesmu-
yeckuli iekapcmeeHHbIl MOHUMOPUHe, 0emu U NOOPOCMKU, NpUBEPXKEHHOCMb

Ana uyutnposBaHua: Cambanosa A.lO., bavposa T.A., benbcknx A.B., MaHaeHkoBa TJ1.,
bensesa E.B., Epwosa O.A., HemunHoBa H.B., MnotHukosa tO.K., KonecHnkosa J1.U.,
Pbiukosa J1.B. JlekapCTBEHHbIN MOHUTOPUHI aHTUPETPOBMPYCHbIX NPenapaToB y AeTen
¢ nepuHatanbHon BUY-nHoekynen. Acta biomedica scientifica. 2024; 9(3): 102-110.
doi: 10.29413/ABS.2024-9.3.10
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INTRODUCTION

According to estimates by the Joint United Nations
Programme on HIV/AIDS (UNAIDS); in 2022 there were
1.5 million children under 15 years of age living with HIV
worldwide [1]. The World Health Organization (WHO)
has recommended combination antiretroviral therapy
(ART), a combination of three drugs that leads to long-
term suppression of the virus, which has made it pos-
sible to significantly reduce mortality and increase life
expectancy in children with HIV infection [2].

Early initiation and high adherence to antiretrovi-
ral therapy provide maximum suppression of HIV rep-
lication, reduce viral accumulation in cells, and help
maintain immunological function that supports normal
growth and development in children living with HIV
[3-7]. Poor adherence and non-adherence to the ART
regimen for just a few weeks can lead to loss of effica-
cy of the regimen and selection of strains resistant not
only to the given drug combination, but also, possibly,
to other antiretroviral drugs (ARVs) that the patient was
not prescribed (cross-resistance) [8].

Ahighlyinformative method forassessingadherence
is measuring the concentration of drugs and/or their
metabolites in the blood, urine and other biological flu-
ids, i.e. therapeutic drug monitoring (TDM). In people
living with HIV infection, TDM is a laboratory method
for monitoring the effectiveness and toxicity of ARVs,
and involves the analysis of failures in the absence of vi-
ral resistance and non-compliance with the pharmaco-
therapy regimen. Moreover, the identification of subop-
timal ARVs concentrations allows for timely correction
of therapy, thereby avoiding the formation of drug-re-
sistant strains of the virus [3].

Thus, TDM as a method for assessing adherence
and evaluating the characteristics of ARV metabolism
helps prevent the progression of HIV infection.

THE AIM OF THE STUDY

To compare the concentrations of antiretroviral
drugs (lopinavir, ritonavir, lamivudine, abacavir, zidovu-
dine) in children of different age groups living with HIV
infection.

MATERIALS AND METHODS

The study included children and adolescents
aged 1 to 18 years with perinatal HIV infection. A to-
tal of 184 patients registered at the Irkutsk Regional
Center for the Prevention and Control of AIDS and In-
fectious Diseases (I0OC AIDS) were examined from Jan-
uary 2019 to March 2022. A more detailed description
of the study groups and data collection is published
in our previous article [9].

According to the clinical guidelines for the treatment
of HIV infection in children (2020), the drug dose was

calculated taking into account the child’s weight or body
surface area using the Mosteller formula (mg/m?). All chil-
dren and adolescents were divided into four age groups
depending on the preferred, according to the clinical
guidelines “HIV infection in children” (2020), age-spe-
cific antiretroviral drug regimens [10]. In the first age
group of children (= 1 year and < 3 years), the ART reg-
imen included lopinavir (n = 5), ritonavir (n = 5), lami-
vudine (n =7), abacavir (n = 5), zidovudine (n = 1). Chil-
dren in the second age group (> 3 years and < 6 years)
were prescribed lopinavir (n = 11), ritonavir (n = 11),
lamivudine (n = 14), abacavir (n = 9), and zidovudine
(n = 1). The ART regimen for children in the third age
group (= 6 years and < 12 years) included lopinavir
(n = 54), ritonavir (n = 54), lamivudine (n = 70), abacavir
(n = 53), and zidovudine (n = 16). Children in the old-
er age group (= 12 years) were prescribed ART regi-
mens including lopinavir (n = 38), ritonavir (n = 38),
lamivudine (n = 59), abacavir (n = 25), and zidovudine
(n = 28). Information on ARVs and the duration of their
use is presented in table 1.

The frequency of prescribing the studied ARVs did
not differ in boys and girls. The viral load in children
of different age groups taking the analyzed antiretrovi-
ral drugs also did not have statistically significant differ-
ences. A comparative analysis of the duration of ARVs
intake revealed regular trends of increasing the dura-
tion of intake with increasing age of children. The short-
est period of taking antiretroviral drugs (in months) was
recorded in the youngest age group.

The study was conducted in accordance with the prin-
ciples of the World Medical Association’s Declaration
of Helsinki. Written informed consent was obtained
from the parents or legal representatives of all partici-
pants under 15 years of age, as well as directly from ado-
lescents aged 15 years and older. The study protocol was
approved by the local Ethics Committee of the Scientific
Centre for Family Health and Human Reproduction Prob-
lems (protocol No. 3 dated April 07, 2021).

Quantitation of antiretroviral drugs
in plasma

Blood sampling for determination of concen-
tration of antiretroviral drugs in blood plasma was
performed once during the next scheduled appoint-
ment. Patients and their legal representatives were
not informed in advance about the upcoming
blood sampling. To determine the concentration
of ARVs, a method of multiplex concentration assess-
ment using high-performance liquid chromatogra-
phy with mass-selective detection was developed.
The analytical standards of ritonavir, lopinavir, abaca-
vir, lamivudine and zidovudine prepared in accordance
with the American Formulary (United States Pharma-
copeia) and the European Pharmacopoeia were used
as compounds for identification of substances. All
organic solvents were of MS-grade/extra pure. Water
for preparation of eluent was prepared using the Ari-
um Mini Plus water purification system (Sartorious AG,
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TABLE 1

CHARACTERISTICS OF PATIENTS AT THE TIME OF DETERMINING THE CONCENTRATION OF ANTIRETROVIRAL

DRUGS IN BLOOD PLASMA

Characteristics Lopinavir Ritonavir Lamivudine Abacavir Zidovudine
Total (n = 184) 108 108 150 92 82
incl. girls, n (%)
> 1yearand < 3years (n=7) 3 (60 %) 3(60 %) 4 (57 %) 3(60 %) 0
> 3 years and < 6 years (n = 14) 7 (64 %) 7 (64 %) 9 (64 %) 4 (44 %) 1 (100 %)
> 6 years and < 12 years (n = 78) 25 (46 %) 25 (46 %) 35 (50 %) 24 (45 %) 8 (50 %)
> 12 years (n = 85) 18 (47 %) 18 (47 %) 33 (56 %) 13 (52 %) 18 (64 %)
Total girls, n (%) 53 (49.1 %) 53 (49.1 %) 81 (54 %) 44 (47.8 %) 27 (329 %)
p 0.7095 0.7095 0.7617 0.8849 0.3940
Duration of therapy (months), Me [Q1-Q3]
> 1 yearand < 3 years (n=7) 10 [6-11] 10 [6-11] 10[7.5-13.5] 10 [6-11] 16
> 3 years and < 6 years (n = 14) 34[21-52] 34[21-52] 42.5[26.2-53.8] 53 [47-57] 34
> 6 years and < 12 years (n = 78) 68.5 [48-92] 68.5 [48-92] 68 [48.2-86.8] 66 [48-83] 69 [47.5-104]
> 12 years (n = 85) 65[31-116] 65 [31-116] 36 [12-92] 47 [11-94] 40.5[26.2-110]
p 0.00027* 0.00027* 0.04771* 0.00766* 0.3171
Viral load (log, , copies/ml), Me [Q1-Q3]

> 1yearand < 3years (n=7) 0 [0-0] 0 [0-0] 0[0-1.3] 0[0-0] 2.6
> 3 years and < 6 years (n = 14) 0[0-2.15] 0[0-2.15] 0.95 [0-2.75] 0[0-2,3] 5.6
> 6 years and < 12 years (n = 78) 0[0-1.2] 0[0-1.2] 0[0-0] 0[0-0] 0[0-2.03]
> 12 years (n = 85) 0[0-2.3] 0[0-2.3] 0[0-2.5] 0[0-2,3] 0[0-2.4]
p 0.5718 0.5718 0.0895 0.5207 0.1668

Note. The x? test was used to compare groups by gender; for other parameters, the Kruskal — Wallis test was used; * - p < 0.05.

Germany). The chemical reagents used in the work met
the standard requirements for bioanalytical studies.
To prepare control and calibration solutions, a precise-
ly dosed amount of a solution of a mixture of analytical
standards was placed into a “blank” biological material
(pooled K2EDTA human blood plasma containing no
analyzed drugs). During the preparation of model mix-
tures, the original biomaterial was diluted by no more
than 5 % of its volume so that the resulting mixture
reflected the composition of real human blood as ac-
curately as possible. Chromatographic separation was
performed on a Shimadzu Nexera X2 system (Japan)
with two high-pressure pumps and gradient creation
on the high-pressure side. Analyte detection was car-
ried out using a LCMS-8060 triple-quadrupole tandem
mass spectrometer (Shimadzu, Japan) in the positive
ionization mode with a hybrid dual ionization source
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(DUIS) and the use of multiple reaction monitoring
(MRM).

Statistical analysis

Statistical analysis was performed using R studio,
a free and open-source software development envi-
ronment for the R programming language, designed
for statistical data processing and graphics.

The x? criterion is used to evaluate qualitative vari-
ables. The Kruskal - Wallis criterion was used to evaluate
differences in quantitative variables. The difference was
considered statistically significant at p < 0.05. When sta-
tistically significant differences were detected between
groups, a posteriori pairwise comparison was addition-
ally performed using the Mann - Whitney criterion.
The difference was considered statistically significant
with the Bonferroni correction (p < 0.0125).

Infectious diseases



RESULTS

A comparative analysis of the concentrations
of the studied antiretroviral drugs in different age
groups is presented in figure 1.

When comparing the concentration of lamivu-
dine in children of different age groups taking this
drug as part of a combination ARV regimen, no sta-
tistically significant differences were found (p > 0.05).
Thus, the median and interquartile range (Me [Q1-
Q3]) of the lamivudine concentration were 198 [186-
444] ng/ml in the first age group, 276 [142-1664] ng/
ml in the second, 400 [162-1708] ng/ml in the third,
and 494 [134-1279] ng/ml in the fourth. No statistical-
ly significant differences were found when comparing
the concentration of another nucleoside reverse tran-
scriptase inhibitor, abacavir: 16 [0-31], 1018 [58-1914],
128 [42.1-688], and 70.4 [6-402] ng/ml in the first, sec-
ond, third, and fourth age groups, respectively. A similar
trend was found for zidovudine in blood plasma. The first
and second age groups for zidovudine included one pa-
tient each, so it is impossible to calculate the median
and interquartile range for them. For the third group,

FIG. 1.

the zidovudine concentration was 10.5 [0-80.5] ng/ml,
for the fourth - 33.1 [3-115] ng/ml.

A different pattern was demonstrated for protease
inhibitor ARVs: the lowest median lopinavir concen-
tration was observed in the fourth age group (in chil-
dren over 11 years old) and amounted to 3782 [2117-
5046] ng/ml, which is statistically significantly lower
than the same indicator in the third age group (> 6 years
and < 12 years) - 5614 [3521-7264] ng/ml (p = 0.011).
The median lopinavir concentration in the first group
was 4872 [4765-5809] ng/ml, which is lower than
in the second group - 8024 [6339-9370] ng/ml, al-
though the difference did not reach statistical signifi-
cance (p > 0.05).

The lowest concentrations of ritonavir, as well
as lopinavir, were found in children of the fourth age
group - 212 [119-489] ng/ml, then in ascending order:
in the second group - 451 [223-797] ng/ml, in the first
group - 326 [311-510] ng/ml, in the third group -
290 [151-745] ng/ml (p > 0.05).

Next, we analyzed the frequency of occurrence
of undetectable concentrations of the studied ARVs
in children; the prescription regimen included the drugs

Comparison of antiretroviral drug concentrations in different age groups using pairwise method by the Mann — Whitney test; statisti-

cal significance with Bonferroni correction: * - p < 0.0125
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lopinavir, ritonavir, lamivudine, abacavir, and zidovu- Thus, when comparing ARVs concentrations be-

dine. The results are presented in table 2. tween samples of boys and girls, we did not find any
Of the ARVs analyzed, only 4.7 % of children had statistically significant differences.

undetectable plasma lamivudine concentrations, which

may indicate greater adherence to this drug. The high-

est frequency of children with undetectable concentra- DISCUSSION

tions was found for zidovudine, which may indicate that

children living with HIV infection may have low adher- To date, of the possible objective methods for labo-

ence to zidovudine. ratory assessment of patient adherence to antiretroviral
In age groups 1 and 2, no children were found therapy, the most widely used are viral load assessment

with undetectable concentrations of nucleoside re- and monitoring of CD3 and CD4 counts [10]. Howev-

verse transcriptase inhibitors (lamivudine, zidovudine) er, according to M.V. Akulova (2016), unsatisfactory

and protease inhibitors (lopinavir with ritonavir boost-  viral load and immune status indicators may indicate

er). Undetectable concentrations of abacavir were found  both patient non-adherence and an incorrectly select-

in children in all analyzed age groups and with a higher ed treatment regimen and the presence of viral resis-

frequency in children of older age groups. tance to certain ARVs. Measuring the concentration lev-
At the next stage, a comparative analysis of the con- el of drugs is more objective, since it confirms the fact

centration of five antiretroviral drugs in children of dif-  of taking the drug, but not its regularity. Moreover, ac-

ferent sexes was carried out, and the results are present-  cording to the author, the method is technically com-

ed in table 3. plex and has a high cost [11].

TABLE 2

NUMBER OF CHILDREN WHO HAD UNDETECTABLE CONCENTRATIONS OF ANTI-RETROVIRAL DRUGS, n (%)

Groups Lopinavir Ritonavir Lamivudine Abacavir Zidovudine
(n=108) (n=108) (n=150) (n=92) (n=46)

> 1 year and < 3 years 0 0 0 2(2.17 %) 0
> 3 years and < 6 years 0 0 0 1(1.08 %) 0
> 6 years and < 12 years 5 (4.63 %) 6 (5.55 %) 4 (2.67 %) 6 (6.52 %) 6 (7.3 %)
> 12 years 6 (5.55 %) 6 (5.55 %) 3(2%) 5(6.43 %) 7 (8.54 %)
Total 11(10.19 %) 12(11.11 %) 7 (4.67 %) 14 (15.22 %) 13 (28.26 %)
p 0.704 0.558 0.748 0.313 0.658

Note. The x* test was used to compare groups; differences are statistically significant at p < 0.05.

TABLE 3

COMPARATIVE ANALYSIS OF THE ANTIRETROVIRAL DRUGS CONCENTRATIONS IN CHILDREN OF DIFFERENT
SEXES (NG/ML)

Lopinavir Ritonavir Lamivudine Abacavir Zidovudine
Sex Me[Q1-Q3], P Me [Q1-Q3], 4 Me [Q1-Q3], P Me [Q1-Q3], p Me [Q1-Q3], p
n n n n n
4957 228 387 208 26,1
Male [2167-6804] [88-525] [114-1327] [19.5-1764] [3-158]
n=064 n=65 n=71 n=>51 n=20
0.3443 0.7769 0.7976 0.3544 0.324
4765 283 398 99,6 60,1
Female [454-7025] [20.5-625] [112-1622] [32.2-674] [8.5-376]
n=71 n=71 n=289 n=46 n=35

Note. The Kruskal - Wallis test was used for comparison; differences are statistically significant at p < 0.05.
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However, previous studies highlight the utility
of therapeutic drug monitoring in assessing adherence,
determining dosage, and predicting ARVs efficacy in chil-
dren living with HIV [12-16]. A 2002 review of 17 clinical
trials examining factors that contribute to ART success
or failure in children showed higher rates of virologic
efficacy (60-90 %) in patients who had adherence as-
sessed using TDM [17]. Other studies have questioned
the value of routine use of therapeutic drug monitoring
of ART in children and adolescents living with HIV. Other
studies have questioned the value of routine use of ther-
apeutic drug monitoring of ARVs in children and ad-
olescents living with HIV. A.E. Engelbrecht et al. retro-
spectively reviewed indications for antiretroviral TDM
requests at Tygerberg Children’s Hospital (Cape Town,
South Africa) from January 2012 to June 2017 and found
that the majority of TDM requests were in children
with suspected lopinavir non-adherence (83 % - 53 of 64
children), therapy inconsistency, and lopinavir-rifampi-
cin drug interactions. Plasma lopinavir concentrations,
although expected to be low for these indications, were
highly variable and were detected in the main therapeu-
tic range (> 1000 ng/ml) [18].

Lopinavir 1000 ng/ml has been shown to provide
adequate lopinavir exposure in ART-naive patients,
and this level is used as a target for TDM in both adults
and children [19]. Lopinavir/ritonavir (LPV/r) is li-
censed for use in children aged 14 days. Due to cardiac
and metabolic toxicity, and the risk of adrenal insuffi-
ciency, LPV/r should not be used in children aged < 14
days. Lopinavir can be administered as a liquid or tablet
formulation (for children weighing > 15 kg). LPV/r dos-
es of 230/57.5 mg/m? and 300/75 mg/m? are consistent
with US Food and Drug Administration (FDA) guidelines
[20] and have shown adequate efficacy and acceptable
toxicity in randomized trials [21]. However, concerns
have been raised about the established lopinavir expo-
sure levels achieved with the 230/57.5 mg/m? dose due
to the risk of viral resistance, particularly in children < 2
years of age who have increased lopinavir clearance. Be-
cause of these concerns, the 300/75 mg/m? LPV/r dose
is recommended for treatment-experienced children
of all ages, and the 230/57.5 mg/m? dose may be used
in treatment-naive children > 1 year of age. Furthermore,
N. Rakhmanina et al. concluded that the current LPV/r
dosing strategy for the ART-experienced appears ade-
quate for treatment of children infected with wild-type
virus butis unlikely to be sufficient for viruses with lopina-
vir resistance. Therefore, the authors conclude that
in such cases, patients would benefit from TDM and viral
resistance testing [22]. In a modeling study, J. Yang et al.
from the School of Pharmacy and Pharmaceutical Sci-
ences at the University of California observed the effects
of tablet formulations and aging on the effects of lopina-
vir. A sharp decrease in clearance with the onset was
noted in the first 2 years of life, and an increase in bio-
availability was observed when children were switched
from the liquid to the tablet form, indicating the need
to reassess the current dose of lopinavir [23].
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We conducted TDM in children and adolescents
living with HIV infection. Statistically significant differ-
ences in lopinavir concentrations were shown between
children from age groups 3 and 4: the lowest lopinavir
concentration was detected in children over 11 years
old and amounted to 3782 [2117-5046] ng/ml versus
5614 [3521-7264] ng/ml in the third group (p = 0.011).

We did not detect any differences in nucleoside re-
verse transcriptase inhibitors (lamivudine, abacavir, zid-
ovudine) concentrations in the different age groups an-
alyzed. Intracellular concentrations of some nucleoside
reverse transcriptase inhibitors are known to correlate
with markers of therapeutic efficacy, such as viral load
reduction and CD4 increase [24]. Measuring intracellu-
lar concentrations of the active compound is expensive
and labor-intensive, and therefore these concentrations
are not usually targeted for TDM except for research pur-
poses. Unfortunately, the dose or plasma concentration
of the parent compound correlates poorly with the in-
tracellular concentration of the active form of the drug
in the target cell [25].

It is known that adherence to ART in children and ado-
lescents depends largely on a number of factors, including
age, gender of the child, disclosure of information about
HIV status, attitude to treatment, complexity of treatment
regimens, mental health (of the child and caregiver), family
status (e.g., orphan status), timely visits to the clinic, as well
as residence in a rural or urban area [7].

CONCLUSION

Increasing adherence to ART is a relevant and global
task that allows reducing the further spread of HIV infec-
tion. One of the methods for assessing adherence to ART
is therapeutic drug monitoring, and its use in the present-
ed study made it possible to identify some factors influ-
encing adherence to therapy in children living with HIV
infection. Such factors include the patient’s age and an-
tiretroviral drug. Thus, it was shown that the highest fre-
quency of undetectable concentrations was found for zi-
dovudine, and the lowest — for lamivudine. Adolescents
have statistically significantly lower concentrations
of lopinavir than children of other age groups. We believe
that the comprehensive use of adherence assessment, in-
cluding therapeutic drug monitoring, will support efforts
to develop simplified safe and effective dosages of ARVs
in the pediatric population.
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ABSTRACT

Background. Despite the high evidence level of the currently existing international
recommendations on stable coronary heart disease (CHD) and chronic coronary
syndrome, their implementation in domestic clinical practice is insufficient.

The aim of the work. To analyze the choice of diagnostic tactics (non-invasive
and invasive) in patients with suspected obstructive coronary heart disease in real
clinical practice.

Methods. The study included outpatients with suspected obstructive CHD, in whom
the pre-test probability (PTP) of obstructive CHD was determined; if PTP = 5-15 %,
clinical probability was assessed based on CHD risk factors. Based on the results
of coronary angiography, the following groups were identified: group | - obstructive
lesion of the coronary arteries (= 70 %) (n = 50); group Il - non-obstructive lesion
of the coronary arteries (< 70 %) (n = 32); group Ill - intact coronary arteries (n = 40).
Results. According to the results of coronary angiography, the frequency of detection
of obstructive lesion of the coronary arteries was 42 % (in patients without past medi-
cal history of myocardial infarction — 31 %). Before performing coronary angiography,
non-invasive tests were performed in 2.5 % of cases. Pain in the chest was represented
by typical angina in 74 % of patients, with no difference in frequency in all groups. PTP
values were statistically significantly higher in the group with obstructive CHD (medi-
an - 32 %), however, in the other two groups, PTP values corresponded to a high risk
of obstructive CHD (median - 27 % and 21 %, respectively). PTP was an independent
predictor for obstructive CHD and subsequent myocardial revascularization.
Conclusion. In the cohort of outpatients with suspected coronary heart disease
we examined during invasive coronary angiography, the frequency of obstruc-
tive lesion of the coronary arteries remains low. Non-invasive tests were performed
in isolated cases, while PTP was an independent predictor for obstructive CHD
and subsequent myocardial revascularization. To increase the frequency of detection
of obstructive coronary heart disease, we should adhere to the diagnostic algorithms
of the European Society of Cardiology and make wider use of non-invasive imaging
tests.

Key words: chronic coronary syndrome, pre-test probability, clinical probability,
coronary angiography, clinical practice, diagnostic algorithm

For citation: Sumin A.N,, Starovoytova A.V.,, Shcheglova A.V.,, Gorbunova E.V.Contemporary
algorithms for diagnosing obstructive coronary artery disease in real clinical practice. Acta
biomedica scientifica. 2024; 9(3): 111-120. doi: 10.29413/ABS.2024-9.3.11

111

Cardiology



ACTA BIOMEDICA SCIENTIFICA, 2024, Vol. 9, N 3

COBPEMEHHbBIE AJITOPUTMbI AUATHOCTUKU OBCTPYKTUBHOW
MWWEMWNYECKOW BONE3HU CEPALA B PEAJIbHOW KJIMHUYECKOW NPAKTUKE

CymunH A.H.",
CrapoBontoBa A.B.%,
Lernosa A.B.,
lop6yHoBa E.B."?

! OIBHY «HayuHo-nccnefoBaTenbekuin
WHCTUTYT KOMMIEKCHBIX Npobnem
cepAeyYHO-CoCyanCTbIX 3ab6oneBaHniny
(650002, 1. KemepoBo, 6ynbB. UMeHN
akagemuka J1.C. bap6apalua, 6,

Poccun)

2 TBY3 «KemepoBCKmMil 0611acTHOM
KINMHUYECKUIA KapANONornyeckmi
AamcnaHcep nm. akagemuka J1.C.
Bap6apatua» (650002, r. KemepoBo, 6ynbB.
nmeHu akagemunka J1.C. bapbapalva, 6,
Poccus)

ABTOp, OTBETCTBEHHbI 3a Nepenucky:
CymunH Anekcein Hukonaesnu,
e-mail: an_sumin@mail.ru

Cratba noctynuna: 28.09.2023
Cratba npuHaTa: 27.05.2024
(ratbs ony6aukoBaHa: 15.07.2024

PE3IOME

O6ocHoeaHue. Hecmomps Ha 8bIcoKUll 00KazamesbHbIl ypoBeHb Cywecmayowux
Ha ce200HAWHUU 0eHb MeXOyHapoOHbIX pekoMeHOayuli no cmabusibHoU uwemuye-
ckol 6one3Hu cepoya (MbC) u XxpoHUYECKOMY KOPOHAPHOMY CUHOPOMY, UX 8HeOpe-
HUe 8 omeyecmeeHHYI0 KIIUHUYECKYI0 NPAKMUKY A8/19emca He00CMAamouYHbIM.
Lenb pabomel. [[posecmu aHaiu3s 8eibopa ouazHocmu4eckoli makmuku (HeuH8a-
3ugHoU U UHBA3zusHoUl) y nayueHmMos ¢ N00o3peHuUemM Ha 06CMpPYKMUBHYIO UwemMu-
yeckyto 60s1e3Hb Cepoya 8 peasibHol KAUHUYECKOU npakmuke.

Memooel. B uccnedosaHue 8kto4eHsl ambyiamopHsle nayueHmeol ¢ N0003peHuUemM
Ha o6cmpykmugHyto VIBC, y kKomopelx onpedesiaiu npedmecmosyto 8epoSsmHOCMb
(IMTB) o6cmpykmusHot MB6C; npu MTB = 5-15 % oyeHuUB8anu KIUHUYECKYIO 8epoAm-
HOCMb Ha ocHose ¢hakmopos pucka UBC. To pesynbmamam KopoHAapoaHauozpa-
¢uu (KAT) 6binu bideneHsl: epynna | — o6cmpykmugHoe nopaxxeHue KOPOHApHbIX
apmepuli (KA) (= 70 %) (n = 50); 2pynna Il - HeobcmpykmugHoe nopaxeHue KA (< 70
%) (n = 32); epynna lll - usmakmHeie KA (n = 40).

Pe3synemamel. [1o 0aHHbIM KA yacmoma evlfgsieHUs 06CmpyKmugHbIX nopaxke-
Hul KA cocmasuna 42 % (y 60/bHbix 6€3 UHhapkma muokapoa 8 aHamHese — 31
%). Meped nposedeHuem KAl HeuH8a3ugHele mecmel 8bINOJIHEHbI 8 2,5 % Cly4aes.
bonesgoli cuHopom 8 2pyOHoU Kremke 6bis1 npedcmassieH munu4yHol cmeHokapouel
y 74 % 60/1bHbIX, HE pa3/lIu4asce No yacmome 80 8cex 2pynnax. 3HavyeHus [N1TB 6binu
cmamucmuyecKku 3Ha4YuUMo 8biwie 8 2pynne obcmpykmusHol VIbC (meduaHa — 32
%), 00HaKo u 8 08yx Opyaux epynnax 3HayeHusA [1TB coomeemcmaosasnu 8bICOKOMY
pucky Hanu4usa o6cmpykmugHol M6C (meduaHa — 27 % u 21 % coomeemcmeeHHO).
[1TB 6b11a He3asucumbiM npedukmopom ob6cmpykmugHol MbC u nociedytoweli pe-
84CKynApU3AYUU MUOKApOd.

3aknryeHue. B 06¢1e008aHHOU HAMU Ko2opme amby1amopHbiX 60/1bHbIX ¢ NOOO-
3peHuem Ha I6C npu nposedeHuu uHeasugHol KAl yacmoma eeifeneHUa 06¢cmpyk-
MUBHbIX NOPAXKeHUU KOPOHAPHbIX apmepuli ocmaémca HegvicokoU. HeuHgasugHewle
mecmebl 6b171U NpoBedeHbl 8 eOUHUYHbIX C/Ty4dsax, 8 mo xe apems [1TB 6bina He3asu-
CUMbIM npedukmopom obcmpykmusHol VMbC u nocnedyrowel pesackynapusayuu
Muokapoa. [jna ygenudeHus 4acmomel 8viagaeHus obcmpykmusHol MbC cnedyem
npudepxxugameca duazHocmu4eckux anzopummos Egponelickozo obwjecmea kap-
0U0J10208, WIUPe UCNOIb308AMb HEUHBA3UBHbIE 8U3YA/IU3UpYIOWUEe mecmbl.

Knioueewle cnoea: xpoHudeckuli KOPOHApHbIU CUHOPOM, Nnpedmecmoesas eepo-
AMHOCMb, K/TUHUYECKAas 8epOsmMHOCMb, KOPOHAPHAS aHauo2pagus, KIUuHUYeckas
npakmuka, duazHocmuyeckuti anzopumm

Ona untupoBanma: CymnH A.H., CtaposoiiToBa A.B., Lernoea A.B., TopbyHoBa E.B.
CoBpeMeHHble anropuTMbl ANArHOCTUKU OGCTPYKTUBHOW MLLEMYecKo 6one3Hu cepa-
La B peanbHOI KNMHMYeCKon npakTuke. Acta biomedica scientifica. 2024; 9(3): 111-120.
doi: 10.29413/ABS.2024-9.3.11
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INTRODUCTION

In the diagnostics of coronary heart disease (CHD),
the following contradiction is currently unresolved:
on the one hand, early detection of obstructive lesions
of the coronary arteries (CA) is possible for carrying
out possible myocardial revascularization procedures;
on the other hand, with invasive coronary angiography
(ICA) in patients with stable CHD, the frequency of detec-
tion of such lesions remains low [1-4]. Thus, according
to data from a foreign national registry study, obstruc-
tive lesions of the CA were detected in 37.6 % of cas-
es [1], while in domestic publications the results vary
greatly depending on the cohort of patients examined
[2] and the criteria for coronary obstruction [5]. In gen-
eral, throughout Russia, only about 50 % of ICAs end
in myocardial revascularization [6], but it should be tak-
en into account that both emergency and planned ICAs
are considered, therefore the diagnostic effectiveness
of planned ICA in domestic centers apparently does not
differ from foreign data [2]. At the same time, in foreign
countries, diagnostic algorithms in real clinical practice
differed (wide use of non-invasive tests — both function-
al, with detection of myocardial ischemia, and anatom-
ical) from those used in most Russian clinics (clinical
assessment and electrocardiographic (ECG) stress test).
Although attempts were made in Russian centers to ex-
pand the range of non-invasive assessment in patients
with suspected coronary heart disease, they were not
very successful, and the frequency of such examinations
remained low [7, 8].

Apparently, the adoption of a new diagnostic algo-
rithm for CHD, presented in the 2019 European Soci-
ety of Cardiology (ESC) guidelines [9], can change this
situation. In any case, the recently published results
of the EURECA (European Registry of Cardiac Arrest)
showed that when these recommendations are fol-
lowed, the frequency of detection of obstructive coro-
nary artery lesions increases [10]. Several Russian cen-
ters also took part in this study, but these data have not
yet been published. Meanwhile, it is interesting to com-
pare the extent to which new diagnostic algorithms are
currently used. This served as the basis for this study,
and the purpose was to analyze the choice of diagnostic
tactics (non-invasive and invasive) in patients with sus-
pected obstructive coronary heart disease in real clini-
cal practice.

MATERIALS AND METHODS

In this cohort retrospective study, 133 patients
with suspected obstructive coronary artery disease
were selected using the continuous sampling method.
They visited the outpatient clinic of the Research In-
stitute for Complex Issues of Cardiovascular Diseases
in 2022 and were selected by cardiologists for ICA.

All patients underwent pain assessment (presence
of typical, atypical angina or non-anginal pain), as well
as dyspnea, assessed as equivalent to angina. Based
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on the results of pain assessment, age and gender, pre-
test probability (PTP) of obstructive coronary artery dis-
ease was determined in patients according to the table
proposed by the ESC experts [9]. In case of intermediate
PTP values (5-15 %), clinical probability of obstructive
coronary artery disease was assessed in patients based
on the presence or absence of coronary artery disease
risk factors (dyslipidemia, arterial hypertension, dia-
betes mellitus, smoking, heredity) [11]. Some patients
underwent non-invasive tests (stress echocardiogra-
phy (stress ECHO) with physical activity or computed
tomography (CT) angiography of the coronary artery)
at the discretion of the attending physician.

Ten patients (7.2 %) refused ICA; in one case (0.7 %)
the patient died before ICA. As a result, ICA was per-
formed in 122 patients, which constituted 91.7 %
of the entire sample. All patients underwent invasive
assessment of the coronary bed using an INNOVA 3100
angiographic apparatus (USA) using the standard tech-
nique. Based on the ICA results, three groups of patients
were identified depending on the hemodynamic signif-
icance of the coronary artery lesion: group | — obstruc-
tive coronary artery lesion (= 70 %; n = 50 - 36.0 %);
group Il - non-obstructive coronary artery lesion
(< 70 %; n = 32 - 23.0 %); group lll — intact coronary
arteries (n =40 - 28.8 %).

The choice of surgical treatment tactics was carried
out by a multidisciplinary team (cardiovascular surgeon,
endovascular surgeon, cardiologist) based on clinical
and instrumental data, the significance of coronary ath-
erosclerosis, existing clinical guidelines and internal al-
gorithms of the institution.

The groups were compared based on initial clini-
cal and anamnestic data, the nature of chest pain syn-
drome, the results of PTP assessment, and clinical prob-
ability. We also studied the chosen tactics of surgical
treatment of obstructive coronary artery lesions and/
or other cardiac pathology.

The study is conducted in accordance with the fun-
damental topic of the Research Institute for Complex
Issues of Cardiovascular Diseases “Development of inno-
vative models for managing the risk of developing dis-
eases of the circulatory system taking into account co-
morbidity based on the study of fundamental, clinical,
epidemiological mechanisms and organizational tech-
nologies of medical care in the industrial region of Sibe-
ria” (state registration No. 122012000364-5 dated Janu-
ary 20, 2022). The study was carried out in compliance
with the principles of the World Medical Association Dec-
laration of Helsinki; the study protocol and the informed
consent form were approved by the local Ethics Commit-
tee (LEC) of the institution (LEC protocol No. 20191121
dated November 21, 2019).

Statistical processing of the material was performed
using the Statistica 10.0 software package (StatSoft
Inc., USA). The distribution of quantitative data was
checked using the Shapiro - Wilk criterion. Consider-
ing that the distribution of all quantitative features
differed from normal, they are presented as median,
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upper and lower quartiles (Me (Q25; Q75). The Krus-
kal — Wallace, Mann - Whitney, and x? criteria were used
to compare groups. With a small number of observa-
tions, Fisher's exact test with Yates’ correction was used.
The Bonferroni correction was used to solve the problem
of multiple comparisons. Multiple logistic regression
analysis (Forward Stepwise LR method) was performed
to assess the factors associated with the presence of ob-
structive coronary artery disease and subsequent myo-
cardial revascularization. The independent variables
included in the models were risk factors, gender, age,
and chest pain symptoms, presence of comorbid pathol-
ogy, PTP values, and noninvasive test data. Calculations
were performed both for the entire examined cohort
and separately for patients without myocardial infarc-
tion in medical history. The ability of various indicators
to predict the presence of obstructive coronary lesions
was assessed using ROC-analysis. The level of statistical
significance (p) was taken to be 0.05.

TABLE 1

RESULTS

When assessing the clinical and demographic pa-
rameters (table 1), the groups were comparable in age
(p = 0.798), prevalence of arterial hypertension, pres-
ence of hypercholesterolemia, obesity, and stroke
in medical history. In group | (obstructive coronary ar-
tery disease), men prevailed (72 %), in group Il (intact
coronary arteries), there were more women (67.5 %),
and in group Il (non-obstructive coronary artery dis-
ease), men accounted for 53.1 % (p < 0.001 for trend).

Patients with obstructive coronary artery disease
were statistically significantly more likely to smoke
(50 %) compared to patients in groups Il (34.4 %) and llI
(25.6 %), but this difference did not reach statistical sig-
nificance (p = 0.065). Patients in group | were more like-
ly to have myocardial infarction in medical history
(46 %; p < 0.001 for trend), but in the other two groups
(non-obstructive coronary artery disease and intact

COMPARATIVE CHARACTERISTICS OF THE MAIN CLINICAL AND DEMOGRAPHIC INDICATORS IN THE STUDIED

GROUPS

Indicators (n=50)

Age (years), Me (LQ; UQ) 66.0 (61.0; 71.0)

Men, n (%) 32(72.0)
Smoking, n (%) 25 (50.0)
Obesity, n (%) 14 (28.0)
Hypercholesterolemia, n (%) 50 (100.0)
PIC in medical history, n (%) 23 (46.0)
AH in medical history, n (%) 50 (100.0)
CVA in medical history, n (%) 8(16.0)
DM in medical history, n (%) 5(10.2)
PCl in medical history, n (%) 12 (24.0)
CABG in medical history, n (%) 4 (8.0)
CE in medical history, n (%) 1(2.0)
AFib in medical history, n (%) 8(16.0)
CHFpEF in medical history, n (%) 2(4.0)
CKD in medical history, n (%) 3(6.0)
AL BCA in medical history, n (%) 10 (20.0)
MFA in medical history, n (%) 10(20.0)

Group l: obstructive CA

Group II: non-obstruc- Group lll: intact CA

tive CA (n=32) (n=40) P

67.0(61.0;73.0) 66.0 (60.5; 72.0) 0.798
17 (53.1)° 13 (32.5)%* <0.001

11 (34.38) 9(25.7) 0.065
10(31.3) 13 (32.5) 0.891
30(93.75) 38 (95.0) 0.227
8 (25.0) 3(7.5) <0.001
32(100.0) 38 (95.0) 0.124
5(15.6) 4(10.0) 0.681
6(19.4) 10 (25.0) 0.179
8(25.0) 0 0.032
3(9.4) 0 0.157

0 0 0.483
7(21.9) 15 (37.5) 0.057
3(3.13) 0 0.458
2(6.25) 0 0.279
5(15.6) 5(12.5) 0.627
5(15.6) 0 0.013

Note. PIC - postinfarction cardiosclerosis; AH - arterial hypertension; CVA - acute cerebrovascular accident; DM - diabetes mellitus; PCI - percutaneous coro-
nary intervention; CABG - coronary artery bypass grafting; CE - carotid endarterectomy; AFib - atrial fibrillation; CHFpEF - chronic heart failure with preserved
ejection fraction; CKD - chronic kidney disease; AL BCA - atherosclerotic lesion of the brachiocephalic arteries; MFA — multifocal atherosclerosis; * — p < 0.05

compared to group [; # - p < 0.05 compared to group II.
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coronary arteries), postinfarction cardiosclerosis was
also noted (in 25 % and 7.5 % of cases, respectively).

According to clinical symptoms (table 2), typical
angina was more often present in patients of group |
with obstructive coronary artery disease (in 90 % of cas-
es), while in groups Il and lll - only in 75 % of cases.
Atypical pain prevailed in groups Il and Ill (in 18.8 %
and 17.5 % of cases, respectively), while in group | -
only in 9.0 % of patients. Nevertheless, the differences
between the groups in the nature of the pain syndrome
did not reach statistical significance. Patients with dys-
pnea were equally common in all groups of subjects.

The analysis of clinical probability (table 3) did
not show statistically significant differences between
the groups, and it was 14.0 in each group. The pre-
test probability of CHD was higher in group | with ob-
structive coronary artery disease and averaged 32 %;
in the group with non-obstructive coronary artery dis-
ease — 27 %, in the group with intact coronary arteries -
21 % (p < 0.001 for trend).

TABLE 2

Patients with PTP less than 5 % were not referred
for invasive examination — there were no such patients
in our cohort; there were also no patients with PTP
from 5%to 15 % in group |. Statistically significantly more
patients with PTP =5 — 15 % were in the group of intact
coronary arteries (20 %) than in the group of non-ob-
structive coronary artery disease (6.25 %; p = 0.002). PTP
was more than 15 % in all patients with obstructive cor-
onary artery disease, in 93.75 % of patients with non-ob-
structive coronary artery disease, and in 80 % of patients
with intact coronary arteries (p = 0.0024). Non-invasive
tests before ICA were performed only in 2.5 % of patients;
in these patients, despite the positive test, the coronary
arteries were intact.

Percutaneous coronary intervention was performed
in 76 % of patients with obstructive coronary lesions
(table 4); coronary artery bypass grafting was not per-
formed in the examined patients. Carotid endarterecto-
my was performed in 3 (6.0 %) patients from the group
with obstructive coronary lesions. Radiofrequency

CLINICAL SYMPTOMS IN COMPARISON WITH THE RESULTS OF CORONARY ANGIOGRAPHY

Group I:
Indicators obstructive CA
(n=50)
Typical pain, n (%) 45 (90.0)
Atypical pain, n (%) 3(6.0)
Non-anginal pain, n (%) 3(6.0)
Dyspnea, n (%) 2 (4.0

TABLE 3

Group lI: Group lli:
non-obstructive CA intact CA p
(n=32) (n=40)

24.0 (75.0) 30 (75.0) 0.125
6(18.8) 7(17.5) 0.071
1(3.13) 2(5.0) 0.923
1(3.13) 1(2.5) 0.953

ASSESSMENT OF THE PRE-TEST PROBABILITY OF CORONARY HEART DISEASE DEPENDING ON THE DEGREE

OF CORONARY ARTERY STENOSIS

Group I:
obstructive CA
(n=50)

Indicators

PTP (%), Me (LQ; UQ) 32.0(27.0; 44.0)
PTP <5 %, n (%) 0
PTP =5-15 %, n (%) 0
PTP > 15 %, n (%) 50 (100.0)

Clinical probability (%), Me (LQ;

uQ) 14.0 (11.0; 14.0)

Non-invasive tests, n (%) 0

Note. * — p < 0.05 compared to group |; # - p < 0.05 compared to group II.
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Group lI: Group llI:
non-obstructive CA intact CA p
(n=32) (n = 40)
27.0 (18.0; 44.0) 21.0 (16.0; 27.0)"* < 0.001
0 0 -
2 (6.25) 8(20.0)* 0.002
30(93.75) 32(80.0)"* 0.0024
14.0 (14.0; 19.0) 14.0 (10.0; 14.0) 0.551
0 1(2.5) 0.355
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catheter ablation was performed in 2 (4.0 %) pa-
tients from the obstructive coronary lesions group
and in 1 (3.13 %) patient in the non-obstructive coro-
nary lesions group. A pacemaker was installed only
in 1 (3.13 %) patient in the non-obstructive coronary
lesions group.

TABLE 4

In the binary logistic regression model, the inde-
pendent factors associated with the presence of ob-
structive coronary lesions in the entire cohort of pa-
tients examined were myocardial infarction in medical
history and PTP values (table 5). This logistic regres-
sion model was statistically significant (x*(2) = 24.936;

TACTICS OF SURGICAL TREATMENT DEPENDING ON THE DEGREE OF CORONARY ARTERY STENOSIS

Indicators G'roup I: GrOI'.lp Il ; Group lll: p
obstructive CA (n = 50) non-obstructive CA (n = 32) intact CA (n =40)
PCl, n (%) 38(76.0) 0 0 <0.001
CABG, n (%) 0 0 0 -
CE, n (%) 3(6.0) 0 0 0.109
RFCA, n (%) 2 (4.0 1(3.13) 0 0.457
PM, n (%) 0 1(3.13) 0 0.242
Heart valve replacement, n (%) 0 1(3.13) 0 0.242

Note. PCl - percutaneous coronary intervention; CABG - coronary artery bypass grafting; CE - carotid endarterectomy; RFCA - radiofrequency catheter ablation;

PM - pacemaker.

TABLE 5

FACTORS ASSOCIATED WITH OBSTRUCTIVE CORONARY HEART DISEASE AND SUBSEQUENT MYOCARDIAL
REVASCULARIZATION ACCORDING TO BINARY LOGISTIC REGRESSION ANALYSIS (FORWARD STEPWISE LR

METHOD)

Factors B

S.E. Wald df Sig. Exp(B)

Obstructive coronary artery disease (entire cohort of subjects)

Myocardial infarction in medical

history 1.454 0.469 9.612 1 0.002 4.280

PTP 0.057 0.019 9.429 1 0.002 1.059

Constant -2.504 0.629 15.866 1 0.000 0.082
Obstructive coronary artery disease (patients without myocardial infarction in medical history)

PTP 0.088 0.025 12.322 1 0.000 1.092

Carotid artery atherosclerosis 1.672 0.711 5537 1 0.019 5324

Constant -3.749 0.872 18.504 1 0.000 0.024

Conducting myocardial revascularization after ICA (the entire cohort of subjects examined)

Myocardial infarction in medical

history 1.242 0.451 7.591 1 0.006 3.463

PTP 0.071 0.019 13.452 1 0.000 1.073

Constant -3.658 0.713 26.353 1 0.000 0.026
Conducting myocardial revascularization after ICA (patients without myocardial infarction in medical history)

Obesity 1.850 0.690 7.191 1 0.007 6.360

PTP 0.101 0.030 11.258 1 0.001 1.107

Multifocal atherosclerosis 2.769 1.228 5.084 1 0.024 15.947

Constant -5.629 1.256 20.074 1 0.000 0.004



p < 0.001). The model explained 26.4 % (Nagelkerke
R2) of the variance in obstructive coronary lesions
and correctly classified 71.1 % of cases. In the cohort
of patients without myocardial infarction in medical his-
tory, PTP and the presence of carotid artery atheroscle-
rosis were precursors of obstructive coronary lesions
(x2(2) =20.646; p < 0.001; Nagelkerke R2 =31.7 %; correct
classification in 74.1 % of cases). In patients undergoing
myocardial revascularization, predictors of obstructive
coronary artery disease were PTP, obesity, and multifo-
cal atherosclerosis (x*(3) = 24.878; p < 0.001; Nagelkerke
R2 = 37.3%; correct classification in 87.2 % of cases).

According to the ROC analysis (fig. 1), in pa-
tients without CHD in medical history, the PTP values
to the greatest extent predicted the presence of ob-
structive coronary artery disease (AUC = 0.747), in con-
trast to other studied indicators (gender, age, nature
of chest pain, risk factors).

DISCUSSION

The present study yielded several interesting re-
sults. First, the frequency of detection of obstructive
coronary lesions remains low (42 % overall among all
examined patients and 31 % in patients without CHD
in medical history). Second, non-invasive tests are still
performed episodically. Third, the determination of PTP
is used in the practice of cardiologists, which indicates
the absence of patients with PTP < 5 % among those
referred for ICA. In addition, PTP assessment remains
the most informative indicator in predicting the pres-
ence of obstructive CHD.

FIG. 1.
ROC-analysis: using various indicators in the detection of obstruc-
tive lesion of the coronary arteries in coronary angiography
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According to the KUGH registry (South Korea), over
a ten-year period (2004-2014), obstructive CHD was de-
tected in 41.4 % of cases during ICA [4]. Obstructive cor-
onary artery lesions were detected somewhat more fre-
quently in the study by M. Gongalves et al. [3] - in 46 %
of cases. However, this work had some peculiarities
in referring patients for ICA (only patients with angina
were included, excluding possible angina equivalents,
changes in resting ECG or ECHO were not considered
as a positive test), which contributed to the formation
of a more selective sample of patients. In the EURECA,
the overall incidence of obstructive CHD in the exam-
ined cohort of patients during ICA was 45 % (the per-
centage was increased due to the fact that the exam-
ination algorithm proposed by the ESC was followed
during the examination of some patients). According
to our clinic, the frequency of detection of obstructive
CHD in the specified registry was 43.3 %, which is quite
comparable with the data of the present study.

However, the implementation of non-invasive tests
for the diagnosis of CHD in our country differs signifi-
cantly from foreign countries. Thus, in the EURECA,
stress ECG was performed in 32 % of patients, and most
often it was performed in patients with PTP < 5 %
(in 50 % of cases), progressively decreasing in groups
with higher PTP, with left ventricular ejection fraction
(LVEF) < 50 % and with previous CHD. Among non-in-
vasive imaging tests, CT angiography of the CA was
performed in 24 % of patients, more often in patients
with normal left ventricular function and without previ-
ous CHD. Stress imaging was performed in 41 % of pa-
tients, mainly using single-photon emission CT (SPECT)
or echocardiography (23 % and 16 %, respectively),
and its use gradually increased from groups with low-
er PTP to groups with higher PTP, LVEF < 50 %, and/
or previous CHD. ICA was performed in 29 % of patients,
and in a significant proportion (17 %) as the first imag-
ing test [10]. The choice of diagnostic tests was deter-
mined by several factors (PTP, EF, and CHD in medical
history), and based on these factors optimal diagnos-
tic algorithms were proposed according to previously
proposed guidelines [9]. Only 20 % of patients did not
undergo imaging tests (non-invasive or invasive). Ac-
cording to our clinic, in this registry, bicycle ergometry
was performed in 7.5 % of patients, stress ECHO in 1 %,
SPECT in 11.5 %, and CT angiography of the CAin 0.5 %.
When analyzing the registries of patients who under-
went hospital examination and treatment in 2017-
2019 for CHD in several large cardiac surgery centers
of the Russian Federation, the frequency of stress ECG
was 4.88 %, stress ECHO in 0.19 %, and CT angiography
in 0.05 % [8]. It can be noted that in domestic registry
studies, non-invasive tests before coronary artery dis-
ease are rather an exception, while in foreign countries,
on the contrary, such an exception is the failure to per-
form non-invasive tests.

It is obvious that in domestic clinical practice
it is necessary to focus on clinical symptoms and assess-
ment of PTP [8, 12]. In the present study it was shown
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that the nature of the pain syndrome did not differ
in groups with different degrees of coronary artery dis-
ease. At the same time, the median PTP value was statis-
tically significantly higher in the obstructive CHD group
compared to the other two groups; PTP also had an in-
dependent association with the detection of obstructive
CHD. Nevertheless, focusing only on PTP in the diagno-
sis of CHD has its limitations. As can be seen from our
data, the median PTP values in groups with insignif-
icant coronary artery disease and their absence was
within the high risk of the presence of CHD. As a result,
the overall frequency of obstructive CHD detection
turned out to be relatively low. However, a paradox
is revealed: despite the minimal number of non-inva-
sive tests in domestic studies, the frequency of detec-
tion of obstructive coronary artery lesions is compara-
ble with the data of foreign studies, where these tests
are carried out in the overwhelming majority of cases.
Therefore, a logical question arises: how then is it possi-
ble to increase the productivity of ICA in detecting ob-
structive CHD?

A recent analysis showed that among non-invasive
imaging methods for detecting myocardial ischemia,
stress magnetic resonance imaging and positron emis-
sion tomography were the most effective [13]. However,
the widespread use of these methods in routine clinical
practice will not happen anytime soon. At the same time,
the results of the EURECA study showed that following
the algorithm proposed in the ESC recommendations
[9] allows achieving the following results: a decrease
in the number of ICAs performed (from 48 % in pa-
tients not following the diagnostic algorithm to 15 %
in the group following it) and an increase in the number
of detected obstructive changes in the coronary arter-
ies (from 39 % to 60 %, respectively) and subsequent
myocardial revascularizations (from 37 % to 54 %, re-
spectively) [10]. However, adherence to the recommen-
dations varies greatly depending on the region. Thus,
in Western European countries it was 87 %, and in East-
ern European countries — 48 % [10]. According to our
clinic, which also participated in the study, adherence
to the algorithm was only 23.4 % (Shcheglova A.V.,,
report at the Congress of the Russian Society of Car-
diology, 2021). Therefore, one of the ways to improve
the diagnosis of obstructive CHD is to increase adher-
ence to the proposed diagnostic scenarios. Apparently,
multispiral computed tomography CA should be used
more widely. Firstly, the assessment of the calcium in-
dex allows more than half of patients to be classified
in the low clinical risk category in the CACS-CL (Coro-
nary Artery Calcium Score - Clinical Likelihood) model,
which does not require further non-invasive or invasive
examination [11]. Secondly, the use of CT angiography
of the CA allows to reduce the number of ICA [14], while
significantly improving the detection rate of obstruc-
tive coronary lesions [14, 15]. Interestingly, in the article
by J.R. Weir-McCall et al. [14] the results of the imple-
mentation in the UK of the diagnostic approach pro-
posed in the NICE (National Institute for Health and Care
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Excellence) CG95 guidelines were analyzed [16]. The es-
sence of this algorithm is to refuse to assess the PTP,
and in patients with typical and atypical angina, CT
coronary angiography should be immediately per-
formed, and if it is uninformative, non-invasive func-
tional tests should be immediately performed [17]. That
is, at the moment, real clinical practice has confirmed
the effectiveness of two algorithms for diagnosing ob-
structive CHD (European Society of Cardiology 2019
and NICE CG95) [18]. Therefore, a prospective random-
ized study OPERATE is currently planned in China, which
plans to compare the ability of these algorithms to iden-
tify low-risk patients (which will be additionally verified
by CT angiography data) [19].

In addition, the diagnostic algorithms should take
into account the results of the ISCHEMIA study [20, 21],
which did not demonstrate an improvement in prognosis
from the primary invasive strategy for patients with stable
CHDand moderateto highrisk stress testresults compared
with optimal drug therapy. As a result, there are
proposals not to use non-invasive tests, in particular,
which showed their ineffectiveness as a “gatekeeper”
in the recent study by J. Jo et al. [22]. When analyzing
theseresults, itis proposed to discuss the following tactics
for managing patients with suspected CHD: starting
not with the choice of tests, but with the treatment
of modifiable risk factors, including consideration
of the appointment of antiplatelet therapy and statins.
The decision on the need for testing or its postponement
is made after assessing the effectiveness of drug therapy.
Changesin angina symptoms, quality of life, and coronary
artery disease test results will allow the clinician to modify
drug therapy and consider the need for revascularization
[23]. Without a doubt, the application of this paradigm
is possible only after comparing it with the traditional
approach in randomized clinical trials.

This study has a number of limitations that should
be taken into account when interpreting its results. First,
the study included a small number of patients. Never-
theless, despite this, we were able to obtain statistically
significant results. In addition, our data are quite con-
sistent with the results of previous studies in our cen-
ter [2], as well as large multi-thousand registries — both
domestic [8] and foreign [1, 4, 10]. Secondly, this study
is a single-center study, so its results cannot be trans-
lated into the CHD diagnostics in other regions. Never-
theless, we tried to level out this limitation by analyz-
ing our experience of participation in the international
EURECA. Thirdly, we included patients referred for ICA
in the analysis. In the case of assessing coronary artery
disease using coronary artery CT angiography, the fre-
quency of detection of obstructive lesions could be sig-
nificantly lower, as shown by recent studies [24].

CONCLUSION

In the cohort of outpatients with suspected CHD,
the frequency of detection of obstructive coronary



artery lesions during ICA remains low. Non-invasive tests
were performed inisolated cases, while PTP was an inde-
pendent predictor of obstructive CHD and subsequent
myocardial revascularization. To increase the frequen-
cy of detection of obstructive coronary artery disease,
it is necessary to adhere to the diagnostic algorithms
of the European Society of Cardiology and to use non-in-
vasive imaging tests more widely.
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ABSTRACT

Background. In recent years, special attention has been paid to the studying the con-
sortia of probiotic bacteria. In these associations, the properties of individual microor-
ganisms can be enhanced, in particular, their antagonistic activity which is an effec-
tive indicator for screening of probiotic potential. The development of probiotics based
on such consortia with antibacterial properties is critical in the light of the growing
problem of drug resistance in microorganisms.

The aim of the work. To study the antagonistic activity of monocultures and consortia
of lactobacilli against multidrug-resistant isolates of opportunistic bacteria.

Materials and methods. The antagonistic activity of lactobacilli monocultures
and their consortia was assessed simultaneously by two methods: the cross streak
method and the well diffusion method.

Results. All strains of lactobacilli and their consortia, depending on the research meth-
od, had varying degrees of antagonistic activity. Five consortia had stronger antago-
nism to test cultures as compared to monocultures, while in one consortium, the effect
of antagonistic activity was reduced compared to monocultures. The results of studying
the antagonistic activity of two consortia (Limosilactobacillus fermentum 44/1 and Lac-
ticaseibacillus rhamnosus 12L, Latilactobacillus curvatus LCR-111-1 and Lactiplantiba-
cillus plantarum 8PAZ) contradict data on the biocompatibility of strains in these con-
sortia. Differences in the degree of antagonistic effects of lactobacilli on gram-positive
and gram-negative species of opportunistic bacteria were revealed.

Conclusion. The study showed that both the biocompatibility of the probiotic strains
and the antagonistic activity of the consortium are the important requirements for cre-
ating a probiotic consortium with effective probiotic potential. To study the antagonistic
properties of lactobacilli, the number of isolates of target gram-positive and gram-neg-
ative bacteria and normobiota should be increased. This will allow us to determine
effective strategies for using probiotics in conditions of the spread of drug resistance
of microorganismes.

Key words: lactobacilli, probiotic consortia, probiotic potential, antagonistic activity,
opportunistic bacteria, multidrug-resistant isolates
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PE3IOME

AKkmyanbHocmo. B nociiedHue 20061 0cob60e BHUMAHUe yoesigemcs UyyeHUr KOH-
copyuymog npobuomuyeckux 6akmeputi. B smux accoyuayusx ceoticmea omoesib-
HbIX MUKPOOP2aHU3MO8 MO2ym yCUsUBAMbCS, 8 YACMHOCMU UX dHMAzoHuUcmuye-
CKAs AKMUBHOCMb, KOMOpPas A8/5emcs 3¢hheKmuHbIM NOKAazamesiem 018 CKpUHU2a
npobuomuyecko2o nomeHyuasna. Paspabomka npobuomukos Ha 0CHO8E MAKUX KOH-
copyuymo8 ¢ aHmubakmepuaabHbiMu cgolicmeamu umeem peuwidaroujee 3HayeHue
8 ceeme pacmyujeli npobsieMbl ieKapcmeeHHoU ycmoi4ugocmu MUKpPOOP2aHU3MOs.
Lleno pabomel. V13y4eHue aHmazoHUCMuU4Yeckol akmugHOCMU MOHOKYJ1bmyp U KOH-
CopyuyMo8 1akmobayusii 8 OMHOWeHUU NoJIupe3uCMeHMHbIX U30/19mMo8 YCr108-
HO-namozeHHbIx 6akmepudl.

Mamepuansi u Memodbl. AHMA2OHUCMUYECKYI0 AKMmUBHOCMb MOHOKYJ/1IbMyp J1aK-
mobayusii u ux KOHCOPYUYMOB OUeHUBAIU NapasiesnbHo 08yMs Memooamu: Memo-
00M nepneHOUKYAPHbLIX WMPUX08 U MemoOOM JIyHOK.

Pesynemamel. Bce wmammsl 1akmob6ayusn u ux KOHCOpYUyMbl 8 3d8ucumocmu
om mMemoda uccnedosaHus 0651adanu pdsHol cmeneHblo aHMazoHucmMuyeckou
aKmueHoOCmMu. B namu KoHcopyuymMax aHmazoHuU3M K mecmoseiM Kyabmypam bl
CUsIbHEe, YeM 8 MOHOKY/Ibmypax, 8 mo epeMs Kak 8 0OHOM KOHcopyuyme 3pgekm
aHmazoHucmuyeckol dKMUBHOCMU CHU3UJICA NO CPABHEHUIO C MOHOKYJ/1IbMypamu.
Pe3ynibmamel  uccne0o8aHus AaHmMazoHUCMuyYeckol akmueHOCMU 08YX KOHCOp-
yuymos (Limosilactobacillus fermentum 44/1 u Lacticaseibacillus rhamnosus 12L,
Latilactobacillus curvatus LCR-111-1 u Lactiplantibacillus plantarum 8PA3) npomugo-
peyam 0aHHbIM 0 6UOCOBMECMUMOCMU WMAMMOB 8 3MUX KOHCOPYUYMAax. BuisieieHbl
pasnuyus 8 cmeneHu dHMAzoHUCMUYecko2o 8030elicmaus 1akmobayusi Ha 2pam-
noJsioxumersibHble U 2pamMompuyameribHble 8UObl yC/I0BHO-NAMO2eHHbIX 6akmepu.
3aknr4deHue. Vicciedo8aHue NOKA3aa0, YmMo 8AXHbIMU MpebosaHusMuU 0715 co30d-
HUsA NpobuoMUuYecKo20 KOHCOPYUYMA C 3¢hgheKmusHbIM NPObUOMUYECKUM NOMEHYU-
anom A8/1AIMCA KaKk 6U0Co8MeCmMUMOCMb NPOBUOMUYeCKUX WMAMMOo8, MakK U aH-
mazoHUCMu4eckas akmugHOCMb KOHCOPYUYMA. [1n1s u3yyeHUs AHMAazoHUCMuUYecKux
ceolicmg slakmobayusl c/iedyem ygeauyums KOJIUHeCmB0 U30/19mMo8 yesiesblx
2PAMNOJIOXXUMEsIbHbIX U 2pamMompuyamerbHelix 6akmepuli u HopMobuomesl. 3mo
nossosium onpedesiums 3ppekmusHsle cmpameauu NpuMeHeHUs npobuomuKos
8 YCJ108USX pacNpOCMpaHeHus ekapcmeeHHoU ycmouyugocmu MUKpPOOpP2aHU3MO8.

Kniouyeewie cnoea: nakmobayusisioi, npo6uomuquKue KOHCOpyuymel, npo6uomuqe-
CKUul homeHyuasa, aHmazoHucmuyeckas akmugHoOCMe, YCJ108HO-NAMOo2eHH®ble 6ak-
mepuu, nosiupe3ucmeHmHole U30/19Mmaol

Ona yntuposaHus: Menbatoxosa A.C., benbkosa H.J1., OxotuHa 10.C,, ViBaHunkos E.A.,
LLlékoToBa A.B., CeméHoBa H.B., PbiukoBa J1.B. AHTaroHncTnyeckas akTMBHOCTb MOHO-
KyNbTyp M KOHCOPLMYMOB NaKTobaLuin B OTHOWEHUN MOMNPE3NCTEHTHBIX M30SIATOB
YCJIOBHO-TMATOFEHHbIX 6aKTeprin Kak CKPYHUHF UX MPo6roTMyeckoro noteHumana. Acta
biomedica scientifica. 2024; 9(3): 121-129. doi: 10.29413/ABS.2024-9.3.12
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BACKGROUND

Recently, the human body has been considered
as a system of symbiotic relationships with the commu-
nity of microorganisms that inhabit it. This community
includes bacteria, archaea, viruses, fungi, and proto-
zoa and is called microbiota [1, 2]. Research shows that
an imbalance in the intestinal microbiota not only leads
to problems with the digestive system, but also increas-
es the likelihood of cardiovascular and endocrine dis-
eases and causes disturbances in the psychoemotional
state [3-5].

Probiotics are an effective means of restoring a healthy
balance of intestinal microbiota [2]. Today, special empha-
sis is placed on the study of associations (consortia) of pro-
biotic microorganisms, in which the diversity of strains
and species of bacteria determines the range of positive
effects on the body [6]. The scientific literature indicates
that one of the important reasons for the inconsistent
clinical efficacy of multi-strain probiotic drugs is the lack
of consideration of the biocompatibility of microorgan-
isms when creating a consortium. This leads to a decrease
in the viability of microorganisms and the loss of significant
properties. In addition, it is reported that consortia of mi-
croorganisms are often unstable [6]. Therefore, the main
goal of developing a complex probiotic is the selection
of microorganisms with biocompatibility and similar bi-
ological and technological properties and maintaining
a constant composition of these strains. The biocompati-
bility of strains is assessed using the direct co-cultivation
method, taking into account the ability of lactobacilli
to produce bacteriocins and other biologically active sub-
stances that determine the degree of strain antagonism
in relation to representatives of its genus and affect the na-
ture of interstrain interactions [7-9].

Modern methods, including next-generation se-
guencing (genomic, proteomic and metabolomic
studies), are used to characterize the fundamental
mechanisms of the bacteria probiotic effect on vari-
ous functions of the macroorganism. New scientific
technologies make it possible to assess the role of nor-
mal human microbiota and identify the subtle mecha-
nisms of its response to various stressful environmen-
tal influences, and determine the factors that maintain
the biochemical, metabolic and immunological balance
necessary for stable relationships between the macro-
organism and symbiotic microorganisms [10, 11].

However, the characterization based on genetic
mechanisms and their potential for implementation
should be investigated both in vivo and in vitro. Require-
ments for probiotic strains include resistance to low pH
of gastric juice and bile acids, antagonism to opportunis-
tic and pathogenic microorganisms, stability of compo-
sition and viability of bacteria during long-term storage.
In addition, the safety of probiotic use should be con-
firmed in in vitro and in vivo animal studies and in the first
phase of clinical trials [12].

Studying the biocompatibility = of strains
and the biotechnological potential of the consortium
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in vitro is an initial but very important stage
in the development of an effective probiotic drug based
on the consortium.

A correctly selected probiotic consortium may
produce a synergistic effect, a phenomenon in which
the combined action of several factors produces a more
significant effect than the action of each of them sep-
arately. The synergistic effect allows the consortium
to form a single system capable of resisting the effects
of other microorganisms. The protective properties
of the consortium are due to the antagonistic activity
of bacteria and the synthesis of a number of biologically
active substances [13].

Antagonistic activity against opportunistic and patho-
genic microorganisms is not only one of the classic char-
acteristics of probiotic bacteria, but also an important
indicator of the efficacy and safety of a probiotic prod-
uct, determined in vitro [14]. As knowledge of the struc-
ture and functions of the intestinal microbiota develops,
it is becoming increasingly clear that, in addition to a large
number of external factors causing microbial imbal-
ance, antibiotics have a significantly more harmful effect
on the microbiota. The resistance of opportunistic micro-
organisms to antimicrobial drugs, which is growing ev-
ery year, is one of the global health problems worldwide
[15]. In this regard, the development of effective consortia
of probiotic strains with antagonism to multiresistant op-
portunistic microorganisms is extremely necessary.

THE AIM OF THE WORK

To study the antagonistic activity of monocultures
and consortia of lactobacilli against multidrug-resistant
isolates of opportunistic bacteria.

METHODS

Research objects
Gram-positive facultative anaerobic
and/or microaerophilic bacteria of the family
Lactobacillaceae

Lactobacillus strains and their consortia were ob-
tained as part of the research work on the topic of “Ob-
taining microecological agents based on different lacto-
bacillus strains” from the East Siberian State University
of Technology and Management (ESSUTM) (agreement
No. 6 dated May 10, 2023).

The following strains were obtained: Lactobacillus
curvatus (Latilactobacillus curvatus) LCR-111-1, Lactoba-
cillus fermentum (Limosilactobacillus fermentum) 44/1,
Lactobacillus acidophilus 100ASH, Lactobacillus rhamno-
sus (Lacticaseibacillus rhamnosus) 12L, Lactobacillus pa-
racasei (Lacticaseibacillus paracasei) k-406, Lactobacillus
plantarum (Lactiplantibacillus plantarum) 8PAZ Lactoba-
cillus casei (Lacticaseibacillus casei) MDP-1 [16].

The following consortia were received: L. fermen-
tum 44/1 w L. acidophilus T00ASH (+); L. fermentum 44/1
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n L. rhamnosus 12L (£); L. curvatus LCR111-1 wn L. fer-
mentum 44/1 (+); L. curvatus LCR-111-1 u L. acidophilus
100ASH (+); L. curvatus LCR-111-1 u L. plantarum 8-RA-
3 (+); L. curvatus LCR-111-1 wn L. casei MDP-1 (+); L. aci-
dophilus 100ASH wn L. rhamnosus 12L (+); L. acidophilus
T00ASH u L. casei MDP-1 (+) [16].

The biocompatibility of the strains is indicat-
ed in brackets: “+" — the strains are compatible; “-* -
the strains are incompatible; “+” - moderate antagonism
is observed (“exit to the top” of one of the cultures) [16].

Normobiota and polyresistant isolates of opportunistic
bacteria

Seven bacterial isolates were used as test cultures
for testing antagonistic activity, including one strain
belonging to the intestinal normobiota and six isolates
of opportunistic bacteria with multiple antibiotic re-
sistance (ABR) included in the “Human Microbiota Col-
lection of the Irkutsk Region” of the Scientific Center
for Family Health and Human Reproduction Problems
[15]. The species composition of the bacterial test cul-
tures is presented in Table 1.

Research methods

Cultivation of test cultures for in vitro experiments

The test culture strains were plated on the surface
of meat-peptone agar (Research Center for Pharmaco-
therapy LLC, Russia) in a Petri dish and cultured at 37°C
until the exponential growth phase was reached. Under
sterile conditions, colonies of the exponential culture
of the test strain were selected and suspensions were
prepared in 10 ml of physiological solution, which were
brought to the turbidity of the 0.5 McFarland standard.

Determination of antagonistic activity
by the perpendicular streak method

The studied strain/consortium of lactobacilli was
streaked on the surface of the Bifidum agar medium (State
Research Center for Applied Biotechnology and Microbi-
ology, Russia) in a Petri dish and incubated in an anaerobic
jar with gas-generating bags (Anaerogas GasPak, Russia)
at 37 °Cfor 48 h to allow the formation and diffusion of in-
hibitory compounds into the agar. Then, an exponential

TABLE 1

SPECIES COMPOSITION OF BACTERIAL TEST CULTURES

Type of microorganism

Number of isolates, abs.

culture of the test strain was streaked perpendicular-
ly from the edge of the dish to the streak of the grown
culture/consortium of lactobacilli. The dish was incubat-
ed again, but under conditions favorable for the growth
of the test culture: 37 °C without an anaerobic jar for 24 h.
The experiment was repeated 3-4 times.

The presence and width of growth inhibition zones
of microorganism test cultures were taken into ac-
count. Cultures that formed growth inhibition zones
of the indicator strain from 4 to 9 mm were considered
weak in antagonistic relation to lactobacilli; cultures
that formed a zone from 9 to 14 mm were considered
medium in antagonistic relation to microorganisms; cul-
tures that formed a zone from 14 mm and more were
considered highly active antagonists [14].

Determination of antagonist activity
by the well method

The test cultures were inoculated with three-way
streaking movements onto the Miller-Hinton medi-
um (HiMedia Laboratories, India). No later than 15 min
later, 10 mm diameter wells were cut in the agar layer
containing the test strain using a cork drill and 0.1 ml
of the lactobacillus monoculture/consortium suspen-
sion (cell count of at least 109 CFU/cm?3) were placed
into each well. The cultures were incubated in a ther-
mostat at 37 °C for 48 h. The experiment was repeat-
ed 2-3 times. The presence of growth inhibition zones
and the diameters of the zones were taken into account
with an accuracy of 1 mm, taking into account the di-
ameter of the well itself. Weak antagonists include lac-
tobacilli, the metabolites of which form growth inhibi-
tion zones for test cultures from 10 to 15 mm, medium
antagonists - from 15 to 20 mm, and strong antagonists
— more than 20 mm [14].

Statistical methods

Data on growth inhibition zones are presented
as the arithmetic mean of the diameters of growth in-
hibition zones of test cultures (M) and the standard de-
viation (m).

Statistical data processing was performed using
the PAST v. 4.03 program (Sweden). A nonparametric

Labeling of isolates

Human normobiota

Escherichia coli

1 No. 10

Opportunistic bacteria with multiple resistance to antimicrobial drugs

Enterobacter hormaechei
Klebsiella pneumoniae
Pseudomonas aeruginosa

Staphylococcus aureus

1 No. 2
2 No. 9, No. 12
2 No. 34, No. 38
1 No. 19
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criterion for assessing statistical significance (Mann -
Whitney U-test) was calculated for data on the antag-
onistic activity of consortia and individual lactobacilli
strains included in their composition. Differences in sta-
tistical indicators were considered significant at p < 0.05.

The work was carried out using the equipment
of the Collective Usage Center “Center for the Develop-
ment of Progressive Personalized Health Technologies”
and the Scientific Research Institution “Human Micro-
biota Collection of the Irkutsk Region” of the Scientif-
ic Center for Family Health and Human Reproduction
Problems (Irkutsk), as well as the equipment of the Col-
lective Usage Center “Progress” and the Biotechnology
Center of ESSUTM (Ulan-Ude).

RESULTS AND DISCUSSION

When studying lactobacilli monocultures using
the perpendicular streak method, 5 strains showed an-
tagonistic activity against test bacterial cultures: L. cur-
vatus LCR-111-1, L. rhamnosus 12L, L. plantarum 8PAZ,
L. casei MDP-1 and L. paracasei k-406 (Table 2).

TABLE 2

According to the experiment results, weak antago-
nists are strains of L. plantarum 8PAZ, L. rhamnosus 12L
and L. paracasei k-406 in relation to the gram-positive
isolate of S. aureus No. 19. In relation to the gram-nega-
tive isolates of E. hormaechei No. 2, K. pneumoniae No. 9,
K. pneumoniae No. 12, P. aeruginosa No. 34, P. aerugino-
sa No. 38 and E. coli No. 10, all 5 strains of lactobacilli
showed moderate antagonism.

In a well-based study, two strains showed antagonis-
tic activity: L. acidophilus 100ASH and L. fermentum 44/1,
against all isolates of the test cultures, while the other
five lactobacilli strains had no effect. At the same time,
the strain L. acidophilus 100ASH was a weak antago-
nist against the gram-positive isolate S. aureus No. 19
and a highly active antagonist, along with L. fermentum
44/1, against gram-negative isolates No. 2, No. 9, No. 12,
No. 34, No. 38, and No. 10.

It should be noted that the effect of antagonis-
tic activity of lactobacilli may be different depending
on the type of opportunistic microorganisms with which
they interact. This is probably due to the fact that
gram-positive and gram-negative bacteria have differ-
ent cell wall structures and mechanisms of interaction

ANTAGONISTIC ACTIVITY OF LACTOBACILLI MONOCULTURES AGAINST MULTIDRUG-RESISTANT ISOLATES

OF OPPORTUNISTIC BACTERIA AND E. COLI

Growth inhibition zones (M + m)

Labeling L. curvatus L.acidophilus L.rhamnosus L.plantarum L. casei L. fermentum L. paracasei
of test cultures LCR-111-1 100ASH 12L 8PAZ MDP-1 441 k-406
Perpendicular streak method
No. 2 10.5+2.0 0 10.0+0.2 10014 9.5+0.2 0 9.5+20
No. 9 120+ 1.4 0 10.0+0.1 120+0.4 120+0.8 0 11.5+0.7
No. 12 125+0.7 0 125+0.7 120+1.4 11.5+0.7 0 120+0.2
No. 19 10.0+0.3 0 80+14 8.8x0.6 8603 0 85x14
No. 34 10.0+0.1 0 10.0+0.3 10.0+£0.3 11.0£14 10.0£1.4
No. 38 11.5+2.0 0 13.0+0.2 11.0+1.4 16.0+5.6 0 125+0.7
No. 10 10.0+4.0 0 120+ 14 11.0+1.4 11.5+0.7 0 11014
Well method
No. 2 0 22.0+0.8 0 0 0 23.2+£0.6 0
No. 9 0 235+04 0 0 0 233+05 0
No. 12 0 225+0.7 0 0 0 22.0+0.8 0
No. 19 0 185x0.6 0 0 0 23.0+£0.8 0
No. 34 0 243+1.2 0 0 0 245+0.7 0
No. 38 0 24.0+0.8 0 0 0 223+1.2 0
No. 10 0 22.7+0.5 0 0 0 223+09 0

Note. No. 2 - E. hormaechei; No. 9 - K. pneumoniae; No. 12 - K. pneumoniae; No. 19 - S. aureus; No. 34 - P. aeruginosa; No. 38 - P. aeruginosa; No. 10 - E. coli.
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with other bacteria. In addition, different isolates (No. 34
and No. 38) of the same species — P. aeruginosa — showed
different results of antagonistic activity (different growth
inhibition zones). This may indicate that the more iso-
lates of the same species are tested, the more effectively
the antagonistic properties of lactobacilli will be studied.

Among the consortia, antagonistic activity
in the study using the perpendicular streak method was
noted in two (table 3):

« L. curvatus LCR-111-1 and L. plantarum 8PAZ, which
showed weak antagonism towards isolates No. 2, No. 9,
No. 19, No. 34 and moderate antagonism towards iso-
lates No. 12, No. 38 and No. 10. Moreover, the antago-
nism of the consortium was statistically significantly
weaker than the antagonism of individual strains of lac-
tobacilli included in its composition (p = 0.002);

TABLE 3

« L. curvatus LCR-111-1 and L. casei MDP-1, which
showed weak antagonism towards isolate No. 2
and moderate antagonism towards isolates No. 9,
No. 12, No. 19, No. 34, No. 38 and No. 10.

Unlike lactobacilli monocultures, which exhibit
different antagonistic activity towards gram-positive
and gram-negative isolates of opportunistic microor-
ganisms, such differences are not observed in consortia:
according to the degree of antagonistic effect, isolates
are combined regardless of the type of cell wall or any
specific mechanisms of interaction.

In a well-based study, 6 consortia (highly active
antagonists) containing L. acidophilus 100ASH and/
or L. fermentum 44/1 strains showed antagonistic ac-
tivity, with five of them having statistically significantly
more pronounced antagonism than individual strains:

ANTAGONISTIC ACTIVITY OF LACTOBACILLI CONSORTIUMS AGAINST MULTIDRUG-RESISTANT ISOLATES

OF OPPORTUNISTIC BACTERIA AND E. COLI

Growth inhibition zones (M + m)

w w w w
= 3 E 3 g S
i Sz - 9 - &I - -8 <&I EI 8~
lbeln9 §=8% S:z5e §cfg §-8% S-Ey §-S7 sEfq sEis
of test ESSo gs e ST8Y STCs £E535a =£T40 o< JIc4n
=S¥ S8 NI S SxwY 3xSSe 3xxan Segs ToO =" TSoovs
WL 5E H 395 JYa- 594 R S+ d §- 2
~ - - -l - = - =
4 3 < 2 T o 2 ® <~ 2 -~ °
c < < c c c
c © © © © ©
Perpendicular streak method
No. 2 0 0 0 7.0+0.1* 85+0.7 0 0
No. 9 0 0 0 0 8.0 £ 0.3* 9.5+0.7 0 0
No. 12 0 0 0 0 9.0 +0.2* 11+£0.3 0 0
No. 19 0 0 0 0 6.0 £0.3* 9.5+0.7 0 0
No. 34 0 0 0 0 8.0+ 14* 9.0+14 0 0
No. 38 0 0 0 0 9.5 +£2.0* 10+£0.2 0 0
No. 10 0 0 0 0 9.5+ 2.0* 10.5+0.7 0 0
Well method
No. 2 245+ 0.7* 24.3 £ 0.9*% 23.7+£1.2% 228+ 1.4* 0 0 233 +1.2% 19.0+6.3
No. 9 24.3 £ 0.6 24.3 £0.9*% 243 £0.5% 23.3+0.5* 0 0 23 +£0.8* 233+0.5
No. 12 23.5+1.5% 23.3+£0.5% 233+£1.2% 247 +0.5* 0 0 23.7 £0.5% 23.0+0.8
No. 19 23.3+£0.9% 23.7 £1.2% 240+0.3* 243 +0.6*% 0 0 24.7 £ 1.5% 242+1.2
No. 34 255 +£1.0% 24.3 £0.9* 253 +£1.2% 232+1.6% 0 0 232 £1.4% 222+6.7
No. 38 26.5 +1.8*% 26.3+1.7% 26.5+1.0% 24.7+1.2% 0 0 24.7 £ 1.2% 23.7+£0.9
No. 10 23.6 £2.0* 233 £1.2% 235+£1.9% 243+20* 0 0 25.7 £ 1.2% 233x24

Note. No. 2 - E. hormaechei; No. 9 - K. pneumoniae; No. 12 — K. pneumoniae; No. 19 - S. aureus; No. 34 - P. aeruginosa; No. 38 - P. aeruginosa; No. 10 — E. coli; * - statistical
significance of differences between the consortium and individual strains of lactobacilli included in its composition (p < 0.05).
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« L. fermentum 44/1 and L. acidophilus 100ASH
(p =0.002);

« L. fermentum 44/1 and L. rhamnosus 12L (p = 0.001);

« L. curvatus LCR-111-1 and L. fermentum 44/1

(p =0.002);

« L. curvatus LCR-111-1 and L. acidophilus 100ASH
(p =0.002);

« L. acidophilus 100ASH and L. rhamnosus 12L
(p =0.002);

« L. acidophilus 100ASH and L. casei MDP-1 (p = 0.198).

The studied lactobacillus strains in the declared con-
sortia had high biotechnological potential and biocom-
patibility level, with the exception of the consortium
based on L. fermentum 44/1 and L. rhamnosus 12L strains,
which showed moderate antagonism (+) [16]. Compari-
son of the results of strain biocompatibility and consortia
antagonistic activity revealed the following features:

1. In a consortium based on the strains L. curvatus
LCR111-1 and L. plantarum 8PAZ, which was character-
ized by a high level of biocompatibility (+), a statisti-
cally significant decrease in the effect of antagonistic
activity was revealed in comparison with the activity
of monocultures.

2. In a consortium based on L. fermentum 44/1
and L. rhamnosus 12L strains, in which moderate antago-
nism (+) was demonstrated between the strains, the an-
tagonistic activity against opportunistic microorganisms
was statistically significantly more pronounced than that
of individual strains.

The study showed that a high degree of compatibili-
ty of lactobacilli strains does not guarantee a synergistic
effect. In the context of lactobacilli, synergy can be ex-
pressed as an increase or decrease in antagonistic activi-
ty against pathogenic microorganisms, affecting the pro-
biotic potential of the consortium. Therefore, key aspects
for the creation of an effective probiotic consortium are
both the biocompatibility of probiotic strains and the an-
tagonistic activity of the consortium. A probiotic product
developed taking into account these criteria can demon-
strate increased efficacy and a wider range of beneficial
properties for the body.

The antagonistic activity of probiotic strains is studied
using various methods: at the first stage, in vitro methods
are used (diffusion methods, analysis in liquid nutrient
media, etc.), at the second stage, in vivo methods (recep-
tion of antagonist live culture by a person or experimental
animals with subsequent analysis of changes in the intes-
tinal microbiota). All these methods differ in the degree
of complexity of implementation, efficiency, the possibili-
ty of comparison and the accuracy of the results obtained
[17,18]. For example, the results obtained by two classical
methods (the perpendicular streak method and the well
method), based on the diffusion of components pro-
duced by lactobacilli in the thickness of agar, are difficult
to compare. Thus, the perpendicular streak method gives
an advantage to individual strains producing inhibitory
compounds of small molecular weight. The well method
is convenient, in turn, for testing the antagonistic activ-
ity of not only monocultures, but also consortia, since
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a ready-made suspension of bacteria, including their
metabolites, is placed in the well. Thus, both of these
methods complement each other and should be used
in combination, as they provide a more complete pic-
ture of the antagonistic activity of lactobacilli and their
consortia, which is one of the characteristics of probiotic
potential.

CONCLUSION

The results of the study showed that all lactobacilli
and their consortia, depending on the study method,
had different degrees of antagonistic activity against
multiresistant isolates of opportunistic bacteria. In five
studied consortia, the antagonistic effect against test
cultures was more pronounced than that of individual
strains, while one consortium, on the contrary, showed
a decrease in the effect of antagonistic activity com-
pared to monocultures. The obtained results of the study
of the antagonistic activity of two consortia (L. fermen-
tum 44/1 and L. rhamnosus 12L, L. curvatus LCR111-1
and L. plantarum 8PAZ) are not consistent with the data
on the biocompatibility of strains in these consortia.
Consequently, the compatibility of strains does not
always lead to a positive synergistic effect, which can
manifest itself in increased antagonistic activity. Thus,
the creation of probiotic consortia requires fine-tuning
and selection of bacterial strains, taking into account
both the biocompatibility of the strains and the antag-
onistic properties of the consortium to ensure effective
and safe action to improve human health.

The detected antagonistic activity against the E. coli
isolate may be due to the same mechanism of lactoba-
cilli action on both opportunistic bacteria and normobi-
ota. The analysis of the obtained results revealed differ-
ences in the degree of lactobacilli antagonistic action
on gram-positive and gram-negative bacterial species.
Moreover, such differences may also be observed in dif-
ferent isolates of the same species. Given the identified
features, a wider range of both gram-positive bacteria
and normobiota isolates should be included in the ex-
periment for a more detailed study of the lactobacilli
antagonistic properties. In addition, it would be advis-
able to use not different species, but different isolates
of the same species: E. coli and target intestinal op-
portunistic bacteria, for example, K. pneumonia, one
of the mostdangerous types of opportunistic pathogens.
This will help to determine more effective strategies
for the probiotics use in the context of the mass spread
of drug resistance of opportunistic microorganisms.
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ABSTRACT

Background. Setting of norms for the parameters of P300 cognitive auditory
evoked potentials (EP) in elderly people with intact cognitive functions considering
their residence in certain climatic and geographical regions is an urgent problem.
The aim of the study. To determine age-related parameters of P300 cognitive
auditory evoked potentials in elderly people aged 60-69 and 70-74 years, living
in the European North of Russia (using the example of Arkhangelsk).

Methods. The parameters of P300 auditory EP were determined in randomly se-
lected urban residents in the age groups of 60-69 years (n = 284) and 70-74 years
(n = 115) with normal scores on the Montreal Cognitive Assessment Scale (MoCA),
without depression (according to Beck Depression Inventory), with preserved abil-
ity to work and/or social functions. We calculated the 5th-95th percentile values
(P5-P95) of the P300 EP parameters and assessed the relationships of these parame-
ters with socio-demographic characteristics, lifestyle and the results on the MoCA
scale and Beck Depression Inventory.

Results. Statistically significant differences in latency indicators of P300 EP were
determined between groups of 60-69 and 70-74 years (P25-P90) in all studied
brain regions (frontal, central). In the group of 60-69 years, the range of P25-P75
values of P300 EP |latencies was 342.5-401 ms, in the group of 70-74 years — 358.5-
443 ms. Age differences in P300 EP amplitudes were minimal with an interquartile
range of 4-13 uV in the total sample. Participants who smoked had higher latency
scores and lower amplitude scores; former smokers had higher latency scores com-
pared to never-smokers.

Conclusion. Latency above 400 ms at the age of 60-65 years and above 443 ms
at 70-74 years can be considered as a criterion for reduced cognitive reserve
and an increased risk of developing cognitive disorders in elderly people living
in the European North of Russia.

Key words: cognitive function, cognitive evoked potentials, North, healthy aging,
cognitive health
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PE3IOME

O6ocHosaHue. HopmuposaHue napamempos KO2ZHUMUBHbIX C/TyXO8bIX 8bI38AHHbIX
nomeHyuasnos (BI1) P300 y noxuneix 1100el € COXPAHHbIMU KOZHUMUBHbIMU (hyHKUU-
AMU C y4EMOM NPOXUBAHUA 8 0NPeOesIEHHbIX KIUMAamozeo2papuyeckux ycao8usax
Asnaemca akmyaneHol npobaemod.

Lenv uccnedosaHus. OnpedesneHue 803pdCmHbIX 0CObeHHOCcmel nhapamempos
KO2HUMUBHBbIX CJ1yX08bIX 8bI38aHHbIX NomeHyuanos P300 y noxunvix aodeli 60-69
u 70-74 nem, xumenet Esponetickozo Cesepa Poccuu (Ha npumepe 2. ApxaHzenbeka).
Memooesl1. OnpedeneHbi napamempel ciyxosbix BITP300 y cny4atiHo omobpaHHbIx
20pO0CKUX Xumesiel 8 803pacmHsix 2pynnax 60-69 nem (n = 284) u 70-74 nem (n =
115) c HopmaneHeiMu nokazamesnamu no MoHpeanbckoU wKase oyeHKU Ko2HUMu8-
Hoeix yHKYul (MoCA, Montreal Cognitive Assessment), omcymcmesuem denpeccuu
(no wkane denpeccuu beka), coxpaHHoU mpydocnocobHOCMbl0 U/Uu COYyUabHbI-
Mu yHKYuamu. Paccuumadsl 5-95-e npoyeHmusbHsle 3HadeHus (P5-P95) napame-
mpog BI1 P300 u oyeHeHbl C843U 3MuxX napamempos ¢ coyuanbHo-0emozpaguye-
CKUMU XapakmepucmuKamu, 06pd3om Xu3HU U pesysibmamamu no wkane MoCA
u wkane oenpeccuu beka.

Pe3ynomamel. OnpedesieHbl cmamucmuyecku 3Ha4umsle pasnuyus nokasamerneli
namermuocmu Bl P300 mexody epynnamu 60-69 u 70-74 nem (P25-P90) 8o ecex u3y-
yaemblx M03208blX omoenax (1o6HelX, UeHMpaabHelx). B 2pynne 60-69 nem duana-
30H 3HayeHul P25-P75 namenmuocmeti BIT P300 cocmasun 342,5-401 mc, 8 epynne
70-74 nem — 358,5-443 mc. BospacmHsie pasauqus amnaumyo Bl P300 6bi1u MUHU-
MAJsIbHbIMU NPU MeXXK8apmuieHoM ouana3zoHe 4—13 MkB 8 obweli abibopke. Kypauwue
y4acmHUKu umesiu bosiee 8bICOKUe nokasamesu idmeHmMHocmu u 6osiee HuUskue
nokasamesnu amnaumyosl, Kypusuiue 8 npowsioM — 6osiee 8bICOKUE NOKAazamesnu /1d-
MmeHMHOCMU 8 CPABHEHUU C HUK020a He Kypusuwumu.

3aknioyenue. JlameHmHocme 8biwe 400 mc 8 8o3pacme 60-65 nem u 8viwe 443 mc
8 70-74 200a Moxem paccmMampusamsca 8 Kayecmeae Kpumepus CHUXeHHO20 Ko2-
HUMUBHO20 pe3epsd U NOBbILEHHO20 PUCKA pAa38UMuUs KO2HUMUBHbIX HApyWweHUU
y noxusieix itodel, npoxxusaroujux Ha Esponetickom Cegepe Poccuu.

Knrouyeevie cnoea: kocHUMUBHbIE (hYHKYUU, KOZHUMUBHbIE 8bI38AHHbIE NOMeH-
yuanei, Cegep, 300posoe cmapeHue, Ko2HUMUBHOe 300p08be

OAna untuposaHua: MNockotnHosa J1.B., KpneoHorosa E.B., KpueoHorosa O.B., Kyapss-
ues A.B. Bo3pacTHble 0COGEHHOCTV NapameTpOB CJIyXOBbIX BbI3BaHHbIX MOTEHLMANoB
P300 y noxunbix nofeit B KOHTEKCTe KOTHUTMBHOIO 3A0POBbA: UCCNeAoBaHMe Ha EBpo-
nenickom CeBepe Poccun. Acta biomedica scientifica. 2024; 9(3): 130-143. doi: 10.29413/
ABS.2024-9.3.13
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BACKGROUND

Maintaining higher mental functions at an optimal
level in old age ensures the active participation of el-
derly people in public life. Successful cognitive activi-
ty in elderly people is also necessary for the effective
transfer of accumulated work experience to the young-
er generation, which also ensures the stability of soci-
ety. However, the individual viability of elderly people
decreases, primarily due to a decrease in the indicators
of the cognitive domain [1]. Modern psychodiagnostic
approaches make it possible to assess the risks of cog-
nitive impairment in elderly people, but neurophysio-
logical tests are not always sensitive to the detection
of early, pre-dementia disorders.

Parameters of event-related bioelectric potentials
of the brain (evoked potentials (EP)) are promising elec-
troneurophysiological correlates of cognitive functions
both in norm and in pathology [2, 3]. At the same time,
the problem of identifying the limits of fluctuations
in the values of cognitive evoked potentials in elder-
ly individuals in the context of healthy aging remains
relevant. The natural age-related change in the EP
P300 parameters occurs both against the background
of a decrease in cognitive functions reflected in the data
of neuropsychological testing, and against the back-
ground of preserved cognitive and social functions. This
complicates the interpretation of the EP P300 param-
eters in elderly individuals in the context of the need
to differentiate the characteristics of the age norm
and electrophysiological correlates of the risk of devel-
oping cognitive impairment [4]. Lifestyle, his activity
in society significantly determines the neurophysiologi-
cal status of an elderly person.

Age-related decreasein the speed of information pro-
cessing in the form of increased latency and decreased
amplitude of the P300 EP is traditionally considered
in 10-year periods [2]. The age of 70 as an important age
limit is often used to predict various aspects of the lives
of elderly people. For example, the age of 70 is used
to calculate survival predictors (socioeconomic status,
lifestyle, cognitive functions, etc.) [5]. Therefore, age-re-
lated features of the P300 EP parameters and their re-
lationship with social and psychological characteristics
seem important to consider taking into account the di-
vision of old age into periods before and after 70 years.

According to the concept of the “aging curve” pro-
posed in the 1970s-90s based on the age-related dy-
namics of the P300 EP latency, with age the average
latency increases according to the formula: Latency
P300 = 1.25 x age + 285 ms [2]. However, the maximum
values of the P300 EP latency may differ significantly
from the calculated values. That is, in older age groups,
the ranges of values of the P300 latency indicators may
be quite wide.

The amplitude of the P300 EP is also traditionally
considered within the framework of regression models,
according to which the amplitude decreases with age
(P300 EP Amplitude = 11.9 pV - 0.09 x Age) [6]. In this
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case, the spread of amplitude values in age samples
can be quite wide, and the data presentation is limit-
ed to the values of the arithmetic mean for the sample
and the standard deviation. There is also information
on a slight age-related decrease in the P300 EP ampli-
tude with aging [7].

Age-related changes in physiological parame-
ters, including cognitive functions, may have region-
al characteristics. Thus, in a random sample of elderly
people visiting outpatient clinics in one of the regions
of the Arctic zone of the Russian Federation (Arkhan-
gelsk), pre-dementia disorders according to neuro-
psychological testing were detected in half of the visi-
tors [8]. In general, this is comparable with the results
of assessing cognitive impairment among individuals
from the all-Russian sample, when mild and moder-
ate (pre-dementia) disorders were detected in 46.6 %
of visitors to the I.M. Sechenov University of the Minis-
try of Health of the Russian Federation (Moscow) among
individuals with an average age of 66.0 + 15.7 years [9].
However, it is noted that when recording visual EP P300
in elderly women in Arkhangelsk, the greatest decrease
in amplitude and prolongation of latency of visual EP
P300 were detected in the 70-74 year age group [10].

Determination of normative ranges of the P300 EP
latency and amplitude parameters taking into account
the data of neuropsychological testing, as well as in-
formation on the socioeconomic status, labor and so-
cial activity of elderly people would ensure their appli-
cability both for assessing the parameters of healthy
aging and for identifying electrophysiological criteria
for the risk of developing cognitive impairment in elder-
ly people. Taking into account the nonparametric dis-
tribution of these parameters, the presentation of their
normative ranges using percentile corridors (from P5
to P95) would also contribute to increasing their valid-
ity. On these grounds, the aim of this study was to de-
termine age-related parameters of P300 cognitive au-
ditory evoked potentials in elderly people aged 60-69
and 70-74 years, living in the European North of Russia
(using the example of Arkhangelsk).

METHODS

In 2023, study participants were recruited
from among residents of Arkhangelsk who had previ-
ously been included in the random population sample
of the “Know Your Heart” study [11], formed on the basis
of an anonymized database of the territorial compul-
sory health insurance fund. Random addresses were
selected for visiting, and elderly men and women (ac-
cording to age periodization - aged 60-74 years) liv-
ing at them were invited to participate in the study.
The survey was conducted at the consultative and di-
agnostic clinic of the Northern State Medical Universi-
ty of the Ministry of Health of the Russian Federation
(NSMU) and the biorhythmology laboratory of the N. La-
verov Federal Center for Integrated Arctic Research



of the Ural Branch of the Russian Academy of Scienc-
es (FECIAR UrB RAS). All participants provided written
informed consent for the examination, which was ap-
proved by the local Ethics Committee of NSMU (pro-
tocol No. 03/04-23 dated April 26, 2023) and carried
out in compliance with the principles of the Helsinki
Declaration of the World Medical Association.

The inclusion criteria for the sample of this study
were age 60-74 years; residence in the Arkhangelsk re-
gion for 10 years; availability of signed informed con-
sent for the study.

The exclusion criteria were the presence of an acute
infectious disease at the time of the study; exacerbation
of a chronic disease; history of mental illness.

A total of 605 people aged 60-74 years took part
in the study. They were offered to undergo a full exam-
ination, including a medical examination and question-
naire (stage one), as well as cognitive-psychological test-
ing and recording of the parameters of P300 cognitive
auditory EP (stage two). Additional exclusion criteria
for assessing the parameters of P300 cognitive auditory
EP were the presence of epilepsy, traumatic brain injury
with damage to the bones of the skull, cerebrovascular
accidents accompanied by hemiparesis, and hearing
loss above grade |. A total of 529 people completed both
stages. The remaining participants met the exclusion cri-
teria or refused to complete the second stage.

The questionnaire provided data on the participants
ability to work (currently employed or not employed,
but could work if desired or necessary), level of educa-
tion, marital status, length of residence in Arkhangelsk,
financial situation, smoking and alcohol consumption,
performance of functions in the family (1 - financial
support of family and relatives; 2 — housekeeping; 3 -
managing a summer cottage or garden plot; 4 - raising
children and grandchildren; 5 - caring for elderly and/
or sick relatives) and socially significant activities (vol-
unteer work, participation in the work of political par-
ties, public organizations, in community work at least
once a year).

Cognitive functions were tested using the Mon-
treal Cognitive Assessment (MoCA) [12]. A total score
of 26 or higher was considered normal on this scale.
The level of depression was determined using the Beck
Depression Inventory [13]. The absence of depres-
sive symptoms was considered at a level of less than
14 scores. In addition, the Age Is No Barrier test was
used to determine signs of frailty [14, 15].

The P300 EP auditory was assessed using the Neu-
ron-Spectrum electroencephalograph (Neurosoft LLC,
Russia); the P300 EP parameters were recorded in stan-
dard electroencephalogram (EEG) leads using the inter-
national 10-20 electrode placement system with an ear
referent in the frontal (F3, F4) and central (C3, C4) re-
gions of the brain. The conditions of binaural nonverbal
acoustic stimulation in the oddball paradigm with but-
ton pressing included: stimulus duration - 50 ms; inten-
sity — 80 dB; inter-stimuli period - 1 s; tone frequency —
2000 Hz with 30 % occurrence of a significant stimulus,

’
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1000 Hz with 70 % occurrence of an insignificant stim-
ulus. The P300 EP latencies (ms) and the N2-P300 inter-
peak amplitude (uV) were determined [2, 6].

Subsequently, to examine the age ranges of the P300
EP indicators, a selection of individuals with normal cog-
nitive function indicators according to the MoCA scale
(26 scores or more), without signs of depression (less
than 14 scores according to the Beck Depression Inven-
tory), preserved ability to work, performing two or more
work functions in the family and/or performing socially
significant activities at least once a month, was made.

In statistical analysis, categorical variables are pre-
sented as absolute values (Abs) and percentages (%).
Continuous variables are presented as arithmetic means
(M) and standard deviations (SD) or medians (Me)
with 25% and 75% percentiles [P25; P75]. Comparisons
of groups by categorical variables were performed us-
ing the Pearson’s chi-square (x?) test, and by continuous
variables - using the Mann - Whitney test. Normative
values of the P300 cognitive auditory evoked poten-
tial for the 60-69 and 70-74 age groups are presented
as percentile values (P5, P10, P25, P50, P75, P90, P95)
modeled using multiple quantile regressions with age
group, gender,and education as covariates, with the con-
dition of uniform distribution of age groups by gender
and education. Differences between the correspond-
ing percentile values in the age groups were assessed
based on the statistical significance of the regression
coefficients for the age group variable in the described
quantile regression models. The relationships between
the P300 EP indices and socio-demographic charac-
teristics, lifestyle (smoking and alcohol consumption)
and the results on the MoCA scale and the Beck Depres-
sion Inventory in the analyzed sample of elderly people
with normal MoCA indices, without signs of depression
(on the Beck Depression Inventory) and with preserved
working capacity and/or social functions were estimat-
ed using multiple linear regressions with adjustments
for gender and age. The conditions for the applicabil-
ity of multiple linear regression models were estimat-
ed by visual assessment of the distribution of residuals.
Regression coefficients and differences between groups
were considered statistically significant at p < 0.05. STA-
TA 18.0 (Stata Corp., USA) was used for data analysis.

RESULTS

As a result of applying the selection criteria
for participants with normal scores on the MoCA scale
and the Beck Depression Inventory, with preserved
working capacity and/or social functions, a group of 399
people (284 people aged 60-69 years and 115 people
aged 70-74 years) was formed for the analysis of age-re-
lated characteristics of the ranges of the P300 EP param-
eters, which amounted to 75.4 % of the total sample size
(605 people) (table 1).

According to the “Age Is No Barrier” questionnaire,
the group included: 310 (77.7 %) people for whom
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frailty is unlikely (0-2 points); 84 (21 %) people for whom
pre-asthenia is probable (3-4 points); 5 (1.3 %) peo-
ple with probable frailty (5-7 points). Taking into ac-
count the selection of participants with normal indica-
tors on the MoCA scale [16, 17], the presence of signs
of pre-asthenia and asthenia in the participants was
considered to be due to a decrease in physical functions.

The study participants aged 60-69 and 70-74 were
comparable (p > 0.05) in terms of the ratio of men
to women, time of residence in Arkhangelsk, perfor-
mance of family functions (except for the proportion
of those working on summer cottages and garden plots,
which was higher among individuals aged 70-74), par-
ticipation in socially useful activities, and frequency
of alcohol consumption (table 2). There were more unem-
ployed people and those reporting that they would not
be able to work if they wanted to or had to, aged 70-74
(p < 0.001), and there was a higher proportion of peo-
ple with no more than secondary education at this age
(p = 0.037). There were more married people aged 60—
69 (p = 0.011), and there were more people living alone
aged 70-74 (p = 0.046). There were more smokers among
those aged 60-69 (p = 0.005). Income levels were lower
in the 70-74 year old group due to a higher proportion
of individuals reporting financial constraints on purchas-
ing major household appliances. Participants aged 70-74
also had a lower mean score on the MoCA scale. Scores
on the Beck Depression Inventory were not statistically
significant between participants aged 60-69 and 70-74.

Analysis of the ranges of the P300 EP values showed
an increase in the P300 EP latency values with age in all
the studied EEG leads (table 3). Taking into account
the maximum spread of values in the four consid-
ered EEG leads, in the 60-69 year old group, the range
of P300 EP latency values at the level of average per-
centile values (P25-P75), reflecting the conditional “av-
erage norm’, was 342.5-400.9 ms, in the 70-74 year old

TABLE 1

group — 358.5-442.9 ms. In all the considered EEG leads
(C3, C4, F3, F4), higher percentile values in the P10-P95
range were determined in the 70-74 year old group
compared to the 60-69 year old group. At the P90
level, the P300 EP latency increased significantly com-
pared to the value at P75 in each age group, especially
in the 70-74 age group — more than 40 ms.

The range of the conditional “average” norm (P25-
P75) of the P300 EP amplitudes in the 60-69 year
old group, taking into account the spread of values
in the EEG leads, was 4.2-12.6 pV, in the 70-74 year
old group - 3.5-12.3 pV. The differences in the P300 EP
amplitudes between the age groups were insignificant
and reached statistical significance only at the level
of low percentiles (P5-P25) for lead C4.

In the analyzed group of participants, consisting
of individuals without cognitive and psychological
impairments, with preserved working capacity and/
or social functions, the analyzed P300 EP indices had
no statistically significant relationships with the lev-
el of education, employment, or income. Compared
with those who had never smoked, current smokers had
higher latency indices (lead C4: Me — 394.0 vs. 374.0 ms,
p=0.024;lead F4: Me - 393.4vs.370.1 ms, p=0.008; lead
F3: Me - 393.3 vs. 366.5 ms, p = 0.004) and lower am-
plitude indices (lead C3: Me - 6.5 vs. 8.5 pV; p = 0.043);
former smokers had higher latency values (lead F3: Me
—-384.8vs.366.5 uV; p = 0.019). The frequency of alcohol
consumption had no statistically significant relation-
ship with the P300 EP values.

When examining the same sample, no relation-
ships were determined between the latency indicators
of the P300 EP amplitude and the results on the MoCA
scale, limited to a range of 26 to 30 points (fig. 1, 2),
as well as with the results on the Beck Depression In-
ventory scale, considered in a range of 0 to 13 points
(fig. 3, 4).

RESULTS OF SELECTING STUDY PARTICIPANTS WITH NORMAL MOCA SCORES, NO SIGNS OF DEPRESSION
AND PRESERVED ABILITY TO WORK AND/OR SOCIAL FUNCTIONS

Age groups

No cognitive impairment (MoCA score > 26)
No depression (Beck Depression Inventory score < 14)

Maintained ability to work (a person works or could work
if desired and/or necessary)

Maintained social functions (> 2 functions in the family
and/or socially useful activities at least once a month)

No cognitive and psychological impairments
and preservation of working capacity and/or social functions

Note. * - p-value estimated by the Pearson's chi-square (x?) test.

Total 60-69 years 70-74 years %
(n=529) (n=354) (n=175) P
Abs (%)
441 (84.2) 306 (87.2) 135(78.0) 0.007
477 (90.7) 328(93.2) 149 (85.6) 0.005
347 (65.6) 260 (73.5) 87 (49.7) < 0.001
498 (94.1) 334 (94.4) 164 (93.7) 0.770
399 (76.2) 284 (80.9) 115 (66.5) < 0.001
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TABLE 2

SOCIODEMOGRAPHIC, BEHAVIOURAL, COGNITIVE, PSYCHOLOGICAL AND NEUROPSYCHOLOGICAL
CHARACTERISTICS OF STUDY PARTICIPANTS AGED 60-69 AND 70-74 YEARS

112(39.4)
172 (60.6)

35(30.4)
80 (69.6)

140 (49.3)
144 (50.7)

58 (50.4)
57 (49.6)

98 (34.5) 38(33.0)
158 (55.6) 55 (47.8) 0.037
28(9.9) 22(19.1)

116 (40.9) 14(12.2)
100 (35.2) 54 (47.0) <0.001

68 (23.9) 47 (40.9)

21(7.4) 7(6.1)

124 (43.8) 68 (59.1) 0.046
106 (37.5) 29(25.2)

32(11.3) 11(96)

172 (60.6) 60 (52.2)

42(14.8) 13(11.3)

0.011

45(15.9) 35(30.4)

25(8.8) 7 (6.1)

73(25.7) 41(35.7) 0.046
204(71.8) 88 (76.5) 0.338
265(933) 107 (93.0) 0.924
180 (63.4) 86 (74.8) 0.029
186 (65.5) 78 (67.8) 0.656

72(25.4) 29(25.2) 0.978
263 (92.6) 105 (1.3) 0.660

21(7.4) 10(87)

169 (59.5) 86 (74.8)

0.005

68 (23.9) 22 (19.1)
47 (16.6) 7(6.1)
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TABLE 2 (continued)

212 (74.6) 89 (77.4)
59(20.7) 16 (13.9) 0.103
13 (4.6) 10(8.7)

28[27;29] 28 [26; 29] 0.001
4(1;7] 5[2;7] 0.060

Note. * - for quantitative characteristics, the p-value is estimated by the t-test for independent samples or the Mann - Whitney test, for categorical characteristics —
by the Pearson’s test (x?).

TABLE 3

NORMATIVE VALUES FOR THE PARAMETERS OF P300 COGNITIVE AUDITORY EVOKED POTENTIAL
IN INDIVIDUALS AGED 60-69 (n = 284) AND 70-74 YEARS (n = 115) WITH NORMAL MOCA SCORES, NO SIGNS
OF DEPRESSION AND PRESERVED ABILITY TO WORK AND/OR SOCIAL FUNCTIONS

330.7 349.2
345.7* 367.2%

84 6.5 1.1 2.2 4.2 7.2 10.9 15.2 20.2

7.9 52 1.7 2.3 4.1 6.5 11.2 14.8 19.0

Note. Percentile values were modeled and differences between them across age groups were estimated using multiple quantile regressions with age group, sex,
and education as covariates, assuming that age groups were equally distributed across sex and education; * - p < 0.05 for differences between corresponding
percentile values.
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DISCUSSION

The obtained data reflect statistically significant
age differences in the P300 EP latencies in elderly peo-
ple in the 60-69 and 70-74 year old groups, to a greater
extent in the P25-P90 percentile range, when the dif-
ferences are reflected in all EEG leads, and minimal age
differences in the P300 EP amplitudes.

Socio-demographic factors, as well as parame-
ter variations within the normative ranges according
to the MoCA and Beck Depression Inventory data, had
no connection with the P300 EP parameters in indi-
viduals of the group with normal MoCA scores, no de-
pression, preserved working capacity and/or social
functions. This indicates that the principles of study
participant selection for the formation of normative val-
ues of the P300 EP parameters were chosen correctly,
as far as the survey capabilities allowed. Nevertheless,
the smoking factor, even past smoking (in those who
quit smoking by the time of the study), was associated
with both the latency and the amplitude of the P300 EP.
The obtained data are consistent with studies where,
in representative samples of mentally healthy people
who were smoking at the time of the study and had

FIG. 1.

never smoked, the electrophysiological phenotype
of a smoker with reduced P300 EP amplitude was
shown, with a possible dose-response relationship [18,
19]. The latency prolongation of the auditory P300 EP
is associated with the prolongation of its sensory com-
ponent N1, when there is a decrease in the percep-
tion of the auditory signal due to the chronic effect
of nicotine on the neuronal pathways from the inner ear
to the auditory zone of the cerebral cortex [20].

Despite the fact that the issue of creating norma-
tive databases of P300 EP parameters has been raised
for a long time, for more than 30 years [21], compari-
son of the obtained results with literature data is diffi-
cult. This is due to the different number of participants
in the samples and different statistical approaches.
The most commonly used method is to evaluate P300
EP indicators taking into account the average value
and standard deviation (sigma) [2]. Nevertheless, fo-
cusing on the data of the P300 EP norm in the central
EEG leads with pressing a button in the group of 60-69
years (383 + 40 ms), given in the work of V.V. Gnezditsky
et al. [2], it can be concluded that in our study both
the average values (374.5-380 ms) and standard devi-
ations (42.4-46.2 ms) in the 60-69 year old group are

Results of multiple regression analysis showing the relationship between P300 evoked potential latency and MoCA scores ranging
from 26 to 30 points in individuals with normative values of P300 evoked potential parameters: regression lines and relationships

between variables are defined with correction for gender and age
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FIG. 2.

Results of multiple regression analysis showing the relationship between P300 evoked potential amplitude and MoCA scores ranging
from 26 to 30 points in individuals with normative values of P300 evoked potential parameters: regression lines and relationships
between variables are defined with correction for gender and age

generally comparable with the data of the above-men-
tioned authors. In the 70-74 year old group, the P300
EP latency in our study appears to be more prolonged
(average — 399-406 ms, sigma - 54-56 ms; according
to V.V. Gnezditsky et al. [2] - 392 + 46 ms).

In another study, also conducted using auditory
P300 EPs [22] in healthy elderly individuals in South
Korea with an average age of 75.8 years, the P300 EP
latency was 362.5 + 44.2 ms in the median frontal EEG
lead, 362.2 £ 43.5 ms in the central EEG lead (M = sig-
ma). In a study conducted by the authors from Japan
in healthy individuals with an average age of 62.7 years,
the P300 EP latency was 377-406 ms [23].

Acknowledging that a comparison of the ob-
tained data with the data presented in the literature
is only conditionally possible (differences in the elec-
trode placement schemes, different characteristics
of the samples) [4], we can state in general the corre-
spondence of the ranges of auditory P300 EP latencies
in our study with the literature data for individuals
aged 60-69 years (especially at the level of P25-P75),
but there is a more pronounced shift towards
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anincrease in the P300 EP latency in a group of Arkhan-
gelsk residents aged 70-74 years.

Despite the recognition by various authors
of the presence of extended P300 EP latencies in individ-
uals without identified cognitive impairment, the P300
EP latency of about 400 ms is considered a threshold
above which the risk of cognitive impairment and a de-
crease in the volume of working memory statistical-
ly significantly increases, and in individuals with both
neurodegenerative and neurovascular pathology [2].
There is evidence that the P300 EP latency of more than
400 ms can be associated with cerebrovascular insuffi-
ciency and signs of dementia according to neuropsy-
chological testing [24]. Thus, it can be stated that in el-
derly people of Arkhangelsk aged 60-69 years, the limit
of the conditional “average” norm (P25-P75) of the P300
EP latency in all the EEG leads under consideration cor-
responds to 400 ms.

The results showed that age differences in the P300
EP amplitudes in the age range of 60-74 years were
minimal. According to the "aging curve” calculations
[6], for the age of up to 74 years, the amplitude norm



FIG. 3.

Results of multiple regression analysis showing the relationship between P300 evoked potential latency and Beck Depression Inven-
tory scores ranging from 0 to 13 points in individuals with normative values of P300 evoked potential parameters: regression lines
and relationships between variables are defined with correction for gender and age

is expected to be more than 5 pV. In our study, the low-
er limit of the average norm (P25) is presented slightly
lower - at the level of 5 pV (4 pV), but at P10 it is signifi-
cantly lower (from 1.4 to 4 pV) depending on the EEG
lead. It is worth considering that the calculations of re-
gression models for predicting the amplitude depend-
ing on age presented in the literature were carried
out taking into account a large range of ages (from 18
to 80 years) and on small samples of people.

If we rely on the works devoted to the study
of the auditory P300 EP parameters in elderly people,
then the relationship between age and the P300 ampli-
tude is not obvious, as in our study. In the previously
presented work, in healthy individuals with an average
age of 75.8 years, the amplitude in the median fron-
tal lead was 6.5 + 5.5 yV, in the median central lead -
4.0 + 2.8 yV (M = sigma) [22]. According to other data,
in individuals with an average age of 62.7 years, the am-
plitudes were 5.2 + 1.9 pV (M * sigma) [25]. Some au-
thors associate the decrease in the P300 EP ampli-
tudes with aging not with age, but with a lower level
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of education and gender differences [26], which was not
confirmed by the data of our study.

Thus, the average values of the P300 EP amplitudes,
as well as their ranges, do not always have a statistical-
ly significant dependence on age in elderly individuals.
In the study by C.F. Kuigler et al. [7], a slight age-related
decrease in the P300 EP amplitudes with aging was also
indicated. Apparently, a change in the perception of au-
ditory information due to an increasing neurosensory
deficitin sound recognition can cause compensatory ac-
tivation of various cortical areas to maintain the process
of recognizing sensory information, which can contrib-
ute to the expansion of the normal range of the P300 EP
amplitude, characteristic of healthy aging. It can be stat-
ed that in our study, the P300 EP amplitude is represent-
ed by a wide range of values - both towards low and to-
wards fairly high amplitudes, especially at the upper
percentiles (P75-P95 - up to 18-22 uV).

The prolongation of the P300 EP latency
in individuals with intact cognitive functions according
to neuropsychological testing data can be considered
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FIG. 3.

Results of multiple regression analysis showing the relationship between P300 evoked potential amplitude and Beck Depression
Inventory scores ranging from 0 to 13 points in individuals with normative values of P300 evoked potential parameters: regression
lines and relationships between variables are defined with correction for gender and age

from the standpoint of a decrease in cognitive reserve.
The concept of cognitive reserve includes the ability
of the brain to optimize or maximize its performance due
to a differentiated set of neural connections that allows
finding alternative cognitive strategies when making
a decision [27, 28]. Therefore, the optimal time for mak-
ing a decision when recognizing a significant sensory
stimulus, reflected in the auditory P300 EP latency, may
reflect the process of effective adjustment of the brain
neural network in the decision-making process.

Based on the experience of previous researchers
and taking into account our own results, in individuals
aged 60-69 years, the P300 EP latency values higher
than P75 (in individuals aged 60-69 years — more than
400 ms, in individuals aged 70-74 years — more than
443 ms) can be considered from the position of a de-
crease in cognitive reserve and a prognostically unfa-
vorable risk criterion for the cognitive impairment de-
velopment in elderly people living in a certain climatic
and geographic region (Arkhangelsk). For subsequent
analysis of the reasons for the significant representation
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of the extended P300 EP latency (in percentiles, P75
and above), dynamic observations are necessary, as well
as a more in-depth study of cognitive functions, neuro-
imaging data on morphofunctional changesin the brain,
in order to differentiate groups with “normal” aging
and“pathological”aging with the risk of developing var-
ious pathophysiological variants of dementia (vascular,
neurodegenerative nature) [29].

Itis also important to further study the role of endo-
crine-metabolic factors that directly or indirectly deter-
mine changesin therate of brain neuronal activity during
decision-making, for example, the state of the thyroid
system, metabolic parameters (carbohydrate, fat, pro-
tein). These endocrine-metabolic factors can affect both
the formation of the normal ranges of the P300 EP pa-
rameters and the effectiveness of cognitive functions
in residents of the Arctic zone of the Russian Federation,
primarily memory functions [30].

Based on the fact that with age the values
of the conditional norm of the P300 EP latency increase,
the preservation of the P300 EP latency within the age



norm or even at the level of the previous age decade
can be considered as an electroneurophysiological re-
flection of the cognitive reserve preservation for an el-
derly person, the basis of his cognitive longevity.

The P300 EP amplitude below the P25 value can
also be considered in the context of a decrease in cog-
nitive reserve. However, its minimal changes in the age
aspect give reason to believe that during healthy ag-
ing, the P300 EP amplitude may not undergo signif-
icant changes. A pronounced decrease in the P300
EP amplitude in this case will be more associated not
with physiological, but with pathological vascular, met-
abolic changes in brain functions, primarily associated
with the risk of developing neurodegeneration [13].

The limitation of the presented study may be asso-
ciated with the insufficient analysis of possible gender
differences, age-related changes in the studied param-
eters taking into account cognitive impairment accord-
ing to neuropsychological testing, and the technical
complexity of assessing morphofunctional changes
in the brain in all participants of the population study
using neuroimaging methods. Such an analysis would
be more correct in a comparative analysis with the in-
clusion of younger age groups (up to 60 years), which
is planned for the next stage of the study. Thus, the sub-
sequent development of the research topic is planned
in the context of the analysis of the role of socio-de-
mographic, behavioral factors, cognitive decline (ac-
cording to the expanded neuropsychological study)
and the severity of depression, which have the greatest
impact on the age ranges of the P300 EP parameter val-
ues in the elderly, as well as in comparison with individ-
uals of the previous age group (average age).

Another possible limitation of the study may
be the inclusion in the analyzed group of 84 (21 %)
participants with probable preasthenia and 5 (1.3 %)
participants with probable frailty, who got 3-4 and 5-7
scores, respectively, on the Age Is No Barrier test. Ac-
cording to the questionnaire requirements, it was nec-
essary to check the cognitive functions of individuals
with 3 points or more using the Mini-Cog question-
naire [14, 15], which was not done. However, the re-
sults obtained on the MoCA scale, which is more in-
formative than the Mini-Cog screening test [16, 17],
demonstrated normal values according to the MoCA
scale, which served as the basis for considering prob-
able preasthenia and asthenia in these individuals
to be due to a decrease in physical functions, and not
the presence of cognitive decline.

CONCLUSION

For the first time, the normative values of the pa-
rameters of cognitive auditory evoked potentials P300
in residents of the European North of Russia aged 60-74
years in the range from 5-95 percentile are presented.
In the group of 60-69 years, the range of P300 EP la-
tencies at the level of the “average” norm (P25-P75)
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was 343-401 ms, and in the group of 70-74 years -
359-443 ms. Age differences in the P300 EP amplitudes
were minimal, the range on average in the total sample
was 4-13 pV (P25-P75). Latency above 400 ms (60-65
years) or above 443 ms (70-74 years) in individuals
with preserved working capacity and/or social functions
and normal indicators on the MoCA scale and the ab-
sence of depression (according to the Beck Depression
Inventory) is proposed to be considered from the posi-
tion of a decrease in cognitive reserve and a prognos-
tically unfavorable criterion for the risk of developing
cognitive impairment in elderly people living in the Eu-
ropean North of Russia.
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ABSTRACT

Background. Carotid atherosclerosis is one of the urgent problems due to the high risk
of developing ischemic stroke and cognitive impairment. The dynamics of clinical dis-
orders in patients with carotid stenosis is determined by a complex of neuro-physiolog-
ical, angiological, tissue and biomolecular reactions, the characteristics of which can
act as predictors of the course of the pathology.

The aim of the work. To determine the neurophysiological parameters and predictors
of cognitive dysfunction in patients who underwent carotid endarterectomy.
Materials and methods. The study included 59 people with carotid atherosclerotic dis-
ease. All included patients underwent carotid endarterectomy. We assessed the degree
of stenosis of the internal carotid artery and cognitive status using the FAB (Frontal As-
sessment Battery) scale and MoCA (Montreal Cognitive Assessment) Test and recorded
electroencephalogram (EEG), P300 cognitive evoked potentials and heart rate variabil-
ity in patients at various terms (before surgery, 6 months after the surgery). Patients
were divided into groups based on the dynamics of cognitive tests using cluster analy-
sis (k-means) with identification of elements included in the clusters: patients of cluster
1 had a “preserved” profile of cognitive status; patients of cluster 2— moderate cognitive
dysfunction.

Results. Patients of cluster 1 had a higher power of beta oscillations in the frontal lead,
a higher amplitude of the P3 component of the P300 potential, and a greater variabil-
ity of R-R intervals in terms of the total indicator and high-frequency power. We pro-
posed a model that allows us to classify patients into groups according to the dynamics
of cognitive function scores. According to the data obtained, the most significant pre-
dictors of the dynamics of cognitive status were the initial characteristics of the EEG
and the P300 cognitive evoked potential.

Conclusions. We determined the clinical and neurophysiological correlates of cognitive
dysfunction: an association with greater preservation of activating effects on the EEG,
processes of recognition and decision-making in the associative zones of the cortex,
and less pronounced activity of stress-implementing mechanisms. Indicators of EEG
spectral analysis and characteristics of the P300 cognitive evoked potential are predic-
tors of the cognitive status dynamics.

Key words: carotid atherosclerosis, P300 cognitive potential, carotid endarterectomy,
cognitive functions, artificial neural networks, cluster analysis
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PE3IOME

AKkmyanbHOCMb. Amepocksiepomuyeckoe nopaxeHue COHHbIX apmepull A8/19emca
00HOU U3 akmyarsbHelx NpobsieM 8 C8A3U C 8bICOKUM pUCKOM pa3sumus uwemuye-
CKO20 UHCY/IbMa U KO2HUMUBHbIX HapyweHuU. JUHaMuKa KIuHU4ecKux HapyweHut
y nayueHmMos ¢ KapomuoOHbIMU CMeHO3aMu onpeodesisiemcs KOMNiekcom Helpo-
¢hu3uOI02UYECKUX, AH2UOI02UYECKUX, MKAHEBLIX U MOJIEKY/IAPHO-6U0I02UYeCKUX
peakyuli, XxapakmepucmuKu KOmopbiX MO2ym 8bICMyname 8 posiu NpeduKxmopos
mey4eHus hamoJsiozuu.

Lens pabomel. OnpedeneHue Helipoghu3uooeuyeckux napamempos u npedukmo-
pO8 KO2HUMUBHOU OUCHYHKUUU Yy nAyueHmMos, hepeHECuUX KapomuoHy 3HOap-
mep3Kkmomuro.

Mamepuanel u Memoobl. B uccnedosaHue 6110 8Kk/Il04eHO 59 Yesiosek ¢ amepo-
CKJIepomuyecKuM NopaxeHuem COHHbIXx dpmepuli. Bce 8kouéHHble nayueHmsi
noosep2anucb KAPOMuUOHOU SHOAPMEPIKMOMUU. Y NauueHMo8 8 pas/iuyHble CPOKU
(0o onepauyuu, Yyepes 6 Mecsyes nocsie 8MewamesibCmMaea) Npou3eoouIdcb OYeHKa
cmeneHuU cmeHo3a 8HympeHHel COHHOU apmepuu, pecucmpayus 3/1ekmpo3Hyepa-
noepammel (33F), Ko2HUMUBHbIX 8bI38aHHbLIX NnomeHyuasnos P300, sapuabensHocmu
cepO0eyHO20 puMMa, a Makxe oyeHKa Ko2HUMUBHO20 cmamyca no wkanam FAB
(Frontal Assessment Battery), MoCA (Montreal Cognitive Assessment) Test. llayu-
eHmel 6biau paszoesieHbl Ha 2pynnbl HA OCHOBe OUHAMUKU KO2HUMUBHbLIX Mecmos
MemoooM KiacmepHo20 aHanusa (k-cpedHux) ¢ udeHmugukayueli 371eMeHmos,
8X00AWUX 8 Kaacmepel: Kaacmep 1 — C «COXPAHHbIM» npogusieM KO2HUMUBHO20
cmamyca; knacmep 2 — ¢ yMepeHHbIMU KO2HUMUBHbIMU HAPYWeHUAMU.
Pe3synemamel. B knacmepe 1 onpedensemca 60o/1ee 8bICOKAad MOWHOCMb 6ema-Ko-
nebaHuli 8 106HbIX omeedeHUAX, amnaumyoa komnoHeHma P3 nomeHyuana P300,
a makxe 6osbWas 8apuabesbHocMsb R-R uHMeps8anos no CcymmapHoMy nokasame-
JII0 U 8bICOKOYACMOMHOU MouwjHocmu. Hamu 6bi1a npednoxeHa mooesib, N0380/15-
rowas Knaccuguyuposame nayueHmos 8 2pynnsl o OUHamuke 6a1bHoU oyeHKU
Ko2HUMUBHbIX pyHKyul. Co2/1aCHO NOJTyYeHHbIM OdHHbIM, Haubosee 3HaYUMbIMU
npedukmopamu OUHAMUKU KOZHUMUBHO20 cmamyca A8/A/IUCL UCXOOHble Xapak-
mepucmuku 33 u KO2HUMUBHO20 8bI38aHHO20 nomeHyuasna P300.

Bb1800bI. BbisigsieHbl KAUHUKO-Helipogu3uosioeuyeckue Koppensimol Ko2HUMUB-
HoU oucgyHKyuu: accoyuayus ¢ 6osblieli COXpdHHOCMbI0 AKMUBUPYIOUUX 8/1US-
Hul Ha 23[, npoyeccos 0NO3HAHUA U NPUHAMUA peweHUs 8 acCoyuamuaHbIX 30HaxX
Kopbl, MeHblell 8bIpaXeHHOCMbI0 AKMUBHOCMU CMpPeCC-peanusyouux MexaHus-
moas. Tokazamenu cnekmpasabHo20 aHaausa 33 u xapakmepucmuku Ko2HUMuU8-
HO20 8b138aAHHO20 NomeHyuand P300 sengomcsa npeduKkmopamu OUHAMUKU KO2HU-
mugHo20 cmamyca.

Knioyeewie cnoea: amepockiepos COHHbIX apmepul, KO2HUMUBHbIU nomeHyuasn
P300, kapomudHaa 3HOapmep3KMoMus, Ko2HUMUBHblE (yHKUUU, UCKYCCMBEHHbIe
HeUpOoHHble cemu, K/IdCMepHbIt dHAIU3

Ona untnposanma: KanuHuH P.E., MNMuwenHnkos A.C., Cyukos W.A., 3opuH PA., Cona-
HUK H.A., BypwwnHos A.O., JleoHos TA., )KagHoB B.A., AbeHoB M.P. MpegunKtopbl AnHa-
MUKUN M3MEHEHUA KOFHUTUBHbIX GYHKUMIA y NaumneHToOB yepes 6 mecALeB nocie Kapo-
TUAHON 3HAapTepakTOMUN. Acta biomedica scientifica. 2024; 9(3): 144-152. doi: 10.29413/
ABS.2024-9.3.14
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INTRODUCTION

Carotid atherosclerosis is one of the urgent problems
of both neurology and vascular surgery due to the high
risk of developing ischemic stroke and cognitive impair-
ment in asymptomatic patients [1-3].

The dynamics of clinical disorders in patients with ca-
rotid stenosis is determined by a complex of neurophysio-
logical, angiological, tissue and biomolecular pathological
and compensatory-adaptive reactions, the characteristics
of which can act as predictors of the course of cerebrovas-
cular pathology [4-6].

Animportant clinical characteristic of patients with he-
modynamically significant stenosis of the carotid arteries
is cognitive impairment [7, 8] associated with brain per-
fusion limitations and secondary changes in the trophism
of the associative cortical zones [9, 10].

One of the objective correlates of cognitive impair-
ments are endogenous evoked potentials (potentials asso-
ciated with events) - P300, reflecting the psychophysiolog-
ical processes of stimulus recognition and decision-making
in relation to it [11]. There are also data on the relationship
between neurodynamic cognitive impairments and the ac-
tivity of ergotropic and trophotropic mechanisms of auto-
nomic support of behavior [12]. Ultrasound and clinical
laboratory characteristics in this group of patients can
equally be considered as variables influencing cognitive
status [13, 14].

In this regard, a relevant issue is the study of the role
of these indicators as correlates of the cognitive status dy-
namics in patients with carotid stenosis.

TABLE 1

GENERAL CHARACTERISTICS OF THE PATIENTS

THE AIM OF THE STUDY

To determine the neurophysiological parameters
and predictors of cognitive dysfunction in patients who
underwent carotid endarterectomy.

MATERIALS AND METHODS

The study included 59 patients between 2021 and 2022.
Patients included in the study were grouped as "symp-
tomatic” (group 1; n = 33), with acute cerebrovascular acci-
dents in a medical history, and as “asymptomatic” (group 2;
n = 26), without acute cerebrovascular accidents in a medi-
cal history, according to brain magnetic resonance imaging.
All included patients underwent carotid endarterectomy
according to clinical guidelines [15]. The surgical technique
(classical or eversion) was selected based on the prefer-
ences of the operating surgeon, the atherosclerotic plaque
extent on the internal and common carotid arteries,
and the carotid bifurcation level. A Dacron patch was used
for the classical technique. The groups were comparable
in terms of the surgery type. All surgical interventions were
performed using total combined anesthesia. Artificial lung
ventilation was performed using a Drager Primus breathing
apparatus (Drager, Germany) in the IPPV mode under nor-
moventilation conditions (PaCO,=35-45mm Hg) with ven-
tilation parameter control. General data on the patients are
presented in Table 1; both groups of patients were compa-
rable in age and the presence of concomitant pathology,
as well as in the intervention technique.

Indicators Group 1 (n=33) Group 2 (n = 26) p*
Age (years) 66.7 +£8.2 68.2+7.1 -
Gender male - 21 (63.6 %) male — 17 (65.3 %) _
female - 12 (36.4 %) female - 9 (34.7 %)
Side of the ICA lesion r:gf}:t_—1194 lle;: ; 8322
Hypertension 30 (90.9 %) 23 (88.4 %) 0.424
Ischemic heart disease 10 (30.3 %) 12 (46.1 %) 0.123
Postinfarction cardiosclerosis 3(9%) 4(15.3 %) 0.302
Type 2 diabetes mellitus 8(24.2 %) 4(15.3 %) 0.155
Gl sy dwaauer 0o
Temporary intraluminal shunting 7 (21.2 %) 5(19.2 %) 0.378
Intraoperative ICA clamping time (s) 1567 [1390; 1780] 1597 [1335;1723] 0.759

Note. ICA - internal carotid artery; CEA - carotid endarterectomy.

146



The inclusion criteria were the presence in patients
of: internal carotid artery stenosis according to expert ul-
trasound examination of the brachiocephalic arteries (US-
BCA) of 70-99 % according to NASCET (North American
Symptomatic Carotid Endarterectomy Trial) in the absence
of transient ischemic attack (TIA) episodes or acute cere-
brovascular accident (CVA); internal carotid artery stenosis
according to expert BCA ultrasound from 50 to 60 % ac-
cording to NASCET, considering morphological instability
of the atherosclerotic plaque (ulceration, hemorrhage into
the plaque, intimal flotation, mural thrombus) and neuro-
logical symptoms — TIA or stroke; internal carotid artery
stenosis according to expert BCA ultrasound of more than
60 % according to NASCET in the presence of episodes
of TIA or CVA [16]. Patients with contralateral internal ca-
rotid stenosis were not included in the study. Exclusion
criteria were: contralateral internal carotid artery steno-
sis; hearing impairment that prevents testing; patient re-
fusal to participate in the study; systemic disease (renal,
liver, gastrointestinal, hematological, immunological dis-
ease, etc.); degenerative diseases of the nervous system
(Alzheimer’s disease, Huntington’s chorea, Parkinson'’s
disease, amyotrophic lateral sclerosis, frontotemporal
degeneration).

Exclusion criteria during the observation period were:
death; any cardiovascular events; refusal to continue
the study.

Patients received standard antiplatelet (monother-
apy with aspirin 100 mg or in combination with clopido-
gel 75 mg) and lipid-lowering (3-hydroxy-3-methylglu-
taryl-coenzyme A reductase inhibitors in a dose according
to the level of low-density lipoproteins) therapy, and did
not take drugs that affect cognitive functions (central ace-
tylcholinesterase inhibitors or acatinol memantine, etc.).

In patients, the degree of internal carotid artery steno-
sis was assessed using ultrasound data at different times
(before surgery (1-5 days before the intervention) — visit
1; 6 months after the intervention - visit 2); in some cas-
es, computed tomography with angiography and/or dig-
ital subtraction angiography were used as a confirmation
method. Electroencephalogram (EEG), cognitive evoked
potentials (P300), heart rate variability (HRV) were record-
ed, and cognitive status was assessed using the Frontal
Assessment Battery (FAB) and the Montreal Cognitive As-
sessment (MoCA Test).

Ultrasound examination was performed on a GE Viv-
id S5 device (GE HealthCare, USA) with a linear sensor
with a frequency of 12 MHz; magnetic resonance imaging
was performed on a MAGNETOM Symphony 1.5 Tesla de-
vice (Siemens, Germany).

EEG was recorded using a 19-channel digital elec-
troencephalograph Neurospectr-3 and the correspond-
ing Neuron-spectr software (Neurosoft LLC, Russia) [17].
The electrodes were mounted according to the 10-20 %
scheme (Fp1, Fp2, F7,F3,F4,F8,T3,C3,C4,T4,T5,P3,P4,T6,
01, 02, Fz, Cz, Pz) with reference electrodes on the ears A1
and A2. The quantization frequency of the analog-to-dig-
ital converter was 200 Hz, the high-pass filter (time con-
stant) was 0.5 Hz (0.32 s), and the low-pass filter was 75 Hz.

The average analysis epoch was 20.48 s (4096 samples).
EEG was recorded in the background state. Before con-
ducting the EEG mathematical analysis, artifacts were
identified and excluded from the analysis, as well as epi-
leptiform activity was identified both visually and by soft-
ware detection of spikes and sharp waves. Recording frag-
ments without artifacts were used for the analysis. The EEG
analysis was performed using spectral analysis methods
based on the fast Fourier transform with the allocation
of the following frequency ranges: delta (0.5-3.9 Hz), theta
(4.0-7.9 Hz), alpha (8-13 Hz), beta-1 (14-19.9 Hz), beta-2
(20-35 Hz), gamma (36-100 Hz). The following parame-
ters were studied during the spectral analysis: total pow-
er; average power; average amplitude and average fre-
quency of alpha oscillations, betal and beta2 oscillations,
theta and delta oscillations. Cognitive evoked potential
P300 registration was performed to assess the activity
of the sensory systems. The auditory evoked potentials
(EP) study was carried out by recording long-latency au-
ditory EPs, reflecting to a greater extent the function
of the auditory analyzer thalamocortical section. For stim-
ulation using headphones, binaurally, clicks with a dura-
tion of 50 ms, a filling of 1000 Hz, a frequency of 1-1.5 Hz
with a random component (to exclude the phenomenon
of habituation to periodicity) were used; the gain was
5-20 uV/mm, the analysis epoch was 500 ms, the number
of summations (averaging) was 100. The cognitive evoked
potential P300 was recorded in the odd-ball paradigm
during the presentation of sound stimuli and the patient’s
active response to a significant (deviant) stimulus (button
pressing) using the “Neuron-Spectrum.DVP” hardware
and software complex (Neurosoft LLC, Russia) [17]. Elec-
trocardiogram (ECG) was recorded using the “VNS-Micro”
device and the “Poli-Spectrum.NET” program (Neurosoft
LLC, Russia). The vegetative regulation mechanisms were
assessed by recording and analyzing heart rate variabili-
ty using the “Poli-Spectrum.NET” hardware and software
complex (Neurosoft LLC, Russia) [18]. The assessment was
performed in a sitting position in the 1t standard ECG lead;
then statistical and spectral analyses of the dynamic series
of R-R intervals were performed.

Statistical data processing was performed using
the Statistica 10.0 software package (StatSoft Inc., USA).
Descriptive statistics included the median (Me), lower
and upper quartiles (LQ; UQ). Quantitative data compar-
ison was performed using the Mann - Whitney statistical
criterion (U; the normalized indicator is Z); for qualitative
data, 2 X 2 conjugation tables and the chi-square criterion
were used. Differences were considered statistically signif-
icant at p < 0.05. To isolate subgroups of patients, the clus-
ter analysis method (k-means) was used with identification
of elements included in the clusters. The problem of clas-
sifying patients into groups with known clinical character-
istics was solved based on machine learning technology
(artificial neural networks) using the studied neurophys-
iological parameters as input parameters. The artificial
neural network performance was assessed on the training,
control, and test samples. The software package Statistica
10.0 (StatSoft Inc., USA) was used.
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All patients signed informed consent; the study was
approved by the local Ethics Committee of the Ryazan
State Medical University named after Academician I.P. Pav-
lov of the Ministry of Health of the Russian Federation (pro-
tocol No. 3 dated October 11, 2021).

RESULTS OF THE STUDY

To solve the problem of identifying factors that predict
the trajectory of patients’ cognitive functioning, we imple-
mented a formalized procedure for categorizing patients
into homogeneous groups based on the dynamics of cog-
nitive tests using the cluster analysis method (clustering
by the k-means method).

Table 2 shows the results of cluster analysis based
on changes in FAB and MoCA Test indicators at visit 1 (be-
fore surgery) and 6 months after surgery.

As follows from Table 2, cluster 1 is character-
ized by a more preserved cognitive status compared
to cluster 2 according to the selected indicators, in con-
nection with which cluster 1 is designated as a group
with a preserved profile of cognitive status, cluster

TABLE 2

DYNAMICS OF INDICES OF COGNITIVE FUNCTIONS

Cluster 1 (n=33)

Indicators
Me (LQ; UQ)
FAB, visit 1 17 (17;18)
FAB, visit 2 18(17;18)
MoCA Test, visit 1 26 (25; 28)
MoCA test, visit 2 27 (26; 29)

TABLE 3

2 - as a group with moderate cognitive impairment (ac-
cording to the MoCA Test indicator).

A fundamentally important fact is the absence of sta-
tistically significant differences in the presence of the pre-
vious ischemic stroke factor in the anamnesis in the groups
(in cluster 1: 55 % with a history of stroke, 45 % without
a history of stroke; in cluster 2 — 52 % and 48 %, respective-
ly; x*=0.06; p = 0.83).

Table 3 presents the neurophysiological indicators
in the clusters.

A statistically significantly higher power of beta oscilla-
tions in the frontal leads in cluster 1 is determined; as well
as higher amplitude of the P300 potential P3 component
in this cluster. When studying the heart rate variability
in cluster 1, a greater variability of the R-Rintervals by the to-
tal indicator and high-frequency power are revealed.

Table 4 presents the correlations between neurophys-
iological indicators and the scoring level of cognitive func-
tions in clusters.

As follows from the table, statistically significant cor-
relations are determined between the P300 potential
amplitude and the cognitive function score level at visit
1 (for groups 1 and 2) and at visit 2 (after 6 months).

Cluster 2 (n = 26) Statistical indicators

Me (LQ; UQ) U (2) P
16 (14; 16) 70 (3.6) 0.001
16 (16;17) 62 (3.8) 0.001
23 (22;24) 43 (4.3) 0.001
25 (24; 26) 33 (4.6) 0.001

NEUROPHYSIOLOGICAL PARAMETERS IN SELECTED CLUSTERS

Cluster 1
Indicators

Me (LQ; UQ)
Power of EEG beta oscillations in lead 5 (4: 6)
F3, pV x ms !
Amplitude of potential P300 in lead .
P3 after surgery, uv 6.9(2.9;7.4)
Amplitude of potential P300 in lead 6.4 (5.8;8.0)
Cz after surgery, yv
RMS HRV, ms 29 (16; 44)
HF HRV, ms 177 (36; 328)

Cluster 2 Statistical indicators

Me (LQ; UQ) U (2) P
4(3;5) 48 (2.01) 0.048
2.8(0.9;6.4) 14.5(2.25) 0.024
24(0.8;5.4) 9(2.73) 0.007
17 (10; 25) 45(2.12) 0.034
26(17;120) 48 (1.9) 0.047

Note. RMS HRV - variability of R-R intervals according to the total indicator, HF HRV - high-frequency power.



We proposed a model based on artificial neural
network (ANN) technology, which allows classifying pa-
tients into groups based on the cognitive function score Receiver operating characteristic (ROC curve)
dynamics based on the above-described neurophysio-

logical indicators. The model with optimal characteris-
tics was a multilayer perceptron with 29 input neurons,
7 intermediate layer neurons, and 2 output neurons
(MLP 29-7-2). The model demonstrated 100 % train-
ing performance, 78 % test sample performance (BFGS
7 training algorithm).

In the test sample, a smaller number of correct solu-
tions were found in cluster 2 (70 % correct answers; in clus-
ter 1 - 100 %); that is, the more difficult task was to classify
subjects into cluster 2. The area under the ROC-curve was
0.950 (good quality of the model) (fig. 1).

0,8

0,6

0,4

Sensitivity
(proportion of true positives)

0,2

0,0

Table 5 presents the ranked (in order of decreasing 0,0 02 04 06 0.8 1,0

importance) neurophysiological indicators used to solve 1—specificity
the classification problem. (proportion of true negatives)
As follows from Table 5, the most significant predictors
of the cognitive status dynamics in patients who under-
went carotid endarterectomy were the EEG characteristics  FjG. 1.
and the cognitive evoked potential P300 characteristics. ROC-curve of the classification model into the studied clusters

TABLE 4

CORRELATIONS OF NEUROPHYSIOLOGICAL INDICES IN CLUSTERS

Cluster 1 Cluster 2
Groups of indicators
correlation p correlation p
FAB (visit 1), P200 CEP amplitude in lead Fz 0.494 0.044 - -
MoCA Test (visit 1), P300 CEP amplitude in lead Cz - - 0.632 0.029

MoCA Test (visit 2), P300 CEP amplitude in lead Cz - - 0.539 0.039

Note. CEP - cognitive evoked potential.

TABLE 5

NEUROPHYSIOLOGICAL INDICATORS USED FOR CLASSIFICATION AND RANKED IN THE DESCENDING ORDER
OF SIGNIFICANCE

Characteristics
Groups of indicators

Rank* Sensitivity
EEG alpha oscillation power in lead O1, pV X ms 1 3.0
HF HRV 2 25
P2N2 P300 amplitude in lead Fz 3 25
P3 P300 latency in lead Fz 4 2.0
EEG beta oscillation frequency in lead F3 5 2.0
EEG alpha oscillation power in lead 02, uV x ms 6 2.0
EEG theta oscillation frequency in lead F3, counts/s 7 2,0

Note. * — the first 7 indicators with the highest level of sensitivity are presented; HF HRV - high-frequency power.
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DISCUSSION

The absence of statistically significant neurophysio-
logical differences in the previous stroke factor in pa-
tients with carotid stenosis indicates the need to search
for other predictors of the cognitive status dynamics,
which is consistent with the literature data [19, 20]. This
report presents mainly neurophysiological correlates
and predictors of the dynamics of cognitive func-
tions; at the same time, the role of factors associated
with clinical status [19], biomolecular and neurotrans-
mitter mechanisms [21, 22] is undoubted.

It was revealed that the preserved cognitive status
(cluster 1) is associated with indirect signs of greater
brain activation (according to betal EEG oscillations),
a greater cognitive evoked potential P300 amplitude,
as well as with a lesser expression of sympathetic in-
fluences (less activity of stress-realizing systems).
At the same time, statistically significant correlates
of a higher score for cognitive functions of the first vis-
it and the visit after surgery were indicators reflecting
the preservation of the stimulus recognition and deci-
sion-making mechanisms in relation to it, which also
corresponds to literature data [11].

Machine learning technologies are widely used
to solve problems in both clinical neurology and clinical
angiology [23]. The use of neurophysiological indicators
as predictors allowed us to create a model for classi-
fying subjects into groups based on ANN technology.
The model was more sensitive to identifying a group
with less pronounced cognitive impairment. The most
significant predictors of the cognitive status dynamics
were the characteristics of the EEG spectral analysis
and the cognitive evoked potential P300 indicators.

CONCLUSIONS

In patients with atherosclerotic lesions of the carotid
arteries who underwent carotid endarterectomy,
the presence of clinical and neurophysiological
correlates was revealed: an association of preserved
cognitive functions with a more pronounced activation
of cortical structures, activity of cortex associative
zones, and a lesser expression of the activity
of stress-realizing mechanisms. The EEG spectral
analysis indicators and the cognitive evoked potential
P300 characteristics during recognition and decision-
making in relation to a sensory stimulus can be used
as additional predictors of the cognitive status dynamics
in patients with carotid stenosis using machine learning
technologies. At the same time, the stroke factor does
not have a statistically significant effect on the cognitive
status of patients.
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ABSTRACT

Despite the wide choice of antiepileptic drugs (AEDs), a third of patients remain re-
sistant to the effects of modern AEDs. Drug-resistant epilepsy (DRE) is characterized
by the inability to control seizures in a patient when using at least two adequate AED
regimens at an effective daily dose as monotherapy or in combination. In this case,
the mechanisms responsible for drug resistance are mainly either increased excretion
of AEDs by transporters from epileptogenic tissue (the multidrug transporter hypothe-
sis) or a decrease in the sensitivity of drug receptors in epileptogenic brain tissue. It is as-
sumed that there are other mechanisms, but they remain understudied. A number
of factors are associated with the risk of DRE developing in patients with diagnosed epi-
lepsy, including genetic, iatrogenic, brain malformations, and others. Patients with DRE
have a higher probability of developing psychopathological disorders (depression,
anxiety, psychosis), the proportion of which is significantly higher than in the gen-
eral population. They have a 10-fold increased risk of death due to injury, cognitive
decline, and sudden unexpected death in epilepsy (SUDEP). The priority treatment
method for DRE is surgery. Early identification of DRE is critical for identifying poten-
tial treatment alternatives and determining whether a patient is a surgical candidate.
Analysis of data from clinical and instrumental research of operated patients with DRE
in the early and late postoperative period will allow us to identify factors of unfavorable
outcome and to increase the effectiveness of treatment for this category of patients.
The aim was to study and to summarize literature data on the pathogenesis and risk
factors of drug resistance to antiepileptic drugs in patients with epilepsy, justifying
the need for timely identification of drug resistance and referral of patients with drug-re-
sistant epilepsy to specialized centers for possible surgical treatment.

Key words: drug-resistant epilepsy, pathogenesis, surgical treatment of drug-resistant
epilepsy, outcomes of surgical treatment, risk factors
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PE3IOME

Hecmompsa Ha 6onbwoli 8bi6op npomugosnuienmuyeckux npenapamos (137]),
mpems nayueHMo8 ocmaromca ycmou4useiMu K delicmauto cogpemeHHbix 1317,
@®apmakopesucmenmuas snunencua (OP3) xapakmepu3lyemca He803MOXHOCMbIO
KOHMpona Hao npucmynamu y 60/1bH020 Npu NpuMeHeHUU No KpatiHeli Mepe 08yX
aodekgamHeix cxem 1311 8 3¢hgpekmusHoli cymoyHoU 003e 8 Kayecmee MOHOMepanuu
unu 8 kKombuHayuu. llpu Mom MexaHuU3Mamu, omeemcmeeHHbIMU 3a pe3ucmeHm-
HOCMb K (hapmakonpenapamam, 8 0OCHOBHOM AB/IAIOMCA JIUGO NOBbILIEHHOE 8blge-
OeHue 131 nepeHocHUKamu u3 3nusaenmozeHHOU MKaHu (2unomesa mMysbmuJsiekap-
CMBEeHHbIX MPAHcnopmepos), UBO CHUXeHUE 4y8CmaumesbHOCMuU peyenmopos
K lekapcmay 8 anusienmozeHHoU MKAHU 20/108H020 Mo32d. [lpednonazaemca Hanu-
yue u Opyaux, HoO HEOOCMAMOYHO U3y4eHHbIX MexaHu3mos. C puckom pazsumus OP3
y nhayueHmMo8 ¢ uazHOCMUpPOB8AHHOU 3nunencueli c8A3aH pAO0 pakmMopos, 8KOYAA
2eHemuyeckue, AMpPo2eHHble, NOPOKU paA3sumus 20108H020 Mo32d U Opyaue. bosb-
Hele ¢ OP3 umetom 6osiee 8bICOKYIO 8epOAMHOCMb pa38UMUA Ncuxonamosozuye-
CKux paccmpoticma (Oenpeccus, mpegoad, NCUxo3bi), 00/IA KOMOpPbIX 3HAYUMETbHO
sbiuie, YeM 8 obwieli nonyaayuu. ¥ Hux 8 10 pas noseluaemcs puck 1ema’sbHo20 Uc-
X00a eciedcmaue mpasm, CHUXeHUsA KO2HUMUBHbIX hyHKYUU u 8He3anHol cmepmu
(SUDEP, sudden unexpected death in epilepsy). [lpuopumemHeim memodom sedeHus
OP3 agnsemcsa xupypeuyeckoe. PaHHee gbisigrieHue OP3 umeem pewaroujee 3HaveHue
0/19 yCmMaHoeJsieHUs NOMeHYUAIbHbIX dslbMepHamue ie4eHus U onpedesieHUs mozo,
A8/19emcsA U nayueHm KaHouOamom Ha xupypauyeckoe sMeuwamesbcmao. AHAMU3
OAHHbIX KTUHUYECKUX, UHCMPYMeHMAasbHbIX Memo0os Ucc1e008aHUA ONepupo8aH-
Hbix 60s1bHbIX OP3 8 paHHemM U 0mOadnEéHHOM NocsieonepayuoHHOM nepuode No3e8o-
JIUM 8bIABUMb (hakMopbl HE6/IA20NPUAMHO20 UCX00d U N08bICUMb 3¢hheKmUBHOCMb
nedyeHus 0aHHOU Kamezopuu 60/1bHbIX.

Llenvio uccmedosaHusa A8usnoce usyuyeHue u obobweHue OAHHLIX umepamypsi
no namoezeHesy, hakmopam pucka papmakoycmouisusocmu K 131 60/1bHbIX 3nNU-
nencueli ¢ 060CHOBAHUEM HEO6XOOUMOCMU C80EBPEMEHHO20 8biA8JIEHUA (hapMaKo-
pe3ucmeHmMHoOCMuU u HanpassieHus nayueHmos ¢ OP3 8 cneyuaau3uposaHHsie yeH-
mpebl 0718 803MOXHO20 ONEPAMUBHO20 JIeYeHUH.

Knioyeesie cnoea: apmakopesucmeHmHas snuiencus, NAmozeHes, xupypauye-
CKoe JleyeHue hapmMarKopesucmeHmHoU 3NuUnencuu, Uucxodbl XUpypauyecKozo eve-
HUS, (hakmopel pucka

Ona yutupoBaHus: TnbekrHa J1.M., Anb-Caxnu Y.A., ®nyn B.B. CoBpemeHHble NpeacTas-
NeHna o GpapMakopesNCTEHTHON 3MNUNENCUK, NaToreHese, GpakTopax puUcKa U mncxopax
eé xmpyprudeckoro nedyeHus. Acta biomedica scientifica. 2024; 9(3): 153-163. doi: 10.29413/
ABS.2024-9.3.15
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MODERN CONCEPTS OF PHARMACORESISTANT
EPILEPSY

Epilepsy is one of the most common chronic dis-
abling neurological diseases, affecting more than 70 mil-
lion people worldwide [1, 2]. Patients with epilepsy have
3.1 times more physical, mental, or social limitations
compared to patients without epilepsy due to cogni-
tive, psychopathological, and other comorbid diseases
[3]. Despite the availability of more than 20 modern an-
tiepileptic drugs (AEDs) for the symptomatic treatment
of epilepsy, about 30-40 % of patients with epilepsy re-
main resistant to pharmacotherapy [1, 2, 4].

Drug-resistant epilepsy (DRE) is characterized
by the inability to achieve seizure cessation with two
“adequate” AED regimens as monotherapy or in combi-
nation [5]. It is considered a multifactorial phenomenon
based on numerous genetic and acquired mechanisms.

Among the DRE genetic causes are the increased
rate of metabolism of AEDs in individuals homozy-
gous or heterozygous for the fast allele of genes that
are biotransformed in the liver) [6]; decreased or absent
sensitivity of cortical neuron receptors to AEDs. One
of the acquired mechanisms can be considered the epi-
leptogenesis initiation by seizures with changes in ner-
vous tissue through neuroplasticity [7].

In recent years, the development of neuroscience,
neuroimaging and the use of mathematical models
based on graph theory in clinical and fundamental neu-
rology have made it possible to consider epilepsyasadis-
ease of neural networks [8]. In patients with epilepsy,
disturbances in the structural and functional connec-
tomes, i.e. the set of structural and functional networks
in the nervous system, have been identified. The net-
works are divided into nodes and connections between
nodes (edges), in which changes are noted.

The nodes typically correspond to different areas
of the temporal lobe and extratemporal structures [9].

The medical and social DRE consequences are sig-
nificant for the patient’s physical and mental health. So-
cioeconomic and psychological limitations that reduce
their quality of life increase the risk of mortality [10].
According to numerous studies, they have higher levels
of cognitive deficits, emotional disorders, mental ill-
nesses, and difficulties or inability to perform certain
social roles [11].

The quality of life (QoL) of patients with epilepsy
is quite low. This is influenced by the presence of co-
morbid mental and behavioral disorders, cognitive im-
pairment, the inability to receive timely consultation
from a specialist, and the high cost of modern AEDs.
The presence of epileptic seizures and the personal
characteristics of patients cause a wary attitude towards
them from others and stigmatization of such patients
in society.

In patients with focal onset seizures, taking
two or more anticonvulsants for at least 2 vyears,
or in patients with significant side effects from anticon-
vulsants and in case the seizures affect or limit daily life
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and its quality, surgical treatment is indicated [1, 12].
The epileptogenic focus removal in patients with DRE
allows achieving complete seizure control in an average
of 59-80 % of patients [13-15], as well as significantly
improving their QoL [16, 17].

Patients with epilepsy who are indicated for surgi-
cal treatment need to assess the risks of remote surgical
outcomes, as well as to evaluate their neuropsycholog-
ical status and QoL. However, there are currently insuf-
ficient prospective long-term studies on the efficacy
and safety of various surgical treatment methods for pa-
tients with DRE. To assess the surgical treatment effica-
¢y, it is important to determine the prognostic factors
for a favorable outcome. Surgical treatment of patients
with DRE generally yields good results, but the scope
and methods of surgical intervention, therisks of adverse
outcomes, the state of the psychoemotional and cogni-
tive sphere, especially in the remote postoperative peri-
od, remain insufficiently studied.

PATHOGENESIS OF DRUG-RESISTANT EPILEPSY

In recent years, several putative mechanisms under-
lying drug resistance in epilepsy have been identified.
Based on experimental and clinical studies, two main
neurobiological theories have been proposed: 1) de-
creased sensitivity to the target drug in epileptogen-
ic brain tissue (target hypothesis); 2) removal of AEDs
from epileptogenic tissue due to overexpression of mul-
tidrug transporters (multidrug transporter hypothesis).
However, none of them fully explains the neurobiological
basis of pharmacoresistance [2, 18].

According to the target hypothesis, drug resis-
tance is considered to be the result of the absence
or loss of sensitivity of ion channel receptors and neu-
rotransmitter receptors to AEDs [2, 19]. It is assumed
that in order to provide an antiepileptic effect, a drug
must affect target molecules in the brain. These are pri-
marily voltage-dependent ion channels, neurotransmit-
ter receptors, and transporters or metabolic enzymes
involved in the release, absorption, and metabolism
of neurotransmitters [20].

In the work of T.A. Sazhina et al. (2019), the presence
of local changes in the structure in the epileptic focus
area and a decrease in the activity of receptors to gam-
ma-aminobutyric acid (GABA) were noted. It was shown
that pathological processes affecting the glutamatergic
and GABAergic systems in patients with DRE are accom-
panied by a change in the content of apoptotic proteins.
This could be one of the causes of neuronal death [21].
However, the presence of a significant number of pa-
tients with resistance to several AEDs with different ac-
tion mechanisms simultaneously does not exclude oth-
er mechanisms of resistance.

Multidrug transporter hypothesis. It is known that
lipophilic substances, which include AEDs, are transported
across the blood-brain barrier (BBB) with the help of pro-
teins, in particular P-glycoprotein (PGP) and the family
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of multidrug resistance-associated proteins (MRP) - pro-
teins located in the capillary endothelium membrane
[2, 18, 22]. They are able to transport excess lipophilic
substances, including AEDs, back into the bloodstream,
which have penetrated beyond the BBB by diffusion.
It has also been shown that multidrug transporters can
control the movement of AEDs from the extracellular
spaces of the brain to endothelial cells with their sub-
sequent release into the blood [2, 23]. A special geneti-
cally determined system controls the process of move-
ment of substances across the BBB. This system limits
the passage of ionized hydrophilic substances and large
molecules through the BBB.

PGP and MRP in the BBB are thought to act as an ac-
tive defense mechanism limiting the penetration of li-
pophilic substances into the brain [24]. A wide variety
of compounds, including many lipophilic drugs, are
substrates for either PGP or MRP, or both. P-glycopro-
tein is secreted by tissues with secretory activity (small
intestine, liver, kidneys) and at the blood-tissue level
(BBB, placenta, blood-testis barrier), which determines
the concentration of the drug in the body, its excre-
tion, and concentration in susceptible tissues such
as the brain [25]. Most AEDs (phenobarbital, oxcarba-
zepine, lamotrigine, gabapentin, topiramate, etc.) are
substrates for P-glycoprotein [19].

Thus, increased expression of such transport-
ers in epileptogenic tissue likely reduces the amount
of drug reaching epileptic neurons, which may be a pos-
sible explanation for pharmacoresistance.

Recent advances in neuroscience, particularly
in the field of connectomics (neural network hypothe-
sis); allow detailed assessment of network organization,
dynamics, and functions at the individual level. Data can
be assessed using fundamental forms of network anal-
ysis based on graph theory, which can reveal patterns
of organization prone to abnormal dynamics and epilep-
togenesis [26]. A single pathological focus involves oth-
er, distant areas of the brain in epileptogenesis, forming
an epileptic system. The connectomics approach allows
for the assessment of network organization personal-
ized measures and the variability elucidation in clinical
outcomes [26]. The neural network hypothesis requires
further research to determine their structural and func-
tional organization in DRE, as well as changes during
the course of the disease and against the background
of treatment (medication and surgery).

It is necessary to emphasize the importance
of acquired drug resistance mechanisms, in particular,
epileptic seizures themselves can trigger the kindling
mechanism. Kindling is a phenomenon when repeated
subconvulsive stimulation of certain brain areas leads
to progressive development of seizure activity [27].
Based on this and insufficient information on drug re-
sistance from the point of view of cellular and molecular
factors, a hypothesis of the drug resistance intrinsic
severity to AEDs was formulated. According to it, drug
resistance is an integral property of epilepsy associated
with the severity of the disease [2, 28]. According to this
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hypothesis, drug resistance is the result of the impact
of neurobiological factors that determine a particular
level of disease severity as a whole, that is, the pheno-
typic variability of this form of epilepsy [8, 29]. There-
fore, drug resistance in this situation may be a conse-
quence of the factors underlying epilepsy and its severe
course.

In addition, there are undoubtedly other mechanisms
of drug resistance that need to be identified and studied
in detail.

RISK FACTORS FOR THE DEVELOPMENT
OF PHARMACORESISTIENCE IN PATIENTS
WITH EPILEPSY

Identification of patients with DRE and their timely
referral for specialized treatment is often delayed. Such
patients are more susceptible to high risk of morbidity
and mortality. Identifying risk factors for DRE and chang-
ing the approach to treating a specific patient allows
avoiding the use of ineffective AEDs, side effects from drug
therapy, and worsening of the disease.

In clinical practice, some therapeutic errors are made
that result in failure to control seizures or even worsen-
ing of the disease. Therefore, with a high probability,
these errors incorrectly indicate the presence of DRE
in patients. Such errors most often include incorrect as-
sessment of the type of seizures; the presence in the pa-
tient of a condition that imitates epilepsy (psychogen-
ic non-epileptic seizures, fainting, transient ischemic
attacks, metabolic disorders, various motor disorders,
especially of the extrapyramidal system, sleep disorders)
and/or their combination with epilepsy [5].

In the treatment of patients with epilepsy,
as in the treatment of other diseases, iatrogenic
or nosogenic factors may occur that reduce or neutralize
the effect of the therapy. latrogenic factors are associated
with medical activity (inadequate dose and/or incorrectly
selected drug (or drugs), irregular treatment of the pa-
tient, drug withdrawal for diagnostic purposes, etc.). No-
sogenic factors are associated with the patient’s behavior
[30]. These may include the patient’s failure to comply
with the rules for taking the medication (frequency, dos-
age) or stopping taking it, etc.

There are factors that provoke attacks and, accord-
ingly, increase the risk of developing DRE. In this regard,
the patient should be informed about the adverse effects
on health of stressful situations, sleep deprivation, alco-
hol, hyperthermia, etc. Attacks can be provoked by sur-
gical interventions, metabolic and hormonal disorders,
menstruation, pregnancy, childbirth, etc. [31]. Such pro-
voking factors can be determined during the initial col-
lection of the patient’s anamnesis.

According to foreign researchers, risk factors
for the DRE development may include early onset
of the disease and its long course, frequent seizures
(especially focal type). The anamnesis of these patients
often includes indications of febrile seizures, possibly



epileptic status. It is also necessary to take into account
the polymorphism of epileptic seizures, neurological defi-
cit or mental retardation at the time of diagnosis. With re-
gard to drug resistance, the lack of response to the first
AED (if chosen correctly), abnormal electroencephalo-
gram (EEG) and the presence of interictal epileptiform
activity should be alarming [1, 32, 33].

Genetic factors probably play an important role
in the development of many epileptic conditions,
from classical idiopathic (genetic) generalized epi-
lepsies to epileptic encephalopathies, focal epilep-
sy, and DRE. In recent years, numerous studies have
shown that genetic variability is associated with drug
resistance in epilepsy, including genes for voltage-gat-
ed sodium and potassium channels, as well as genes
for the metabolism of endogenous and xenobiotic sub-
stances [34].

Epilepsy is a common manifestation of brain tu-
mors. The type of brain tumor and its location will cer-
tainly be determining factors in the risk of developing
epilepsy. Brain tumors that are most at risk of seizures
are slow-growing primary tumors (low-grade gliomas),
tumors with hemorrhage, and multiple metastases. Sei-
zures, which are symptoms of a brain tumor, are diffi-
cult to treat. According to S. Dupont (2008), tumor evo-
lution, modifications of tumor and peritumor tissue,
and related treatments are usually associated with drug
resistance when prescribing AEDs [35].

Cerebral cortex malformations (CCM) are considered
to be one of the significant causes of epilepsy and de-
velopmental disorders in children. CCM are macroscopic
or microscopic abnormalities of the cerebral cortex that
occur as a result of disruption of the cortical plate for-
mation stages. In most cases, they are genetically deter-
mined (there are abnormalities in genes that participate
in neuronal proliferation, migration, and cortex stratifi-
cation during embryogenesis) [36]. CCM may be caused
by intrauterine factors associated with infection, hypoxia,
and intoxication [5].

A number of diseases (tuberous sclerosis, focal cor-
tical dysplasia, hemimegalencephaly, lissencephaly,
subcortical laminar heterotopia, etc.) are accompanied
by the DRE development [5, 37].

As practice shows, in temporal lobe epilepsy,
the most frequent histopathological finding during
surgical interventions, in cases of drug resistance,
is mesial temporal sclerosis with the death of neurons
in the hippocampus and adjacent structures. Similar
changes are often found in the amygdala, entorhinal
cortex, temporopolar areas of the cortex and temporal
lobe. In patients with DRE requiring surgical interven-
tion, the most frequent histological diagnosis in adults
is hippocampal sclerosis [38]. It has been revealed
that cortical dysplasia, atypical febrile seizures, brain
tumors, traumatic brain injury, cerebral malforma-
tions have a fairly high risk of damage to the hippo-
campal region [39]. All these factors lead to a decrease
in the number of neurons and hyperexcitability of unaf-
fected nervous tissue.
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PSYCHOEMOTIONAL STATUS IN PATIENTS
WITH PHARMACORESISTANT EPILEPSY

The underlying cause of cognitive, emotional
and behavioral disorders that commonly occur in pa-
tients with DRE is seizure activity [40].

Among the comorbid disorders accompanying ep-
ilepsy, depression occupies a special place, account-
ing for 4-12 % during remission and 20-55 % or more
in DRE. Depression most often develops in patients
with structural focal epilepsy with frequent (more than
once a month) seizures and taking 2-3 AEDs [41, 42].

Considering the interhemispheric functional brain
asymmetry, one can assume the importance of focus
lateralization in the development of depressive disor-
ders. In the studies conducted to study the dependence
of the risk of developing depression on the epilepto-
genic focus lateralization, ambiguous results were ob-
tained. However, most scientists believe that depression
is more typical for patients with left-hemispheric focal
epilepsy [43]. This can be explained by the fact that pa-
tients with a left-sided focus are more critical of their
condition, and patients with right-sided hemispheric
damage are characterized by understatement or denial
of the negative aspects of their behavior. A. Grabows-
ka-Grzyb et al. (2006) found that depression was ob-
served in 49.5 % of 203 patients with DRE. It was also
shown that depression and epilepsy can be caused
by the same reasons [44].

A two-way relationship between epilepsy and de-
pression, as well as epilepsy and suicidality, has been
confirmed [45]. Depression may act as an independent
risk factor for the development of the first unprovoked
epileptic seizure [46]. It should be noted that depres-
sive disorders in epilepsy have their own characteristics,
differing from depression in other neurological diseas-
es and from primary depression [47]. Depressive disor-
ders are usually classified by the temporal relationship
with epileptic seizures as: 1) preictal depression; 2) ictal
depression; 3) postictal depression. Preictal depression
occurs several hours, less often — days, before the onset
of the seizure and is characterized by dysphoria, irrita-
bility and anxiety. Ictal depression is usually observed
against the background of simple focal seizures. They
are short-lived, stereotypical, associated with the emer-
gence of guilt, anhedonia and suicidal thoughts. Post-
ictal depression lasts for several hours or days after
the attack and is characterized by increased sensitivity
to frustrating factors, anhedonia, feelings of helpless-
ness, guilt, irritability, and a sense of failure. Crying
attacks, sometimes suicidal thoughts and suicidal ten-
dencies are possible. These patients may have a medical
history of major depression or bipolar disorder [47].

Anxiety disorders in patients with epilepsy are de-
tected in 10-25 % of cases, according to other authors -
in 50 % or more [48, 49].

Theremaybecause-and-effectandtemporalrelation-
ships between clinical manifestations of anxiety disorder
and epileptic seizures. Thus, anxiety and the emergence
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of fears may precede the onset of a seizure, and these
symptoms are often part of the structure of simple fo-
cal (most often temporal) and complex focal seizures
with automatisms [50].

Behavioral disorders in patients with epilepsy are
also more common than in the general population.
In DRE, they can be diagnosed as independent disorders
or associated with affective disorders (recurrent and bi-
polar depressions, dysthymia), such as hyperkinetic dis-
order [50].

Cause-and-effect relationships have not been suf-
ficiently studied, since it can be difficult to obtain ob-
jective information about the presence and typology
of behavioral disorders throughout the life of a patient
with epilepsy.

Thus, the study of psychoemotional status disorders
in DRE remains a pressing issue in modern neurology
and psychiatry. The occurrence of psychoemotional dis-
orders is an integral part of the DRE course and is re-
flected in the general condition of the patient and his
QoL at different stages of the disease.

Cognitive impairments are quite common in pa-
tients with epilepsy, among which memory and atten-
tion impairments and bradyphrenia in the interictal
period predominate. Organic damage to brain struc-
tures, neuronal dysfunction, interictal epileptic activi-
ty, repeated seizures, and the use of certain AEDs play
an important role in the pathogenesis of cognitive im-
pairments [51].

Seizures cause progressive cellular and metabolic
changes that correlate with hippocampal neuronal loss,
neoneurogenesis, and synaptic reorganization, as well
as increased susceptibility to induced and spontaneous
seizures. Behavioral and cognitive impairments occur
and worsen with the cumulative number of seizures [52].
Memory problems are more pronounced in focal epilep-
sies than in generalized forms of epilepsy, with short-
term memory being particularly affected. Memory
impairments correlate with the long-term course of un-
controlled epilepsy [53].

OUTCOMES OF SURGICAL TREATMENT
OF PHARMACORESISTANT EPILEPSY

The priority method of DRE treating is surgical treat-
ment. Currently, data on the long-term results of surgi-
cal treatment of patients with DRE after various types
of surgical interventions are accumulating [54]. Howev-
er, there is no single point of view on the effectiveness
of different treatment methods, risk factors for favor-
able and unfavorable outcomes of surgical treatment.
Surgical treatment of epilepsy is usually performed
on young people who need an assessment of the risks
and long-term results of the operation. Prognostic fac-
tors for a good outcome of epilepsy surgical treatment
include the presence of structural changes in the brain
according to neuroimaging data (mesial temporal scle-
rosis, space-occupying process), the absence of focal
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cortical dysplasia and other cortical congenital malfor-
mations. In addition, it is necessary to consider the “con-
sistency” of the results of neuroimaging and electro-
encephalographic monitoring, and there should
be a sufficient volume of epileptogenic focus surgical
resection [12, 13, 55].

The traditional surgical approach is considered
to be anterior temporal lobectomy. Anterior temporal
lobectomy with amygdalohippocamectomy (AGHP) in-
cludes resection of the medial complex, which consists
of the amygdala, hippocampus, and parahippocampal
gyrus. Additionally, the neocortex, which is not involved
in the pathological process, is resected. Many studies have
shown that AGHP is superior to long-term drug therapy
in terms of seizure control in patients with DRE [56, 57].
Other surgical techniques are also currently used. Such
techniques include stereotactic radiosurgery, MRI-guided
laser interstitial thermal therapy (MgLiTT), and stereoelec-
troencephalography-guided radiofrequency thermoco-
agulation (SEEG-guided RFTC) [58]. In some cases, DRE
surgical treatment is impossible. Limitations are associ-
ated with the presence of multiple epileptogenic foci,
the impossibility of localizing the foci, or the location
of the pathological substrate that is dangerous for any
surgical intervention (proximity to functionally significant
zones). For such patients, neurostimulation techniques are
used, including vagus nerve stimulation, deep brain stimu-
lation, and responsive neurostimularion [58, 59].

The central epileptogenic role of mesial temporal
structures in temporal lobe epilepsy has been demon-
strated in animal models of temporal lobe epilepsy
as well as in structural cerebral pathology under the con-
trol of electrophysiological and neuroimaging studies.
Thus, more targeted mesial temporal resections that
spare the temporal neocortex, selective amygdalohippo-
campectomy (SAH), have been considered as a possible
means of providing equivalent seizure control with fewer
neuropsychological consequences [60, 61].

According to a large study (prospective and retro-
spective), including 745 and 766 people, respectively,
who underwent SAH and AGHP, the proportion of the IA
outcome according to J. Engel in the overall group was
68 %. For SAH this figure was 66 %, for AGHP - 71 %.
A meta-analysis demonstrated a statistically significant
decrease in the chances of being seizure-free in patients
who underwent SAH compared to patients who under-
went AGHP [62]. According to another study, seizure con-
trol in SAH was achieved in 78.2 %, and in 85.7 % of cas-
es with AGHP [63]. Another study indicates good results
of seizure control and IA outcome according to J. Engel
in patients with DRE: 72 % with AGHP, 71 % with SAH [64].
Another meta-analysis found no statistically significant dif-
ferences in outcomes between AGHP and SAH [65].

Our study showed that patients who underwent
AGHP had a favorable outcome in terms of seizure control.
The outcomes of surgical treatment were studied in 31 pa-
tients 6 months after surgery, in 21 patients - 1 year after
surgery, and in 2 patients — 2 years after surgery. The pro-
portion of patients with significant improvement (I and Il



outcome classes according to J. Engel) was 87.1 %, 76.2 %,
and 50 %, respectively, during the observation period [66].
As a rule, after surgery, patients remain on a reduced dose
of AED, which reduces the expected effect of the surgery
and requires further monitoring of the patient’s somatic
and mental functions with correction or discontinuation
of pharmacotherapy [59].

In the middle of the last century, the effectiveness
of epilepsy surgical treatment was assessed mainly
by such indicators as complete or partial remission, re-
duction in seizure frequency, and the degree of changes
ininstrumental research methods. Inrecentyears, the re-
sults of epilepsy surgical treatment have been assessed
not only by reducing the frequency and/or cessation
of epileptic seizures, but also by improving the quality
of life, neuropsychological status, and cognitive sphere
of operated patients.

Neuropsychological assessment of the functions
of specific brain regions subject to resection and the pa-
tient’s mental reserve capabilities allows predicting post-
operative cognitive impairment. Successful surgery
can halt the decline in mental abilities due to resistant
epilepsy and reverse this negative trend by “releasing”
functions that were secondarily affected before surgery
[67]. However, surgery carries a risk of additional impair-
ments that, together with comorbid disorders, can accel-
erate the decline in cognitive functions, especially in old
age. From a neuropsychological point of view, early de-
tection of drug resistance is of great importance, along
with early and complete seizure control with maximum
preservation of functional tissues during surgical treat-
ment [67]. Many studies demonstrate the superiority
of SAH in preserving neurocognitive functions [68, 69].

The study by W. Chengxiong et al. (2018) reported
equal results in J. Engel’s outcomes for SAH and AGHP,
but worse results in neurocognitive impairment were
observed with AGHP [70]. A large study by H. Clusmann
reported better results after SAH in terms of attention,
verbal memory, and overall neuropsychological perfor-
mance [71]. U. Gleissner et al. (2002) reported the first re-
sults after 3 months and then after a year in 140 patients
who underwent SAH. They noted that a more selective
procedure may have important cognitive consequences.
After 3 months, almost half of the patients with left-sid-
ed SAH had significant verbal memory loss; functional
impairment was less pronounced in right-sided surger-
ies. Of 115 individuals who were followed for one year,
no significant recovery in verbal memory was observed
compared to an earlier time period [72].

The problem of QoL of patients with DRE is associ-
ated not only with the clinical manifestations of the dis-
ease, but also with the need for constant medication,
with a personal reaction to it, with difficulties in inte-
grating into society and their stigmatization. In the med-
ical literature, there are more than 80 questionnaires
for assessing QoL in epilepsy. At the same time, many
of them assess the impact of epilepsy in general orits in-
dividual symptoms on the patient’s life. An example
of the most common special questionnaire for patients
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with epilepsy is the Quality Of Life In Epilepsy Patients
(QOLIE) questionnaire, presented in different length
versions for adults (QOLIE-89, QOLIE-31 and QOLIE-10)
[73-75].

According to the results of a systematic review
by A. Saadi et al. (2016), including data from more
than 7,000 patients with epilepsy, the average QoL
score on the QOLIE-31 questionnaire was 59.8 points
with a maximum score of 100 points. Moreover,
in high-income countries, this indicator was significant-
ly higher [75]. Other studies using various QoL question-
naires in patients with epilepsy have shown a positive
effect of surgical treatment of epilepsy on this indica-
tor [76, 77]. According to the study by V. lves-Deliperi,
J.T.Butler (2017), there is also a significant improvement
in QoL scores on the QOLIE-31 scale in patients with DRE
after surgical treatment at 6 and 12 months compared
to patients on drug therapy [77].

CONCLUSIONS

Understanding the  mechanisms  underlying
resistance to AEDs may help develop more effective
therapeutic options for patients with DRE. Development
of a P-glycoprotein inhibitor is an important goal
in the pharmacotherapy of resistant epilepsies.
Identification of genesthatinfluencetheriskof developing
DRE is of great importance for both research and clinical
purposes. The discovery of new genes and their effects
may expand our knowledge of the processes underlying
susceptibility to DRE, potentially leading to the discovery
of new treatments.

Identification of patients with DRE and timely provision
of specialized care to them is often delayed. These patients
are more susceptible to a high risk of comorbid diseases
and mortality. However, identifying risk factors for DRE
and changing the approach to treating a specific patient
allows avoiding the use of ineffective AEDs and their side
effects, worsening the course of the disease, etc.

Surgical treatment of this category of patients
shows good results, however, the volume and methods
of surgical intervention, the risks of adverse outcomes,
the state of the psychoemotional and cognitive sphere,
especially in the late postoperative period, remain
insufficiently studied.

Evaluation of QoL in DRE is necessary, like
other indicators, to determine the effectiveness
of the treatment and rehabilitation of patients.
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ABSTRACT

The problem of the structural and functional effectiveness of episcleral and endovitreal
treatment methods of rhegmatogenous retinal detachment remains open to this day.
The aim of the study. To assess the clinical effectiveness of surgical treatment of rheg-
matogenous retinal detachment using episcleral and endovitreal methods.

Material and methods. An analysis of the electronic database and a detailed as-
sessment of the treatment of 285 patients with rhegmatogenous retinal detachment
for 2005-2022 were carried out. Acomparative analysis was made in two groups: group
1 - patients after episcleral surgery (n = 155); group 2 - patients after endovitreal sur-
gery (n = 130). The initial condition and the extent of surgery were comparable.
Results. From 2005 to 2009 in 65.9 % of cases, episcleral buckling predominated;
from 2009 to 2021 - posterior closed vitrectomy (in 64.8-88.7 % of cases). The in-
cidence of primary retinal reattachment was 74.2 % and 71.5 %. The number of re-
lapses after vitreoretinal surgery slightly exceeded the values in the group 1 - 28.4 %
versus 25.7 %, and in 20 % of cases the first relapse occurred before silicone aspira-
tion as a result of subsilicone proliferation. The total number of surgical interventions
per person, taking into account mandatory silicone aspiration, in the group 1 was
1.3, in the group 2 — 2.25 for the entire observation period. The visual acuity of pa-
tients in group 1 was 2 times higher than that of the comparison group — 0.21 + 0.02
and 0.1 £ 0.03, respectively (p < 0.05).

Conclusion. Episcleral treatment methods of rhegmatogenous retinal detachment are
characterized by better anatomical, reconstructive and functional effects with fewer
re-operations.

Key words: rhegmatogenous retinal detachment, circular episcleral buckling, posterior
closed vitrectomy, silicone oil tamponade

For citation: Zaika V.A., lureva T.N., Danzandorzhieva D.B. Choosing the optimal method
for surgical treatment of rhegmatogenous retinal detachment. Acta biomedica scientifica.
2024; 9(3): 164-170. doi: 10.29413/ABS.2024-9.3.16

164

Ophthalmology



ACTA BIOMEDICA SCIENTIFICA, 2024, Vol. 9, N 3

BblBOP ONTUMAJIbHOIO METOAA XUPYPITMYECKOI'O IEYMEHUNA
PEFMATOFEHHOWN OTCNIOMKU CETHYATKM

3amka B.A.",
lOpbeBa T.H."%3,
OaH3aHpopxuneBa 4.b.’

" VipkyTckun dunman OTAY «HMILL
«MHTK «Munkpoxmpyprusa rnasa»

nMmeHu akagemmka C.H. ®égoposa»
MwH3zpgpasa Poccun (664033, . VipKyTcK,
yn. JlepmoHTOBa, 337, Poccus)

2 NpkyTcKas rocynapcTBeHHas
MeAVLUHCKana akagemus
rnocnefmnIoMHoro obpasoBaHms —
dunman OIbOY Ao «Poccuiickas
MeANLMHCKanA akafeMua HernpepbIBHOMO
npodeccroHanbHOro obpasoBaHusA»
MwH3zpgpasa Poccun (664049, r. ipkyTck,
t06uneiHbIn, 100, Poccns)

® OIrBOY BO «MpkyTckuin
rocyfapCTBEHHbIN MeANLIMHCKUI
yHUBepcuTeT» MuHsgpasa Poccun
(664003, r. UpkyTckK, yn. KpacHoro
BoccTaHus, 1, Poccna)

ABTOP, OTBETCTBEHHbIN 3a Nepenuncky:
DaHn3aHpgopxunesa flonrop
bennktoeBHa,

e-mail: prosto.dolgor97@gmail.com

Cratba noctynuna: 31.01.2024
CraTba npuHaTa: 03.06.2024
(ratba ony6aukosaHa: 15.07.2024

PE3IOME

Bonpoc o cmpykmypHoU u ¢pyHKUUOHA/IbHOU 3hheKmuUBHOCMU 3NUCKIePaIbHbIX
U 3HO0BUMPEAsIbHLIX Memo008 JledeHUs pezMamozeHHOU omcaolKu cemyamku
ocmaémcs omkpsimoiM 00 CUX NOp.

Lenv uccnedosanusa. OyeHUMb KIUHUYECKYIO 3(hheKmUBHOCMb XUpypeUu4ecko2o
JleyeHUs peeMamozeHHOU omcJ1o0UKU cemyamiu € NOMOUWbIO 3NUCK1epasibHbIX U 3H-
dosumpedadsbHbiX MEMOO08.

Mamepuan u memooel. [IpogedeHbl aHAIU3 371eKMpPOHHOU 6a3bl OdHHbIX U 0emasib-
Has oyeHKa nedyeHua 285 nayueHmos ¢ pezMmamozeHHOU omc/oukol cemyamku
3a2005-2022 22. CpagHumesibHbIl aHAU3 NPOBEOEH 8 08YX 2pynnax: nepeas — nocsie
anucknepansHol xupypauu (n = 155); 8mopasa — nocsie 3H008UMPedsibHbIX 8Mewd-
mesnibcma (n = 130). icxoOHoe cocmosiHue, 06BEM Xupypau4ecKo20 sMewiamesnbcmad
6b1/1U CONOCMABUMBI.

Pe3ynemamel. C 2005 no 2009 22. 8 65,9 % cryyaeg npeobs1adano 3nuckiaepanbHoe
nnombuposatue, ¢ 2009 no 2021 2. — 3a0HAA 3aKpblMas sump3kmomusi (8 64,8-88,7 %).
Yacmoma nepsuyHo20 npunezaHus cemuyamku cocmasuna 74,2 % u 71,5 %. Yucno
peyuousos nocse BUMpPEopemMUHAIbHOU Xupypeuu HECKOIbKO NPesbIlao 3HaYeHUs
nepeoli epynnel — 28,4 % npomus 25,7 %, u 8 20 % cslyyaes nepabili peyuous 803HUK
ewé 0o acnupayuu CUUKoOHA 8 pesynmame cybcusnukoHosol nponugepayuu. Obujee
KO/IU4eCcmaeo xupypau4eckux eMewiamesibCme Ha Yyesiosexka ¢ yuémom obs3amesibHol
acnupayuu cunukoHa 8 nepeoti epynne cocmasusio 1,3, 80 emopou — 2,25 3a secb ne-
puo0 HabnwdeHus. Ocmpoma 3peHus 60/1bHbIX 1-U 2pynnel npesbiluana 3Ha4eHus
2pynnel cpasHeHus 8 2 pasa — 0,21 + 0,02 u 0,1 + 0,03 coomeemcmeeHHo (p < 0,05).
3aknr4deHue. InucknepasnbHble MemoOUuKU JieueHUs pezMamozeHHoU omciolku
cemyamku Xxapakmepusyromca Jy4Wwum aHamomo-peKoOHCMPYKMUBHbIM U (hyHKUU-
OHAJIbHLIM 3(hgheKMOM npu MeHbUEeM KOUYeCmae N08MopHsbIX onepayud.

Knioyeenvlie cnoesa: peamamoceeHHas omcsiolka cemyameku, Kpyeogoe 3nuckiie-
pasieHoe nﬂOM6UpOBHU€, 300HSA4 3dKpbimasa eUumMp3Kmomus, mamnoHaoa cusuko-
HOB8bIM Mmdacsiom

[Ana yuTupoBaHua: 3aiika B.A., lOpbeBa T.H., JaH3aHgopxuesa [.b. Bbibop ontmanbHo-
ro MeTofa XMpypruyeckoro neyeHns permaTtoreHHo oTCNoMKy ceTyaTki. Acta biomedica
scientifica. 2024; 9(3): 164-170. doi: 10.29413/ABS.2024-9.3.16
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Surgical treatment of retinal detachment dates
back to 1929, when J. Gonin first proposed blocking
the retinal defect by draining the subretinal fluid and co-
agulating the sclera with a thermal cautery in the projec-
tion of the break [1, 2]. The method proposed by E. Cus-
todis in 1953 involved local occlusion of the retinal break
with a polyviol buckle and application of a series of coagu-
lates to the depression ridge. The author assumed that af-
ter the retinal break was blocked, the pigment epithelium
would adsorb the subretinal fluid and the retina would ad-
here. C. Schepens in 1953 and H. Arruga in 1958 increased
the scleroretinal barrier to a circular buckle, on which ex-
tensive diathermocoagulation was performed [1, 3, 4].

The evolution of retinal detachment surgery is associ-
ated with the use of operations accompanied by tampon-
ade of the gap by introducing air into the eye after dia-
thermocoagulation and drainage of subretinal fluid. This
method was proposed in 1938 by B. Rosengren. In 1972,
R. Machemer developed a safe method for removing
the vitreous body through small incisions in the pars pla-
na of the ciliary body; this method was called “vitrecto-
my” and opened a new era in the treatment of diseases
of the retina and vitreous body [5, 6].

Since then, both episcleral and endovitreal methods
of treatment have been actively used in the surgical treat-
ment of retinal detachment. The debate about their effec-
tiveness continues to this day. If episcleral methods were
used more often in the second half of the last century,
then currently preference is given to endovitreal surgery
[5]. The main reasons for the change in the ratio of these
treatment methods, when the number of endovitreal in-
terventions significantly exceeds the number of episcler-
al operations, are: technical complexity and conditional
“traumatism” of episcleral surgery, difficulties in mastering
and insufficient visualization of retinal changes using bin-
ocular ophthalmoscopy and the use of neutralizing lens-
es. In turn, the improvement of technology and the wide
availability of microinvasive vitrectomy have led to a sig-
nificant reduction in the time of this operation.

Despite the fact that many authors show a similar per-
centage of primary retinal reattachment using episcleral
and endovitreal approaches, the question of functional
effectiveness, duration of rehabilitation measures and eco-
nomic costs in surgical treatment of rhegmatogenous retinal
detachment using various methods remains open to this day
[7-13]. These facts determined the relevance of this study.

THE AIM OF THE STUDY
To assess the clinical effectiveness of surgical treat-

ment of rhegmatogenous retinal detachment using
episcleral and endovitreal methods.

MATERIALS AND METHODS

The study included two stages. At the first stage,
an analysis of the electronic database of the Irkutsk

Branch of the S. Fyodorov Eye Microsurgery Federal State
Institution was conducted in order to assess the number
of episcleral and vitreoretinal interventions performed
on patients with rhegmatogenous retinal detachment
from 2005 to 2022.The search was performed using the fol-
lowing key words: “retinal detachment”, “circular episcleral
buckling’, “vitrectomy”, “silicone oil tamponade”.

At the second stage, the treatment results of 285 pa-
tients were analyzed based on medical records. The main
inclusion criteria were: the presence of rhegmatogenous
retinal detachment involving the macular zone; prolifera-
tive vitreoretinopathy (PVR) at stages B to C1; the duration
of retinal detachment from 2 weeks to 2 months. Axial
length of the eye from 22 to 25 mm, extremely high and low
anterior-posterior axis of the eye were exclusion criteria.

Depending on the method of surgical treatment,
two groups were formed. The first group included
155 patients after episcleral surgery, and 130 of them
underwent circular episcleral buckling using a silicone
sponge, and in 25 cases, circular buckling was supple-
mented with a radial buckle. The second group consisted
of 130 patients after endovitreal intervention. All patients
in this group underwent standard three-port posterior
closed vitrectomy (PCV) 25G with endolaser coagulation
of the retinal break and silicone endotamponade with sub-
sequent silicone aspiration for a period of 3 to 6 months.
The study included patients aged 23 to 67 years; the pro-
portion of women was 41.4 %, men — 58.6 %. The duration
of observation was from 5 to 7 years. The clinical charac-
teristics of the patients are presented in Table 1.

The criteria for assessing the effectiveness of treat-
ment were: primary reattachment of the retina; the num-
ber and timing of relapses of retinal detachment; the dy-
namics of changes in visual acuity after surgical treatment.

RESULTS

It was found that in 2005, episcleral buckling was
predominantly used, in 2008, the number of episcler-
al and endovitreal interventions was equal. Starting
from 2009, the obtained trend indicated the predominant
use of PCV with silicone oil tamponade of the vitreous cav-
ity in the treatment of retinal detachment. In 2021, this
type of surgery was already used in the overwhelming ma-
jority of cases — 88.7 %, episcleral buckling was performed
only in 11.3 % of patients (fig. 1).

In our opinion, the data on the timing and frequency
of relapses with different methods of treating retinal de-
tachment are important. A detailed analysis of the treat-
ment results of 285 patients based on medical records
showed that primary retinal reattachment in patients
of group 1 was achieved in 74.2 % of cases and was com-
parable with the number of successfully treated patients
in group 2 — 71.5 %. Consequently, the first relapse of ret-
inal detachment occurred in almost every fourth patient
in both groups - 25.8 % and 28.5 % of cases, respective-
ly. In most cases, relapses occurred in the first 6 months
after surgery, and their number in both groups was
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TABLE 1

CLINICAL CHARACTERISTICS OF PATIENTS AND TREATMENT METHODS

Indicator

S

Circular scleral buckling

Episcleral method
with a radial buckle

Oxane 1300 silicone oil tamponade

PCV with endolaser coagulation

tamponade
Age

Female
Sex

Male

B
PVR

C1
APA

2 weeks
Duration of existence of retinal 4 weeks
detachment 6 weeks

8 weeks

Note. APA - anterior-posterior axis of the eye.

100
90
80
70
60
50
40
30
20
10

88,7

844

2005 2007 2009 2015 2019 2020 2021

= episcleral == endovitreal

FIG. 1.
Dynamics of change in the number of episcleral and endovitreal
interventions in retinal detachment surgery (%)

comparable - 17.4 % and 20 %, respectively. In the peri-
od from 6 to 12 months, the first relapse occurred in 2.5 %
and 6.9 % of cases, in the late postoperative period of more
than 12 months - in 5.8 % and 1.5 % of cases after epis-
cleral and vitreoretinal surgery, respectively. It should

Circular scleral buckling
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Oxane 1300 + Densiron silicone oil

Group 1 Group 2
(n=155) (n=130)
130 -

25 -

- 68
- 62
45.3 +0.07 44.2 £0.07
64 54
91 76
134 117
21 13
23.7 £0.04 23.5+£0.04
67 65
51 39
26 18
11 8

be noted that in patients with endovitreal interventions,
the first relapse in 20 % of cases occurred before silicone
aspiration and was due to the development of subsilicone
proliferation.

The frequency of the second and third relapses was
calculated relative to the total number of operated pa-
tients in each group. Comparative analysis of repeated
relapses of retinal detachment showed that after endo-
vitreal interventions they occurred in 11.5 % of cases,
and after episcleral surgery - only in 5.8 % of patients.
Such distribution of the frequency of retinal detachment
relapses can most likely be explained by the slower pro-
gression of proliferative vitreoretinopathy after episcleral
interventions. The frequency of the third relapse of ret-
inal detachment was almost the same in both groups
and did not exceed 3 % of the total number of operated
patients (Table 2).

In order to treat recurrent retinal detachment, ra-
dial buckles were additionally installed in the patients
of the 1st group, and vitreous cavity revision with silicone
oil retamponade was performed in the patients of the 2™
group. An important criterion for the effectiveness of sur-
gical treatment of retinal detachment is not only the an-
atomical and reconstructive effect, but also the ability
to improve the visual functions of patients. The best cor-
rected visual acuity of patients in both groups before



TABLE 2

THE NUMBER AND TIMING OF RECURRENT RETINAL DETACHMENT IN PATIENTS OF TWO GROUPS

Time of occurrence of recurrent

Lt retinal detachment

% of primary retinal attachment

Group 1
(n=155)

Group 2
(n=130)

115 (74.2 %) 93 (71.5%)

Up to 6 months 27 (17.4%) 26 (20%)

1t relapse 6-12 months 4 (2.5%) 25.8% 9 (6.9%) 28.5%
Over 12 months 9 (5.8%) 2(1.5%)
Up to 6 months 4 (2.6%) 4(3.1%)

2" relapse 6-12 months 3(1.9%) 5.8% 5 (3.8%) 11.5%
Over 12 months 2 (1.3%) 6 (4.6%)
Up to 6 months 0 (0%) 0 (0%)

3 relapse 6-12 months 0 (0%) 0 (0%)
Over 12 months 4 (2.6%) 4 (3%)

surgery varied from 0.01 to 0.09. After surgery, the visual DISCUSSION

acuity of patients in the 1% group exceeded the values
of patients in the comparison group by 2 times, averag-
ing 0.21 = 0.02 compared to 0.1 + 0.03 in the 2" group
(p < 0.05) (fig. 2).

Distribution of patients depending on the obtained
best corrected visual acuity demonstrated that after
episcleral surgery in 59.4 % of cases the visual acuity was
from 0.05 t0 0.3,in 16.1 % - 0.3 and higher. After endovit-
real intervention, patients with the corresponding visual
acuity were 46.2 % and 12.3 %, respectively (fig. 1).

100 92
o 80
= 54 %
o 60
[} 38
5 40
3 25
a 16
0 [ ]
0,001-0,04 0,05-0,3 0,3 and higher
Visual acuity
Episcleral intervention
Endovitreal intervention
FIG. 2.

Distribution of patients depending on the maximum corrected
visual acuity in the early postoperative period
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Currently, various methods of treating retinal detach-
ment are available. The choice of method is individual
and should be made considering the patient’s initial con-
dition and the risk of recurrent detachment. Current data
provide some information about the advantages and dis-
advantages of various methods.

W. Park et al. in 2023 published a work devoted
to the development of criteria for predicting the recovery
of visual acuity and the development of recurrent retinal
detachment after removal of silicone oil. A retrospec-
tive analysis of the treatment of 1017 eyes of patients
with retinal detachment who underwent vitrectomy
with silicone endotamponade was conducted [14]. In this
study, recurrent retinal detachment after silicone remov-
al occurred in 8.2 % of patients. Several studies show that
the cause of recurrence after silicone removal is prolifer-
ative vitreoretinopathy. G.W. Abrams et al. in their study
reported that 19 % of patients experienced recurrent ret-
inal detachment, 14 % of whom had PVR [15]. According
to studies, most often (69 %) PVR occurs within the first
6 months after vitreectomy and silicone oil tamponade.
A retrospective analysis showed that the risk of develop-
ing recurrent PVR is higher in patients with PVR stage C
and above [15].

In 2021, M. Bunajem et al. compared the anatom-
ical and functional results in patients after treatment
of rhegmatogenous retinal detachment using two dif-
ferent methods. 68 eyes were examined after episcler-
al buckling and 64 eyes in the group after vitrectomy
with silicone endotamponade. In eyes after vitrectomy,



the likelihood of developing recurrent retinal detach-
ment requiring reoperation was higher than in patients
after episcleral surgery. The functional results of the two
groups were comparable [16].

In 2022, A.S. Dhoot et al. conducted a comprehensive
meta-analysis of the treatment of 15,947 eyes with rheg-
matogenous retinal detachment to compare the effec-
tiveness of posterior closed vitrectomy with silicone oil
tamponade with the episcleral method of treatment [5].
According to the study, the rates of primary and reattach-
ment of the retina were similar. Primary reattachment
with episcleral surgery was achieved in 86.5 % of cases,
with vitrectomy - in 84.8 % (p = 0.13). Reattachment
was achieved in 96.7 % and 97.7 % of cases, respectively
(p = 0.12). However, the final best corrected visual acuity
was statistically significantly better in patients after epis-
cleral buckling (0.38 £ 0.53 vs.0.33 + 0.53 (20/48 vs. 20/43
on the Snellen chart). This is consistent with the data
obtained in our study: when using episcleral treatment
techniques, patients received a more stable anatomical
result over many years of follow-up and visual acuity
that was 2 times higher than in patients after endovitreal
treatment of retinal detachment.

CONCLUSION

The vector of development of surgical interventions
for rhegmatogenous retinal detachment is directed to-
wards improving primary vitrectomy and substances
used for tamponade of the vitreous cavity. However, epis-
cleral techniques, despite their apparent invasiveness,
are characterized by a better anatomical-reconstructive
(percentage of primary adhesion) and functional effect
(increased visual acuity) with a smaller number of re-
peated operations. Therefore, the choice of the optimal
method of retinal detachment surgical treatment should
not exclude episcleral approaches, which will minimize
the number of postoperative relapses and achieve a good
functional effect.
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ABSTRACT

Background. Cataractis one of the main causes of decreased visual acuity in the world,
and therefore scientists are continuing researches on the mechanisms of development
of this ophthalmic pathology.

The aim. To study metabolic changes in a cloudy lens using an experimental model.
Materials and methods. The study was carried out on adult male Wistar rats (n = 60),
which were divided into control (n = 30) and experimental (n = 30) groups. Experimen-
tal cataract were simulated by daily ultraviolet irradiation (A = 300-350 nm) during
6 months for 20 minutes. At the months 2, 4 and 6 of the study, we carried out a bio-
microscopic examination of the anterior eye of animals using a slit lamp to monitor
the development of cataract. Lenses were collected to determine the content of stea-
royl-coenzyme-A desaturases and melatonin using enzyme immunoassay.

Results. At the stage of initial cataract, the content of the stearoyl-coenzyme A desat-
urase was statistically significantly lower than the control values by 38 %; at the stage
of immature cataract — by 30 %; at the stage of mature cataract — by 15.4 %. It was re-
vealed that at the month 6 of the study, the concentration of melatonin in lens homoge-
nates was 17 % lower when compared with the control. A statistically significant correla-
tion was established between stearoyl-coenzyme A desaturase and melatonin (r=0.32).
Conclusion. Melatonin and stearoyl-coenzyme A desaturase play an important role
in a number of biochemical processes that ensure the proper functioning of the visual
analyzer. Changes in the concentration of these biological molecules can play a key
role in the pathogenesis of cataract and a number of other ophthalmic diseases.

Key words: stearoyl-coenzyme A desaturase, melatonin, cataract, fatty acids, eye lens
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PE3IOME

O6ocHoeaHue. Kamapakma aeasaemcs 00HOU U3 OCHOBHbIX NPUYUH CHUXeHUS 3peHUs
8 MUpe, 8 C8A3U C YeM, YYEHbIMU aKMUBHO NPOOOIXAIMCSA UCCIe008aHUSA NO U3yYe-
HUI0 MexaHu3Mo8 pa3gumus 0aHHoU opmaneMmonamosiozuu.

Llene uccnedosanus. Vizyuume memabonuyeckue UsMeHeHUs 8 MymHewem xXpy-
CMa’suke Ha 3KxchepumeHmMasneHol Modesu.

Mamepuanel u memoodebl. Paboma 6bisia NPo8edeHAa HA 83POC/IbIX KPbICAX-CAMUax
nuHuu Wistar (n = 60), komopeie 6bl1u pasdesneHsl Ha KOHMpOosbHyo (n = 30) u onbim-
Hyto (n = 30) epynnsl. IKCnepuMeHMAaAsnbHAA KAMAPAKMa Mooesauposandcb Nymém
exxe0He8Ho20 ynbmpaguonemosozo 0by4deHusa (A = 300-350 HM) 8 meyeHue 6 Me-
cayes no 20 muHym. Ha 2-0, 4-0 u 6-0 Mecaysbl uccnedosaHus nposoousiocb buomu-
Kpockonuyeckoe 06c/1e008aHue nepedHe20 omoesia 2/1a3a XUBOMHbIX C NOMOWbIO
wenesoli namnsl 051 HAGIO0EHUA 3a pd3suMuUeM Kamapakmel; OCyWecmssissca 3d-
60p xpycmasnukos 0715 onpedesieHus CO0epXXaHUA cmeapus-Ko3H3um-A-0ecamypas
U MesIamoHUHA Memo0oM UMMYHOGepMeHMHO20 aHau3d.

Pesynemamel. Ha cmaduu Ha4yaneHoU Kamapakmel cooepxaHue (hepmeHma cmea-
pus-KO3H3UM-A-Oecamypassl 6bI710 cCMamMucmMuyecku 3HAYUMO HUXe KOHMPOJIbHbIX
3Ha4eHul Ha 38 %; Ha cmaduu He3pesol kamapakmesl — Ha 30 %; Ha cmaouu 3pesnol
kamapakmel — Ha 15,4 %. BvisigneHo, Ymo Ha 6-U MecAay ucci1ie008aHUa KOHUeHmpa-
YusA MesIamoHUHA 8 20MO2eHAMAX XPyCcmanukos bwinia Huxe Ha 17 % npu cpagHeHUU
C KOHMpoJsieM. YCmaHosieHo Haauyue cmamucmuyecku 3Ha4umoUli KoppenayuoHHoU
3asucumMocmu mexo0y cmeapusi-kosH3uM-A-0ecamypasoli u MenamoHuHom (r = 0,32).
3aknroyenue. MenamoHUH U cmedapus-Ko3H3UM-A-0ecamypdssl uzpaom 8aXHYH0
poJ1b 8 pAde bUOXUMUYECKUX NPoyeccos, obecneyusarowjux npasusibHoe yHKYUOHU-
pO8aHue 3pumesibHO20 AHA/IU3AMOpPa. YiameHeHue KOHUeHMpayuu 0aHHbIX 6U0JI02U-
YecKUX MOJIeKyJ1 MOXem u2pamse KJ1o4esyto poJib 8 namozeHe3e Kamapakmel U paoa
Opyaux opmasnsmosioauyeckux 3a6onesaHudl.

Knioueawle cnoea: cmeapun-K03H3UM-A-aecamypa3bl, MeJIamoOHUH, Kamapakma,
XKUPHble KUC/10mebl, Xpycma’siuk esiasa
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INTRODUCTION

Cataract is one of the most common ophthalmologi-
cal diseases and one of the leading causes of blindness
along with glaucoma and age-related macular degenera-
tion [1]. According to the World Health Organization, cata-
ract accounts for 47 % of all eye diseases [2]. That is why
understanding the underlying mechanisms of age-related
changes in the structure and function of the ocular appa-
ratus has become critically important for identifying new
therapeutic targets and developing multimodal health
strategies that meet the needs of the population.

A number of numerous studies devoted to the causes
of cataracts have shown that cataracts are a multifactorial
disease [3]. The main causes of this pathology include ex-
posure to ultraviolet (UV) radiation. This is evidenced by ep-
idemiological studies that have established a relationship
between the medium-wave range of UV radiation (UVB,
wavelength 290-315 nm), present in sunlight, and the for-
mation of lens opacities [4]. There is an assumption that
lens lipids of the eye are involved in the development
of the disease, despite their small content (1 %). In particu-
lar, it is known that prolonged exposure to sunlight increas-
es the risk of cataracts due to peroxidation of fatty acids
that are part of the cell membrane of lens cells [5].

One of the actively studied enzymes involved
in the regulation of fatty acid metabolism is membrane-
bound stearyl-coenzyme A desaturase-1 (SCD1; EC
1.14.19.1). This enzyme catalyzes the reaction during
which saturated fatty acids are converted into monounsat-
urated ones. As a rule, stearic and palmitic acids undergo
desaturation reactions with the formation of oleic and pal-
mitoleic acids, respectively [6]. It is known that the ratio
of fatty acids, in particular stearic acid, to oleic acid affects
the viscosity of the lipid bilayer of cell membranes. For this
reason, SCD1 is vital for maintaining the structural integ-
rity and fluidity of membranes. Foreign scientists have
found that changes in the level of desaturases in humans
and animals are associated with the development of oph-
thalmological pathologies [7, 8].

In addition, according to modern literature, the role
of melatonin in the normal and pathological functioning
of the visual system is actively discussed in ophthalmol-
ogy [9, 10]. Melatonin is a hormone secreted by the pineal
gland in accordance with the circadian rhythm and regu-
lates chronobiological processes in the body, including en-
docrine and non-endocrine functions [11]. Other functions
of melatonin are associated with the oxidation-reduction
status of cells and tissues and include its antioxidant
and anti-inflammatory properties [12]. It should be noted
that melatonin is produced not only in the pineal gland -
its synthesis has been found in many organs and tissues.
Using specific antibodies to melatonin, its presence was
found in almost all biological fluids, including cerebrospi-
nal fluid, saliva, bile, amniotic fluid, breast milk and tear flu-
id [11]. Melatonin is also found in the structures of the eye-
ball - the ciliary body, lens and retina [13].

The working hypothesis of the study is based
on the assumption that desaturases and melatonin
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participate in cataractogenesis. In this regard, the assess-
ment of the levels of these enzymes in lens homogenates
is a necessary step in the study of the visual analyzer func-
tional state.

THE AIM OF THE STUDY

To study metabolic changes in a cloudy lens using
an experimental model.

MATERIALS AND METHODS

The studies were conducted in the experimental bio-
logical clinic (vivarium) of the Federal Research Centre
of Biological Systems and Agrotechnologies of the Rus-
sian Academy of Sciences and S. Fyodorov Eye Microsur-
gery Federal State Institution of the Ministry of Health
of the Russian Federation. The experiment was performed
on the Wistar rat model in accordance with the protocols
of the Geneva Convention and the principles of good
laboratory practice (National Standard of the Russian
Federation GOST R 53434-2009), as well as accord-
ing to the recommendations of The Guide for the Care
and Use of Laboratory Animals (National Academy Press
Washington, D.C. 1996). The design of the experiment was
approved by the local Ethics Committee of the Federal Re-
search Centre of Biological Systems and Agrotechnologies
of the Russian Academy of Sciences (protocol No. 4 dated
February 05, 2019).

For the experiment, 60 male rats weighing 180-200 g
and aged 10 months were selected. Two groups were
formed from the selected animals using the pair-analogue
method: control (n =30) and experimental (n = 30). Age-re-
lated cataracts were modeled in the animals of the experi-
mental group by daily ultraviolet irradiation using a mercu-
ry gas discharge lamp DRL (A = 300-350 nm). The exposure
time was 20 minutes for 6 months.

The animals were kept on a standard diet (according
to GOST R 50258-92), with free access to water and food,
at a temperature of 22 + 1 °C and 12-hour lighting.

At the 2", 4" and 6™ months of the study, a biomicro-
scopic examination of the anterior segment of the animal’s
eye was performed using a BQ 900 slit lamp (Haag-Streit,
Switzerland) to monitor the development of cataracts;
the lenses were isolated and then homogenized on ice
in sterile saline (in a ratio of 1:20 - 20 mg of tissue sample
was added to 1 ml of the solution) to determine the con-
tent of stearyl-coenzyme-A desaturase and melatonin us-
ing an enzyme immunoassay and the Rat SCD (Stearoyl
Coenzyme A Desaturase) Elisa Kit and Rat MT (Melatonin)
Elisa Kit according to the instructions.

The obtained data were processed using the methods
of variation statistics using the statistical package Statis-
tica 10 (StatSoft Inc., USA). The compliance of the obtained
data with the normal distribution law was checked us-
ing the Kolmogorov goodness-of-fit test. The hypothesis
of the data belonging to the normal distribution was
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rejected in all cases with a probability of 95%, which justi-
fied the use of nonparametric procedures for processing
statistical populations (Mann - Whitney U-test). The ob-
tained data are presented as the median (Me) and the 25
and 75" centiles (Q25-Q75). The relationships between
the parameters were assessed using the Spearman'’s rank
correlation method.

RESULTS

According to biomicroscopic examination
of the eyeball, no clinical signs of cataract development
were detected in laboratory animals during the first month
of ultraviolet irradiation. Only by the end of the 2" month
of ultraviolet exposure did the rats develop initial subcap-
sular cataract, characterized by heterogeneity of the lens
fibers. In the 4" month of exposure, according to slit lamp
analysis of the eye, signs of subcapsular cataract became
more pronounced, and by the 6" month of irradiation,
signs of mature cataract were observed in the animals -
lens clouding was noted at the equator and in the center
in all layers (fig. 1).

Analysis of the enzyme immunoassay results showed
that in animals of the experimental group, the content

of SCD1 in lens homogenates throughout the experiment
was statistically significantly lower than in the control
(fig. 2).

When comparing centile values, it was found that Q75
of the experimental group was lower than Q25 of the con-
trol group by 38 % (p < 0.05) at the initial cataract stage
(2" month of observation), by 30 % (p < 0.001) at the im-
mature cataract stage (4" month), and by 15.4 % (p < 0.05)
at the mature cataract stage (6" month). It should be noted
that in the 4" month of the experiment, the range of SCD1
enzyme concentrations was the widest, while the 25" cen-
tile value was more than 2 times lower than the same indi-
cator in the 2" and 6" months of observation.

In the experimental group animals, the melatonin
content in lens homogenates was stable throughout
the experiment, but somewhat lower than in the control.
However, against the background of the development
of mature cataract (6™ month), the melatonin concentra-
tion in the experimental group statistically significantly
decreased relative to the control values: the median value
was 17 % lower; Q75 of the experimental group was 5 %
lower than Q25 of the control group (p < 0.05) (fig. 3).

The conducted correlation analysis allowed us to es-
tablish the presence of a positive moderate association
between melatonin and SCD1 (r = 0.32; p < 0.05) in lens

Control group

Observation after 2 months
of the experiment

Observation after 4 months
of the experiment

Observation after 6 months
of the experiment

Experimental group

FIG. 1.
Biomicroscopy of the lens at the different stages of the experiment
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FIG. 2.

Content of stearoyl-coenzyme A desaturase in eye lens homoge-
nates: statistically significant difference between the experimental
group and the control * — at p < 0.05, ** — at p < 0.01; data are pre-
sented as Me (Q25-Q75)

FIG. 4.
Correlation between melatonin and stearyl-coenzyme A desaturase
in eye lens homogenates

homogenates (fig. 4). As can be seen from the presented
graph, the higher the melatonin level, the higher the de-
saturase level.

DISCUSSION

The study found that after 2 months of ultraviolet
irradiation, there was a statistically significant decrease
in the SCD1 level in animal lens homogenates by more
than 30 %.This fact may be due to the protective and com-
pensatory body reaction aimed at ensuring the correct
functioning of the system elements under conditions
exceeding the adaptation norm, due to the reaction
of the structures of the system itself [14]. As is known,
the body maintains physiologically favorable membrane
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FIG. 3.

Melatonin content in eye lens homogenates: * - statistically signifi-
cant difference between the experimental group and the control at
p < 0.05; data are presented as Me (Q25-Q75)

fluidity by changing the ratio of saturated and unsaturat-
ed fatty acids. Ultraviolet radiation promotes the activa-
tion of oxidation processes and the accumulation of pho-
tolysis products. Lipids containing unsaturated fatty
acids are primarily subject to peroxidation. This is due
to the fact that they contain a m-bond, which is less strong
than a o-bond and is more easily broken during chemical
reactions [15]. As a result, there is a loss of phospholip-
ids (phosphatidylcholines and phosphatidylethanol-
amines), which mainly include unsaturated fatty acids.
In order to provide resistance to oxidation and maintain
the transparency of the lens membranes, the acyl chains
of phospholipids are saturated, and the content of lipids
with residues of saturated fatty acids increases [16, 17].
Such processes provide relative physical and chemical
stability of membranes, rigidity and resistance to peroxi-
dation. This is the basis for the physiological compensa-
tory decrease in the concentration of the SCD1 enzyme,
which catalyzes the biosynthesis of unsaturated fatty
acids. It should be noted that the established increase
in the SCD1 content in the 6™ month of the experi-
ment compared to the 2" and 4™ months may indicate
adaptation processes in response to the stress factor,
as well as the high metabolic flexibility of this enzyme.
This is probably due to the fact that in the process
of peroxidation, the fluidity of cell membranes decreas-
es, but remains within a certain range due to the action
of desaturases. On the other hand, it can be assumed
that the activity of desaturase in lens cells is subject
to cyclic changes, allowing to maintain a constant ion-
ic composition in the cells and membrane potential,
thereby preventing the development of cataracts [18,
19]. However, the results of studies by Chinese scientists
show that SCD1 inhibition may be involved in catarac-
togenesis by changing the lipid composition of the lens
[20]. In our previous studies, it was shown that against
the background of cataract development, the content
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of saturated palmitic acid increases and the level of un-
saturated linoleic acid decreases [21]. Such changes pro-
vide an increase in the “rigidity” of the membranes, which
helps protect cells from oxidative stress. However, along
with this, the ratio of saturated and unsaturated fatty
acids changes, which leads to a violation of the fluid-
ity and structural integrity of the lens cell membranes
and, as a consequence, to the development of cataracts.
Thus, chronic exposure to unfavorable environmental
factors on the body, as a rule, causes stress in the regu-
latory mechanisms, which may result in a breakdown
of compensatory reactions, leading to the so-called
state of distress, against the background of which there
is an imbalance in the regulatory systems of the body
and the development of the disease. It is assumed that
the violation of lipid metabolism and damage to cell
membranes is the leading link in the process of changing
the optical and physical properties of the lens.

The decrease in the melatonin level in the studied
biosamples revealed during the experiment is entirely
justified. As is known, in physiological concentrations, this
hormone protects cells from oxidative stress by binding
hydroxyl radicals that are formed during lipid peroxida-
tion, as well as stimulating the expression of antioxidant
genes and inhibiting the genes of prooxidant enzymes
[22]. A number of experimental studies have shown that
melatonin is able to suppress the development of cata-
racts [23-25]. For example, a study by Turkish scientists
found that intraperitoneal administration of melatonin re-
duced the manifestations of oxidative stress and contrib-
uted to the restoration of the lens optical properties after
UV irradiation [26]. Thus, a decrease in the concentration
of this hormone in lens homogenates is due to the high
production of active oxygen forms. The results of the study
also indicate that the antioxidant system cannot cope
with the progression of cataracts.

Of great interest is the fact that there is a direct corre-
lation between the content of melatonin and SCD1 in lens
cells. Perhaps this association is due to the fact that mela-
tonin in this case acts, as described earlier, as a strong an-
tioxidant with direct and indirect antioxidant properties
[27]. Due to these properties of melatonin, the level of ac-
tive oxygen species in lens cells decreases, due to which
the SCD1 enzyme concentration increases and the ratio
of saturated and unsaturated fatty acids is normalized,
thereby restoring the functional activity of membranes.
Thus, we assume that the higher the level of melatonin,
the higher the degree of cell protection from oxidative
stress, and, consequently, the higher the level of unsaturat-
ed fatty acids and desaturases. It is interesting to note that
in 1981, D.F. Horrobin in the journal “Medical Hypotheses”
identified melatonin as one of the factors regulating de-
saturases [28]. Thus, in the 2000s. Japanese scientists have
shown that the introduction of melatonin to rats with type
2 diabetes mellitus contributed to the activity restoration
of one of the enzyme isoforms - liver A-5-desaturase, which
in turn led to the normalization of the ratio of fatty acids
in the blood plasma and liver [29]. In addition, there is evi-
dence that the activity of the enzymes of the isoenzymes

A-5- and A-6-desaturases plays an important role in the ex-
pression and regulation of melatonin itself [30].

CONCLUSION

To summarize the study, it should be concluded that
the enzyme stearyl-coenzyme-A desaturase and the hor-
mone melatonin play an important role in a number of bio-
chemical processes that ensure the proper functioning
of the visual analyzer. The study noted that at the stage
of initial cataract, the content of stearyl-coenzyme-A de-
saturase is statistically significantly lower than the control
values by 38 %, at the stage of immature cataract - by 30 %,
at the stage of mature cataract - by 15.4 %. It was found
that during the mature cataract formation, the melatonin
concentration in lens homogenates statistically decreases
by 17 % when compared with the control. The presence
of a statistically significant correlation between stearyl-co-
enzyme-A desaturase and melatonin (r = 0.32) was estab-
lished. Changes in the concentration of these biological
molecules may play a key role in the pathogenesis of cata-
racts and a number of other ophthalmological diseases.
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ABSTRACT

The aim. To study the predisposing factors for the development and timing of de-
velopment of intraventricular hemorrhage (IVH) in extremely premature newborns.
Materials and methods. We carried out retrospective analysis of 32 case histories
of children born at a gestational age of less than 32 weeks. The children were divided
into three groups: group 1 (n = 13) - children death was caused by non-traumatic IVH;
group 2 (n = 12) - surviving infants with IVH; group 3 (comparison group; n = 7) — pre-
mature infants without IVH. We assessed risk factors for the development of IVH, their
severity, and main indicators predisposing to death in newborns of these groups.
Results. Children of the group 1 had statistically significantly low values of body
weight - 670 [640-860] g (p, ,=0.007; p, ,=0.012), head circumference - 23 [22-24]
cm (p, ,=0.008; p, , = 0.049), gestational age — 24.5 [23.5-25.5] weeks (p, ,= 0.002;
p, , = 0.007). Gender differences were revealed: in the group 1, there were 92.3 %
of boys, in the group 2 - 33.3 % (p, , = 0.008). Maternal smoking increased the risk
of fatal IVH by 3.5 + 0.15 times, polyhydramnios - by 3.3 + 0.37 times, chorioam-
nionitis — by 12.8 £ 0.47 times, placenta previa - by 3.2 + 0.15 times. In newborns
of the group 1, seizures developed on the day 1 of life in 84.6 % (more often than
in group 2; p = 0.00001), and shock in the first 3 hours of life was recorded in 46.1 %
of cases (p, , = 0.034), which increased the risk of death by 4.3 + 0.47 times. In new-
borns of group 1, compared with newborns of groups 2 and 3, pulmonary hyperten-
sion was more often detected (60.8 [50.1-69.2] mm Hg; p, ,=0.028; p1-3 = 0.047).
Conclusion. Confirmed infectious diseases in the mother, clinical manifestation
of convulsions, pulmonary hypertension, development of multiple organ failure
and shock in extremely premature newborns increase the risk of intraventricular
hemorrhage and the frequency of deaths.

Key words: prematurity, intraventricular hemorrhage, risk factors
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PE3IOME

Llens uccnedosaHus. Vizyqume npedpacnosnazaroujue pakmopsl pazsumus U CpoKu
peanusayuu 8Hympuxesyoo4ykosbix kKpogousauaHul (BXKK) y anyboko HedoHoweH-
HbIX HOBOPOXOEHHBIX.

Mamepuansl u Memoobl. PempocnekKmugHO NPOAaHAIU3UpPo8aHsel 32 ucmopuu 6o-
nie3HuU 0emeli, pOXXOEHHbIX Ha CpoKe eecmayuu meHee 32 Hedenb. [Jemu 6biiu pas-
OesieHbl HA Mpu 2pynnei: 1-a 2pynna (n = 13) — demu, npu4uHOU cMepmu KOmopbix
cmasno Hempasmamudyeckoe BXKK; 2-a 2pynna (n = 12) - sbixxuswuue maadeHysi ¢ BXKK;
3-a2pynna (cpasHeHus; n = 7) — HeOOHOWeHHble 0emu, y Komopebix He passunuce BXKK.
OueHusanu pakmopel pucka pazsumus BXKK, ux msxecms, 0oCHO8Hble nokazameru,
npedpacnonazaroujue K 1emasnbHOMy UCXo0y y HOBOPOXOEHHbIX SMUX 2pynn.
Pesynemamel. Y 0emeli 1-U 2pynnel noslydeHbl cmamucmuy4ecku 3Ha4yumo HU3Kue
nokasamesnu maccel mena - 670 [640-860] 2 (p, ,= 0,007; p1-3 = 0,012), okpyxHoCmu
201086l — 23 [22-24] cm (p, , = 0,008; p, , = 0,049), cpoka zecmayuu — 24,5 [23,5-25,5]
Hedenu (p, ,=0,002; p, .= 0,007). BeisgnieHbl 2eHOepHble passiuyus: 8 1-U 2pynne npe-
obnadanu maneduku (92,3 %), 6o 2- epynne ux 0o/ cocmasuna 33,3 % (p, ,=0,008).
Ysenuyvusanu puck BXXK c nemanbHeim ucxodom KypeHue mamepu — 8 3,5 + 0,15 pasa,
MHo20800uUe — 8 3,3 + 0,37 pa3a, xopuodmMHUOHUM — 8 12,8 + 0,47 pasa, npednexaHue
nnayeHmel — 8 3,2 + 0,15 pasa. Y demet 1-0 epynnel cyoopoau passunuce 8 1-e cym-
KU XU3HU y 84,6 % (4awe, 4yem 8o 2-U epynne; p = 0,00001), a wok 8 nepasie 3 yaca
XKU3HU pe2ucmpuposanca y 46,1 % (p, ,= 0,034), noeblas puck 1emasbHo20 ucxodd
84,3+ 0,47 pasa. Y 0emeli 1-(i 2pynnel no cpasHeHuro ¢ demobmu 2-U u 3-U epynn 6blia
yawe 8olAgaeHa 1€204Haa eunepmersus (60,8 [50,1-69,2] mm pm. cm.; p,,= 0028
p, ,=0,047).

3akmoyenue. Hanuyue UHGeKyUOHHbIX 3a60/1e8aHUll y Mamepu, KTUHUYeCcKoe npo-
Ass1eHue cyoopoe, Né204HOU 2unepmeH3uU, pazsumue nosuopeaHHol Hedocmamou-
HOCMU U WOKa y 271y60KO HeOOHOWEeHHbIX HOBOPOXOEHHbIX y8enu4usarom puck ped-
nusayuu BXK u yacmomy nemasnsHeix Ucxo0o8.

Knioyeaole cnoea: HeOOHOWEHHOCMb, BHYMPUKes1y004YKO8ble KpOBOU3J/IUAHUS, (hak-
mopesl pucka

Ona yntupoBaHusa: Koyeposa B.B., Monosa H.I, Wep6ak B.A. MpruuHbl pa3sutua
BHYTPVXXeNTYOUYKOBbIX KPOBOU3NMUAHUI Y TNYyH6OKO HEJOHOLIEHHbBIX HOBOPOXAEHHbBIX
N 0COGEHHOCTU UX paHHUX UCXofoB. Acta biomedica scientifica. 2024; 9(3): 179-187.
doi: 10.29413/ABS.2024-9.3.18
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Premature birth remains an important medical prob-
lem. A special group of newborns requiring the use
of modern medical technologies for nursing are infants
with a gestational age (GA) of less than 32 weeks. Pre-
mature babies with very and extremely low body weight
most often develop life-threatening diseases, one of which
is intraventricular hemorrhage (IVH) of hypoxic and hem-
orrhagic genesis [1-3].

According to European researchers, the highest inci-
dence of non-traumatic IVH is associated with the very fact
of prematurity, that is, with the anatomical, physiological,
and morphological features of the vascular wall structure
of the brain germinal matrix, imperfect autoregulation
of cerebral blood flow, and the state of the hemostasis sys-
tem of premature infants. The likelihood of non-traumatic
IVH is aggravated by conditions accompanied by chronic
intrauterine hypoxia, birth asphyxia, and the development
of hypocoagulation, including primary coagulopathy, gen-
eralized purulent-septic and viral diseases [4, 5]. Coagula-
tion mechanisms in premature infants are characterized
by low hemostatic potential, as reflected in the studies
of P. Monagle et al. [6]. As gestational age (GA) increases,
the probability of IVH decreases, which is certainly associ-
ated with neuronal and migratory regression of the germi-
nal matrix. This is also associated with the tectonics of IVH
localizations of different GAs. The most important inde-
pendent risk factor for IVH is GA. At 28-32 weeks of GA,
the germinal matrix is preserved for the longest time
on the surface of the caudate nucleus head and in the cau-
date sulcus, and it is in this area that hemorrhages form
in children with such GAs [7].

The above factors explain the negative relationship
between the frequency of IVH and its severity in very
premature infants. IVH is diagnosed in 20-30 % of very
premature infants with a GA of less than 29 weeks and in-
creases the frequency of fatal outcomes [8-11]. In the USA,
the share of IVH among the causes of neonatal mortality
is1.7%[12,13].

THE AIM OF THE STUDY

To study the predisposing factors for the development
and timing of development of intraventricular hemor-
rhage in extremely premature newborns.

MATERIALS AND METHODS

The study was conducted in the neonatal intensive
care unit of the Trans-Baikal Regional Perinatal Center
(Chita). Retrospectively, for the period 2020-2021, risk
factors on the part of the mother and the child were as-
sessed in 32 premature newborns with a GA of less than
32 weeks, using the following registration forms: No. 096/
u-20 “Medical record of a pregnant woman, a woman
in labor, and a postpartum woman receiving medical
care in stationary conditions”, and form No. 097u “Medical
history of the development of a newborn”. The mothers
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were examined for their somatic health indicators, ob-
stetric and gynecological history, and the characteristics
of the current pregnancy and childbirth.

Gestational, anthropometric, and gender characteris-
tics of the newborns under study were assessed, the Apgar
score, respiratory disorders, cardiovascular failure, hemo-
stasis (coagulogram in the first hours after birth), meta-
bolic, and electrolyte abnormalities (venous and capillary
blood) were studied, general clinical laboratory diagnostic
methods (blood, urine), as well as methods of therapeutic
measures to stop the identified abnormalities were used.
The venous blood coagulogram was studied using the STA
Compact Max device (Stago, France); the results were com-
pared with the reference values given in the instructions
for this device. In order to identify the causes of hypocoag-
ulation, infant diseases that affect hemostasis and the de-
velopment of IVH were analyzed.

X-ray examinations were performed to verify the caus-
es of respiratory disorders, were included in the standard
examination of newborns with congenital pneumonia
or respiratory distress syndrome. The study was conducted
on equipment included in the perinatal center. Echocardi-
ography was performed on all newborns to assess hemo-
dynamic changes, including pulmonary hypertension, de-
termine the volume of drug therapy, exclude heart defects
and infectious myocardial damage.

The diagnosis of IVH was made after a neurosono-
graphic (NSG) examination using the ALOKA SSD 1700
(Hitachi, Japan) device [14]. The severity of hemorrhage
was determined according to the classification of M. Lev-
ene et al. [15, 16] and K.V. Vatoli et al. [17, 18]. The cause
of death was confirmed by the results of autopsies ac-
cording to D.A. Duskaliev et al. [19].

The inclusion criteria were: prematurity at less than
32 weeks; development of non-traumatic IVH of varying
severity in children.

The children were divided into groups:

Group 1 - premature newborns with a fatal outcome,
the cause of death was non-traumatic IVH and posthemor-
rhagic hydrocephalus (n = 13).

Group 2 - premature infants with the development
of IVH who survived (n = 12).

Inclusion criteria for the comparison group (3™
group): prematurity; GA less than 32 weeks; absence
of IVH (n = 7).

Exclusion criteria: prematurity after 32 weeks of ges-
tation; presence of congenital malformations; fatal cases
caused by generalized infectious diseases, anoxia (n = 6).

Statistical processing was performed using Statistica
6.0 (StatSoft Inc., USA), MS Excel 2010 (Microsoft Corp.,
USA). Groups of children were compared for normal dis-
tribution using the Kolmogorov — Smirnov method. Due
to the non-normal distribution in the groups, the de-
scription is given as a median (Me) and 25-75™ quantiles.
Comparison of non-parametric indicators was performed
using the Fisher’s criterion. Risk factors were assessed
by calculating the odds ratio (OR) + standard error (SE,
standard error) [95% confidence interval (95% Cl)]. Differ-
ences were considered statistically significant at p < 0.05.
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To predict an unfavorable outcome, a logistic regres-
sion model (logit regression) was calculated; indicators
with a statistically significant resulting feature were in-
cluded in the equation [20].

The work complied with ethical standards; the partic-
ipants signed voluntary informed consent; the work was
approved by the Ethics Committee of the Chita State Med-
ical Academy of the Ministry of Health of the Russian Fed-
eration (Protocol No. 128 dated November 14, 2023).

RESULTS

The characteristics of the study groups are presented
in Table 1. When assessing the anthropometric param-
eters, infants with a fatal outcome and diagnosed IVH
had the lowest body weight and length, head circumfer-
ence, chest circumference and gestational features com-
pared to newborns in groups 2 and 3. Weight fluctuations
in group 1 were 490-990 g, in group 2 - 540-1400 g,
in the group without IVH — 800-1300 g with a statistically
significant difference (p, ,= 0.007; p, ,= 0.012). The body
length of infants had a range from 28 to 37 cm and cor-
responded to the average percentile indicators for gen-
der and GA, but had no statistically significant differences
in the comparison groups.

TABLE 1

The infants’ height ranged from 28 to 37 cm and cor-
responded to the average percentile values for gender
and GA, but had no statistically significant differences
in the comparison groups. The head circumference val-
ues were statistically significantly lower in the 1% group
and ranged from 21 to 27 cm, in the 2" group Me was
24.2 cm (from 22 to 28 cm; p, ,= 0.008), in the 3 group
Me = 26 cm (from 23 to 29 cm; p, , = 0.049). Small-
er chest circumference was also found in the in-
fants of the 1t group - from 18 to 24 cm (p, ,= 0.041),
in the 2" group - from 15 to 24 c¢m, in the 3" group -
from 18 to 27 cm. Small anthropometric values corre-
sponded to the GA of premature infants.

In the group of infants who developed IVH with an un-
favorable outcome, GA was statistically significantly lower -
241[22;27] weeks, that is, the infants were extremely imma-
ture; in the 2" group, infants were born with a GA of 26 [26;
28] weeks, although they were extremely premature,
but were more mature than the children in the 1% group
(p = 0.002). Extreme immaturity of newborns (GA - 22-26
weeks) increased the risk of developing IVH and a fatal
outcome from it by 27.5 £ 0.5 times [95% Cl: 10.21-74.01].
Infants who did not develop IVH were born at an average
gestational age of 27 weeks (minimum 25 weeks 4 days,
maximum 29 weeks), which also statistically significantly
differed from children in group 1 (p = 0.007).

ANTHROPOMETRIC, GESTATIONAL AND GENDER INDICATORS OF THE STUDIED GROUPS

Indicators
Group 1(n=13)

Weight, g 670 [640-860]
Height, cm 31[30-33]
Head circumference, cm 23 [22-24]
Chest circumference, cm 20 [19-22]
Gestation age, weeks 24.5[23.5-25.5]
Gender, n (%)

Boys 12(92.3)
Girls 1(7.7)

Note.p,

Group 2 (n=12)

Comparison groups, Me [Q25-Q75]

Group 3 (n=7) p

p,_,= 0.007*
p, ,=0.703*
p,,=0.012*

960 [845-985] 940 [870-1260]

p,,=0.513*
p,,=0.204*
p, ,=0.079*

33 [30-35.5] 34 [33-38]

p,_,= 0.008*
p, ,=0.703*
P, ,=0.049%

24.25 [24-27] 26 [23-28]

p,,=0.041%
p, ,=0.767*
p,,=0.292*

22.5[21-24] 22[20-23]

p,,=0.002*
p, ,=0.582*
p,_,=0.007*

26.6 [26.4-28] 27 [25.6-28.1]

4(333) 6(85.7) 7.034;p,_,=0.008*
2.99; p, ,=0.064*
8 (66.7) 1(14.3) 0.096; p, ,=0.755"

- statistically significant differences between groups 1 and 2 (p < 0.05); p, , - statistically significant differences between groups 2 and 3 (p < 0.05); p, , -

statisticaﬁy significant differences between groups 1 and 3 (p < 0.05); * — Mann — Whitney test; # - Fisher’s test.
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Among infants with a fatal outcome associated
with IVH, boys predominated (12 out of 13 children),
which was statistically significantly different from children
in group 2, in which girls predominated (p,, = 0.008).
Male gender increased the odds of an adverse outcome
with IVH by 24.0 + 0.48 times [95% Cl: 9.18-62.6].

To assess the impact of maternal diseases and the peri-
natal period course on the IVH development and its lethal
outcome in the comparison groups, the socio-biological
and obstetric-gynecological anamnesis were assessed.
When assessing a possible lethal outcome, the risk as-
sessment of their development was calculated against
the background of the IVH development (OR * SE; 95% Cl).
In all observation groups, a favorable age for childbirth was
noted for mothers — from 20 to 35 years; the proportion
of mothers over 35 years of age did not have statistically
significant differences in the groups (from 15 to 28 %).

Nicotine dependence of mothers in the 1st group was
recorded in more than half of the observations (53.8 %),
in the 2" group - in a quarter, in the 3" group - in every
6'" case. No statistically significant differences were found.
However, maternal smoking increased the risk of IVH
and its unfavorable outcome by 3.5 + 0.15 times [95% Cl:
3.01-4.06].

When analyzing the somatic history of mothers in all
study groups, no statistically significant differences were
obtained. Burdened obstetric history in the study groups
was diagnosed in 2/3 of women, which affected the like-
lihood of premature delivery, but statistically significant
differences between the groups were not established.
Preeclampsia was detected in mothers of the 2" and 3™
groups (8.3 % and 28.6 %, respectively), and fetoplacen-
tal insufficiency (FPI) was diagnosed in all observation
groups. At the same time, the subcompensated form was
registered in 8 out of 13 patients (61.5 %) in the 15 group
and in 2/3 of observations in the 2" group; decompen-
sated — in 15 % in the 1 group and in 16.7 % in the 2.
In the group of children without IVH, decompensated
FPI was not detected; subcompensated FPI was detected
in 85.7 %, compensated - in 14.3 %. No statistically signifi-
cant differences were found between the groups. Compli-
cations of pregnancy with the threat of termination in all
observation groups were noted in almost half of the cases,
the development of isthmic-cervical insufficiency - in ev-
ery 4 case, which is associated with premature birth. Oli-
gohydramnion was diagnosed in the 1** and 2™ groups
with a frequency of 23 % and 8 %, respectively, which in-
creased the probability of developing IVH with a fatal out-
come by 3.3 +0.37 times [95% Cl: 1.6-6.77]. In the 3" ob-
servation group, polyhydramnios was detected in 14.3 %.
Emergency operative delivery was required in all observa-
tion groups in more than half of the cases (53.8 %, 58.3 %
and 57.1 %, respectively).

Pregnancy was complicated by infectious factors.
Cervicitis was registered in almost every 3 case (30.8 %
in group 1; 25.0 % in group 2; 28.6 % in group 3). Cho-
rioamnionitis during labor in group 1 occurred in 7 of 13
cases (53.8 %), in group 2 —in 1 of 12 (8.3 %), in group 3 -
in 1 of 7 (14.3 %) and statistically significantly prevailed
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in the group of newborns with IVH that ended in death
(p,, = 0.03). This pathology increased the probability
of death from IVH by 12.8 + 0.47 times [95% Cl: 5.05-
32.44]. Endometritis was also registered statistically
significantly more often in the 1% group - in 10 of 13 ob-
servations (76.9 %), against 33.3 % in the 2" group
(p,,=0.047), and 28.6 % in the 3 group. Bacterial in-
flammation of the endometrium increased the chance
of IVH with a fatal outcome by 6.7 + 0.5 times [95%
Cl: 2.48-18.03]. Placenta previa was detected only
in the group with IVH and led to a fatal outcome in 5 of 13
cases. In the 2" group, transverse fetal position was diag-
nosed in 1 patient, the risk of IVH development was in-
creased by 3.2 + 0.5 times [95% Cl: 1.2-8.5].

An increase in the placental-fetal coefficient (PFC)
as a marker of the placental infectious process by more
than 0.23 was diagnosed in all observations (100 %)
of the 1%t group, in 75 % of the 2™ group, and in 85.7 %
of the 3™ group. The PFC Me in the 1% group was 0.36
[0.32-0.42], the minimum value was 0.28, and the max-
imum was 0.48, which is statistically significantly higher
than the level of this indicator in the 2" group: Me = 0.295
[0.225-0.34], the minimum value was 0.11, and the max-
imum was 0.46 (p,_, = 0.005); in the 3 group Me = 0.34
[0.25-0.4], the minimum value is 0.23, the maximum is 0.52
(p, ,= 0.404; p, .= 0.579). A prolonged anhydrous period
(more than a day) in premature infants of the comparison
groups was detected with a frequency of 46 % in the 1%
group, 33.3 % in the 2" group, and 43 % in the 3" group.

Among the pathological conditions in newborns
leading to the IVH development, convulsions are the most
common, in the development of which, in addition to hy-
poxia, the implementation of infection plays a special
role. In infants of the 1% group, convulsions were record-
ed in the first day in 11 of 13 cases (84.6 %), on average,
the development time was 3 hours from the moment
of birth [1 hour 10 minutes — 6 hours], minimum - 30 min-
utes, maximum - the 4% day of life. At the age of over
1 day, convulsions developed in 2 children (15.4 %).
In the 2" group, convulsions developed in 3 newborns
(25.0 %) at the age of over 24 hours (Me = 2 days 7 hours).
Convulsions were not recorded in 9 of 12 newborns
(75.0 %) of the 2" group. In the 3 observation group,
convulsions were diagnosed in 3 of 7 children (42.8 %),
Me age - 8 days 8 hours. Statistically significant differ-
ences were revealed when comparing the 1% group
with the 2" and 3 (2 = 26.692; p = 0.0001).

Clinical and functional manifestations of various types
of shock in premature infants in the 15 group were diag-
nosed in the first 3 hours of life in 6 of 13 cases (46.1 %)
compared to the 2" group (2 of 12 children (16.7 %)), in-
creasing the risk of developing IVH with a fatal outcome
by 4.3 + 0.47 times [95% Cl: 1.69-10.89]. Shock was
diagnosed at the age of 3-6 hours in 3 (23.1 %) children
in the 1% group, and after 6 hours of life — in 4 (30.7 %)
newborns; in the 2™ group, the clinical picture of shock
developed at the age of 3-6 hours in 3 (25.0 %) children,
and after 6 hours - also in a quarter. In the group of chil-
dren without IVH, shock was diagnosed less frequently
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—inthe first 3 hours of life in 2 (28.6 %) children, at the age
of over 6 hours — in 1 (14.3 %) infant. When comparing
the timing of shock, statistically significant differences
were obtained in the comparison groups (x*> = 10.420;
p =0.034).

Persistent pulmonary hypertension (PPH) in in-
fants of group 1 was detected in 12 of 13 cases (92.3 %),
Me = 60.8 [50.1-69.2] mmHg, from 31.8 to 89.6 mmHg.
In group 2, the frequency of PPH was recorded
in 9 of 12 children (75 %) at a level of 44.1 [34.1-
52.11 mmHg, from 23 to 78.7 mmHg, statistically signifi-
cantly differing in the groups (p,_,= 0.028). PPH in group
3 was detected in 4 of 7 children (57.1 %), Me = 44
[28.6-57] mmHg, from 23 to 64.8 mmHg, in comparison
with the 1%t group, the differences are statistically signifi-
cant (p1_3 =0.047).

Neurosonographic (NSG) criteria of IVH in the 1st
group were detected in the first day of life in 6 (46.2 %)
infants; bilateral IVH of grade lll was detected in 53.8 %
of cases from the 2" to the 5" day of life. In the 2" group,
IVH was detected in 5 (41.6 %) children on the 1 day
of life, in 1 child - of grades II-lll, with the development
of posthemorrhagic hydrocephalus. At the age of 3to 6
days, IVH was realized in 50 % in the form of subependy-
mal hemorrhage.

According to the acid-base balance (ABB) assess-
ment, all infants had uncompensated mixed acido-
sis and increased lactate levels after birth: in group
1 Me = 4.35 [3.3-5.95] mmol/l, minimum - 2.2 mmol/I,
maximum — 9.7 mmol/l; in group 2 Me = 4.4 [2.3-5.6]

TABLE 2

mmol/l, minimum - 1.4 mmol/l, maximum - 11.3 mmol/I;
in group 3 Me = 5.1 [3.4-7.9] mmol/l, minimum - 2.5
mmol/l, maximum - 12.5 mmol/l; no statistically signifi-
cant differences were found.

The base deficit in infants of group 1 was -9.1 [-7.05
+ —11.6] mmol/l, minimum -0.6 mmol/l, maximum -14.6
mmol/l; in group 2 Me = -9.35 [-5.9 + -11.25] mmol/I,
minimum -1.7 mmol/l, maximum -15 mmol/l; in group
3 Me =-6.4[-4.8 - -11.7] mmol/l, minimum -4.8 mmol/I,
maximum -15 mmol/l; no statistically significant dif-
ferences were found. These changes were nonspecific
and were associated not with the fact of IVH, but with pre-
maturity, the implementation of an infectious disease,
and the presence of respiratory failure.

In order to identify violations of vascular-platelet
hemostasis parameters and insufficiency of the blood
coagulation system, laboratory criteria (platelet level),
coagulogram parameters (activated partial thrombo-
plastin time (APTT), fibrinogen level, international nor-
malized ratio (INR)) were studied. The results are pre-
sented in Table 2.

In all study groups, thrombocytopenia was diag-
nosed in the first hours after birth. In the 1% group,
the minimum platelet level was 92 x 109/I, the maximum
was 252 x 109/l; in the 2" group, the range of values
was from 93 to 325 x 10 9/I; in the 3™ group - from 107
to 251 x 109/I.

In the coagulogram, the fibrinogen level in all
groups corresponded to the average gestational values.
In the 1% group, the minimum fibrinogen value was

LABORATORY PARAMETERS OF HEMOSTASIS IN THE STUDIED GROUPS AT BIRTH, ME [Q25-Q75]

Comparison groups

Hemostasis parameters at birth Group 1 (n=13)

Platelets, thousand 163.5[141.5-232.5]

Fibrinogen, g/I 1.38[1.14-1.9]
52 [42-57]

APTT, s

INR 1.87 [1.44-2.28]

Group 2 (n=12) Group 3 (n=7) p

p,,=0.270
p, ,=0.735
p, ,=0.799

198 [163-239.5] 183 [121-247]

p,,=0.426

p,,=1.0
p, ,=0.853

2.2[1.3-24] 1.3[0.81-3.6]

p,,=0.624
p, ,=0.865
p, ,=0.267

47.35[29.7-60.8] 43.8 [41.1-46.6]

p, = 0602
p,,=0361
p, ,=0.609

1.42[1.2-2.45] 1.72[1.59-5.7]

Note. p, , - statistically significant differences between groups 1 and 2 (p < 0.05; Mann - Whitney test); p, , - statistically significant differences between groups 2 and
3 (p < 0.05; Mann — Whitney test);pH - statistically significant differences between groups 1 and 3 (p < 0.05; Mann — Whitney test).
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0.75 g/l, the maximum - 4.1 g/I; in the 2" group, its lev-
el was from 0.8 to 4.2 g/I; in the 3" group - from 0.81
to 3.6 g/l; statistically significant differences were not
revealed. In the group of children with a fatal outcome,
anincrease in APTT was determined from41.4t0118.9s,
in the group of surviving children with IVH - from 25.7
to 109 s. In the group of children who did not have de-
veloping IVH, APTT corresponded to the standard values -
from 41.1 to 46.6 s. In all study groups, INR indicated hy-
pocoagulation; statistically significant differences were
not revealed. The indicators in the 1% group ranged
from 1.26 to 2.8, in the 2" — from 1.14 to 3.24, in the 3™ —
from 1.59 to 5.7; statistically significant differences were
not identified.

Based on the obtained statistical data, a logit regres-
sion equation was calculated, which made it possible
to predict the implementation of an unfavorable out-
come of IVH in the early neonatal period [21, 22].

Y = exp (0.1 - 8.05 chorioamnionitis + 10.89 en-
dometritis + 9.86 PFC + 12 gender - 6.43 maternal
smoking - 1.17 placenta previa - 1.05 PPH - 5.6 shock
in the first 3 hours - 45.8 convulsions in the first
3 hours) /1 + exp (0.1 - 8.05 chorioamnionitis + 10.89
endometritis + 9.86 PFC + 12 gender - 6.43 mater-
nal smoking - 1.17 placenta previa - 1.05 PPH - 5.6
shock in the first 3 hours - 45.8 convulsions in the first
3 hours); x> = 34.29641; df = 9; p = 0.0000797.

DISCUSSION

IVH in premature infants has a multifactorial gene-
sis. There are three groups of factors: antenatal, intrana-
tal and postnatal. According to the results of our study,
antenatal factors include: maternal smoking; infectious
processes causing oligohydramnios; chorioamnionitis;
endometritis. Intranatal factors include: complicated de-
livery; abnormal placenta previa. Postnatal factors are:
fluctuations in systemic arterial pressure, which is man-
ifested by shock; PPH; coagulopathy; oxidative stress,
confirmed by the data of the acid-base balance study.
As is known, germinal matrix cells are rich in mitochon-
dria and are very sensitive to oxygen deficiency, which
explains the importance of germinal matrix hypoxia
in the pathogenesis of IVH development [23].

CONCLUSION

Thus, our observations established that extreme
prematurity, infectious diseases of the mother, bad hab-
its, and placental pathology exert their adverse effects
on the fetus through pathophysiological processes.
IVH is realized as a result of a violation of hemodynam-
ic autoregulation and structural immaturity at the lev-
el of the germinal matrix. The clinical picture of shock,
persistent pulmonary hypertension, and convulsions
in the first hours of life can aggravate the severity of IVH
and lead to death.
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PREVENTIVE MEDICINE

QUALITY ASSESSMENT OF THE SCREENING TEST FOR PREDICTORS
OF CORONARY HEART DISEASE

Lazutkina A.Yu. ABSTRACT

Background. Coronary heart disease (CHD) ranks first among the causes of death,
morbidity, and disablement. The development of innovative methods for predicting
CHD will reduce these burden.

The aim of the work. To assess the quality of the screening test for predictors of coro-
nary heart disease using statistical quality control of a verifiable diagnostic test (VDT)
(with binary outcomes).

Materials and methods. In 2008-2013, 70 cases of CHD were registered in a group
of 7959 initially healthy men aged 18-66 years old who were the members of locomo-
tive crews. Statistical analysis identified CHD predictors: arterial hypertension; psycho-
social stress; hyperglycemia; dyslipidemia; excessive alcohol consumption; I-lll degree
of obesity; age 34-66 years; microalbuminuria; thickening of the intima-media com-
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Corresponding author: plex/atherosclerotic plaque (IMC/ASP); pulse wave velocity (PWV) > 12 m/s; left ven-
Anna Yu. Lazutkina, tricular hypertrophy; grade I-ll grade of retinopathy; atherosclerosis of aorta. DiagStat
e-mail: Lazutkina_AU59@mail.ru software (Russian Federation) determined their predictive ability when used in screen-

ing tests to predict CHD. We demonstrated the use of this method to assess the predic-
tive ability of risk factors for any disease.

Results. CHD predictors have high to moderate specificity for the absence of CHD in indi-
viduals who test negative for the above-listed factors. IMC/ASP, microalbuminuria, PWV
> 12 m/s, grade Ill obesity moderately increase the posterior odds of developing CHD
versus its absence in comparison with the prior odds after receiving a positive result
of the verifiable diagnostic test for these factors. Age 34-66 years moderately increas-
es the posterior odds in favor of the absence of CHD versus its occurrence compared
with the prior odds after receiving a negative result of the verifiable diagnostic test.
Conclusion. When assessing the result of the verifiable diagnostic test, we should focus
on both the probability of occurrence and the absence of CHD in the presence or ab-
sence of a predictor in the patient. Since the determination of PWV > 12 m/s, athero-
sclerosis of aorta, microalbuminuria, stress, and excessive alcohol consumption among
workers of locomotive crews is not mandatory, it is necessary to conduct a targeted
search for them.
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OLIEHKA KAYECTBA CKPUHUHT-TECTA NPEAVUKTOPOB ULLEMUYECKON
BOJIE3HU CEPOLA

JlasytknHa A.1O. PE3IOME

BeedeHue. Nwemuyeckas 6one3Hb cepoya (MbC) 3aHumMaem nepgsie no3uyuu cpeou
NpudyuH cmepmu, 3abonesaemocmu, npogheccuoHanbHol HenpuzodOHocmu. Paspa-
60mKa UHHOBAYUOHHbIX Memo0os8 npozHo3uposaHus MBC no3gosum cokpamums
3mu nomepu.
Lene pabomoi. OueHUMb KA4eCMB0 CKPUHUH2-mecma npeouKkmopos uwemudeckol
6071€3HU cepoya MemoooM CMamucmMuU4ecko20 KOHMPOJIA Ka4ecmea NposepaemMo20
duaeHocmuyeckozo mecma (MAT) (c 6uHapHbIMU UCX00amu).
Mamepuanel u memoosl. B 2008-2013 22. 8 2pynne u3Ha4asabHo 300po8bix 7959
MYXXYUH 18-66 iem — pabomHUKO8 JIOKOMOMUBHbIX 6pu2ad — 3ape2ucmpuposanu
70 cnyqaes VMIBC. C noMowbio cmamucmuyecko2o aHasau3a udeHmuguyuposasiu
npedukmopesl MbC: apmepuaneHas 2unepmeH3us; NCUXOCoOUUaIbHbIl cmpecc; 2u-
nepanukemus; oucaunudemus; ypesmepHoe nompebnerHue ankozona (4rA); oxu-
ABTOp, OTBETCTBEHHBI 3a Nepenucky:  peHue I-Ill cmeneru; 8o3pacm 34-66 nem; mukpoanebymuHypus (MAY); ymonuwe-
JlasyTkuHa AHHa lOpbeBHa, Hue Komnsiekca UHMUMAd-meouad/amepockiepomuyeckas 6nawka (TUM/ACE);
e-mail: Lazutkina_AU59@mail.ru CKOpoCMb pacnpocmpaHeHus nysibcosol 8osHsl (CPIIB) > 12 m/c; eunepmpogus
J1e8020 xesyooyka, pemuHonamus I-Il cmeneHu; amepocknepos aopmei (Am.AO).
B npoepamme DiagStat (Poccus) 8bIACHUIU UX NPeOCKAa3amesibHylo chocobHOCMb
npu Ucnosib308aHUU 8 CKpUHUH2-mecmax 0715 npoeHosuposaHusa VBC. [okazaHo
npumeHeHuUe 3mozo Memood 0J19 OUeHKU npedckazamesibHoU cnocobHocmu ¢hak-
mopoe pucka /106020 3a60/1e8AHUS.
Pesynemamel. pedukmopel I6C ob1adarom 8bicokol u ymepeHHOU cneyuguyHo-
CMbI0 8 OMHOWEHUU 0MCymcmaus 803HUKHoseHUA MIBC y nuy, umeroujux ompuuya-
mesnbHbIl pe3yniemam Ha Hasaudue smux ggakmopos. TUM/ACE, MAY, CPB > 12 m/c,
oxupeHue lll cmeneHu ymepeHHO No8bILIAIM dNOCMepUOpPHbIe WIAHCbI B03HUKHOBe-
Husa UbC npomus eé omcymcmeus 8 CpasHeHUU € anpUOPHbIMU WAHCAMU NocJie No-
Jly4eHus nosoxumesnbHozo pesyibmama [T smux pakmopos. Bospacm 34-66 nem
yMepeHHO nosbildem anocmepuopHbie WAaHcbl 8 Nos1b3y omcymcmausa M6C npomus
€€ B0O3HUKHOBEHUSA 8 CpABHEHUU C ANPUOPHbIMU WAHCAMU NOCJ1e NOJTyYeHUs ompuyd-
mesnbHo20 pe3ynemama lAT.
3akmoyenue. [pu oyerke pesynsmama 1T cnedyem opueHmMupo8ambCA KAk HA ge-
POAMHOCMb B03HUKHOBEHUA, MaK u Ha omcymcmaeue MIbC npu Hanuquu unu omcym-
cmeuu y nayueHma npedukmopa. Tak kak onpedenerue CPI1B > 12 m/c, Am.AO, MAY,
cmpecca, YIA y pabomHUKO8 TOKOMOMUBHbIX 6pu2ad 8 ob6s3amesibHOM NopAoKe
He npedycMompeHo, Heobxo0UMO NPOBOOUMb UX UesleHanpasieHHbIlU NOUCK.

OT1gen 3gpaBoOOXpaHeHus

no [lanbHeBoCTOUHOMY defiepanbHOMy
okpyry, LleHTpanbHasa aupekuma
3apaBooxpaHeHus — dunuan OAO «PXK»
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Knioyeevle cnoea: uwemudeckas 60se3Hb cepouyd, akmopsl puckd, npozHo-
3UposaHue, CKpUHUH2-uccedos8aHue, hpogepsemMolli duazHocmudeckul mecm,

npogunakmuka
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INTRODUCTION

Statistical data indicate that cardiovascular disease
(CVD) morbidity and mortality remain leading causes
worldwide and in the Russian Federation [1, 2]. The largest
share in the mortality structure from diseases of the cir-
culatory system falls on coronary heart disease (CHD)
[3], with acute forms predominating [4]. The widespread
use of modifiable risk factors (RF) for CVD has placed
cardiovascular causes and CHD in the first positions
in the ranking of ten leading causes of death in the world
[5, 6]. Despite the fact that chronic CHD is characterized
by a stable long-term course, CHD occupies the first po-
sitions among the causes of death, temporary and per-
manent loss of working capacity of the population [7-9].
These problems are also relevant for railway medicine,
since cases of this disease are regularly registered
among locomotive crew workers (LCW). CHD is includ-
ed in the list of diseases that do not allow LCWs to work
in the profession, and is the leading cause of professional
unsuitability. The share of professional unsuitability due
to CHD reaches 40-50 %. Admission by the medical ex-
pert commission to train work does not guarantee the ab-
sence of this latent CVD in LCW and the safety of railway
traffic, does not prevent early retirement from the pro-
fession and economic losses associated with the health
of workers [10-14]. Therefore, it is important for such
professional groups of clinically asymptomatic individu-
als to undergo primary examination — screening testing
to prevent CVD. Screening examination helps to detect
the disease at an early stage and completely cure or pre-
vent it. The disease should be understood as any clinical
outcome under study that has a latent period and forms
long before the appearance of clinical manifestations
[13]. Despite their obvious usefulness, screening meth-
ods have varying effectiveness, since they do not ex-
clude diagnostic error or the formation of a false opinion
about the absence of the disease. Therefore, a screen-
ing test should meet an acceptable level of prediction
[15] and comply with the World Health Organization
(WHO) principles for conducting a screening study [16]:
the course and treatment of the actual disease should
be known; case finding should be carried out continuous-
ly, and the diagnostic costs should be justified. An ideal
screening test should detect the disease before its mani-
festation, not give false-positive or false-negative results,
and reduce disability and mortality. The party performing
the screening study should have an idea of how effective
a particular diagnostic test is in predictive performance
in order to compare its capabilities and the expected
benefit of conducting the screening study. In this study,
the predictive performance of previously established
predictors of coronary heart disease [17] is assessed, their
exposure (concentration, dose) capable of causing coro-
nary heart disease in the observation group and the range
of probability of the coronary heart disease in the pres-
ence or absence of the predictor in the patient are shown.
A method for assessing the quality of coronary heart dis-
ease predictors is proposed, and its application is shown,
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since no other scientific publications on this topic could
be found.

THE AIM OF THE STUDY

To determine the predictive performance of coronary
heart disease predictors using statistical quality control
of a verifiable diagnostic test (with binary outcomes).

MATERIALS AND METHODS

According to the criteria of the recommendations
on arterial hypertension (AH) of the Russian Medical So-
ciety on Arterial Hypertension and the All-Russian Sci-
entific Society of Cardiologists (ARSC) for 2008 and 2011
and in accordance with the regulatory order [10, 18, 19],
from 2008 to 2013, all LCWs of the Trans-Baikal Railway
(TBR) annually for 6 years during medical expert commis-
sions underwent underwent annual screening for CVD,
target organ damage (TOD) and CVD. The following risk
factors were determined: age; hypertension; dyslipidemia
- total cholesterol > 5.0 mmol/l, and/or low-density lipo-
protein cholesterol (LDL) > 3.0 mmol/Il, and/or high-den-
sity lipoprotein HDL < 1.0 mmol/l, and/or triglycerides
> 1.7 mmol/l; hyperglycemia > 5.5 mmol/l; family history
of early CVD; excessive alcohol consumption (EAC); psy-
chosocial stress; smoking; overweight — body mass index
(BMI) = 25.0 kg/m?. According to BMI gradations, obesity
stages I-lll were distinguished: BMI = 30.0-34.9, 35.0-39.9,
and = 40.0 kg/m?, respectively. The following were iden-
tified from the TOD: left ventricular hypertrophy (LVH)
by electrocardiography (Sokolov-Lyon sign > 38 mm, Cor-
nell product > 2440 mmxms) and echocardiography (left
ventricular mass index > 125 g/m?); aortic atherosclerosis
(AA) by radiography and/or ultrasound diagnostics (USD);
thickening of the intima-media complex (IMC) > 0.9 mm
or atherosclerotic plaques (ASP) by USD of the brachio-
cephalic arteries [18]; reduced glomerular filtration rate;
microalbuminuria (MAU); hypercreatininemia; retinop-
athy stages I-ll; pulse wave velocity (PWV) > 12 m/s; an-
kle-brachial index < 0.9; type 2 diabetes mellitus (T2DM)
[10, 12]. Lipid and carbohydrate metabolism parameters
were determined and assessed according to the above
criteria [18] and were included in the sample as qualita-
tive variables - “yes” or “no”. According to the order [10],
the LCWs had no CVD at baseline except for hyperten-
sion stage |, 1-2 stages. They dropped out of the study
in case of death, dismissal, or if their health did not meet
the criteria of the order [10]. The observation was approved
by the local Ethics Committee of the Chita State Medical
Academy of the Ministry of Health of the Russian Federa-
tion (protocol No. 30 dated November 09, 2011) and was
conducted using official laboratory and instrumental diag-
nostic methods, on licensed equipment by certified spe-
cialists. The study design, collected material on 22 items
at the beginning and end of the observation are shown
in Figure 1 and Table 1. Comparison of the collected data
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Prospective cohort design of locomotive crews members
of the Trans-Baikal Railway [20]

TABLE 1

at the beginning and end of the observation showed
that CVD risk factors are cumulative, increasing over time
both in the population and within individuals. [12].

The age of the LCWs at the beginning of the observa-
tion was 35.7 + 10.6 years, at the end of the observation -
38.6 + 10.3 years. 53.4 % (n = 4251) of the LCWs in the ob-
servation group were under 40 years of age (fig. 2).

The dynamics of cardiovascular risk according
to the SCORE scale by observation years in the LCW
of the Trans-Baikal Railway is presented in Figure 3.

Predicted probability of 10-year prediction of fatal
cases of atherosclerosis-associated diseases accord-
ing to the SCORE scale in the year of their prediction
and the same year of death occurring among LCWs
of the Trans-Baikal Railway is shown in Figure 4.

The structure of the identified SVDs in 2008-2013
is shown in Figure 5. In 2008, 7959 LCWs of the Trans-Bai-
kal Railway were observed, in 2009 - 7851, in 2010 - 7141,
in 2011 -6817,in 2012 - 6016, in 2013 - 5722.

OCCURRENCE OF RISK FACTORS, TARGET ORGAN LESIONS IN LOCOMOTIVE CREW MEMBERS OF THE TRANS-
BAIKAL RAILWAY AT THE BEGINNING AND AT THE END OF THE OBSERVATION [12]

Start of observation

Risk factors, target organs

n* op*
Arterial hypertension 1401 17.6
Overweight (BMI = 25.0-29.9 kg/m?) 2602 32.7
Obesity stage | (BMI = 30.0-34.9 kg/m?) 923 11.6
Obesity stage Il (BMI = 35.0-39.9 kg/m?) 167 2.1
Obesity stage Ill (BMI > 40.0 kg/m?) 16 0.2
Smoking 4600 57.8
Dyslipidemia 700 8.8
Left ventricular hypertrophy 446 5.6
Psychosocial stress 1249 15.7
Family history of early CVD 597 75
Retinopathy stages |-l 533 6.7
Hyperglycemia 80 1.0
Aortic atherosclerosis 8 0.1
Excessive alcohol consumption 48 0.6
IMC/ASP 8 0.1
PWV > 12 m/s 0 0
Creatininemia 24 0.3
Microalbuminuria 3 0.04
Decreased glomerular filtration rate 0 0
Ankle-brachial index < 0.9 0 0
Diabetes mellitus type 2 24 0.3

Note. * — start of observation; # — end of observation.
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End of observation McNemar’s test
%*/%*

n* (783 X p
2033 25.5 1.4 2381.6 0.00
3135 394 1.2 580.4 0.00
1215 15.3 1.3 41044 0.00

234 2.9 1.4 71144 0.00

24 0.3 1.5 7868.3 0.00
4918 61.8 1.1 293.7 0.00
2534 31.8 3.6 2278.1 0.00

597 7.5 1.3 5895.1 0.00
1635 20.5 1.3 3084.3 0.00
906 114 1.5 5038.6 0.00
337 4.2 0.6 6470.7 0.00
445 5.6 5.6 6636.4 0.00
458 5.8 58.0 6674.0 0.00

71 0.9 1.5 7697.6 0.00

24 0.3 3.0 7876.3 0.00

19 0.2 - 7899.2 0.00

116 1.5 5.0 7590.7 0.00
8 0.1 2.5 7929.0 0.00
6 0.1 - 7938.0 0.00
5 0.1 - 7941.0 0.00

45 0.6 2.0 7798.0 0.00

Preventive medicine
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FIG. 3.
Cardiovascular risk assessment using the SCORE scale in the ob-
servation group

In  2008-2013, medical expert commissions
of 14 non-governmental healthcare institutions
of the Trans-Baikal Railway diagnosed 70 chronic cases
of coronary heart disease, which were confirmed during
inpatient examination at the Railway Clinical Hospital
at Chita station, as well as by the Central Medical Expert
Commission of Russian Railways (Moscow) in the case
of their complex resolution. The diagnostics were car-
ried out in accordance with the clinical recommenda-
tions of the All-Russian Society of Cardiology (ARSC)
in 2009, the Ministry of Health and Social Development
of Russia in 2013, and the ESC (European Society of Car-
diology) in 2013 [12, 21-23].

Considering the identified risk factors, the individ-
ual cardiovascular risk was calculated annually using
the SCORE scale as the most adapted to the Russian

population and recommended by the State Research
Center for Preventive Medicine for individuals aged
40 and older. LCWs aged under 40 were classified
as having a low cardiovascular risk. In the SCORE scale,
the overall cardiovascular risk is expressed as the abso-
lute risk of cardiovascular mortality in the next 10 years.
Since the absolute overall cardiovascular risk is high-
ly dependent on age, it can be low in young patients
even with a combination of high blood pressure (BP)
and other RF [24]. Individuals aged under 40, regard-
less of the RF presence (except for very high levels
of individual factors), have a low absolute risk of fa-
tal cardiovascular complications in the next 10 years
of life. For young people (under 40), not the absolute,
but the relative total cardiovascular risk is determined.
A person under 40 years of age without RF (non-smok-
er, with normal BP and total cholesterol levels
in the blood) has a 12-fold lower relative total cardio-
vascular risk compared to a person with the specified
RF [12, 25]. We did not analyze further or identify spe-
cial age groups in the assessment and stopped study-
ing the SCORE indicators in order to save our resources
when this scale showed low predictive abilities in this
category of workers (fig. 4).

At the end of the LCW observation, the above-listed
CHD predictors were determined in a 2 X 2 contingency
table, in a multivariate stepwise analysis, and in a sur-
vival analysis (in the Cox proportional hazards regres-
sion model and in the Kaplan - Meier models), and their
relative risk was established [17]. As a result of the per-
formed multivariate analysis, all CHD predictors were
divided into three categories, since they showed statis-
tical heterogeneity in the analytical models. The first cat-
egory included IMC/ASP, hypertension, and retinopathy,
which showed a statistically significant assessment in all

15,8 % 15,8 %

68,4 %

B Predicted event probability >5 %
Predicted event probability 1-4 %
B Predicted event probability 0 %

FIG. 4.

Predicted probability of 10-year prediction of fatal cases of athero-
sclerosis-associated diseases according to the SCORE scale in the
year of their prediction and the same year of death coming among
locomotive crew members of the Trans-Baikal Railway: sudden
cardiac death — 15 cases, cerebral stroke — 4 cases; mean age of the
deceased - 46.3 £ 9.2 years
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Free from cardiovascular
disease 98 % (n=7798)

Ischemic heartdisease 0,9 % (n = 70)

Non-fatal acute coronary
syndrome 0,3% (n=22)

Sudden cardiac death 0,2 %
(n=15)

Cerebral stroke 0,2 % (n = 19)

Chronic obliterating diseases
of the arteries of the lower
extremities 0,2 % (n=14)

Resistant arterial hypertension
0,3%(n=21)

FIG. 5.
Structure of diagnosed cardiovascular diseases in 2008-2013

five models used. These factors were assessed as the main
independent predictors capable of being realized in CHD
without the participation of other predictors. Such pre-
dictors of coronary heart disease as age 34-66 years, AA,
obesity stage Ill, which had a statistically significant re-
sult in 4 statistical models, were hypothetically assessed
as interacting RFs, realized in coronary heart disease
with the participation of other factors as part of a complex
variable consisting of 2 or more similar independent fac-
tors. The remaining predictors of coronary heart disease,
which had a statistically significant result in less than 4
models used, were assessed as confounders, factors influ-
encing the final outcome and the main influencing variable
[17,26] (fig. 6, 7; Table 3). The results of this part of the work
were published [12, 17]. Since the predictors of coronary
heart disease differ in their statistical characteristics and,
therefore, can have different effects on the disease devel-
opment, we decided to determine their predictive ability
using the method of statistical quality control of the ver-
ified diagnostic test (VDT) [27] in the DiagStat software
(Russian Federation) [28] to clarify the issue of the infor-
mativeness and appropriateness of their use in screening
examinations. We also decided to show how this method
can be used to assess the predictive ability of predictors
of any disease.

The main requirement for disease diagnostic meth-
ods is that they should have sufficient sensitivity and high
specificity. However, when disease factors are tested
for a screening test, it is necessary to remember and un-
derstand that they are individual, differ from each other
in their statistical characteristics and have the ability to in-
teract with each other [17, 26, 29]. In medical and biolog-
ical issues, three types of factor interaction are described:
additivity — summation; synergism — mutual enhancement
of the effect; antagonism — mutual weakening of the ef-
fects of predictors [30]. Patient examination methods that
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Assessment of the influence of various potential risk factors
on coronary heart disease [26]
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are usually used as screening tests do not have these qual-
ities. Therefore, these features of environmental factors
during their assessment of the VDT quality can manifest
themselves in the analysis, and the results interpretation
of the study of disease predictors using this technique may
differ from the assessment of the VDT quality of diagnostic
methods for detecting the disease.

The VDT predictive value is assessed by the accura-
cy and predictive value indicators, comparing its result
with the gold standard - a diagnostic reference test that
almost accurately determines the presence or absence
of a disease in the patient being examined. The gold stan-
dard may be one or several tests for determining the dis-
ease. A diagnostic test (T) should be understood as a fac-
tor being examined for diagnostic ability (as in this case)
or a method for identifying an important disease, which
can have two values for the patient being examined: T* -
a positive result or T- — a negative result. The disease can
be realized in two binary outcomes - “yes” or “no” (CHD*
and CHD"). To evaluate the VDT, it is necessary to compare
the exposed and unexposed VDT groups by the frequen-
cy of disease occurrence in them - in this case, coronary
heart disease. For this purpose, a 2 X 2 contingency table
is formed. The frequencies of opposite values of the stud-
ied binary outcome of both groups are entered in abso-
lute figures. The exposed and unexposed VDT groups are
marked in the rows, and the possible outcomes are indi-
cated in the columns. Each study object is included in only
one of the groups and has only one of the possible out-
comes. Positive results and negative results of the VDT form
4 combinations of the disease outcome: T+CHD* - true
“positive”; T+CHD- - false “positive”; TCHD* - false “neg-
ative”; TCHD™ - true “negative”. Their number in the 2 x 2
cross-classification is designated as a, b, cand d, respective-
ly. The methodology for assessing the VDT is shown in Ta-
ble 2 [27]. All designations in the text, tables and figures
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are given in the original terminology of the methodolo-
gy and the DiagStat program [27, 28].

The indicators of the accuracy and predictive value
of the VDT reflecting its ability to determine and predict
the outcome under study form two pairs of indicators
and counter-indicators, by which the VDT quality is as-
sessed when comparing them. Four conditional prob-
abilities of the indicator of the VDT accuracy form two
pairs of opposites — sensitivity (Se) and counter-sensitiv-
ity (coSe), specificity (Sp) and counter-specificity (coSp).
Their statistical estimates are measured by proportions
(f), which can be shown as a percentage, or as the ra-
tio of a part to a whole or the ratio of the constituent
parts of a set to its total volume [31, 32]. Four indicators
of the VDT predictive value form two pairs of opposites:
the positive predictive value (PPV) and its counter-pos-
itive predictive value (coPPV); the negative predictive
value (NPV) and its counter-negative predictive value
(coNPV). Their qualities and capabilities are indicated
in the note to table 3 [27].

When checking the VDT quality, it is necessary
to have data on the prevalence of the disease (Prev)
in the tested population. These data are automatically
generated in the DiagStat software [28] when enter-
ing the study parameters as the proportion of peo-
ple with the disease (CHD) among all those examined
in the group: (CHD*) =(a+c¢c)/n.

There is an interdependence between the indica-
tors of VDT accuracy and VDT predictive value, which

TABLE 2

is determined by the likelihood ratios that form two op-
posite pairs: the likelihood ratio for the CHD “positives”
(LR[+]), the likelihood ratio for the CHD “negatives”
(LR[-]), and their antipodes. Likelihood ratios and their
inversion results are estimated in terms of probabilities
and odds - “for” or “against” [27].

The quality of screening tests for CHD predictors
was assessed using the DiagStat software (Russia).
If the 100 (1 - a)% confidence interval (Cl) for the stud-
ied CHD predictor 6 did not include the uninformative
value Gni, then the estimated unknown value in this Cl
of the predictor 6, had a statistically significant dif-
ference from its uninformative value 6  at the signif-
icance level a. This means that 6, = 6  and is statisti-
cally significant at the level a. When the 100 (1 - a)%
Cl of the 6 indicator included the uninformative value
Gm, the unknown value Guk of the CHD predictor esti-
mated by this Cl did not statistically significantly dif-
fer from Gni at the level a, and a conclusion was made
about the insignificance of the result, Guk = Gni, accord-
ing to the VDT assessment methodology [27].

The value Se = coSe = 0.5 is uninformative
for the sensitivity Se and counter-sensitivity coSe.
If they are equal, then the VDT cannot be consid-
ered accurate in identifying “positives” in individuals
with a disease, in this case, coronary heart disease.
By analogy, the value Sp_ = coSp_ = 0.5 is considered
uninformative for the specificity Sp and counter-speci-
ficity coSp [27].

TABLE OF CROSSED CLASSIFICATION MATRIX 2 x 2 FOR CORONARY HEART DISEASE

Gold standard (infallible test for disease detection)

Object groups Result Total objects in the group
CHD [+] CHD [-]
True “positive” False “positive”
T*CHD* a T*CHD b T+
Exposed P(T
Test [+] Prevalence of “positives” in the outcome a+hb
P(T*CHD") P(T*CHD")
False “negative” True “negative”
TCHD* ¢ TCHD-d T
Unexposed P
Test [-] Prevalence of “negatives” in the outcome c+d
P(T-CHD") P(T"CHD")
Prevalence of outcome (disease) in the observation group
Total objects in the outcome CHD* CHD" !
Prev = P(CHD*) (1~ Prev=P(CHD")) n
a+c b+d
Note. (here and in Table 3). [+] - positive result of the gold standard (GS) or the VDT compared with it; [-] - negative result of the gold standard or the VDT com-

pared with it; CHD* - presence of CHD in the patient according to the GS, CHD- — absence of CHD in the patient according to the GS; T+ - “positive’, positive result
of the VDT; T- - “negative’, negative result of the VDT; Prev, (P) - prevalence of the disease.
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If the PPV Cl overlaps “overlaps” the CHD Prev, then
such a “positive” is considered an uninformative value:
PPV = Prev [271.

According to the method used, if the “negative”
NPV does not increase the probability of the probabili-
ty of absence of CHD (coPrev), then such a value is also
considered uninformative: NPVni = coPrev [27]. The PPV
and NPV graphs of the test should differ from Prev, lo-
cated in the center of the scale grid, that is, the effect
of the test on the population prevalence of the disease
should be noticeable, and the stronger it is, the more sig-
nificant the deviation of the test curve from Prev.

According to the methodology for the likelihood ra-
tio for the CHD LR[+] “positives”and the CHD LR[-] “nega-
tives” the values LR[+] =1 and LR[-],=1are considered
uninformative [27]. The practical usefulness of the VDT
quality indicators is determined by verbal scales that
make it possible to qualitatively evaluate the quan-
titative result in the proportion values for Se and Sp
from 0 to 1.0 [27]. Evaluation in values: 0-0.5 — useless;
0.5-0.7 - low; 0.7-0.9 — moderate; 0.9-1.0 - high. LR[+]
and LR[-] in verbal scales are evaluated in the following
ranges: 1-3 - insignificant assessment; 3-10 — mediocre;
10-33 — moderate; 33-100 - high; 100-1000 - very high;
> 1000 - perfect score.

RESULTS AND DISCUSSION

The results of the quality assessment of the VDT pre-
dictors of CHD are shown in Table 3 and Figures 8-23.
All CHD predictors had low VDT sensitivity (Se), except
for the predictors of hypertension, BMI > 25, and age
34-66 years. According to the method used [27], Se has
the ability to “sense” the presence of the disease (CHD)
and shows the frequency of “positives” among individu-
als with CHD. This interpretation of the indicator is used
when assessing the VDT of the patient examination
method. When assessing environmental factors using
this method, it should be understood that Se shows
the prevalence of the factor that caused the disease
among individuals who have experienced this outcome
(Tables 2, 3). That is, Se, when working with predictors,
determines and shows the exposure (accumulation,
dose) of the factor [29], capable of causing the expected
disease in a specific population. This information is im-
portant for determining the scope of preventive mea-
sures and medical care in a specific society. The range
of probability of a disease event is shown by the PPV
and NPV indicators. The prognostic Cl of the «positives»
of the PPV predictors: hypertension, PWV > 12 m/s, age
34-66 years, LVH, MAU, AA, IMC/ASP, obesity stage I,
retinopathy,“do not overlap”the central zone of the pop-
ulation prevalence of CHD Prev, which indicates the in-
formativeness of their values. Figures 9-14, 16, 21, 22
confirm this conclusion visually. The Cl predictive value
of the PPV “positives” predictors: EAC, hyperglycemia,
BMI > 25.0, obesity stages I-Il, dyslipidemia - cover
the zone of population prevalence of CHD Prev and have
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no informative value (figs. 8, 15, 18-20, 23). In this re-
gard, when assessing these predictors, one should focus
on the Cl predictive value of the NPV “negatives”, show-
ing the ranges of the probability of the CHD absence
in individuals who do not have these predictors, as well
as the proportion of individuals in the population (Sp)
without these factors, guaranteeing the CHD absence
in this probability range at the level of the controlled
society. The Cl of “negatives” and “positives” of the pre-
dictor psychosocial stress overlap the zone of preva-
lence of CHD Prev and have no informative value. This
factor (confounder) is associated with and contributes
to the CHD formation, but does not have anindependent
prognostic effect on CHD (fig. 7, 17) [17]. The quantita-
tive assessment of the increase in the odds of a disease
event or absence of a disease in the group of “positives”
LR[+] and in the group of “negatives” LR[-] is shown
by the VDT likelihood ratios. The predictors IMC/ASP,
MAU, PWV > 12 m/s, BMI > 40.0, in contrast to other
CHD predictors, statistically significantly moderately in-
crease the posterior odds in favor of the CHD develop-
ment after a positive VDT result is obtained in a patient.
The predictor age in the range of 34-66 years statistical-
ly significantly moderately increases the posterior odds
in favor of the absence of coronary heart disease versus
the development of coronary heart disease after a nega-
tive VDT resultis obtained in a patient. In our study, most
of the CHD predictors did not reach the level of statis-
tical significance Se, and, therefore, this indicator does
not accurately determine the prevalence (exposure)
of risk factors in the group of individuals who developed
CHD, which indicates a higher real statistically signifi-
cant concentration of RF required for the development
of this disease in the group of LCWs of the Trans-Baikal
Railway. To determine the exact value of the concen-
tration of these RF causing CHD in the RLB population,
clarifying population studies are needed on a larger
sample or a sample of similar size, but with a longer ob-
servation period.

We did not compare the obtained VDT results of CHD
predictors with the data of VDT coronary angiography
or CT coronary angiography, which are considered
the gold standard for CHD diagnosing due to the lack
of publications on the assessment of the latter using
the VDT method. At the same time, it is not possible
to compare predictors of the disease and methods of di-
agnosing the disease, since they belong to different cat-
egories and have different qualities. Predictors form
the preclinical course and progress the disease until
clinical manifestations appear; methods of diagnosing
the disease do not have this quality, as well as a number
of other properties of RF.

Graphical assessment of the VDT statistical quality
control method of the CHD predictors as screening tests
is the final stage of the methodology [27, 28] and a useful
tool for visualizing the obtained estimates and the influ-
ence of predictors on the population prevalence of the dis-
ease. The extent to which the predictor under study is in-
vasive and dangerous is visible on the graphs.
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TABLE 2

TABLE OF CROSSED CLASSIFICATION MATRIX 2 x 2 FOR CORONARY HEART DISEASE

The probability of CHD developing Likelihood ratio
CHD predictors Se Sp PPV (+), % NPV (=), %
LR[+] LR[-]
PPV coPPV NPV coNPV

0.03 0.99 o127 oo 01973 000 08599 o0 0709, 3.0 1.0

0.80 0.75 2029 54 06197V og0 005997 59, 0193 05 32 36

023 0.96 5530 01595055 050993 505 0597 10 57 1.3

029 0.93 1035, 003965 5o 000993, 059715 3.9 13

019 0.79 0209 ¢ 084 991 506 087991 505 0,93, 0.9 1.0

- 0:05 0.99 L154, . _.846,. 991, .09 19.6 1.1
0.03 0.99 1220.0 15800, 5..991 ., 0699 1, 27.0 1.0

Aortic atherosclerosis 0:21 0.94 153354 002967 055 0599925 050:8 36 1.2
0.04 0.99 s 143, 613857 o5y 03599140, 06991, 18.6 1.0

0.45 0:68 0s 1350 60987 005 080993 o0 0507 1, 1.4 1.2

0:10 0.94 05 10 35 065 984 oo 088991 50, 0699 15 1.7 1.0

0.74 042 os 11 16 05s 994 o, 000994 o, 0306 . 1.3 1.6

026 0.85 08 10 56 074984 o, 080992 595 0508 ., 1.7 1.1

0:08 0.97 072359 001 975 555 088991 50,4 0699 1, 2.8 1.1

0.04 0.99 P - I 0885 5 0359910, 069091, 14.1 1.0
Age 34-66 years 0.99 038 w0145, 050 28:6 o 000999 1000 00903, 16 27.5

Note. Informative values are shown in bold, with the results that did not stand up to verbal assessment crossed out. The assessment results in tables and figures are shown as
99% Cl.The Se (sensitivity — how often“positives”are observed in individuals with coronary heart disease, i.e. to what extent the test“feels”the presence of coronary heart disease)
and Sp (specificity — how often “negatives” are observed in individuals without coronary heart disease, i.e. to what extent the test “feels” the absence of coronary heart disease)
indicators are presented as shares, since they show the specific value of occurrence (accumulation) of RF among the population of individuals who have developed the outcome
under study (coronary heart disease) (Se), and the specific value of the absence of this factor among individuals who have not developed coronary heart disease (Sp). The PPV
(positive predictive value — the VDT ability to correctly predict coronary heart disease in a person with a“positive”) and NPV (negative predictive value — the VDT ability to correctly
predict the absence of coronary heart disease in a person with a“negative”) indicators and their inversions coPPV (counter-positive predictive value — the VDT ability to errone-
ously predict the absence of coronary heart disease in a person with a“positive”) and coNPV (counter-negative predictive value — the VDT ability to erroneously predict coronary
heart disease in a person with a“negative”) are presented in %, since they show the range of the probability of the occurrence or absence of a coronary heart disease event in the
representatives of the sample. LR[+] - the ratio of the proportion of “positives”among persons with coronary heart disease to the proportion of “positives”among persons without
coronary heart disease, shows an increase in the posterior odds in favor of the coronary heart disease presence versus its absence in the respondent in comparison with the a
priori odds after receiving a positive VDT result; LR[-] - the ratio of the proportion of “negatives”among persons without coronary heart disease to the proportion of “negatives”
among persons with coronary heart disease, shows an increase in the posterior odds in favor of the coronary heart disease absence versus its presence in the respondent in
comparison with the a priori odds after receiving a negative VDT result; EEEE- independent effect of the factor; 1 - interaction of the factor; EFE=EA - confounding effect.
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CONCLUSION

CHD predictorshavehighand moderatespecificityinrela-
tiontotheabsenceof CHDoccurrenceinindividualswithaneg-
ative result for the presence of factors of this disease. When
assessing the CHD probability, one should focus on the prob-
ability of both occurrence and absence of the outcome
inthe presenceorabsenceofafactorofthisdiseaseinapatient
and consider only estimates that are statistically significant.
The obtained data can be used in the formation of the se-
lection (medical screening) of safety-critical operator occu-
pations with increased medical requirements for candidates,
for example, LCW, driving a locomotive “alone” without
an assistant driver. Modifiable risk factors of the disease
should be modified in order to improve the medical indi-
cators of the employee. When recruiting employees, all fac-
tors of the disease should be taken into account. Predictors
of IMC/ASP, MAU, PWV > 12 m/s, BMI > 40.0, unlike other
CHD predictors, statistically significantly moderately in-
crease the a posteriori odds in favor of the CHD occurrence
against its absence in comparison with the a priori chances
after receiving a positive VDT result in a patient. The predic-
tor age in the range of 34-66 years statistically significantly
moderately increases the posterior odds in favor of the CHD
absence versus its occurrence in comparison with the prior
odds after the patient receives a negative VDT result.

Since the definition of predictors PWV > 12 m/s, AA,
MAU, EAC, stress in LCWSs is not mandatory provided
for by regulatory documents, it is necessary to conduct
a targeted search for them, especially if EAC screening is im-
plemented among LCWs in order to prevent other CVDs,
a predictor of which is this factor [12, 33, 34]. EAC test: latent
daily single alcohol consumption above the WHO safe limit,
i.e. more than 2 standard doses of alcohol per day with 1
dose of 13.7 g (18 ml of ethanol), is detected by performing
the diagnostic algorithm for chronic alcohol intoxication [12,
35]. Other CHD predictors in LCWs should also be identified
in order to carry out therapeutic and preventive measures
for workers exposed to these factors in view of the available
diagnostic methods and in order to prevent their cumula-
tion in the population and in a specific worker.
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ABSTRACT

Background. The etiological structure of implant-associated infection and antibiotic
resistance of pathogens are important when choosing empirical antibiotic therapy.
COVID-19 pandemic and increased consumption of antibiotics by the population
could provoke an increase in antibiotic resistance.

The aim of the work. To compatre the spectrum of leading pathogens of implant-as-
sociated infection in the pre- and post-Covid period and to assess antibiotic resistance.
Materials and methods. A continuous retrospective study of biomaterial samples
from traumatology and orthopedic patients with implant-associated infection was
carried out for 2018-2019 and 2021-2022. The sample consisted of 548 microor-
ganism strains (n = 237 and n = 317, respectively) in 442 cases of infectious com-
plications. The antibiotic resistance of all isolated microorganisms, including those
from microbial associations, was assessed.

Results. The leading pathogen of monomicrobial implant-associated infection in both
study periods was Staphylococcus epidermidis (33-37 %). In 2021-2022, the proportion
of microbial associations increased (from 12.5to 17.5 %; p = 0.147) with the appearance
of fungi in the microbial landscape. In the post-Covid period, the increase in Staphy-
lococcus aureus resistance to tetracycline and doxycycline was revealed; the isolation
of methicillin-resistant strains among Staphylococcus aureus decreased from 4 cases
(out of 187) to 3 (out of 232); 100 % sensitivity to rifampicin and co-trimoxazole was
maintained. An increase in Staphylococcus epidermidis resistance to all tested antibi-
otics was detected (statistically significant increase in resistance to fluoroquinolones;
p = 0.002-0.003) with the isolation of methicillin-resistant strains in 80.5 % and 80.9 %
of cases, respectively. All staphylococcal isolates were susceptible to vancomycin
and linezolid. Enterobacteriaceae representatives showed a decrease in resistance
to carbapenems and an increase in resistance to co-trimoxazole; in Pseudomonas aeru-
ginosa and Acinetobacter baumannii, there is an increase in resistance to carbapenems
and fluoroquinolones. All gram-negative microorganisms were sensitive to colistin.
Conclusion. The high frequency of isolation of methicillin-resistant staphylococci
determines the choice of vancomycin for empirical therapy. Increasing resistance
of staphylococci to fluoroquinolones may limit their use. Increasing resistance
of gram-negative bacteria and a narrow spectrum of antibiotics acting on carbapene-
mase producers may reduce the effectiveness of therapy.

Key words: implant-associated infection, periprosthetic infection, antibiotic resis-
tance, COVID-19, Staphylococcus epidermidis, microbial associations, carbapenemase
producers, methicillin-resistant staphylococci
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PE3IOME

BeedeHue. dmuosioeuydeckas cmpykmypda umniaHmam-accoyuupos8aHHol UHpek-
yuu u aHmMubuomuKope3uCMeHMHOCMb NAMO2eHO8 8AXHbI NpU 8bl6Ope SMNUPU-
yeckol aHmubuomukomepanuu. lMaHdemus COVID-19, ygenuueHue nompebneHus
HaceneHueM aHmMubUOMUKO8 MO2/1U NPOBOYUPOBAMbL pOCM aHMUOUOMUKOpe3u-
cmeHmMHocmu.

Lens pabomel. CpagHume cnekmp gedywux 8036youmesneli UMNIaHMam-accoyuu-
pOBAHHOU UHGeKyuu 8 00- U NOCMKOBUOHOM nepuode ¢ oyeHKoU aHmubuomukope-
3ucmeHmHocmu.

Mamepuansi u memoodsl. [TpogedeHO CNIOWHOE pempocnekmugHoe Uccie008aHue
obpasyos buomamepuana nAayueHmMos mpdasmamosio20-opmoneduyecKko2o0 Npo-
una ¢ uMNIaHMam-accoyuuposaHHol uHgekyuel 3a 2018-2019 u 2021-2022 ze.
Bvibopka cocmasuna 548 wmammos mukpoopeaHuamos (n = 237 u n = 317 coom-
8emcmeeHH0) 8 442 cry4asx UHeKUUOHHbIX 0C/10XKHeHUU. [Ipo8odus1ace oueHKa aH-
mubuomukope3uCMeHMHOCMU 8cex 8bl0esIeHHbIX MUKPOOP2aHU3MO8, 8 MOM Yucsie
U3 MUKpobHbIx accoyuayudi.

Pesynemamel. Bedywum 8o36youmesnem MOHOMUKPOBHOU UMNIaHMam-accoyuu-
pOB8AHHOU UHpeKyuu 8 06a nepuoda ucciedo8aHus bein Staphylococcus epidermidis
(33-37 %). B 2021-2022 22. ygenu4undce 00714 MUKpOOHbIX accoyuayud (c 12,5
00 17,5 %; p = 0,147) c noseneHuem 8 MUKPOOHOM nelizaxxe 2pu6os. B nocmkosuoHom
nepuode ommeydeH pocm pesucmeHmHocmu Staphylococcus aureus kK mempayukniu-
HY U OOKCUUUKJ/IUHY; 8bl0esieHUe MemuUyusiIuH-pe3ucmeHmHblX Wmammos cpeou
Staphylococcus aureus cHu3sunoce ¢ 4 cayqaes (u3 187) 0o 3 (uz 232); coxpaHanace
100%-5 yyscmeumMesibHOCMb K pughamnuyuHy u Ko-mpumoKcaszosy. BuisesieH pocm
pesucmeHmuocmu Staphylococcus epidermidis ko ecem mecmupyemsiM aHmu6buo-
mukam (cmamucmudyecku 3Ha4umblli — K gmopxuHosioHam; p = 0,002-0,003) ¢ 8bide-
JleHueM MemuyusiiuH-pe3ucmeHmHoix wmammos 8 80,5 % u 80,9 % ciyyaes coom-
8emcmeeHHo. Bce gbi0esieHHble U30/1AmMbl CMAUIOKOKKO8 Obliu YyscmeaumesibHbl
K 8aHKOMUYUHY U sluHe3onudy. ¥ npedcmasumerneli cemeticmaa Enterobacteriaceae
8bIIB/1EHO CHUXeHUe pe3uCmeHMHOCMU K KapbaneHeMam u eé pocm K KO-mpumMoK-
casony; y Pseudomonas aeruginosa u Acinetobacter baumannii - pocm peaucmesm-
HOCMU K KapbaneHeMam U (hmopXuHOIOHAM. Bce epamompuyameribHbie MUKPOOp-
20HU3Mbl 6bIIU Hy8CMBUMEITbHbI K KOTUCMUHY.

3aknioyeHue. Boicokas yacmoma 8wvi0esieHUs MemuyusiIuH-pe3ucmeHmHeiX cma-
¢hunokokkos onpedesnisiem 8bi60p BAHKOMUYUHA 014 SMNupudeckol mepanuu. Pocm
pe3ucmeHmMHOCMU cMAagu/IOKOKKO8 K (hmOopXUHOIOHAM MOXXem cnocobcmaosame
02paHUYeHUI0 UX UCNo/Ib308aHUA. Pocm peaucmeHmHocmu 2pamompuyamersbHbiX
b6akmeput, y3kuli cnekmp aHmubuomukos, delicmgytoujux Ha kapbaneHemazonpo-
dyyeHmos, Mo2ym CHUXamb 3¢h¢heKmusHOCMb mepanudul.

Knioyeesie cnoea: uMniaaHmam-accoyuupoeaHHas UHGeKyus, nepunpomesHas uH-
¢hekyus, aHmubuomukopesucmeHm+Hocms, COVID-19, Staphylococcus epidermidis,
MUKpPOGHble accoyuayuu, kapbaneHemasonpooyyeHmsl, MemMuyuIIUuH-pe3ucmeHm-
Hble cMAaguIoKOKKU

Ona yntuposaHus: Jlio6umosa J1.B., Muenosa H.H., Hnkonaes H.C., MpeobpakeHckas E.B.,
Jlo6brmos E.A. Mukpobronoruyeckuii npodub nauneHToB C OPTONEANYECKON UMIMIaH-
TaT-accoLMMpPOBaHHON UHbEKLMEN B MOCTKOBUAHOM nepuope. Acta biomedica scientifica.
2024; 9(3): 203-212. doi: 10.29413/ABS.2024-9.3.20
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INTRODUCTION

In the last decade, medicine has seen a trend to-
wards increasing the use of various implants during sur-
gical interventions. Despite the constant improvement
of the biomechanical properties of structures, the devel-
opment of implant-associated infections (IAl) remains
a pressing issue.

This term implies a broad concept, including the de-
velopment of infection in the area of installation of any
implants, including orthopedic ones. Their presence
in the body leads to the emergence of a lifelong risk of in-
fection. The frequency of infectious complications varies
depending on the type of surgical intervention: after pri-
mary endoprosthetics of the hip or knee joint, it is low
and amounts to 0.3-2 %; after revision endoprosthetics,
it increases to 20 % [1-4]; after osteosynthesis of frac-
tures, it ranges from 1.8 to 27 % [5-9]; after external
transpedicular fixation of the spine, it occurs in 0.7-20 %
of cases [10].

According to a study conducted by the R.R. Vre-
den National Medical Research Center of Traumatology
and Orthopedics of the Ministry of Health of the Rus-
sian Federation (St. Petersburg) in 2018, a decrease
in the frequency of Staphylococcus aureus isolation was
noted in the structure of the leading gram-positive
pathogens of IAl - from 34.5 % in 2012-2013 to 28.6 %
in 2016-2017 - with its leading position maintained
and a parallel increase in the share of Staphylococcus
epidermidis (from 18.4 % to 22.5 %), however, the in-
crease in the isolation frequency of methicillin-resistant
strains was insignificant [11].

The prevalence of pathogens causing infectious com-
plications and their resistance to antibiotics in healthcare
facilities may vary. In cases where the pathogen has not
yet been verified, local epidemiological data can be used
to determine the optimal tactics for choosing empirical
antibacterial therapy, influencing the success of treatment.
According to foreign authors, the recent COVID-19 pan-
demic has created a predisposition to the development
of concomitant diseases and coinfections in those who
have recovered, which may be a manifestation of the im-
mune burden that this virus creates for the host [12]. In-
creased consumption of antibacterial drugs by the popu-
lation could also change the microbiological etiology of IAl
and provoke an increase in antibiotic resistance.

THE AIM OF THE STUDY

To compare the spectrum of leading pathogens
of implant-associated infection in the pre- (2018-2019)
and post-COVID (2021-2022) period and to assess anti-
biotic resistance.

MATERIALS AND METHODS

A continuous retrospective comparative study was
conducted at the Federal Center for Traumatology, Or-
thopedics and Endoprosthetics of the Ministry of Health
of Russian Federation (Cheboksary).

A comparative analysis of changes in the spectrum
of pathogens of intravascular inflammatory infections
and antibiotic resistance was conducted in 2018-2019
and 2021-2022. The inclusion criterion in the study was
the pathogen detection in a microbiological study of 4-6
samples of biomaterial from each patient (intraopera-
tive tissue biopsies, aspirate from removed metal struc-
tures after ultrasonic treatment, synovial fluid) obtained
intraoperatively and in outpatient settings in the pres-
ence of a deep or superficial infection of the surgical
site. One, the most informative, of the 4-6 results was
included in the analysis. Pathogens in microbial associa-
tions were not included in the analysis of monomicrobi-
al infection.

The sample size was 548 isolated strains of micro-
organisms (n = 237 in 2018-2019 and n = 317 in 2021-
2022) in 442 cases of infectious complications (n = 208
and n = 234, respectively).

Themajority of subjects werefemale (52.8 %) withanav-
erage age of 58.5 + 13.6 years (4-88 years; over 65 years —
37.5 %). According to localization, deep and superficial IAl
was detected after arthroplasty —in 70.4 % (n = 311), after
reconstructive plastic surgery on bones, joints (in 17.6 %
of cases; n = 79) and spine (12 % of cases; n = 53).

The crops were incubated for up to 14 days
with the creation of conditions for the cultivation of aer-
obes, anaerobes, capnophiles and fungi. Species iden-
tification of pathogens with sensitivity determination
to antibacterial drugs was performed on an automatic
bacteriological analyzer Vitec 2 Compact (Bio Merieux,
France) and on a semi-automatic analyzer Multiskan FC
(Thermo Fisher Scientific, USA) using kits and test systems
Erba Lachema (Czech Republic).

Antibiotic susceptibility testing was performed
in accordance with clinical guidelines'2. The disk diffusion
method was used when there were criteria for assessing
the inhibition zones of pathogen growth. Susceptibili-
ty determination of gram-negative bacteria to colistin
and staphylococci to doxycycline and vancomycin was
determined by serial dilutions in Mueller — Hinton broth
or using the E-test. When resistant strains were identified
by the disk diffusion method, the results were confirmed
by the same methods. Despite the changes in the EUCAST
(European Committee on Antimicrobial Susceptibility Test-
ing) 2021 criteriaforassessing the diameter of theinhibition
zones of microorganisms with the transition from category
S (susceptible) to category | (susceptible with increased ex-
posure), we classified cases of sensitivity | of staphylococci

1 Antimicrobial susceptibility testing: clinical guidelines (version 2018-03). 2018. URL: https://www.antibiotic.ru/files/321/clrec-dsma2018.pdf

[date of access: November 02, 2023].

2 Antimicrobial susceptibility testing: clinical guidelines (version 2021-01). 2021. URL: https://www.antibiotic.ru/files/321/clrec-dsma2021.pdf

[ date of access: November 02, 2023].
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to ciprofloxacin and levofloxacin, enterobacteria — to imi-
penem to category S.

To obtain the production of extended emission be-
ta-lactamases (ESBL) in the Enterobacteriaceae family
isolates, the “double disk” method and the electronic
cefazidime/clavulanate test were used. Identification
of carbapenemase-producing isolates of gram-neg-
ative blasts occurs using the double disk meth-
od with ethylenediaminetetraacetic acid (EDTA)
and the Hodge test.

Microbial associations included cases of isolation
of more than one type of microorganism in the studied
biomaterials. Antibiotic resistance was assessed taking
into account all isolated pathogens, including patho-
gens in microbial associations. A positive result of growth
of the same microorganism in two or more samples was
considered diagnostically significant. The microbiologi-
cal study results of the biomaterial from the fistula tract
were not analyzed separately in the work.

Among gram-positive and gram-negative pathogens,
an antibiotic resistance analysis of the most significant iso-
lates (with an isolation frequency of more than 4 %) was
conducted.

Statistical data processing

The sample size was determined by the type
of study (continuous). The obtained data were recorded
in the form of spreadsheets, the data structure visualiza-
tion and data analysis were carried out using MS Office
Excel 2007 (Microsoft Corp., USA). The distribution nor-
mality was determined using Kolmogorov — Smirnov test.
For the categorical data analysis in the GraphPad pro-
gram (GraphPad Software, USA), Fisher’s exact test was
used to check the relationship (p < 0.05). Quantitative
data were assessed using frequency distribution analysis
(in percent).

Staphylococcus aureus,
ind. MRSA

Staphylococcus epidermidis,
ind. MRSA
Coagulase-negative
staphylococci

2018-2019 rr. (n = 208)

o 12,5%
O 77
200

9,1
62% 4

5,398

Streptococci
Enterococci

Gram-negative
microorganisms

Anaerobes

‘ m Fungi

@ Others

O Microbial
associations

FIG. 1.
The structure of culture-positive implant-associated infection

"a

RESULTS

The leading causative agent of monomicrobial Al
in both study periods was Staphylococcus epidermidis —
37 %in 2018-2019, and 33 % in 2021-2022 (fig. 1).

There are no significant changes in the structure
of 1Al pathogens during the studied periods, however,
an increase in the proportion of microbial associations was
found - from 12.5 to 17.5 % (p = 0.147) - with the fungi
appearance in the microbial landscape in 2021-2022.

The sample size of microbial associations was 173 iso-
lates (49 isolates in 2018-2019, 124 isolates in 2021-2022).
The most common pathogens among gram-positive
microorganisms were corynebacteria (18.2 %), isolated
in two or more biomaterial samples, Staphylococcus aureus
(17.5 %) and MRSE (12.4 %); among gram-negative bac-
teria — Acinetobacter baumannii (8.7 %) and Enterobacter
cloacae (8.0 %). At the same time, about 2/3 of cases were
associations of two microorganisms (n = 48) and 1/3 were
associations of three or more microorganisms (n = 19). Mi-
crobial associations were isolated from intraoperative bio-
material in 92.3 % of cases in patients with fistula infection.

The microbial spectrum, including pathogens of poly-
and monomicrobial infections, is represented mainly
by gram-positive bacteria with an isolation frequency
of 81.0% (2018-2019) and 73.2 % (2021-2022), respective-
ly (p =0.041) (table 1).

Despite the continuing leading role of gram-pos-
itive microorganisms in the study periods (in partic-
ular, Staphylococcus epidermidis), in 2021-2022 a ten-
dency was revealed towards an increase in the number
of gram-negative pathogens from 12.1 % to 16.1 %
(p=0.219) and other microorganisms from 6.9 % to 10.7 %
(p =0.136) with a decrease in the proportion of gram-pos-
itive pathogens from 81.0 % to 73.2 % (p = 0.041). Among

Staphylococcus aureus,
ind. MRSA

Staphylococcus epidermidis,
ind. MRSA
Coagulase-negative
staphylococci

2021-2022 rr. (n = 234)

0,
0.9% < 47 504

2,1% Streptococci

1,3% Enterococci

Gram-negative
microorganisms

3,8% Anaerobes
4,3% m Fungi
4,7% @ Others
O Microbial

associations
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TABLE 1

THE NUMBER OF ISOLATES OF POLY- AND MONOBACTERIAL INFECTIONS, 2018-2019 AND 2021-2022

187 (81.0) 232(73.2) 0.041
51(22.0) 70 (22.1) 1.000
4(1.7) 3(0.9) 0.462
17 (7.4) 18(5.7) 0.481
70(30.3) 76 (24.0) 0.117
1(0.4) 12(3.8) 0.010
1(0.4) 4(1.3) 0.403
0(0.0) 3(0.9) 0.267
8(3.5) 3(0.9) 0.060
3(1.3) 5(1.6) 1.000
13 (5.6) 25(7.9) 0.395
18 (7.8) 11 (3.5) 0.033
1(0.4) 2(0.6) 1.000
28(12.1) 51(16.1) 0.219
10 (4.3) 5(1.6) 0.064
4(1.7) 6(1.9) 1.000
1(0.4) 2(0.6) 1.000
5(2.2) 8(2.5) 1.000
1(0.4) 10(3.2) 0.029
5(2.2) 11 (3.5) 0.448
1(0.4) 5(1.6) 0.322
1(0.4) 1(0.3) 1.000
0(0.0) 1(0.3) 1.000
0(0.0) 1(0.3) 1.000
0(0.0) 1(0.3) 1.000
16 (6.9) 34(10.7) 0.136
6(2.6) 13 (4.1) 0.479
8(3.5) 16 (5.0) 0.406
0(0.0) 2(0.6) 0.511
1(0.4) 1(0.3) 1.000
0(0.0) 1(0.3) 1.000
1(0.4) 1(0.3) 1.000
231 (100) 317 (100)

Note. * - the pathogen was isolated from patients who had undergone primary surgery in the same medical facility in another region.
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gram-negative pathogens, Burkholderia cepacia was
the leader in 2018-2019, and Enterobacter cloacae was
the leader in 2021-2022.

In the post-COVID period, an increase in the num-
ber of Staphylococcus aureus resistant to tetracycline
and doxycycline and an increase in sensitivity to fluo-
roquinolones and gentamicin were recorded; the isola-
tion frequency of methicillin-resistant strains decreased
from 4 cases (out of 187) to 3 (out of 232); 100 % sensi-
tivity to rifampicin and cotrimoxazole remained. The iso-
lation frequency of methicillin-resistant Staphylococcus
epidermidis remained: 80.5 % in 2018-2019 and 80.9 %
in 2021-2022. An increase in Staphylococcus epidermidis
resistance to all tested antibiotics was revealed, including
a statistically significant increase in resistance to fluoro-
quinolones (p = 0.002-0.003). Among coagulase-nega-
tive staphylococci in 2018-2019, resistance to methicillin
was determined in 64.5 %, in 2021-2022 - in 81.0 %. All
isolated staphylococcal strains remained sensitive to van-
comycin and linezolid (table 2).

In the structure of gram-negative microorganisms
in the post-COVID period, the frequency of Escherichia
coli detection increased from 0.4 % to 3.2 % (p = 0.029),
Klebsiella pneumoniae - from 0.4 % to 1.6 %, Enterobacter

TABLE 2

cloacae — from 2.2 % to 3.5 %. In 2018-2019, one case
of Klebsiella pneumoniae and Escherichia coli was record-
ed, and if the first pathogen was characterized by a mul-
tidrug-resistant resistance phenotype, the second was
sensitive to all tested antibiotics. In the post-COVID peri-
od, the Enterobacteriaceae family representatives in most
cases were producers of extended-spectrum beta-lact-
amases with increasing resistance to co-trimoxazole. En-
terobacter cloacae remained sensitive to fluoroquinolones,
Escherichia coli and Klebsiella pneumonia were resistant
from 40 to 80 %. Enterobacter cloacae and Escherichia coli
remained sensitive to carbapenems and aminoglycosides
in both study periods (table 3).

In the post-COVID period, an increase in resistance
of Pseudomonas aeruginosa and Acinetobacter baumannii
to carbapenems and fluoroquinolones was noted. Acineto-
bacter baumannii isolates, previously sensitive to amikacin,
acquired 57.1 % resistance to aminoglycosides (p = 0.018).
All gram-negative microorganisms were sensitive to colis-
tin (fig. 2, 3).

The identified increase in antibiotic resistance to fluo-
roquinolones may indicate unfavorable trends and further
contribute to restrictions on the prescription of ciprofloxa-
cin oral forms for long-term use.

THE RESULTS OF ANTIBIOTIC RESISTANCE OF STAPHYLOCOCCUS AUREUS AND STAPHYLOCOCCUS

EPIDERMIDIS, 2018-2019 AND 2021-2022

Staphylococcus aureus
(n=128), %
Medications

2018-2019 2021-2022
(n=55) (n=73)

Cefoxitin 7.3 4.1
Gentamicin 12.7 4.1
Erythromycin 21.8 17.8
Clindamycin 18.2 17.8
Ciprofloxacin 10.9 55
Levofloxacin 10.9 5.5
Moxifloxacin 9.1 4.1
Tetracycline 21.8 28.8
Fusidic acid 0 2.7
Doxycycline 1.8 11.0
Vancomycin 0 0
Rifampicin 1.8 0
Co-trimoxazole 1.8 0
Linezolid 0 0

Note. * - the differences are statistically significant at p < 0.05.

208

Staphylococcus epidermidis
(n=181), %

2018-2019  2021-2022
(n=87) (n=94) 7
0.462 80.5 80.9 1.000
0.098 322 426 0.169
0.654 322 457 0.069
1.000 287 27.8 1.000
0.325 299 52.1 0.003*
0325 29.9 52.1 0.003*
0.288 287 52.1 0.002*
0419 345 287 0.427
0.506 5.7 96 0410
0.077 138 202 0.324
1.000 0 0 1.000
0.430 23 8.5 0.102
0.430 16.1 266 0.104
1.000 0 0 1.000
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TABLE 3

ANTIBIOTIC RESISTANCE OF KLESIELLA PNEUMONIA, ENTEROBACTER CLOACAE, ESCHERICHIA COLI,
2018-2019 AND 2021-2022

Colistin | 8 - Co-trimoxazole
Imipenem o Colistin
Meropenem % Tobramycin
Amlkac!n % Gentamicin
jrobramyc!n % Amikacin
Ciprofloxacin 50 Levofloxacin 857
Levoﬂox%xcm Ciprofloxacin 857
Cefepime 38
Ceftazidime 38 Mero.penem
T T T Imipenem
0 20 40 60
100
= 2021-2022,n=5 = 2018-2019,n=4 = 2021-2022,n=8 = 2018-2019,n=5
FIG. 2. FIG. 3.
Antibiotic resistance of Pseudomonas aeruginosa, 2018-2019  Antibiotic resistance of Acinetobacter baumannii, 2018-2019
and 2021-2022 and 2021-2022
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DISCUSSION

Over the past four decades, there has been
an increase in the number of antibiotic-resistant bacte-
rial pathogens [13].

The study by F.S. Froschen et al. (2022) shows that
the most common causative agent of orthopedic im-
plant-associated infection is coagulase-negative staph-
ylococci, which could be detected in 44.61 % of cases,
followed by Staphylococcus aureus (14.31 %) and entero-
cocci (9.01 %) [3]. Our study confirms the leading role
of Staphylococcus epidermidis in the |Al etiology with a de-
tection rate of 37 % (2018-2019) and 33 % (2021-2022).
Similar data were obtained by other foreign research-
ers — D.B.G. Tai et al. (2022) - for the observation period
from 2010 to 2019 (2067 episodes of infection in 1651 pa-
tients), where it was demonstrated that coagulase-nega-
tive staphylococci (except Staphylococcus lugdunensis)
were the leaders in the etiology of implant-associated in-
fection (37 %; n=761) [14].

In the work of B.T. Bjerke-Kroll et al. (2014), Staphy-
lococcus aureus was indicated as the leading causative
agent of 1Al [15]. Similar data were published in the peri-
prosthetic joint infection study by Y. Tsai et al. (2006-
2014; n = 294), where the leading role in the develop-
ment of hip and knee joint infection with a detection rate
of up to 27 % (methicillin resistance - 21 %) belonged
to Staphylococcus aureus [16], however, we could not con-
firm these results. Our study showed that in 2020-2021,
only 4.1 % of Staphylococcus aureus isolates demon-
strated methicillin resistance. The study, conducted
by S.A. Bozhkova et al. (2018) at the R.R. Vreden National
Medical Research Center of Traumatology and Orthope-
dics of the Ministry of Health of the Russian Federation
(St. Petersburg), showed high activity against methicil-
lin-resistant strains of Staphylococcus aureus fusidic acid
and fosfomycin; in our study in the post-COVID period,
we identified two strains resistant to fusidic acid [11].

In contrast to the coagulase-negative staphylococ-
ci methicillin resistance described in recent publications
(76 % according to H.M. Peng et al. [17] and 60 % accord-
ing to F.S. Froschen et al. [3]), the resistance level identified
in our study was even higher and amounted to 81.0 %.

According to our data, in both study periods the pro-
portion of methicillin-resistant strains was almost half of all
isolated staphylococcal isolates. Due to the targeted ac-
tion of vancomycin against methicillin-resistant staphy-
lococcal strains in cases of an unknown pathogen, it can
be recommended as the drug of choice for IAl empirical
therapy. Given the patient’s concomitant diseases, poten-
tial alternatives to vancomycin should not be forgotten -
such as teicoplanin, daptomycin or linezolid; in our study,
pathogens resistant to linezolid were not detected.

A retrospective review of implant-associated infection
cases in two large infectious centers (Germany (n = 898)
and the Rothman Institute in Philadelphia (n = 772))
showed a low frequency of polymicrobial infection (3.4 %
and 7.4 %, respectively) [18]. In contrast, the work of T. Ros-
teius et al. (2018; n = 937) notes an increase in the number
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of microbial associations in the development of IAl
of the hip or knee joint in the period from 2003 to 2011
with a polymicrobial infection detection rate of 23.6 %
[19]. Our study also shows a high polymicrobial IAl fre-
quency with growth dynamics in the post-COVID period.

According to the study by D.B.G. Tai et al. (2022),
the presence of a fistula increased the likelihood of isolat-
ing more than one microorganism by almost three times
(median - 2.6; 95% confidence interval: 2.0-3.3) [14],
which correlates with the data of our study.

Infection caused by gram-negative bacteria and fungi
more often leads to an unfavorable outcome after sanita-
tion due to the high virulence of these microorganisms
and growing antibiotic resistance. F.D. Wang et al. (2018)
believe that the very fact of the gram-negative bacteria in-
volvement in the lAl etiology greatly complicates and pro-
longs its treatment [20]. In our study in 2021-2022, along
with an increase in the proportion of microbial associa-
tions in the IAl etiological structure, there is a tendency
towards an increase in the frequency of gram-negative
pathogens (of which Enterobacter cloacae took the lead-
ing position in the post-COVID period) and the fungi
appearance in the microbial landscape, which may
be associated with the high frequency of use of antibacte-
rial drugs during the COVID-19 pandemic and a decrease
in the general immunological status of patients.

Multidrug-resistant strains of gram-negative microor-
ganisms currently retain sensitivity only to colistin. How-
ever, when choosing empirical antimicrobial therapy,
the colistin use is limited by its high cost and insufficient
effectiveness as monotherapy.

The results of the microbiological examination
of the biomaterial from the fistula tract were not analyzed
separately in the work, since patients with the fistula form
of IAl are not recommended to undergo discharge bacte-
riological examination taken with a swab from the fistula
tract [21, 22].

A limitation of this study is the small number of iso-
lated strains of gram-negative bacteria, which prevents
a full analysis of their antibiotic resistance.

CONCLUSION

According to the study, the microbial landscape has
undergone minor changes in the post-COVID period.
The leading causative agent of IAl is currently Staphy-
lococcus epidermidis with a predominance of methi-
cillin-resistant strains. However, it is worth paying at-
tention to the increased role of microbial associations
in the post-COVID period and, in particular, the increase
in the gram-negative bacteria proportion in their com-
position (by 1.6 times). Timely analysis of the sensitivi-
ty of 1Al pathogens is crucial for the treatment success.
The high frequency of methicillin-resistant staphylo-
cocci isolation (especially among Staphylococcus epider-
midis) determines the tactics of choosing vancomycin
as an empirical therapy to ensure an optimal antimicro-
bial effect in the case of an unknown pathogen. In turn,



the growth of staphylococcal resistance to the fluoro-
quinolone series of antibiotics may further limit the use
of levofloxacin as the drug of choice for IAl oral thera-
py. The growth of gram-negative bacteria resistance
and the narrow spectrum of antibiotics acting on car-
bapenemase producers may reduce the therapy effec-
tiveness, despite the fully performed surgical sanitation.
Up-to-date information on the microbiological structure
of pathogens is useful for optimal treatment of 1AL
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ABSTRACT

Background. Orostachys spinosa (L.) Sweet. — a perennial plant of a wide habitat
and contains various metabolites (amino acids, flavonoids, polysaccharides, etc.).
Extracts from the aerial part of the plant are used in traditional medicine as an anti-
convulsant and sedative.

The aim of the work. To study the neuroprotective effect of O. spinosa in cholinergic
deficiency.

Materials and methods. The studies were carried out on 52 Wistar rats. The animals
were administered scopolamine (1 mg/kg) daily for 21 days, followed by O. spinosa dry
extract per os at a dose of 100 mg/kg for 14 days. On the day 32, the animals developed
a conditioned passive avoidance reflex (CPAR), the integrity of which was checked after
1, 24 and 72 hours; on the day 35 they were tested in an “open field” On the day 36,
biochemical and histological studies of the brain were carried out.

Results. It has been established that O. spinosa, against the background of sco-
polamine intoxication, reduces the anxiety of animals, stimulates exploratory ac-
tivity in the open field test, improves the production and preservation of the CPAR,
and also reduces the number of functionally inactive neurons (pyknotic and shad-
ow cells) in the cerebral cortex. The extract reduces the lactate/pyruvate ratio
by 47 %, intensifies the activity of mitochondrial complexes | and Il by 54-64 %,
and increases the concentration of adenosine triphosphate by 1.6 times compared
to the control. O. spinosa exhibits antioxidant properties by reducing malondialde-
hyde and increasing the activity of catalase, glutathione peroxidase and glutathione
reductase in the brain.

Conclusion. O. spinosa dry extract has a neuroprotective effect in cholinergic de-
ficiency. The studied extract exhibits antioxidant properties and stimulates energy
processes in the brain.

Key words: Orostachys spinosa (L.) Sweet, dry extract, neuroprotective effect, sco-
polamine hydrochloride, cholinergic insufficiency
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PE3IOME

O6ocHosaHue. Orostachys spinosa (L.) Sweet — MHoO201emMHee pacmeHue, umeroujee
wupokul apeasn npouspacmarus u cooepxaujee pasaudHbie memabdonumel (amu-
HOKUC/I0Mbl, h71IaBOHOUObI, NOSIUCAXAPUOLI U Op.). M381eueHus u3 HadlemMHol Yacmu
pacmeHusa ucnosb3ylomcsa 8 mpacuyuoHHoOU MeduyuHe 8 Kayecmeae hpomueocyoo-
POXHO20 U Ce0amusH020 cpedcmad.

Lene pabomel. Viccnedosames HeliponpomekmusgHsie cgolicmaa O. spinosa npu xo-
JIUHep2u4eckol HeAoCMamoyHocMu.

Mamepuanel u memoosl. ViccnedosaHua nposedeHbl HA 52 Kpwbicax nuHuu Wistar.
XusomHsim exeOHesHO 8 meyveHue 21 OHA 88o0uslu ckonoaamuH (1 me/ke), danee
8 meyeHue 14 0Heli - per os O. spinosa skcmpakm cyxou 8 do3e 100 me/ke. Ha 32-e cym-
KU Y XKUBOMHbIX 8bIpabamelgasiu yco8HbIl pegriekc naccusHoz2o usbezarus (YPIIN),
COXPAHHOCMb KOMOPO20 Npos8epA/IU Yepes 1, 24 u 72 yaca; Ha 35-e cymku mecmupo-
84J1U 8 <OMKPLIMOM nosie». Ha 36-e cymxu nposoousiu buoxumuyeckue U 2ucmosioau-
yeckue uccse008aHuUsA 20/108HO20 MO32d.

Pesynemamel. YcmarossiieHo, ymo O. spinosa Ha ¢hoHe cKONoIaAMUHO80U UHMOK-
CUKayuu CHUXXaem mpegoxHOCMb XUBOMHbIX, CMUMYIUpyem ucc1e008amesbCKyto
aKmugHOCMb 8 «OMKPbLIMOM NoJiex, yydwdem 8blpdbomky u coxpaHHocme YPIIH,
a makxe CHuUxaem Kosiu4ecmao (yHKYUOHA/IbHO HEAKMUBHbIX HelpOHO8 (NUKHO-
muyecKkux U «k/iemok-meHeli») 8 Kope 60s1bLWIUX NOYWApuli 20/108HO20 MO32d. IKC-
mpakm CHuxaem coomHoweHue nakmam/nupysam Ha 47 %, uHmeHcuguyupyem
aKmugHOCMb MUMOXOHOPUAbHLIX Komniekcos | u Il Ha 54-64 %, ysenuyusaem
KOHYeHmpayuto adeHo3uHmpugocgpama 8 1,6 pasa no cpasHeHuUto ¢ KOHMPOJIEM.
O. spinosa nposgriigem aHMUOKCUOAHMHble c8olicmed, CHUXAs CoO0epXaHue Maso-
HO08020 duasbO0e2udd, N0BbILUAA AKMUBHOCMb KAMAA3bl, 2lyMamuoHNepoKcUOasbl
U 2JlymamuoHpedykmasbel 8 20/T08HOM MO32€.

3akmoyenue. O. spinosa skcmpakm cyxoli okassigaem HeliponpomexkmugHoe Oel-
cmasue npu xonuHepau4yeckom degpuyume. Viccnedyemolli SKCmpakm npossssem aH-
muoKcudaHmHsle caolicmad u cmumyiupyem 3Hepzemuyeckue npoyeccol 8 20/108-
HOM Mo32e.

Knioueesie cnoea: Orostachys spinosa (L.) Sweet, sxkcmpakm cyxod, Heliponpo-
mekmueHoe delicmeaue, CKONOJIAMUH 2UOPOX0puU0, XO/TUHepau4eckas Hedocma-
moyYyHoCmb

Ona unTuposBaHua: Pasyeaesa fA.[., Toponosa A.A., baaHpyeBa E.A., Hnkonaesa W.I.
NccnepoBaHve HeliponpoTeKTUBHbIX cBOWCTB Orostachys spinosa 3KCTpakTa Cyxoro
npw XoNMHeprnyeckom HegocTaTouHOCTU. Acta biomedica scientifica. 2024; 9(3): 213-221.
doi: 10.29413/ABS.2024-9.3.21
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According to the World Health Organization, the world
is experiencing demographic aging of the population.
As a result, the number of cerebral and neurodegenera-
tive diseases is increasing, and dementia and depression
are among the most common diseases of the elderly [1].
All this determines the need to develop new approaches
to finding rational treatment and prevention of the ner-
vous system diseases. In the prevention of neurological
diseases, herbal medicines deserve attention, which are
capable of having a polymodal effect on the body due
to a significant variety of metabolites [2].

In this regard, plants of the genus Orostachys are
of interest. Thus, extracts of O. japonicas, used in Japanese
and Korean traditional medicine as an adaptogenic agent,
have an inhibitory effect on acetylcholinesterase [3], exhib-
it an antioxidant effect [4], and also limit neuronal apopto-
sis [5]. Another perennial plant of the Crassulaceae family,
Orostachys spinosa(L.) Sweet, has similar properties.Itis used
in folk and traditional medicine of different peoples for dis-
eases of the gastrointestinal tract, respiratory and nervous
systems [6]. The main active compounds of O. spinosa are
amino acids, flavonoids, coumarins, polysaccharides, fatty
acids, etc. [7]. According to experimental studies, a liquid
extract from the herb O. spinosa exhibits anxiolytic, noot-
ropic, antihypoxic and stress-protective properties [8-10].
A dry extract was obtained from the above-ground part
of O. spinosa, which is characterized by a constant compo-
sition [11], exhibiting neuroprotective properties in experi-
mental cerebral ischemia [12]. In this regard, it is of interest
to evaluate the neuroprotective properties of O. spinosa
dry extract in modeling neurodegenerative disease.

THE AIM OF THE STUDY

To study the neuroprotective effect of Orostachys spi-
nosa dry extract in cholinergic deficiency.

MATERIALS AND METHODS

The studies were performed on 52 Wistar rats weigh-
ing 200-220 g. The animals were kept in accordance
with the Good Laboratory Practice (GLP) and the Resolu-
tion of the Russian Government No. 855 dated June 13,
2020. The research work was carried out in accordance
with the Rules adopted in the European Convention
for the Protection of Vertebrate Animals (Strasbourg, 1986).
The study protocol was approved by the Ethics Commit-
tee of the Institute of General and Experimental Biology
of the Siberian Branch of the Russian Academy of Sciences
(No. 2 dated December 1, 2020).

The object of the study was a dry extract obtained
from the above-ground part of O. spinosa by successive
three-fold extraction of crushed raw materials with 10 %
ethyl alcohol at a temperature of 60 °C, followed by filtra-
tion, evaporation and vacuum drying [8]. The extract was
standardized by the content of the free amino acids sum
in terms of glutamic acid, which should be at least 3.0 %.
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Ginkgo biloba leaf extract (tanakan, tablets; Beaufour
Ipsen Industrie, France) was used as a comparison drug.
The action of G. biloba preparations is based on antioxi-
dant properties and the ability to normalize neurotrans-
mitter and energy processes in the brain [13].

To model chronic cholinergic deficiency, animals
in the control and experimental groups were admin-
istered scopolamine hydrochloride intraperitoneally
at a dose of 1 mg/kg for 21 days [14]. Scopolamine hydro-
chloride is considered a non-selective muscarinic recep-
tor antagonist that causes cognitive impairment and elec-
trophysiological changes in the brain similar to those
seen in natural aging and Alzheimer’s disease [15]. Sco-
polamine also causes a number of cellular changes, in-
cluding antioxidant defense system disruption, increased
oxidative stress, mitochondrial dysfunction, apoptosis,
and neuroinflammation [16].

The animals were divided into four groups. The first
experimental group consisted of rats (n = 13), which after
a 21-day scopolamine injection were administered intra-
gastrically once a day for 14 days O. Spinose dry extract
ata dose of 100 mg/kg in the form of an aqueous solution
in a volume of 10 ml/kg. According to a similar scheme,
the animals of the second experimental group (n = 13)
were administered G. biloba extract at a dose of 100 mg/
kg, and the animals of the control group (n = 12) were
administered water in a volume of 10 ml/kg. In intact
control animals (n = 14), cholinergic insufficiency was not
modeled; they were administered physiological saline in-
traperitoneally for 21 days, then they were administered
water intragastrically in a volume of 10 ml/kg for 14 days.

On the 32" day, the animals were trained
in the conditioned passive avoidance reflex (CPAR)
test [14]; the conditioned reflex was tested after 1, 24,
and 72 hours. On the 35™ day, the animals were tested
in the open field [14]. On the 36 day after the start of test
extract administration, the animals were decapitated un-
der ether anesthesia, and the brain was removed for bio-
chemical and histological studies.

The intensity of lipid peroxidation processes was de-
termined by the content of malondialdehyde (MDA) [17];
the state of the antioxidant system - by the activity of cat-
alase (CAT) [18], glutathione peroxidase (GPO) and gluta-
thione reductase (GR) [19]. The effect of the studied agent
on energy processes in the brain was assessed by the con-
tent of adenosine triphosphate (ATP) [20], the activity
of NADH dehydrogenase (complex I) and succinate de-
hydrogenase (complex Il) [21, 22]. The glycolysis intensity
was characterized by the activity of pyruvate kinase (PK)
[23] and the content of lactate and pyruvate in the brain
homogenate [20].

Brain sections for histological examination were
prepared using a standard technique on an MS-2 micro-
tome (SPECTRO LAB, Russia), then stained with cresyl
violet according to Nissl [24]. In layers 1I-V of the brain
frontal cortex, the number of neurons was counted,
which were differentiated into normochromic, intense-
ly hypochromic, intensely hyperchromic (pyknotic),
and “shadow cells".
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Statistical data processing was performed using Sta-
tistica for Windows 6.0 (StatSoft Inc., USA). The conformity
of the analyzed features to the normal distribution law was
assessed using the Shapiro — Wilk criterion. The statistical
significance of differences between the data of the groups
was determined using Student’s t-test, provided that
the sample has a normal distribution; using the Mann -
Whitney criterion if the data do not obey the normal proba-
bility distribution. The data are presented as the arithmetic
mean (M) and the arithmetic mean error (m). To compare
the number of animals in the comparison groups, the Fish-
er's angular transformation @-test was used. Differences
between the experimental and control groups were con-
sidered statistically significant at p < 0.05.

RESULTS AND DISCUSSION

The results of testing animals in the “open field”
showed that scopolamine inhibits motor and exploratory
activity in animals (fig. 1), which is reduced by the O. spi-
nosa extract administration. Thus, in animals that were
administered O. spinosa extract, the number of entries
into the installation central squares increased by 2.1 times,

FIG. 1.

vertical stands and peeks into the “holes” — on average
1.7 times compared to the control values. At the same
time, in animals of the 2" experimental group, the num-
ber of central squares and the hole reflex were higher than
in the control, by 1.6 and 1.3 times, respectively. Against
the background of long-term scopolamine administra-
tion in animals of the 1% experimental group, the num-
ber of grooming acts decreased by 1.6 times compared
to the control value (fig. 1).

When O. spinosa extract was administered, CPAR
was formed in 100 % of animals and was retained after
24 and 72 hours in 92 and 77 % of animals, respectively
(fig. 2). In the 2" experimental group, the conditioned re-
flex was formed in the same way as in the control group,
in 75 % of animals, and by the 3 day it was retained in all
of these animals, while in the control group it was retained
only in 50 %.

It was found that multiple scopolamine injections
lead to a reduction in the energy potential of brain cells,
which is associated with a decrease in the intensity
of anaerobic and aerobic processes (fig. 3, 4). According
to the data presented in Figure 3, PK activity in the brain
homogenate of control animals decreased by 25 9%,
and the pyruvate content - by 22 % compared to theintact

Behavioral indicators of Wistar rats in the open field test in cholinergic insufficiency: a — horizontal activity; 6 — vertical activity; 8 —
hole reflex; 2 — anxiety indicators. Statistical significance of differences was determined using Mann - Whitney test: # — the differences
are statistically significant compared to the indicators of the intact group at p < 0.05; * — the differences are statistically significant
compared to the indicators of the control group at p < 0.05
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FIG. 2.

Number of Wistar rats with a conditioned passive avoidance re-
flex in cholinergic insufficiency. Statistical significance of differ-
ences was determined using Fisher’s ¢ test: # — the differences are
statistically significant compared to the indicators of the intact
group at p < 0.05; * - the differences are statistically significant
compared to the indicators of the control group at p < 0.05

control animals. Against the background of a decrease
in pyruvate concentration, the lactate level in the brain
of control animals was 2.5 + 0.19 umol/g of tissue, which
is 42 % higher than the intact value. As a result, the lac-
tate/pyruvate ratio in the control increased by 2.4 times,
reaching 17.6 + 0.88 (fig. 3). Also, in the control, the activ-
ities of mitochondrial complexes | and Il decreased two-
fold, as a result, the ATP concentration in the brain was
0.7 + 0.08 umol/g tissue, which is 2.4 times lower than
the intact value (fig. 4).

Against the background of the O. Spinose dry extract
use, the PK activity increased by only 13 %, and the py-
ruvate content almost corresponded to that in the con-
trol animals (fig. 3). At the same time, the lactate level
in animals of the 1%t experimental group was 48 % lower
than the control value and corresponded to that in an-
imals of the intact control. As a result, the lactate/pyru-
vate ratio in animals of this experimental group was 47 %
lower than in the control, while in the 2" experimental
group it was 35 %. The activities of mitochondrial com-
plexes | and Il in rats administered with O. spinosa extract
were higher by 57 and 64 %, and G. biloba extract by 87
and 20 %, respectively, than in the control (fig. 4). As a re-
sult, the ATP content in the brain of animals of the exper-
imental groups increased on average by 1.6 times com-
pared to the control value.

Energy metabolism disorders that develop with cho-
linergic insufficiency contribute to increased production
of free radicals, as well as inhibition of the activity of an-
tioxidant enzymes [16], which leads to irreversible pro-
cesses and neuronal death.Thus, in animals of the control
group, against the background of an increase in the MDA
content (by 2.2 times), a decrease in the activity of anti-
oxidant enzymes is observed: CAT by 42 %, GPO by 67 %
and GR by 52 %, relative to the indicators in intact control
animals (table 1).

20 # 0,2

15 ~o o— %t 0,15
10 ’_} 0,1
5 s " X * 5| [+ 005
Intact Control  O.spinosa  G. biloba
C— PK, pmol/min/mg of protein
EEEE | 5ctate, umol/g of tissue

Lactate/pyruvate

0= Pyruvate, umol/g of tissue

FIG. 3.

Glycolysis indicators in the Wistar rats brain in cholinergic insuf-
ficiency. Data are presented as arithmetic mean (M) and arith-
metic mean error (m). Statistical significance of differences was
determined using Student’s t-test: # — the differences are statis-
tically significant compared to the indicators of the intact group
at p < 0.05; * - the differences are statistically significant com-
pared to the indicators of the control group at p < 0.05

Amid the administration of extracts, a decrease
in the MDA concentration in the brain homogenate
by 25-30 % was noted compared to the control in-
dicator. The activity of enzymes — CAT, GPO and GR -
in the brain tissue of animals of the 1% experimental
group increased by 36, 78 and 32 %, the 2" experimen-
tal group - by 67, 68 and 34 %, respectively, compared
to those in the control animals.

Pathomorphological studies of the cerebral cortex
showed that against the background of long-term sco-
polamine hydrochloride administration, most neurons
in layers II-V decreased in size, the nuclei and cytoplasm
appeared uniformly stained, the apical dendrite became
thinner and could be traced over a long distance, “spiral-
ly twisting” (fig. 6a). On average, the number of intense-
ly hyperchromic neurons in layers II-V was 77 % great-
er than the intact indicator, amounting to 10.6 + 1.35 %
of the total number of neurons (fig. 5). A greater number
of“shadow cells” (by 48 %) were also observed; these neu-
rons showed karyolysis amid homogeneous cytoplasm
due to chromatolysis. Most “shadow cells” were subject
to satellitosis and neuronophagy.

In animals that received the extracts under study,
the pathomorphological picture of the cerebral cor-
tex did not look as “mosaic” as in animals of the control
group. Pyknotic neurons were detected singly, in most
cases only in layers lll and V (fig. 6 6, B). Their number was
on average 2.0 times lower than in the control. “Shad-
ow cells” and the accompanying processes of satellitosis
and neuronophagy were observed much less frequent-
ly, but in all cerebral cortex layers. Due to the decrease
in the total number of regressive neurons, the number
of normochromic cells in animals of the 1t experimental
group was 11 % higher than in the control.

Thus, O. spinosa dry extract against the back-
ground of long-term cholinergic insufficiency has
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FIG. 4.

Activity of mitochondrial complexes | and Il and ATP content
in the Wistar rats brain in cholinergic insufficiency. Data are pre-
sented as arithmetic mean (M) and arithmetic mean error (m).
Statistical significance of differences was determined using Stu-
dent’s t-test: # — the differences are statistically significant com-
pared to the indicators of the intact group at p < 0.05; * - the dif-
ferences are statistically significant compared to the indicators
of the control group at p < 0.05

an antiamnestic effect and normalizes the emotional
state of animals; in particular, itimproves the formation
and preservation of conditioned reflexes, and stimu-
lates orientation-exploratory activity. O. spinosa ex-
tract increases the brain resistance to the toxic effect
of scopolamine, limiting the number of regressive
forms of neurons (hyperchromic and “shadow cells”)
and increasing the number of functional neurons
in the cerebral cortex. Neuroprotective effect of O. spi-
nose extract is associated with its ability to influ-
ence the functional activity of NADH dehydrogenase
and succinate dehydrogenase complexes of the mi-
tochondrial respiratory chain, correct the processes
of aerobic glycolysis, reduce the content of MDA prod-
ucts, increase the intensity of the endogenous anti-
oxidant system by increasing the activity of enzymes
(GPO, GR and CAT) in the brain.

TABLE 1

FIG. 5.

Morphometric parameters of neurons in the cerebral cortex
of Wistar rats in cholinergic insufficiency. Data are presented
as arithmetic mean (M) and arithmetic mean error (m). Statistical
significance of differences was determined using Student’s t-test:
# — the differences are statistically significant compared to the
indicators of the intact group at p < 0.05; * — the differences are
statistically significant compared to the indicators of the control
group atp < 0.05

The identified neuroprotective effect of the O. spinosa
dry extract is due to the presence of various compounds,
among which flavonoids, amino acids, polysaccharides
and coumarins predominate. O. spinosa metabolites help
to inhibit dysfunction of the cholinergic system and oxida-
tive stress. Thus, myricetin showed pronounced neuropro-
tective activity in the scopolamine model of Alzheimer’s
[25]. This flavonoid exhibits an antiamnestic effect in con-
ditions of cognitive impairment caused by chronic stress
[26], as well as amid the administration of streptozotocin
[27] and D-galactose [28]. The flavonoid luteolin identi-
fied in O. spinosa exhibits a neuroprotective effect. Lute-
olin reduces cognitive dysfunction in rats with Alzheimer’s
disease by removing oxygen free radicals, increasing anti-
oxidant potential, reducing NF-kB and BACE1 expression,
and decreasing AP deposition [29]. A certain contribution
to the neuroprotective effect of the studied extract is made

INDICATORS OF THE PRO- AND ANTIOXIDANT SYSTEM OF THE WISTAR RATS BRAIN IN CHOLINERGIC

INSUFFICIENCY, M + M

Group MDA, CAT, ~ GPO, _ _ GR, .
pmol/g of tissue pmol/min/g of tissue  nmol/min/mg of protein nmol/min/mg of protein
Intact 8.4 +0.55 11.0+0.70 49.2 £2.50 63.1£6.36
Control 18.7 £0.97% 6.4+0.12* 16.4 +1.10* 30.2+2.01*
O. spinosa 14.0 £ 1.15% 8.7 £ 0.34* 29.2 +£1.78* 400+ 1.11*
G. biloba 13.0+£1.19% 10.7 £ 0.30% 27.5+2.10* 404 +2.40

Note. The statistical significance of the differences was determined using Student’s

t-test: # - differences are statistically significant relative to the indicators of the

intact group at p < 0.05; * - differences are statistically significant relative to the indicators of the control group at p < 0.05.
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FIG. 6.

Microphotographs of Wistar rats cerebral cortex in long-term cholinergic insufficiency (Nissl cresyl violet staining, magnification x200):

a - control; 6 — O. spinose; 8 — G. biloba

by coumarins, which, due to their antiplatelet and antico-
agulant properties, help to normalize cerebral blood flow.
The neuroprotective effect of coumarins is also realized
by inhibiting oxidative stress and neuroinflammation [30].
Amino acids and polysaccharides contained in the O. spi-
nosa extract also have pharmacotherapeutic efficacy
in the treatment of nervous system diseases through var-
ious mechanisms, including inhibition of oxidative stress,
neuroinflammation, cellular apoptosis, and excitotoxicity
[31, 32].

CONCLUSION

Thus, the O. spinosa dry extract exhibits neuroprotec-
tive properties with long-term scopolamine administra-
tion, preventing the development of “anxiety” in animals,
improving learning and memory processes amid limiting
changes in the cerebral cortex neurons. The neuropro-
tective effect of the O. spinosa dry extract is associated
with its ability to stimulate the antioxidant system activity
and metabolic processes in the brain.
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ABSTRACT

Background. It is known that COVID-19 can be followed by a shift in the hemostatic
system towards hypercoagulation, which is more pronounced in the presence of dia-
betes mellitus (DM). Tuberculosis process is often accompanied with hypercoagulation
syndrome. Of great interest is the study of the state of hemostatic systems in patients
with pulmonary tuberculosis (TB) with concomitant DM who have had COVID-19.

The aim. To study the relationship between the state of the hemostatic and fibrinolysis
systems and moderate and severe COVID-19 in patients with pulmonary tuberculosis
and diabetes mellitus.

Methods. Thirty two patients with TB and DM were divided into two groups. Group 1 in-
cluded 16 patients with TB and DM who have previously had COVID-19 (TB-DM-COVID).
Group 2 included 16 patients with TB and DM who did not have COVID-19 (TB-DM).
Results. It was found that TB-DM-COVID patients were more likely to develop a hy-
percoagulable shift compared to TB-DM patients. This was evidenced by a more fre-
quent shortening of such indicator as activated partial thromboplastin time (43.7 %
and 25.0 % of cases, respectively; x* = 7.22; p = 0.01), an increase in fibrinogen levels
(43.7 % and 25.0 %, respectively; x> = 7.22; p = 0.01) and D-dimer (43.7 % and 18.7 %,
respectively; x’ = 14.74; p = 0.0001). These changes were closely associated with the sys-
temic inflammatory response, as strong and positive correlations were found between
fibrinogen and C-reactive protein levels (r = 0.420; p = 0.01), and erythrocyte sedimen-
tation rate (r = 0.433; p = 0.01) in TB-DM-COVID patients.

Conclusion. In patients with pulmonary tuberculosis and diabetes mellitus after
moderate and severe COVID-19, compared to patients who have not had COVID-19,
a hypercoagulable shift associated with the development of more pronounced sys-
temic inflammation develops more often.

Key words: pulmonary tuberculosis, diabetes mellitus, COVID-19, hemostasis, fibrino-
lysis, systemic inflammation

For citation: Abdullaev R.Yu., Komissarova O.G., Shorokhova V.A. Levels of markers
of coagulation and fibrinolysis systems in patients with pulmonary tuberculosis with con-
comitant diabetes mellitus after COVID-19. Acta biomedica scientifica. 2024; 9(3): 222-229.
doi: 10.29413/ABS.2024-9.3.22
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PE3IOME

O6ocHosaHue. Vi3gecmHo, umo npu COVID-19 8 cucmeme 2emocmasa Habnwooa-
emca c08uU2 8 CMOPOHY 2unepKoazynAyuU, Komopsili Hocum 6oJsiee 8bipaxeHHbIl
Xapakmep npu Hanau4uu caxapHozo ouabema (C[J). CnymHukom my6epKyné3Hozo
npouecca 4acmo A8/79emca 2unepKoa2yaAYUOHHbIU cUHOpoM. bonbwol uHmepec
npedcmassasem usyyeHue COCMOAHUA cuCmeM 2eMocmasa y 60/1bHbIx my6epKyné-
3om nézkux (Tb) c conymcmayrowum C/l], nepeHécwux COVID-19.

Llenv uccnedosanus. VI3yyume 83aumMoceasb Mexoy COCMOSHUEeM CUCmem 2emMo-
cmasa u ubpuHonusa u nepeHecéHHo2o COVID-19 cpedHel u maxénoli cmeneHu
y 60/16HbIX MYybepKynE30M 1E2KUX U CaxapHuIM ouabemom.

Memooel. 32 60nbHeix Th u CJ] 6binu pasdesneHesl Ha 08e epynnel. B nepsyio epynny
sowsiu 16 6onbHbIx Tb u Cf], komopesie paHee nepeHeciu COVID-19 (Tb-CA-COVID,).
Bmopas epynna eknoyana 16 6oneHeix Tb u CJ], komopele He neperecnu COVID-19
(Tb-C/A).

Pesynemamel. boisio 06HapyxeHo, Ymo y 6onbHbix Tb-C-COVID yawe passusain-
CA 2UNepKoazyIAYUOHHbIU cO8U2 NO CpasHeHUIo ¢ 6osbHbIMU Th-Cll. 06 3mom ceu-
Odemesibcmaosasio 6osiee Yyacmoe yKopo4yeHue mako2o0 nNoKasamess, KaKk akmusu-
pOBAHHOE Ydcmuy4yHOoe mpomboniacmuHosoe 8pems (coomsemcmeeHHO 43,7 %
u 25,0 % cnyyaes; x> = 7,22; p = 0,01), nogbiweHue yposHa ubpuHozeHa (coomeem-
cmeeHHO 43,7 % u 25,0 %; x*> = 7,22; p = 0,01) u D-dumepa (coomeemcmeeHHo 43,7 %
u 18,7 %; x> =14,74; p = 0,0001). 5mu usmeHeHuUA 6bl71U MECHO C8A3AHbI C CUCMEMHbIM
80CNaAUMesIbHbIM OMBEMOM, NOCKOJIbKY bbl/lu OBHAPYKeHbl MeCHble U N03UMUBHbIE
KOppenAayuUOHHble C8A3U Mex0y yposHeM pubpuHo2eHa u yposHem C-peakmugHo20
6esnka (r = 0,420; p = 0,01), a mak»xe ckopocmeoio ocedaHus spumpouyumos (r = 0,433;
p=0,01)y 60onbHeix Tb-C-COVID.

3aknyeHue. Y 6onbHbix Thb u C/[], nepeHécwiux COVID-19 cpeoHeli u maxénol
cmeneHu, no cpasHeHUto ¢ 60/1bHbIMU, He nepeHécwumu COVID-19, yawe paseu-
s8aemcsa 2unepkodz2yIAyUOHHbIU c08U2, C8A3AHHBIU C pazsumuem 6os1ee 8bIpaKeH-
HO20 CUCMeMHO020 80ChasIeHUA

Knioyeswie cnosa: mybepkynés nézkux, caxapHelli ouabem, COVID-19, zemocmas,
ubpuHOIU3, CUCMeMHOe 8ocnaseHue

Ona untnpoBanua: A6gynnaes PIO., Komuccaposa O.I., LLlopoxosa B.A. YpoBeHb MapKe-
pOB crcTem CBEPTbIBaHNA U GrbPUHONK3a y 60MbHbIX Tyb6epKyné3om NErknx C ConyTcTBy-
IOWMM CaxapHbIM AnabeTom nocne nepeHecéHHon COVID-19. Acta biomedica scientifica.
2024; 9(3): 222-229. doi: 10.29413/ABS.2024-9.3.22
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INTRODUCTION

Currently, despite improvements in a number of ep-
idemiological indicators for tuberculosis (TB) both glob-
ally and in the Russian Federation, the situation remains
alarming. According to the global report of the World
Health Organization (WHO), 10.6 million people fell ill
with tuberculosis in 2022 [1]. In the Russian Federation,
the incidence of tuberculosis in 2022 was 31.11 cases
per 100,000 population (45,377 cases) [2]. There are sev-
eral reasons for the tense situation, including the conse-
quences of the recent coronavirus infection COVID-19
outbreak, which had a significant impact on the imple-
mentation of anti-tuberculosis measures [3, 4], as well
as the significant spread of diabetes mellitus (DM), which,
according to the WHO global report on tuberculosis,
is one of the five main factors creating the risk of devel-
oping tuberculosis [1, 5, 6]. According to literature data,
diabetes mellitus has been diagnosed in more than 15 %
of the population (1.5 million people) of tuberculosis pa-
tients worldwide [7-9].

Today, the clinical burden of COVID-19 has signifi-
cantly decreased [10]. Despite this, the infection con-
sequences remain significant worldwide [11]. A certain
amount of information has accumulated in the literature
indicating the COVID-19 impact on the clinical, radiologi-
cal and laboratory parameters of the tuberculosis process
[12, 13]. It is known that with COVID-19, a hypercoagula-
ble shiftin the hemostasis system is observed, whichis ac-
companied by intravascular blood coagulation (IVBC),
and these changes are closely related to the systemic in-
flammatory response [14, 15]. There is also evidence that
the tuberculosis development in patients with diabetes
is accompanied by a hypercoagulable shift [16]. In these
conditions, the study of the state of the coagulation
and fibrinolytic systems in TB patients with concomitant
diabetes mellitus who have a COVID-19 history is of great
interest.

THE AIM OF THE STUDY

To study the relationship between the state of the he-
mostasis and fibrinolysis systems and the COVID-19 histo-
ry in patients with pulmonary tuberculosis and concomi-
tant diabetes mellitus.

METHODS

A prospective cohort study was performed. Thirty
two patients with pulmonary TB and diabetes mellitus
were divided into two groups. The first group included
16 patients with pulmonary TB and concomitant diabetes
mellitus, who had a history of COVID-19 infection (TB-DM-
COVID). The second group included 16 patients with pul-
monary TB and concomitant diabetes mellitus who had
not had COVID-19 (TB-DM). The time from recovery
from COVID-19 to admission to the tuberculosis hospital

in patients included in the study was up to 6 months. All
patients had moderate to severe COVID-19 before admis-
sion to the clinic.

The study included: patients aged 18 to 60 years
with pulmonary tuberculosis and a history of type
1 and type 2 diabetes mellitus, as well as confirmed in-
fection caused by COVID-19, moderate or severe in ac-
cordance with the temporary guidelines of the Ministry
of Health of the Russian Federation [17], as well as patients
aged 18 to 60 years with pulmonary tuberculosis, a history
of type 1 and type 2 diabetes mellitus, who have not had
COVID-19.

The study excluded patients with HIV infection,
chronic diseases in the decompensation stage, malignant
neoplasms, alcoholism, drug addiction, and pregnancy.

There were 56.3 % men and 43.7 % women in each
group. The patients’age ranged from 18 to 60 years (me-
dian 45.5 years). Newly diagnosed and previously treat-
ed pulmonary TB occurred in equal proportions in both
groups (50.0 % and 50.0 %, respectively). The incidence
of patients with different forms of pulmonary tuber-
culosis in both groups also did not differ statistically
significantly. Patients with tuberculomas were more
common (37.6 % in each group), while focal pulmonary
tuberculosis was less common (25.0 % in each group).
The incidence of patients with infiltrative tuberculosis
was 18.7 %, and with cirrhotic tuberculosis was also
18.7 % (in each group).

In the TB-CD-COVID group, lung decay and bacterial
excretion were observed in 43.8 % of patients, in the TB-
CD group - in 31.3 % of patients (p > 0.05). Preserved
drug sensitivity of Mycobacterium tuberculosis (MBT)
to anti-tuberculosis drugs was observed in 56.3 % of cas-
es in the TB-CD-COVID group and in 43.8 % in the TB-CD
group. Patients excreting MBT with multiple and ex-
tensive drug resistance were observed in both groups
in 31.3 % of cases.

Type 1 diabetes was detected in 11 (68.7 %) patients
in the TB-DM-COVID group and in 8 (50.0 %) patients
in the TB-DM group (p > 0.05). Type 2 diabetes was de-
tected in 31.3 % of patients in the TB-DM-COVID group
and in 8 (50.0 %) patients in the TB-DM group (p > 0.05).
Complications of diabetes were diagnosed in the form
of retinopathy (in 25.0 % of the TB-DM-COVID patients,
in 18.7 % of the TB-DM group; p > 0.05), polyneuropathy
(in 7 (43.7 %) and 6 (37.5 %) patients, respectively; p > 0.05),
nephropathy (in 5 (31.5 %) and 4 (25.0 %) patients, respec-
tively; p > 0.05), encephalopathy (in 1 (6.2 %) and 1 (6.2 %)
patient, respectively; p > 0.05). The incidence of comorbid-
ities in the compared groups also did not differ statistical-
ly significantly. Hypertension was observed in 4 (25.0 %)
patients in the TB-DM-COVID group, and in 5 (31.2 %)
patients in the TB-DM group (p > 0.05); cardiovascular dis-
eases — in 4 (25.0 %) and 3 (18.7 %) patients, respective-
ly (p > 0.05); viral hepatitis — in 2 (12.5 %) and 2 (12.5 %)
patients, respectively (p > 0.05); obesity — in 2 (12.5 %)
and 2 (12.5 %) patients, respectively (p > 0.05); chronic
obstructive pulmonary disease —in 1 (6.2 %) and 1 (6.2 %)
patient, respectively (p > 0.05).
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As can be seen from the presented data, the com-
pared groups in this study did not differ statistically
significantly in terms of demographic indicators, clin-
ical and radiological signs, as well as laboratory char-
acteristics of the course of the tuberculosis process
and diabetes.

A detailed examination of patients included
in the study was conducted at the clinic of the Central Sci-
entific Institute of Tuberculosis using clinical, radiological
and laboratory methods.

To assess the plasma hemostasis system state, chang-
es in the parameters of activated partial thromboplastin
time (APTT), thrombin time (TT), prothrombin time (PT)
and fibrinogen (F) were studied. The anticoagulation sys-
tem state wasassessed by thelevel of antithrombin Il (AT 1I).
The fibrinolytic system activity was judged by the content
of D-dimer in the blood plasma. Along with this, some pa-
rameters of the clinical blood test were assessed, which
indicate changes in the platelet link of the hemostasis sys-
tem: the platelet count (PLT), the thrombocrit index (TI)
and the values of the relative platelet distribution width
(PDW). Of the markers of the systemic inflammatory re-
sponse, the content of acute phase proteins (C-reactive
protein (CRP) and F) in the blood serum was determined,
and, in addition, the erythrocyte sedimentation rate (ESR)
was studied.

Laboratory tests were conducted upon admission
of patients to the clinic of the Central Scientific Institute
of Tuberculosis before the start of anti-tuberculosis che-
motherapy. To determine the reference values of the above
laboratory tests, serum and plasma tests were performed
in 47 healthy volunteers.

The study was conducted in accordance with the ethi-
cal principles of the World Medical Association Declaration
of Helsinki (“Ethical Principles for Conducting Medical Re-
search Involving Human Subjects”). The local Ethics Com-
mittee of the Central Scientific Institute of Tuberculosis ap-
proved this study (Protocol No. 1 dated January 18, 2021).
Voluntary informed consent to participate in the study was
obtained from all patients in written form.

The patient database was created using MS Excel (Mic-
rosoft Corp., USA) and SPSS Statistics, version 27 (IBM Corp.,
USA).The Kolmogorov - Smirnov criteria were used to assess
the distribution of values. The frequency (in %) with which
certain values of qualitative features occurred in the sam-
ple was used to describe qualitative data. Quantitative data
were described using the median (Me) and percentiles
(Q1 and Q3). The hypothesis about the equality of sam-
ple means was tested using the Mann - Whitney criterion.
The Pearson’s x? criterion was used to assess the statisti-
cal significance of differences in the frequency of features
of the compared samples depending on their size. Differ-
ences were considered statistically significant at p < 0.05.

THE RESULTS OF THE STUDY

The analysis of the occurrence frequency of var-
ious deviations in the parameters of the coagulation
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and fibrinolysis systems in patients with pulmonary
tuberculosis, with concomitant diabetes mellitus, who
have had COVID-19, is presented in Table 1.

As can be seen from the data provided, the APTT
indicator was shortened in 43.7 % of cases in the TB-
DM-COVID-19 group of patients, and in 25.0 % of cases
in patients with pulmonary tuberculosis with concomitant
diabetes mellitus who had not had COVID-19 (XZH= 7.22;
p = 0.01). APTT shortening is one of the indicators
of the hypercoagulable shift presence. PT shortening,
which also indicated the hypercoagulable shift presence,
was observed with the same frequency in the compared
groups (25.0 % and 25.0 %, respectively; p > 0.05). A de-
crease in the AT lll level, which is one of the indicators
of the hypercoagulation presence, was observed only
in the group of patients with pulmonary TB with con-
comitant diabetes mellitus who had COVID-19 (18.7 %).
In the group of patients who did not have COVID-19, no
such cases were detected. An increase in the F content,
which is also one of the markers of the hypercoagulable
shift presence, was more often detected in the group
of patients with TB-DM-COVID compared to patients
with TB-DM (43.7 % and 25.0 %, respectively; x> = 7.22;
p = 0.01). There were no changes in the TB indicator
in both groups of patients. An increase in the D-dimer
level, which, on the one hand, is an indicator of the in-
travascular blood coagulation presence, and on the oth-
er hand, a marker of the fibrinolytic system activity, was
more often observed in the group of patients with TB-
DM-COVID (43.7 %). In the group of patients with TB-
DM, such a shift was noted in 18.7 % of cases (x> = 14.74;
p =0.0001). There were no statistically significant chang-
es in the PLT, Tl, and PDW indicators.

The levels of coagulation and fibrinolysis system pa-
rameters in patients with pulmonary TB with concomitant
diabetes mellitus who have and have not had COVID-19
infection are presented in Table 2.

As can be seen from the data provided, in the group
of patients with pulmonary tuberculosis with concomi-
tant diabetes mellitus who had COVID-19, an APTT in-
dicator shortening was observed compared to healthy
volunteers.

The PT was shortened in both groups of patients com-
pared to healthy controls, indicating the hypercoagulation
syndrome presence.

The AT Il level in all study groups did not statistically
differ significantly from that in healthy volunteers.

The F content in the group of patients with pulmo-
nary TB with concomitant diabetes mellitus who had
COVID-19 was statistically significantly higher com-
pared to both healthy individuals and the group of pa-
tients with TB-DM.

The median value of the TT indicator in all compared
groups did not statistically differ significantly from that
in healthy individuals.

Compared with healthy volunteers, the D-dimer con-
tent was higher in the TB-DM-COVID and TB-DM groups.
However, no significant differences were found between
the groups.
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TABLE 1

FREQUENCY OF CHANGES IN MARKERS OF COAGULATION AND FIBRINOLYSIS SYSTEMS IN PATIENTS WITH
PULMONARY TUBERCULOSIS WITH CONCOMITANT DIABETES MELLITUS WHO HAVE AND HAVE NOT HAD

COVID-19 (%)

Indicators

APTT
Prothrombin time
Antithrombin Il
Fibrinogen
Thrombin time
D-dimer

Platelets
Thrombocrit

Platelet volume
distribution width

TABLE 2

abs.

12
10

16
10
13
16

16

norm

%

375
75.0
62.5
43.75
100.0
62.5
81.25
100.0

100.0

decrease
abs. %
2
7 43,75
4 25.0
3 18.75
2 12.5
1 6.25

TB-DM patients who had COVID-19 infection (n = 16)

increase
abs. %
3
3 18.75
3 18.75
7 4375
6 37.5
2 12.5

TB-DM patients who have not had COVID-19
infection (n = 16)

norm
abs. %
4
10 62.5
12 75.0
13 81.25
10 62.5
16 100.0
13 81.25
15 93.75
16 100.0
16 100.0

decrease increase
abs. % abs. %
5 6
4 25.0 2 12.5
4 25.0 - -
- - 3 18.75
2 12.5 4 25.0
- - 3 18.75
1 6.25 - -

LEVEL OF MARKERS OF COAGULATION AND FIBRINOLYSIS SYSTEMS IN PATIENTS WITH PULMONARY
TUBERCULOSIS WITH CONCOMITANT DIABETES MELLITUS WHO HAVE AND HAVE NOT HAD COVID-19,

ME (Q1; Q3)

Indicators

APTT

Prothrombin time
Antithrombin Il
Fibrinogen
Thrombin time
D-dimer

Platelets

Thrombocrit

Platelet volume distribution

width

Healthy volunteers

1

36.5(34.5;37.7)

14.0 (12.0; 16.0)
100 (91.7; 108.7)
3.10(2.71;3.20)
20(17.2;22.0)
0.25(0.19; 0.40)

250.0 (220.0; 290.0)
0.19(0.14; 0.25)

14(11.3;15.2)

TB-DM patients who had

COVID-19 infection (n = 16)

2

33.5(31.25;34.4)

P, <0

,05

11.5(10.6; 12.0)

p,,<0
102 (96;

.05
114)

3.82(3.21;5.39)

P,,<0
18(17;

.05
19)

0.5(0.19; 1.31)

P.,<0

,01

243 (197.5;299.7)

0.20(0.17;0.26)

12.2(11.1;12.9)
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tion (n=16)
3

36 (32.25;37.75)

11.2(10.8; 11.6)
p, ;<0.02

109 (103.7; 114.7)
2.88(2.65;3.2)

18(17;19)

0.43 (0.24; 0.50)
p, ,<0.05

220(192; 282.7)
0.17 (0.16; 0.20)

11.3(9.6;12.3)

TB-DM patients who have
not had COVID-19 infec-



TABLE 3

LEVEL OF C-REACTIVE PROTEIN AND ERYTHROCYTE SEDIMENTATION RATE IN PATIENTS WITH PULMONARY
TUBERCULOSIS WITH CONCOMITANT DIABETES MELLITUS, WHO HAVE AND HAVE NOT HAD COVID-19,

ME (Q1; Q3)
Healthy volunteers
Indicators
1
CRP 1.5(1.0; 2.0)
ESR 15.0 (8.5; 24.5)

The groups of patients also did not differ from healthy
ones in terms of platelet count and thrombocrit. In both
groups of patients examined, the PDW indicator was lower
compared to healthy ones, but there were no statistically
significant differences between the groups.

The differences in the level of markers of the coagula-
tion and fibrinolysis systems in patients with pulmonary
tuberculosis with diabetes types 1 and 2 in the group
of those who had COVID-19 were statistically insignificant.
This was probably due to the absence of statistically sig-
nificant differences in the incidence of diabetes complica-
tions in these groups.

Considering that changes in the hemostasis and fibri-
nolysis systems are components of the systemic inflam-
matory response, we studied changes in the level of CRP
and ESR.

It was found that an increase in the CRP level
in the group of patients with TB-DM-COVID was ob-
served in the overwhelming majority of cases (87.5 %),
and in the group of patients with TB-DM - in 31.2 % of cas-
es (x? = 64.82; p =0.00001).

A statistically significant increase in the ESR index was
observed more often in the group of TB-DM-COVID pa-
tients compared to TB-DM patients (75.0 % and 31.2 %,
respectively; )(2172: 38.86; p = 0.00001).

Analysis of the study results of the CRP and ESR lev-
els showed that their values were statistically significant-
ly higher in the group of patients with pulmonary TB
with concomitant diabetes who had COVID-19 (table 3).

Correlation analysis showed that fibrinogen levels
closely and positively correlated with CRP levels (r = 0.420;
p=0.01) and ESR (r = 0.433; p = 0.01) in patients with pul-
monary tuberculosis and concomitant diabetes who had
COVID-19.

CONCLUSION

An analysis of the occurrence frequency of vari-
ous deviations and the median of the coagulation
and fibrinolysis systems indicators showed that

T

B-DM patients who had TB-DM patients who have not
COVID-19 infection (n=16) had COVID-19 infection (n = 16)
2 3
12.6 (7.0; 22.5) 3(2.0;7.0)
p,,<0.01 p,,<0.02
38(30.7; 88.7) 7(2.5:36.2)

227

p,,<0.01

patients with pulmonary tuberculosis with concomitant
diabetes mellitus who had moderate and severe COVID-19
more often develop a hypercoagulable shift compared
to patients who have not had COVID-19. This was evi-
denced by a frequent shortening of the APTT indicator,
a decrease in the level of AT Ill, an increase in the level
of fibrinogen and D-dimer. At the same time, the hyperco-
agulable shift in the group of patients who had COVID-19
was more pronounced, which was documented by statis-
tically significantly high fibrinogen values. These chang-
es were probably associated with damage to the vascular
system after COVID-19. The above-described changes
in the hemostasis and fibrinolysis system were close-
ly associated with the systemic inflammatory response,
which was observed more frequently and was more pro-
nounced in the group of patients with pulmonary tuber-
culosis and concomitant diabetes mellitus and who had
COVID-19.This is confirmed by the statistically significant
frequent and more pronounced increase in the level
of CRP, fibrinogen and ESR in these patients.
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ABSTRACT

Background. One of the priority areas of modern medicine, which unites the in-
terests of various specialists (therapists, cardiologists, gastroenterologists, endo-
crinologists), is the study of the pathogenesis and clinical manifestations of non-
alcoholic fatty liver disease (NAFLD), which is widespread and of unconditional social
significance. The search for adequate experimental models of NAFLD that reflect
the severity of liver damage is of paramount importance for studying its etiology
and pathogenesis.

The aim of the study. To compare biochemical and histological changes in experi-
mental models of NAFLD of varying severity.

Materials and methods. Two NAFLD model versions were used: a light one — non-
alcoholic steatosis (NAS) and a severe variant — non-alcoholic steatohepatitis (NASH).
The following biochemical parameters were measured: enzyme activity of alanine
aminotransferase (ALT), aspartate aminotransferase (AST), lactate dehydrogenase
(LDH), alkaline phosphatase (AP), plasma glucose concentration, total protein (TP),
total bilirubin (TBil) and its conjugate fraction (CB), plasma concentrations of homo-
cysteine (HC), total cholesterol (TC), triacylglycerides (TG), catalase (Cat), superoxide
dismutase (SOD) and malondialdehyde (MDA).

Results. When used in a model of steatohepatitis, liver function was impaired
to a significantly greater extent than in the model of steatosis; this difference
was manifested in a statistically significant increase in ALT, AST, AP, TC, Tbil, MDA
(p < 0.001) and a decrease in Cat, SOD (p < 0.05). This is confirmed by the develop-
ment of more pronounced symptoms of disorders of pigment and lipid metabolism,
cytolytic and cholestatic syndromes, significant activation of lipid peroxidation
and depression of the antioxidant system when modeling non-alcoholic steato-
hepatitis. Various degrees of severity of morphological changes in the experimental
groups were revealed.

Conclusion. The study showed the priority of determining biochemical markers,
including the levels of ALT, AST, OBIL, TG, MDA and SOD to optimize laboratory
methods for diagnosing the severity of liver dystrophy.

The practical originality of the results lies in the optimization of the methodology
for laboratory diagnosis of the severity of the pathological process in NAFLD.

Key words: non-alcoholic fatty liver disease, hepatic steatosis, steatohepatitis,
metabolism, rats, lipid peroxidation, malondialdehyde, superoxide dismutase

For citation: Brus T.V,, Vasiliev A.G. Biochemical and histological changes in two non-
alcoholic fatty liver disease models of different severity. Acta biomedica scientifica. 2024;
9(3): 230-238. doi: 10.29413/ABS.2024-9.3.23
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PE3IOME

BesedeHue. OOHUM U3 NpUOpUMeEMHbIX UCC/Ie008aHULI CO8peMeHHOU MeOUUUHbI,
06Be0UHSAIWUX UHMeEpeCbl paziudHbiX CNeyuaaucmos (mepanesmos, Kapouosio-
208, 2dCMPO3HMEPOII0208, SHOOKPUHOII0208), ABAEMCSA U3yHeHUe namozeHe3d
u3abosnesaHuli Heasko20/1bHoU xuposol 6one3Hu nedeHu (HAXKBIT), 015 komopol
XapakmepHa pacnpocmpaHéHHoCcms U 6e3yc/108HAs UHHOBAUUOHHOCMb. [Touck
aoekeamHsix 3KcnepumeHmMasnbHeix mooesneli HAXKBI, ompaxaroujux cmeneHs
maAXecmu nospexo0eHuUs neyeHuU, umeem nepgocmeneHHoe 3HavyeHue 01 UyYyeHus
eé 3muosioeuu U namozeHe3a.

Lenb uccnedosanun. OnpedesieHue bUOXUMUYECKUX MAapKepos 07151 onpedesieHuUs
cmeneHuU msaecmu HeaJs1Iko2os16HoU Xuposol 60/1e3HU neYeHU.

Mamepuanel u Memoodsl. B 3kcnepumeHme UCno/1b308aAIUCHL 08a 8APUAHMA
mooenu HAXBIT: néakuli — Heanko2osbHbili cmeamo3s (HAC), maxénelli — Hea-
K020/1bHbIU cmeamozenamum (HACT). Vamepsanu cnedyroujue buoxumudeckue
nokasamesu: akmusHoCmMe (hepMeHmMo8 anaHuHamuHompaHcgepasel (AJIT),
acnapmamamuHomparcgepasol (ACT), nakmamoeaudpozeHasbl (JI4l), weno4yHou
¢occpamasei (LLJD), 2ro0k0361 8 niasme, obwiezo benka (Ob), obujezo 6unupybuHa
(Obun) u e2o npamoix coeduHeHul (I1b), cocmosHuUs 8 naasme 20MOUUCMeUHd,
xonecmepuHa (OX), mpuayunznuyepudos (Tl), kamanasel (Kam), cynepokcudouc-
mymasel (CO/J]) u manoHogo20 duansoezuda (MLA).

Pe3ynemamel. Ha modensx cmeamozenamuma ¢pyHKYUsA nedyeHuU Hapywaemcs
83Ha4YumesibHo 6oJ1bWeli cmeneHu, YemM NpU cMeamo3se; 5mom pakmop NpoABuICA
8 OuHamuke nosbiweHus AJIT, ACT, LL{®, OX, Obun, MAA (p < 0,001) u cHuxxeHus Kam,
CO/l (p < 0,05), ymo cnocobcmayem paszsumuto 6osiee 8bIpaxxeHHbIX NPoAsIeHUl
NU2MeHMHO20 U JIUNUOHO020 06MEHA, YUMOIUMUYECKUX U XO/IeCMamu4ecKux CUH-
opomos, akmusauyuu 10/ u denpeccuu aHMUOKCUOAHMHOU cucmemsl Npu Mooe-
JIUPOBAHUU HEAasIKo20/1bHO20 Cmeamozenamuma. Takxe 8blf8/1eHa pa3auyHas
cmeneHb 8bIpaxxeHHOCMU MOPEOI02UYECKUX U3MEHEHUU 8 SKCNepUMeHMAslbHbIX
2pynnax.

Bbig0o0bl. VicciedosaHue nokasaso npuopumemHocmes onpedesieHus 6uo-
XUMUYECKUX Mapkepos, 8 mom yucsne yposHet AJIT, ACT, Obun, TI, MAA u COJ,
019 onmumu3ayuu 1abopamopHoli MemoouKU OUA2HOCMUKU CmeneHU msxecmu
oucmpopuu neyeHu.

[Mpakmuuyeckas opueuHaILHOCMb PE3Y/IbMAMOoB8 3dK/IYdemcs 8 oONMUMU3aAyUU
Memodosio2uu 1abopamopHol OUAz2HOCMUKU CmeneHu maxecmu namosoauye-
cko20 npouecca npu HAXKbBI.

Knioyesvie cnosa: HeankozoneHAas maxénas 60/1e3Hb neyeHu, cmeamos neyeHu,
cmeamozenamum, o6MeH 8eujecms, Kpbicbl, NnepekucHoe OKUCIeHue 1UNudos,
MasnoHosbIl ouanboe2ud, cynepokcudoucmymasa

OnauntuposaHuna: bpycT.B. Bacunbes A.l. Buoxnmmyeckne n ructonornyeckre n3me-
HeHWA Ha iBYX MOAeSIfX HeasIkoronbHON XKMPOBOW 60NIe3HN NeYeH pasnyHON CTeneHu
TAxKecTn. Acta biomedica scientifica. 2024; 9(3): 230-238. doi: 10.29413/ABS.2024-9.3.23
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is a clinical
and laboratory syndrome characterized by profound disor-
ders of lipid metabolism, morphologically manifested by li-
pid deposition in hepatocytes [1]. The current classification
of NAFLD includes three stages: non-alcoholic steatosis (NAS),
non-alcoholic steatohepatitis (NASH) and liver cirrhosis.

Currently, NAFLD is not only the predominant liver pa-
thology in the world, but also a component of the metabol-
ic syndrome [2]. Recent screening studies in Russia found
NAFLD in 27 % of people, with 80 % of these patients diag-
nosed with NAS, 17 % with NASH, and 3 % with cirrhosis [3].
Up to 80 % of all cases of liver cirrhosis in Russia are directly
caused by NAFLD [4]. Manifestations of NAFLD and metabol-
ic syndrome occurin 30 % of all therapeutic patients in Rus-
sia [5]. The increased incidence of NAFLD directly correlates
with increased cardiovascular and endocrine pathology [6,
71. This high prevalence of NAFLD is associated with mod-
ern trends in nutrition and the prevalence of a sedentary
lifestyle among the population [8].

One theory for excess lipid accumulation in hepato-
cytes is a decrease in the oxidation of free fatty acids (FFA)
in mitochondria, as well as an increase in the delivery of FFA
to the liver. Progressive accumulation of FFAs causes direct
damage to cell membranes, activation of lipid peroxidation
(LPO), oxidative stress, chronic inflammation (NASH), colla-
genogenesis and progressive fibrosis.

The lack of effective methods for the treatment and pre-
vention of NAFLD is due to insufficient understanding of its
etiology and pathogenesis. Liver biopsy is still the gold
standard for diagnosing NAFLD. But its use is not always
appropriate, and it cannot be used in all patients [9]. Thus,
the relevance of the study lies in the validation of exist-
ing models of liver damage, as well as elucidation of as-
pects of the development of the pathological process over
time using a number of biochemical indicators. Consider-
ing the above, we determined the purpose of this study:
to identify biochemical markers to determine the severity
of non-alcoholic fatty liver disease.

EXPERIMENTAL SECTION

Materials and methods

Prior to the experiment, the study plan, standard-
ized operating procedures and accompanying documen-
tation were subjected for ethical review and subsequent-
ly approved by the Local Ethical Committee of the Minis-
try of Health of Russian Federation (protocol No. 1/1 dated
January 16, 2017).

The study involved 120 male albino rats with body mass
220-240 g divided into three groups:

1. Controls (n = 24) - intact healthy animals tested
for reference blood parameters. They were fed with stand-
ard food rations and had free access to water.

2. “Liver steatosis” (n = 48) - rats that were fed
with standard rations identical to those of the controls
but received 10 % fructose solution instead of water [10].

3. “Steatohepatitis” (n = 48) - rats that throughout
the entire study were fed with food briquettes consisting
of 21 % protein, 5 % animal fat, 60 % fructose, 8 % cellu-
lose, 5% minerals and 1 % vitamins. This routine was shown
in our previous morphologic studies to cause in 3-4 weeks
severe hepatic fibrosis [11].

Restrictions on access to food, diets and drinking
conditions were not introduced. Throughout the study,
the control group (healthy, intact animals) was fed
with a complete extruded and granulated food special-
ly designed for feeding laboratory rodents (Laborator-
korm LLC, Russia). Before feeding the animals, the food
was sterilized. Water for the animals was filtered and, af-
ter filling the drinking bottle, irradiated with ultraviolet
light for 5 minutes.

Blood samples (6 ml) were collected into vacutainers
through a transcutaneous heart puncture into Monovette
vacuum systems, after which the animals were euthanized.
Samples from control animals were taken on day 1 of the ex-
periment and from the rats of “Liver steatosis” and “Stea-
tohepatitis” groups — on days 21, 28 and 37 of the experi-
ment. Previously, the animals of these groups were com-
bined into three subgroups of 16 rats each.

Biochemical blood tests were carried out using gen-
erally accepted methods using a StatFax 3300 analyz-
er and a set of reagents from Parma LLC (Russia). Stud-
ies included: glucose concentration (Glu), total plasma
proteins (TP), total bilirubin (TBil) and conjugate biliru-
bin (CB), alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), lactate dehydrogenase (LDG), al-
kaline phosphatase (AP), homocysteine (HC), total cho-
lesterol (TCQ), triacylglycerides (TAG) levels. The inten-
sity of LPO was judged by changes in the concentra-
tion of malondialdehyde (MDA), which was determined
colorimetrically with thiobarbituric acid [12]. The state
of the antioxidant system was assessed by catalase con-
centration, determined by the method of M.A. Korolyuk
etal., 1988 [13] and superoxide dismutase (SOD) concen-
tration, which was determined by the adrenaline autoxi-
dation method [14].

Histological examination was carried out by light
microscopy, hematoxylin-eosin staining, magnifica-
tion 20x. A different degree of severity of morpholog-
ical changes in the experimental groups was revealed.
All experimental groups share signs of fatty degenera-
tion of hepatocytes.

All the results were statistically processed with the help
of SPSS for Windows 13.0 package. All the resulting data
are presented as mean + standard error (M + SE). Kolmog-
orov — Smirnov criterion was used to determine the char-
acter of data distribution. To describe quantitative char-
acteristics that do not correspond to the law of normal
distribution, the nonparametric Mann - Whitney test
was used. The obtained data are presented as median,
lower and upper quartiles (Me, quartiles [25 %-75 %]). Us-
ing Friedman'’s x? test (with a distribution other than nor-
mal), p < 0.05 (probability of at least 95 %) was accepted
as asignificant level of difference, which is standard for bi-
omedical experiments.
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RESULTS AND DISCUSSION

Starting from day 21, the animals from “Steatohepati-
tis” group displayed total bilirubin blood plasma concen-
tration increase due to direct bilirubin fraction that dem-
onstrated a valid constant increase during the entire ex-
periment (p = 0.037). This increase reflects a progressive
hepatic dysfunction alongside steatohepatitis develop-
ment. The absence of statistically valid parallel increase
of total bilirubin blood concentration during the entire
experiment in comparison to control group (p = 0.363)
confirms this thesis.

Liver steatosis unlike steatohepatitis had caused
moderate impairment of pigment metabolism with slow
but reliable total bilirubin blood concentration increase
(p = 0.040) without substantial fluctuations of conjugate
bilirubin concentration testifying to mild hepatocytes dys-
function (Table 1).

The analysis of data on the activity of cellular enzymes
characterizing cytolytic liver impairment in blood of an-
imals with steatohepatitis (ALT and AST) had revealed
a synchronous reliable increase reaching a statistically val-
id level of difference in comparison to the control group
from the very beginning of the experiment (ALT: p < 0.001,
AST:p <0.001), with a continuous increment during the en-
tire experiment (Fig. 1).

Hepatic transaminases activity in “Liver steatosis”
group demonstrated a slow increase. It was only on day 37
that they have reached statistically valid difference from
the control group (ALT: p = 0.001; AST: p = 0.002). Cytolyt-
ic syndrome intensity in case of steatosis was much lower
which was confirmed by a lower ALT and AST level in the an-
imals of this group in comparison with “Steatohepatitis”
group (AST level lower by 8.5 IU/I (p = 0.011), ALT level -
by 13.4 1U/I (p = 0.004)) (Fig. 1). This fact confirms validity
of two chosen NAFLD models of varying severity.

TABLE 1

100

95 *k *%

90 * *
< 8
=2 *
5 & *
s 80
[
8 75
o
8 10 ==

65

60

55

Alalnine aminotransferase  Aspartate aminotransferase
Enzymes
[l Control [ Liver Streatosis [ Streatohepatitis

FIG. 1.

Alanine aminotransferase (ALT), aspartate aminotransferase (AST)
level changes (IU/l) in rats with liver steatosis and steatohepati-

tis. Boxplots showing hormonal and metabolic differences be-
tween “Liver Steatosis” groups and “Control” group: * - differences
from the “Control” group are statistically significant (Mann - Whit-
ney test); ** — differences from the “Liver Steatosis” group are signif-
icant (Mann - Whitney test)

A significant discrepancy was revealed in the dynam-
ics of biochemical blood parameters of experimental an-
imals, characterizing the condition of the liver between
groups with different severity of the process. Liver functions
in the “Steatohepatitis” group were significantly more dis-
turbed than in the “Liver steatosis” group: disorders of pig-
ment and lipid metabolism, as well as cytolytic and cholestat-
ic syndromes and hyperhomocysteinemia in the former group
were much more pronounced thanin the latter one. The evalu-
ation supports the validity of fructose-induced NAFLD models.

The used high-carbohydrate (60 % fructose of the to-
tal feed mass - “Steatohepatitis” group) and lipid-rich

INDICATORS OF PIGMENT METABOLISM IN RATS WITH NAFLD OF VARYING SEVERITY (ME [25 %; 75 %])

IN EXPERIMENTAL GROUPS

Observation period

Groups (days)
Control om 24
21@ 16
Liver steatosis 280 16
37@ 16
210 16
Steatohepatitis 28 ©) 16
370 16

Total bilirubin, pmol/I

Indicators studied

Conjugate bilirubin, pmol/I

10.0 [4.8; 15.1] 1.1[0.69; 1.7]
12.2[4.4;22.1] 1.1[0.62; 1.6]
12.3[8.9; 14.9] 1.6[1.1;2.0]
15.4[13.7; 16.5] 1.1[0.62; 1.6]
14.5[12.8;16.2] 1.0[0.68; 1.2]
19.4[10.1; 29.2] 1.3[1.01;2.0]
28.1[24.2;33.1] 1.6[1.1;2.0]

Note. 27—measurements within groups on days 21, 28, 37 were made using the Friedman’s test (p < 0.005); =213 1=41-5,1-6.1=7 _measurements within groups on days 21, 28, 37 were made using the Mann — Whitney
test; statistically significant differences (p < 0.005) were observed in the groups 1-4, 1-5, 1-6, 1-7 by the level of total bilirubin.
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diet led to the rapid formation of pathological processes
(5 weeks) compared to other used models [15-17]. Howe-
ver, such a diet also led to the formation of serious path-
ological conditions in the cardiovascular system and liver
of rats, which is confirmed by the 30 % mortality of animals
at the end of the study (day 37). In studies by other authors
[18, 19], no mortality was reported.

Lethality rate, in our opinion, can be used as an integral
parameter for assessing the severity of the pathological pro-
cess and the intensity of the studied models. The high-carbo-
hydrate (60 % fructose by weight), lipid-rich diet caused rap-
id development of pathological processes, leadingtoa32 %
mortality rate by the end of the experiment (day 37).

In studies by other authors, high levels of ALT and AST
in the experimental groups were similar to our data [20-23].
However, the degree of disturbances in lipid and pigment
metabolism is significantly higher according to our results.

LDG blood levels in “Steatohepatitis” group demonstrat-
ed a reliable moderate increase (p < 0.001). LDG blood levels
in “Liver steatosis” group did not substantially differ from those
of the control animals. Comparison of mean LDG blood lev-
els in “Steatohepatitis” and “Liver steatosis” groups revealed
that LDG values in rats with liver steatosis were reliably lower
by 13.41U/lthan in the animals with steatohepatitis (p = 0.026).

AP blood levels in “Steatohepatitis” group demonstrat-
ed areliable moderate increase in comparison with the con-
trol group (p < 0.001) which is a cholestatic syndrome bio-
chemical marker. Glucose levels in “Steatohepatitis” group
grew slowly during the experiment and demonstrated a val-
id difference with control (p =0.015), while Glu levels in “Liv-
er Steatosis” group did not differ statistically from those
in the control group (Fig. 2). Homocysteine blood concen-
tration increase, an important hepatic and endothelial dys-
function marker, was statistically valid in “Steatohepatitis”
group (p =0.001), but not in “Liver steatosis” one.

Concentration (mmol/l)
w

1 L]
0
Total cholesterol Triacylglycerides Homocysteine
Indicators

[ Control [H Liver Streatosis [ Streatohepatitis
FIG. 2.
Total cholesterol, triacylglycerides and homocysteine level chang-
es (mmol/l) in rats with liver steatosis and steatohepatitis. Box-
plots showing hormonal and metabolic differences between “He-
patic Steatosis” groups and “Control” group: * - differences from
the “Control” group are statistically significant (Mann — Whitney
test); ** — differences from the “Liver Steatosis” group are statistical-
ly significant (Mann — Whitney test)

Fatty liver dystrophy in both experimental models
was assessed in the present study is based on profound
metabolic disorder with hypercholesterolemia and hypertri-
glyceridemia (Fig. 2). Total cholesterol blood concentration
in “Steatohepatitis” group increased considerably in com-
parison with control from the very beginning of the ex-
periment (p < 0.001) with a parallel even more substantial
rise of TAG blood levels (p < 0.001); TAG/TC ratio increas-
ing from 0.53 on day 21 up to 9.79 on day 37 (TAG/TC ratio
in control group was 0.52).

The rats in “Liver steatosis” group also demonstrated
an increase of TC and TAG blood levels (Fig. 2). However,
the increase was slower and not as high as in “Steatohep-
atitis” group (TC: p = 0.003; TAG: p = 0.002). TAG/TC ratio
in this group changed from 0.46 on day 21 to 0.67 on day 37
of the experiment.

It is assumed that the pathogenesis of NAFLD is based
ona pronounced imbalance of lipid metabolism with the for-
mation of hypercholesterolemia and hypertriglyceri-
demia [24, 25]. In our studies, on day 37 of observation,
the TG level in the “Steatohepatitis” group became 300 %
higher than in the “Control” group. This is slightly high-
er than in the experiment of Z. Ackerman [11]: on day 35
of observations, the indicator increased by 223 %. The lev-
el of TC by the end of the experiment increased by 167 %,
while in studies by the same author this figure increased
by 89 % [11].

Serious metabolic disorders accompanying the devel-
opment of NAFLD in experimental animals were reflected
by biochemical blood plasma changes causing lipid perox-
idation and considerable antioxidant system depression.
These disorders were represented by a progressive increase
of MDA blood concentration in both NAS and NASH mod-
els with a parallel decrease of basic antioxidant system en-
zymes activity (catalase, SOD) (Table 2).

MDA blood concentration in “Steatohepatitis” group
grew quickly and reliably (p < 0.001) from the very begin-
ning of the experiment reflecting increased lipid peroxi-
dation (Table 1). The intensity of LP in the rats from “Liv-
er steatosis” group was way lower than in the animals with
NASH: MDA blood concentrations in rats with NAS grew
slowly (p = 0.010) but by the end of the study (day 37) MDA
mean value was statistically higher by 9.8 mmol/| than
in the control group (p=0,001) although lower by 11 mmol/I
than in rats with NASH.

Parallel to lipid peroxidation activation in both exper-
imental groups basic antioxidant system enzymes (SOD
and catalase) considerably decreased their concentration.
SOD blood concentration in “Steatohepatitis” group dem-
onstrated a precipitous drop (p < 0.001) with a synchronous
decrease of blood catalase concentration from the very be-
ginning of the experiment (p = 0.001).

The same enzymes’ blood concentration in “Liver ste-
atosis” group decreased slower (SOD: at day 28 (p = 0.002);
catalase: at day 37 (p = 0.009) and not as substantial.

Metabolic disorders in animals that accompany the de-
velopment of NAFLD in our studies lead to a decrease
in the activity of the body’s antioxidant system and activa-
tion of LPO [26]. This is reflected in a progressive increase
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TABLE 2

ANTIOXIDANT SYSTEM ENZYMES ACTIVITY AND PEROXIDATION INTENSITY IN RATS WITH TWO NAFLD MODELS,

ME [25 %; 75 %]
Biochemical parameters
Day
(EHeER of the experiment n
P SOD, IU/ml Catalase, mmol/l MDA, mmol/I
Control oo 24 6.4 [6.4; 6.6] 0.15[0.13; 0.17] 9.5[9.1;9.7]
21@ 16 5.9[5.0;7.5] 0.15[0.14; 0.16] 13.9[13.1; 14.7]
Liver steatosis 286) 16 5.8[3.9;7.3] 0.14[0.13; 0.15] 16.8[15.6; 17.0]
374 16 4.6 [4.4;4.8] 0.13[0.12; 0.14] 18.9[18.4; 19.4]
210 16 5.8[3.9;7.3] 0.1410.13; 0.15] 15.5[13.9; 17.1]
Steatohepatitis 28© 16 4.6[3.7;5.0] 0.1[0.9;0.11] 19.8[16.7;22.0]
370 16 4.0[2.9; 4.9] 0.07 [0.06; 0.08] 29.9[26.3; 33.5]

Note. 27— measurements within groups on days 21, 28, 37 were made using the Friedman's test (p < 0.005); 1% 1=3.1-41-5,1-6.1-7 _ measurements within groups on days 21, 28, 37 were made using the Mann — Whitney
test. Statistically significant differences (p < 0.005) were observed in the groups 1-3, 1-4, 1-5, 1-6, 1-7 by the level of superoxide dismutase; in the groups 1-4, 1-5, 1-6, 1—7 — by the level of catalase; in the groups

1-3,1-4,1-5,1-6, 1-7 — by the level of malondialdehyde.

a
FIG. 3.

b

Histological changes in “Liver steatosis” group: a — hematoxylin and eosin staining, magnification 10x; b — hematoxylin and eosin staining,

magnification 40x

in the level of MDA in the blood of rats in both models
of NAFLD and a decrease in the content of the main an-
tioxidant enzymes (catalase, SOD), which is comparable
with the results of studies by other authors. [27]. Lujan P.V.
etal.also observed a significant decrease in the level of anti-
oxidant enzymes SOD and catalase against the background
of NAFLD [28].

In the experimental “Liver steatosis” group, large drop-
let fatty degeneration is observed, which is characterized
by the presence of large lipid droplets in the cytoplasm
of hepatocytes with a displacement of the nucleus to the cell
periphery (Fig. 3).

Signs of liver tissue degeneration are most pronounced
in the “Steatohepatitis” group (Fig. 4). Signs of balloon dys-
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trophy, apoptosis of hepatocytes are noticeable in com-
parison with the control (Fig. 5) and the “Liver steatosis”
group. Small droplet fatty degeneration was revealed:
there are a lot of small lipid droplets in hepatocytes, the nu-
cleusislocated in the center of the cell. Hepatocytes are also
found in a state of balloon dystrophy. Focal centrilobular
necrosis often develops with small droplet steatosis. Hya-
line bodies of Mallory are detected with different frequen-
cy. The inflammatory infiltrate inside the lobules contains
neutrophils, lymphocytes, and histiocytes.

The used models of steatosis and steatohepatitis were
characterized by the development of fatty liver in experi-
mental animals, bilirubinemia, cholesterolemia, activation
lipid peroxidation and suppression of antioxidant mech-

Experimental researches



a
FIG. 4.

b

Histological changes in “Steatohepatitis” group: a — hematoxylin and eosin staining, magnification 10x; b — hematoxylin and eosin stain-

ing, magnification 40x

a
FIG. 5.

b

Histological changes in the Control group: a — hematoxylin and eosin staining, magnification 10x; b — hematoxylin and eosin staining,

magnification 40x

anisms, cytolytic and cholestatic syndromes. The severity
of metabolic disorders depended on the severity of the dis-
ease being modeled.

The results of the study prove the possibility of using
biochemical markers of NAFLD (ALT, AST, TC, TAG, MDA,
SOD) for more accurate diagnosis of the severity and stage
of development of liver pathology, as well as for monitor-
ing the effectiveness of therapy.

CONCLUSIONS

1. Both NAFLD models studied caused disorders
of the hepatobiliary, endocrine and cardiovascular systems.

The intensity of these disorders depended on the severity
of the model used and was maximum when modeling ste-
atohepatitis (60 % fructose in the diet) and less pronounced
when modeling steatosis (10 % fructose solution instead
of drinking water).

2. High mortality rates in both models of NAFLD con-
firm the adequate severity of both models of NAFLD,
as well as a direct correlation of dysmetabolic changes
and disorders of compensatory mechanisms.

3. Inthe model of steatohepatitis, liver functions were
impaired to a much greater extent than in steatosis; this dif-
ference was manifested in more pronounced symptoms
of disorders of pigment and lipid metabolism, the severi-
ty of cytolytic and cholestatic syndromes, significant acti-
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vation of lipid peroxidation and depression of the antiox-
idant system.
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ABSTRACT

Background. Continuous lighting contributes to the development of desynchrono-
sis, which is stressful for the body. As a result, the normal functioning of the immune
system is disrupted, which in turn can shift the physiological balance towards pa-
thology and endotoxemia. It is relevant to develop innovative drugs based on a sor-
bentmatrix, which can be modified with biologically active molecules that extend-
edly leave the sorbent surface. At the same time, the sorbent retains the properties
of a detoxifier, fixing toxic agents on the surface and removing them from the body,
which helps restore the internal environment and normalizes the overall reactivity
of the body in extreme conditions.

The aim. To study the effect of aluminum- and silicon-containing enterosorbent
(based on aluminum oxide and polydimethylsiloxane) on the cellular composition
of the thymus and the distribution of thymocytes in the organ according to the cell
cycling state in C57Bl/6 mice kept under the all-night lighting.

Materials and methods. Animals received sorbent (0.665 g per 1 kg of body weight
in 200 ul of distilled water) through an intragastric tube once a day for 14 days
against the background of continuous lighting. Intact mice and placebo animals
composed control group. We used flow cytometry to assess the percentage of CD3"
and CD3"" l[ymphocytes of the thymus, the CD3'"*/CD3" ratio, viability and distribu-
tion of cells across according to the cell cycling state.

Results. Continuous lighting inhibited the differentiation and maturation of young
CD3" lymphocytes into mature forms of CD3", reduced the proliferation of thy-
mic epithelial cells, and activated apoptosis of lymphocytes and epithelial cells
in the organ. The introduction of the sorbent restored the content and viability
of young CD3" lymphocytes and contributed to the preservation of the viability
and proliferation of thymic epithelial cells.

Conclusion. Using an enterosorbent based on aluminum oxide and polydimethyl-
siloxane under conditions of continuous lighting helps maintain the functional
activity of the thymus, preventing its involution, and is advisable against the back-
ground of circadian disruption.

Key words: continuous two-week lighting, aluminum- and silicon-containing
sorbent, CD3" l[ymphocytes, CD3"" l[ymphocytes, thymic epithelial cells, cell cycle,
apoptosis, stress

For citation: Miroshnichenko S.M., Michurina S.V,, Ishchenko l.Yu., Rachkovskaya L.N.,
Serykh A.E., Rachkovsky E.E., Letyagin A.Yu.The effect of aluminum- and silicon-containing
enterosorbent on the thymic cellular composition in mice kept under two-week all-night
lighting. Acta biomedica scientifica. 2024; 9(3): 239-248. doi: 10.29413/ABS.2024-9.3.24
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PE3IOME

O6ocHosaHue. HenpepbigHoe ocgeuwjeHue cnocobcmayem pasgumuto 0eCUHXPOHO-
3a, Ymo AsgemMcsA cmpeccom 051a opeaHusma. Kak cnedcmeue Hapywiaemcs Hop-
MasnbHas paboma uMMyHHoU cucmemsi, Ymo 8 C8010 o4epedb CNOCOOHO cO8U2aMb
¢husuonozuyeckoe pagHogecue 8 CMOPOHY NAMOJI02UU U S3HOOMOKCUKO3d. AKmy-
anbHa paspabomka UHHOBAUUOHHbIX JIeKapCMBeHHbIX cpedcms, 8 OCHoB8e KOmo-
pbix Haxooumca copbeHMHaa mampuya, kKomopas moxem 6bimb MoOUpUYUpPO-
8aHA 6UOI02UYECKU AKMUBHbIMU MOJIEKYIAMU, NPOJIOH2UPOBAHHO NOKUOAUWUMU
nosepxHocme copbeHma. lTpu 3mom copbeHm coxpaHsem ceolicmad 0emoKCUKaH-
ma, hukcupya Ha NOBEPXHOCMU MOKCUYEeCKUe d2eHMbl U 8618004 UX U3 Op2aHU3Md,
umo cnocobcmeyem 80CCMAHOBJIEHUIO BHYMpPeHHel cpedbl U Hopmasusyem o6-
Wyt peakmusHOCMb Op2dHU3MA 8 SKCMPEMAasibHbIX yCI108USAX.

Lene uccnedosaHusa. Visyyume enuAaHue anoMuHul-, KpemHulicodepxaujezo
3HMepocopbeHMa (Ha OCHOBe OKCUOAd A/IOMUHUA U NOJIUOUMEMUJICUIOKCAHA)
Ha K/iemoy4Hell cocmas mumyca u pacnpedeseHue mumMoyumos 8 opeaHe no ¢ha-
3am K1lemoyHo20 yukaa y meiwel C57BI/6, cooepxaswiuxca npu Kpy2aocymo4yHom
ocseujeHuu.

Mamepuansl u memoosl. XugomHsie nonyyanu copbeHm (0,665 2 Ha 1 k2 eeca
mesna 8 200 MKJ1 OUCMUIUPOBAHHOU 800bl) Yepe3 8HymMpuxesyOouHbIli 30HO 1 pas
8 0eHb 8 meyeHue 14 cymok Ha (hoHe HenpepbiBHO20 ocseleHusA. KoHmponem ciy-
XKUU UHMAKMHble MblWU U XUBomHele niaye6o. Micnosb3ys memoo npomoyHol
yumomempuu, oyeHu8aau npoyeHmHoe codepxavue CD3"- u CD3""- numgpoyu-
moe mumycd, coomHoweHue CD3""/CD3", xu3HecnocobHocme u pacnpedeneHue
K/1emoK No ¢hazam KJ1iemo4Ho20 YUKQ.

Pesynemamel. KpyznocymouHoe ocseujeHue yeHemasno npouyeccsl ougpepeHyu-
POBKU U CO3pesaHus MoJsiodblx aumgpoyumos CD3"°" g 3penvie popmer CD3", cHu-
XKaso nposugpepayuro 3numesnuadnbHbIX KIemokK mumMycd, akmuguposasio anonmo3s
JUMGoyuMo8s U snumeniudsbHbix KJIEMOK 8 opeaHe. BaedeHue copbeHma soccma-
Haenueano coodepXxaHue U XU3zHecnocobHocme Mosa00bix CD3°"-numgpoyumos
U €cnocobcmeo8aso CoXpaHeHUro XU3HecnocobHocmu u npoaugepayuu snumenu-
AsIbHbIX KJIemoK mumyca.

3aknwyeHue. [lpumeHeHUue 3HMePoOcopbeHMA HA OCHOB8E OKCUOd AIIOMUHUSA
U NOUOUMEMUJICUIOKCAHA 8 YCII08UAX HENPEPbIBHO20 OcBeleHUs cnocobcmayem
COXpAaHeHU (yHKUUOHATbHOU akmusHOCMU MUMYCd, Npenamcmeys e20 UHBO-
JIIoYuUU, U 4enecoobpdsHo Ha poHe HapywieHUs CymoYHbIX pUMMO8 pexuma ocge-
WeHus.

Knioyesbvle cnoea: HenpepuvigHoe 08yxHedesbHOe ocg8elwjeHue, aaoMuHul-,
KpemHuticodepxawul copbeHm, CD3"-numgpoyumer, CD3""-numgpoyumel, snu-
mesiuasibHble KemKUu mumycd, Kiemoy4Hsll YUK, anonmos, cmpecc

Ona untmposBanmna: MupowHuyeHko C.M., Muuypuna C.B., Nwenko W.IO0., Paukos-
ckan J1.H., Cepbix A.E., Paukosckuin 3.3, JletaruH A.lO. BnnaHne anioMmMHUN-, KPEMHUI-
cofepallero sHTepocopbeHTa Ha KNeTOUHbIN COCTaB TMMYCa MbILLEl, COAepPKaBLUNXCA
npwv ABYXHeLenbHOM KpyrnocyTouHOM ocBelleHuun. Acta biomedica scientifica. 2024; 9(3):
239-248. doi: 10.29413/ABS.2024-9.3.24
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INTRODUCTION

Circadian desynchrony is becoming increasing-
ly common due to the changing conditions of modern
24-hour society, including exposure to artificial lighting,
shift work, and time zone changes. Suppression of mel-
atonin synthesis due to prolonged exposure to contin-
uous light leads to the light-induced functional desyn-
chronosis development, which is stress for the body [1].
An unbalanced response to severe or prolonged stress
can shift the physiological balance towards pathology
and endotoxicosis development. It has been shown that
a decrease or blockade of melatonin synthesis accom-
panies the development of numerous common patholo-
gies — from aging and type 2 diabetes mellitus to neu-
rological disorders [2, 3]. Neurohumoral mechanisms
play a major role in maintaining the functional and bio-
chemical stability of the body in changing environmen-
tal conditions, and the pituitary-adrenal axis activity
is considered to be the basis of the adaptive response
to stress. Long-term and/or strong exposure activates
the secretion of cortisol and corticosterone by the adre-
nal glands, which exert their metabolic influence on cells
and organs, including causing a decrease in the thymus
functional activity [4]. The basis for the thymus gland in-
volution is considered to be excessive apoptosis and pro-
liferation inhibition of a subpopulation of cortisol-sensi-
tive lymphocytes [5].

The thymusis a central organ of lympho-/immunopoi-
esis, in which proliferation and selection of antigen-spe-
cific and host antigen-tolerant lymphocytes ensures mi-
gration of mature and naive T-cells into the bloodstream
and peripheral lymphoid organs, where T-cells provide
both cellular and humoral immune responses by acti-
vating B-lymphocytes. Thymus involution can contribute
to the risk and recurrence of cancer, increased suscep-
tibility to infections [6], and immunocompetence loss
can lead to the development of a wide range of immune
and severe infectious diseases, obesity and diabetes [5,
71. Aging and fatty degeneration of the thymus become
a factor in maintaining inflammation and the develop-
ment of “aging” diseases - arthritis, and cardiovascular
diseases [8].

In connection with the above, there is a clinical need
for non-toxic and affordable means capable of reducing
the stress impact on the body. Scientific research by aca-
demician Yu.l. Borodin and his students have shown that
sorbent treatment methods are directly related to the pos-
sibility of overcoming endotoxicosis syndrome. Enterally
administered sorbent is capable of influencing the physio-
logical constants of the body, not even directly related
to the enterosorption process. In this case, the sorbent
acts as a trigger for a cascade of reactions from the lo-
cal to the organism level. There is a functional analogy
in the action of the sorbing agent and the regional lym-
phatic apparatus. In both cases, drainage and detoxifica-
tion of the pathological focus take place [9, 10].

Currently, the interest of researchers is aimed
at developing innovative drugs based on a sorbent
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matrix modified with biologically active molecules that
leave the sorbent surface for a prolonged period. The sor-
bent itself (as an enterosorbent) retains the properties
of a detoxifier, fixing a wide class of substances on its
surface — from low-molecular to high-molecular, found
in excess in various diseases and poisonings (for example,
bacterial toxins, bilirubin, catecholamines, kinin, bile ac-
ids), and removing them from the body. From this point
of view, a promising hydrophilic-hydrophobic aluminum-,
silicon-containing sorbent (enterosorbent) based on alu-
minum oxide and polydimethylsiloxane - Al,O,@PDMS
with a pore volume of 0.2 cm?/g, capable of binding mol-
ecules of different charges and different sizes — from low-
to high-molecular. The adsorption activity, for example,
in relation to low-molecular methylene blue, is 10 mg/g;
and it absorbs Staphylococcus aureus from the aqueous
medium by 25 % of their initial content. This sorbent,
used as a carrier for lithium, has successfully passed pre-
clinical studies as part of a drug within the framework
of a state assignment. The enterosorbent itself is safe, be-
longs to hazard class IV. This free-flowing white powder
with a particle size of 0.04 mm and a specific surface area
of 100 m%*/g can be used as a component of drugs. Of in-
terest is the study of its biological properties in relation
to vulnerable thymus cells under conditions of disruption
of natural day-night biorhythms.

The aim of this work was to study the effect of alu-
minum-, silicon-containing enterosorbent AIZOS@PDMS
on the thymus cellular composition and the distribution
of thymocytes in the organ according to the cell cycle
phases in C57BI/6 mice kept under continuous lighting.

THE METHODS OF THE STUDY

The study was conducted atthe SPFVivarium of the Fed-
eral Research Center Institute of Cytology and Genetics,
Siberian Branch of Russian Academy of Sciences (RFME-
FI61914X0005 and RFMEFI62114X0010) and complied
with the requirements of Directive 2010/63/EU of the Euro-
pean Parliament and of the Council of the European Union
on the protection of animals used for scientific purposes
and good laboratory practice. The experimental protocol
was approved by the Ethics Committee of the Research In-
stitute of Clinical and Experimental Lymphology, a branch
of the Institute of Cytology and Genetics, Siberian Branch
of Russian Academy of Sciences (Protocol No. 128 dated
March 15, 2017). Male C57BI/6 mice aged 10-12 weeks
were kept in controlled barrier rooms with free access
to water and food.

Some mice were kept under continuous lighting
conditions (CL; n = 6) created by Philips 18 W fluorescent
lamps (Philips, Netherlands; light : dark photoperiod 24 :
0 h) for 14 days. The second group of animals (CL + Sor-
bent; n = 6) were given a sorbent composition of alu-
minum oxide and polymethylsiloxane (0.665 g per 1 kg
of body weightin 200 pl of distilled water intragastrically
daily against the background of CL for 14 days. Animals
that received 200 pl of distilled water intragastrically
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daily against the background of continuous lighting
were selected as a placebo group.

The third group consisted of intact mice (Control;
n = 6) kept under standard lighting and feeding condi-
tions (light : dark photoperiod 14:10 h). The animals were
removed from the experiment by craniocervical disloca-
tion, the thymus was removed, and a cell suspension was
prepared, which was examined using a CytoFlex S100
flow cytometer (Beckman Coulter, USA).

The thymus was homogenized in cold phos-
phate-buffered saline (PBS) in a glass homogenizer at 4°C.
Thymocytes were pelleted by centrifugation (300 g,
5 min) and used for staining with CD3e-APC monoclonal
antibodies (BioLegend, USA) to identify young CD3""-
and mature CD3"-lymphocytes. To analyze cell distribu-
tion across cell cycle phases, thymus cells (5 x 106) were
fixed in cold 70 % ethanol for 24 h [11].

Cell samples (2 06) in 100 pl were stained with fluo-
rescently labeled antibodies for 30 min at room tempera-
ture in the dark. They were then washed twice with PBS
and analyzed on a flow cytometer. Cells fixed with 70 %
ethanol were centrifuged (300 g, 7 min), washed with PBS
and incubated in hypotonic extraction buffer for 5 min
to remove low molecular weight DNA to determine
the subdiploid peak. The cells washed with buffer were
incubated (30 min, room temperature, dark) in staining
buffer containing 50 pg/mL propidium iodide (PI; Sig-
ma-Aldrich, USA) and 200 pg/mL RNase-A (Invitrogen,
USA). PI fluorescence was determined using a flow cyto-
fluorimeter (\Em = 670 nm). The number of cells with dif-
ferent DNA content in the cell cycle phases: SubG1, G0/
G1, S, G2/M was estimated.

Statistical processing of the obtained results was per-
formed in the Statistica 12.0 program (StatSoft Inc., USA).
The values of the median, first and third quartiles were
determined. The statistical significance of the differences
in the compared values between the groups CL + Sor-
bent and CL, CL + Sorbent and Control was calculated
using the nonparametric Mann — Whitney U-test. Differ-
ences were considered statistically significant at p < 0.05.

RESULTS

1. The effect of taking a sorbent composition
on the numerical density of CD3'°"-
and CD3"-lymphocytes in animals
with continuous lighting

In the previous work [12], it was found that continu-
ous lighting of mice for 14 days led to a statistically signifi-
cant decrease in the relative number of both young CD3[°*¥
(p = 0.0051) and mature CD3" (p = 0.0374) T lymphocytes
in the thymus compared to the control. At the same time,
the CD3"%/CD3" ratio decreased statistically significantly
(p = 0.0131). The development of accidental thymus invo-
lution in mice with CL was not registered in our study. Intra-
gastric administration of enterosorbent to animals against
the background of CL normalized the relative number

of young CD3"°" thymocytes, increasing their content
to 46.70 (45.88; 47.08) % (in intact animals — 43.40 (41.85;
44.33) %). As a result, the CD3""/CD3" ratio increased sig-
nificantly (compared to control p =0.0202; compared to CL
p =0.0051) (fig. 1).

Such changes can include disruption of daily bio-
rhythms, proliferation and destruction of immune system
cells under altered light conditions, as well as prolonged
stress leading to proliferation inhibition of immature
lymphocytes in the thymus cortex and their increased
apoptosis.

To determine the sorbent effect on the survival
and proliferation of thymus cells under 14-day continuous
lighting, we performed a cell cycle analysis for all thymus
cells.

2. The effect of the sorbent composition
administration on the cell cycle of thymus cells under
continuous lighting conditions

Cell cycle analysis of the entire population of thy-
mus cells in mice after CL showed a significant decrease
in the relative number of cells in the phase S to 3.4
(2.3; 6.8) % compared to the control - 7.3 (7.0; 11.1) %
(p = 0.0367), a more than threefold increase in the pro-
portion of cells in the apoptosis stage to 2.2 (1.8; 3.2) %
compared to the control - 0.7 (0.63;0.73) % (p =0.01997).

Sorbent administration to animals against the back-
ground of CL normalized the cell cycle, increasing
the percentage of cells in the phase S to 7.45 (6.5;
12.75) % and reducing the number of cells in the apop-
tosis stage to the control level. Thus, the sorbent main-
tains an increased adaptive level of thymus cell prolifera-
tion and protects cells from apoptosis under prolonged
continuous lighting conditions.

For a more complete analysis of the proliferation
and viability of thymus cell elements on the flow cy-
tometry histograms, all cells were divided into 3 groups
(3 gates — PLym, P2Lym, P3big) depending on their size
and corrected for the cell cycle (fig. 2). Thus, the PLym
gate was formed by the smallest cells, some of which
were in the active cell cycle phases (S + G2/M). Young
CD3"" lymphocytes were contained mainly in this gate.
The P2Lym gate contained mature non-dividing lym-
phocytes in the GO/G1 stage. The largest cells, most
of which were actively dividing, formed the P3big gate.
Figure 2 shows the cell cycle of each gate.

The gate of the smallest PLym cells, containing CD-
3low [ymphocytes, had the lowest cell count compared
to other groups; the number of cells in the phase S was
6.8 (6.28; 7.1) %, and cells in the apoptotic stage were
2.2 (1.5; 2.75) % in control animals. Continuous lighting
inhibited the phase S, resulting in a decrease in the rela-
tive number of cellular elements to 6.05 (5.55; 6.10) %,
and a statistically significant increase in the num-
ber of cells in the PLym gate in the apoptotic state
to 11.65 (9.05; 13.28) % (p = 0.0051). Sorbent admin-
istration against the background of CL contributed
to the proliferation restoration of thymus lymphocytes
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FIG. 1.

Thymus of C57BI/6 mice treated with sorbent against the background of continuous lighting (CL ): a - histograms of distribution
of CD3"" and CD3" lymphocytes; 6 — relative number of CD3"" and CD3" lymphocytes and CD3"*/CD3" ratio; * - compared to the con-

trol; # — compared to CL (p < 0.05)

and an increase in their viability, as a result the relative
content of cellular elements in the phase S increased
to 8.85 (7.75; 11.75) % and the percentage of cells
in the apoptosis stage decreased to 4.5 (3.4; 4.85) %
(p =0.0065).

From Figure 2 it can be seen that long-term contin-
uous lighting inhibited the relative number of T lym-
phocytes (PLym gate) in the phase S, but did not affect
the content in the G2/M phase, i.e., in essence, there
was an inhibition of proliferation (residual prolifera-
tion). The sorbent against the background of CL caused
a significant increase in the number of cells in both
phases S and G2/M (phase G2/M in the control - 0.85
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(0.73; 1.05) %, in the CL group - 1.05 (0.63; 1.25) %,
in the CL + Sorbent group - 1.7 (1.23; 2.63) %. Such
changes are possibly associated with an adaptive re-
sponse to stress. A wide range of data in the sorbent
presence indirectly indicates that its action in this
case is not direct and is not aimed at a specific target,
but helps the body to remain at the adaptation stage
and not slide to the exhaustion stage, sorbing and re-
moving excess amounts of highly active substances.

3.The sorbent composition effect on the viability
and proliferation of thymus epithelial cells under
continuous lighting
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FIG. 2.

a - flow cytometry histograms of the thymus cell cycle of C57BI/6 mice: gating the thymus cells by size on the histogram in SSC/FSC
coordinates; cell cycle histograms are presented for each selected region of thymus cells (shown by arrows): ordinate axis — the num-
ber of cells; abscissa axis — the fluorescence intensity of propidium iodide. 6 — histograms of the percentage of Plym gate lymphocytes
in the S and G2/M cell cycle stages; * — compared to the control, # - compared to continuous lighting (CL) group (p < 0.05)

Proliferation, differentiation and development
of lymphocytes immunotolerant to the host with a wide
range of TSR antigens occur in close contact with the ep-
ithelial cells of the thymus. In this case, negative selec-
tion of T-lymphocytes occurs in the medullary niches
due to the expression of MHC-I (major histocompati-
bility complex) and MHC-II molecules on the surface,
and cortical epithelial cells are responsible for positive
selection. Maintenance of the cortical and medullary
epithelial niches of the thymus is provided by epithelial
cell precursors with long-term renewal and a high pro-
liferation and differentiation rate with an estimated re-
placement time of one to two weeks from the first weeks
of life. Maintenance of the epithelium of the thymus
medulla in adults is provided by epithelial precursors

that have lower self-renewal rates, but still retain a high
proliferation rate [13].

In our study, the proliferative potential of the P3big
gate cells was significantly higher than that of the PLym
or P2Lym gate cells. The cellular elements of the P3big
group are larger and can be macrophages, dendrit-
ic cells, and epithelial cells that make up the thymus
stroma and provide an appropriate microenvironment
for developing lymphocytes. The high proliferation rate
indicates that these cellular elements are most like-
ly epithelial cells, which are the main cells of the thy-
mus niches. Continuous lighting had a negative effect
on the organ stroma, statistically significantly reducing
the numerical density of epithelial cells in the phase S
10 26.55(19.40; 27.55) % compared to the control - 32.50
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FIG. 3.

Flow cytometry histograms: a — histogram of distribution of thymus cells in FSC/FSC coordinates, P3big gate is highlighted; 6 - his-
tograms of distribution of P3big gate cells by phases of the cell cycle: ordinate axis — the number of cells, abscissa axis — propidium
iodide; 8 — graphs of the relative number of P3big gate cells in the S and G2/M cell cycle stages: * — compared to the control, # -

compared to continuous lighting (CL) group (p < 0,05)

(31.68; 33.10) % (p = 0.0202). Sorbent administration
against the background of CL normalized the prolif-
eration of thymus epithelial cells, restoring their per-
centage in the phase S to 31.70 (30.95; 32.83) % (fig. 3).
The content of epithelial cells in the G2/M phase did not
change statistically significantly compared to the oth-
er groups of animals. Long-term and continuous light-
ing led to an increase in the content of epithelial cells
at the apoptosis stage to 0.9 (0.73; 1.18) % (p = 0.0051).
Sorbent administration against the background of con-
tinuous lighting contributed to a decrease in apoptosis
to the control level (0.23 (0.22; 0.29) %; p = 0.0051).
Therefore, sorbent use against the background
of long-term exposure to continuous lighting
is advisable, since the sorbent supports the self-renewal
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of thymus epithelial cells, maintaining a high rate
of epithelial cell proliferation and reducing apoptosis
to the values of intact animals (fig. 3).

DISCUSSION

The results of the present study showed a connec-
tion between long-term disruption of circadian rhythms,
disruption of thymus functioning and the sorbent nor-
malizing role to support proliferation and preserve the vi-
ability of early precursors of T lymphocytes and epithe-
lial cells of the thymus niches. A decrease in the body’s
resistance to any stress, in particular, with CL, is associ-
ated with insufficient functional activity of the thymus.
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Previously, we showed that blockade of melatonin
synthesis in mice under continuous lighting inhibits
the processes of differentiation and maturation of young
CD3'"* lymphocytes into mature CD3" forms, leads to in-
creased apoptosis of T lymphocytes in the thymus and,
as a consequence, to leukopenia [12]. Under these con-
ditions, the hypothalamic-pituitary-adrenal (HPA) axis
is activated as part of the stress response, in which pitu-
itary hormones stimulate the adrenal cortex to release
glucocorticoids, including cortisol. Excess cortisol caus-
es apoptosis of cortisol-sensitive early lymphocytes,
which leads to T-cell immunity deficiency. This cortisol
effect is considered to be a driver of thymus involu-
tion [4, 5, 14]. However, long-term continuous lighting
affected not only a decrease in proliferative activity
and apoptosis of young CD3"" lymphocytes, but also
a decrease in the proliferation of epithelial cells, which
are the basis of both the cortical and medullary niches,
which are important for maintaining the proliferation
and selection of T lymphocytes. The sorption thera-
py use against the background of continuous lighting
had a positive effect on these parameters. A possible
protective mechanism of the sorbent use may be both
the sorption and removal of excess cortisol, and a deep-
er effect mediated by the state and activity of the in-
testinal microbiota. Previous studies have shown that
the use of the carbon-mineral sorbent SUMS-1 (based
on aluminum oxide) increases the number of intestinal
epithelial villi, normalizing the microbiome state [15].
Microbes have been shown to have a close relation-
ship with the HPA axis [16]. Intervention in the intes-
tinal microbiota can significantly affect the treatment
of stress-related diseases. Stress causes changes in HPA
axis hormones towards an increase in cortisol in germ-
free mice [17]. In addition, intestinal microbes regulate
tryptophan metabolism, produce dopamine, y-amino-
butyric acid, histamine and acetylcholine, which affect
the central nervous system function and the HPA axis
stability [18]. On the other hand, stress itself can nega-
tively affect the intestinal microbiome, inhibiting the vi-
tal activity of microbes, changing their secreted profile
[19]. Based on the results of this study, it can be assumed
that the sorbent created on the basis of aluminum oxide
and polymethylsiloxane, sorbing oxidants, toxic metab-
olites, providing a detoxifying and lymphatic drainage
effect, promotes proliferation and maintains the viabili-
ty of early precursors of lymphocytes and epithelial cells
of the thymus.

CONCLUSION

The conducted studies of the efficiency of porous
hydrophilic-hydrophobic sorbent using based on com-
bustion oxide and polydimethylsiloxane Al,O,@PDMS
under conditions of long-term exposure to stress caused
by continuous lighting for 14 days. The sorbent use en-
sures the thymus function preservation, maintaining
the integrity and proliferation of young lymphocytes
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and epithelial cells of this section. The obtained data
allow for preventive sorption therapy against the back-
ground of circadian rhythm disorders when chang-
ing time zones in people working at night or in urban
northern regions with expected fluctuations in lighting
throughout the year, helping to maintain the body’s
own stress forces, normalizing cellular immunity.
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ABSTRACT

One of the important directions for increasing the immunogenic properties of vac-
cine strains against highly dangerous infections is the search for adjuvants that not
only stimulate the immunological effectiveness of vaccination, but can also provide
a metabolic correction of the vaccination process. Organoselenium compounds
have immunotropic properties and an antioxidant effect, and therefore, the study
of the effect of the organoselenium compound 2,6-dipyridinium-9-selenabicyc-
lo[3.3.1]nonane dibromide (974zh) on the activity of the TLR2 and TLR4 gene expres-
sion by macroorganism cells of experimental animals immunized with Yersinia pes-
tis EV NIIEG vaccine strain, is a current area of research.

The aim of the work. To assess the TLR2 and TLR4 gene expression by cells of the im-
mune phagocyte system of experimental animals immunized with the Y. pestis EV
vaccine strain against the background of inmunomodulation with the organosele-
nium compound 974zh.

Materials and methods. The study was carried out on 125 certified outbred white
mice. Biological material (blood, spleen) was disinfected, and the spleen was homog-
enized. RNA isolation and reverse transcription were performed using commercial
reagent kits. The expression level of the TLR2 and TLR4 genes was determined using
real-time polymerase chain reaction with specific primers.

Results. When assessing innate immunity using the example of blood and spleen cells
of animal models, features of the TLR2 and TLR4 gene expression were revealed in re-
sponse to the introduction of the Y. pestis EV vaccine strain against the background
ofimmunomodulation with the 974zh. It was found that 974zh induces a statistically
significant increase in TLR2 gene expression when co-administered with Y. pestis EV
at a dose of both 10* CFU and 10° CFU.

Conclusion. Y. pestis EV against the background of immunomodulation with 974zh,
stimulates the expression of the TLR2 and TLR4 genes, which may indicate an increase
in the immunogenic properties of the Y. pestis EV vaccine strain under the influence
of this preparation.

Key words: gene expression, TLR, organoselenium compound, immunity
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PE3IOME

OOHUM U3 8AXHbIX HANPABNIEHUU NOBbILWEHUA UMMYHO2eHHbIX C80UCME8 8AKYUHHbIX
wmammos npomue 0cob0 onNAcHbIX UHeKUUl A8/719emca NOUCK a0v08dHMO8, KOMo-
pbie He MOJIbKO CMUMYJIUPYOM UMMYHO/102UYECKYI0 3(hheKmusHOCMb 8AKYUHAYUU,
HO U MO2ym 0Ka3bl8ams MemaboiuvyecKyo KOppekyuto 8aKYUHAIbHO20 npoyecca.
CeneHopeaHu4eckue coeOUHeHUsA 06/1a0arm UMMYHOMPONHLIMU C80UCMBAMU U aH-
MUOKCUOAHMHbIM 3(h¢heKMOM, 8 C843U C YeM U3yyeHue 8/IUAHUA CeleHOP2aHUYeCKO-
20 cOe0uHeHus 2,6-0unupuduHuli-9-ceneHabuyukno[3.3.1JHoHaH dubpomuoa (974zh)
Ha akmugHocmeb 3Kkcnpeccuu 2eHo8 TLR2 u TLR4 knemKkamu MAkpoopeaHu3ma sxKcne-
PUMEHMAsbHbIX XUB0OMHBIX, UMMYHU3UPOBAHHbIX 8AKYUHHBIM wmammom Yersinia
pestis EV HUN3I, asnaemca akmyaneHsIM HanpasaeHuem uccie0osaHud.

Lens pa6omel. OyeHka 3kcnpeccuu 2eHo8 TLR2 u TLR4 knemkamu ummyHogazo-
yumapHoU cucmemsl 3KCNepUMEHMAsbHbIX XUBOMHbIX, UMYHU3UPOBAHHbIX 80K-
YUHHbIM wimammom Y. pestis EV Ha ¢poHe uMMYHOMOOYAYUU CeleHOP2aHUYeCKUM
coeduHeHuem 974zh.

Mamepuanel u memoosl. ViccnedosaHue NpogoousIU HA 125 cepmupuyuposaH-
Hbix 6ecnopoOHbIx besbix Mbluax. buonozudeckuli mamepuan (Kpo8s, cesie3éHKa)
obe33apaxusasnu, cene3éHKy 20MozeHU3Uposasnu. BeideneHue PHK u obpamHyto
MPAHCKpuNyuio ocywecmssasanau ¢ NOMOWbI0 KOMMePYecKUX KOMNJIeKmos pea-
2eHmoa8. YposeHo 3kcnpeccuu 2eHo8 TLR2 u TLR4 onpedensanu memooom nosume-
pasHol yenHol peakuuu 8 pedasabHOM 8peMeHU C UCNO/1b308aHUEM cneyuduyecKux
npatmepos.

Pesynemamel. [Ipu oyeHke 8poxx0EHHO20 UMMYHUMeMad HA npumMepe KemokK Kpo-
8U U cene3éHKU buomooeseli 8bisigieHbl 0CO6eHHOCMU 3Kcnpeccuu 2eHos TLR2 u TLR4
8 omaem Ha 8gedeHuUe 8aKUUHHO20 wmamma Y. pestis EV Ha poHe ummyHomodynayuu
npenapamom 974zh. YcmaHoenieHo, Ymo 0aHHbIU npenapam uHOyyupyem cmamu-
cmuyecKu 3Ha4umoe nosbluleHue 3xkcnpeccuu 2eHo8 TLR2 npu cosmecmHom eeede-
Huu c Y. pestis EV kak 8 0o3e 10* KOE, mak u 6 0o3e 10° KOE.

3akmoyenue. Takum obpasowm, Y. pestis EV Ha poHe ummyHomMoOynayuu npenapd-
mowm 974zh cmumynupyem skcnpeccuio 2eHos TLR2 u TLR4, ymo moxem caudemerne-
C€MB08aMb 0 NOBbIWEHUU UMMYHO2EHHbIX C80UICM8 8aKYUHHO20 wmamma Y. pestis EV
noo 8auAHUEM 3Mo2o npendpama.

Knroueesvle cnoea: skcnpeccus 2eHos8, TLR, ceneHopeaHuuyeckoe coeduHeHue,
umMMyHUmem

Ana untnposanuma: NMatngecatHmkosa A.b., [lybposuHa B.U., lOpbesa O.B., KopbiTos K.M.,
MeaHosa T.A,, MNotanos B.A., Mycanos M.B., banaxoHos C.B. BnnAxne ceneHopraHmyecko-
ro coeanHeHna 974zh Ha skcnpeccuio reHoB TLR2 n TLR4 B KneTKax KpPOBY 1 CeNle3éHKU
3KCMeprMeHTasbHbIX XMBOTHbIX MPW COBMECTHOM BBefeHuun c Yersinia pestis EV. Acta
biomedica scientifica. 2024; 9(3): 249-255. doi: 10.29413/ABS.2024-9.3.25
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INTRODUCTION

The greatest contribution to the prevention and con-
trol of infectious diseases has been made by vaccination
aimed at developing an immune response that provides
immunity to infectious disease pathogens. Great suc-
cess in the control and prevention of especially danger-
ous infections has been achieved thanks to the already
created vaccines. Most vaccines against especially dan-
gerous infections are attenuated strains of pathogens
or inactivated pathogens that have not only immuno-
genic and protective activity, but also residual virulence
and reactogenicity. Chemical, subunit and combination
vaccines do not have sufficient immunogenic activi-
ty and cannot be compared with live vaccines in terms
of effectiveness [1]. Therefore, the search for non-spe-
cific factors that can reduce the negative impact degree
of live vaccines on the body and increase their immuno-
genic activity, allowing to reduce the dose of antigen,
is relevant. Adjuvants can enhance the immune response
to the vaccine administration through various mecha-
nisms, including activation of humoral and cellular factors
of innate immunity [1]. Natural immunity forms an early
line of macroorganism defense against microbes with sub-
sequent initiation of adaptive immunity. Adjuvants are
able to initiate immune reactions of the innate immune
system through pattern recognition receptors (PRRs) [2].

One of the PRR families includes Toll-like recep-
tors (TLRs), which recognize the molecular structures
of pathogens and are an important element in the mech-
anism of both innate and adaptive immune responses
[3]. To date, at least 10 types of TLRs have been identi-
fied in humans and 13 in mice. TLRs are mainly expressed
on tissue cells that perform immune functions and di-
rectly communicate with pathogens. The receptors dif-
fer in adapter proteins and are localized both on the cell
membrane and inside the cell, ensuring the intracellular
activation signal conduction [4].

Toll-like receptors of types 2 and 4 are believed
to be specific for the early encounter of pathogenic bac-
teria with host cells. Receptors of these two types have
a wide range of activating ligands localized on bacte-
ria. TLR2 and TLR4 are expressed on monocytes, macro-
phages, neutrophils and myeloid dendritic cells, on endo-
thelium, intestinal epithelial cells and hepatocytes. When
TLR interacts with ligands, primary proinflammatory fac-
tors are induced, followed by immediate development
of mechanisms of both innate and acquired immunity.

The use of immunomodulatory adjuvants makes
it possible to activate innate immunity by stimulating
TLR, which can be used in the development of new drugs
for the treatment of infectious diseases and the creation
of vaccines for their prevention [5]. In recent years, syn-
thetic origin compounds that affect immunogenesis
have been actively studied and introduced into practice
as adjuvants [6, 7].

Previously conducted animal experiments have
shown that the experimental synthetic organoseleni-
um drug 2,6-dipyridinium-9-selenabicyclo[3.3.1]nonane
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dibromide (974zh) has immunotropic properties. Com-
bined use with the Y. pestis EV NIIEG vaccine strain al-
lows maintaining its immunogenicity while reducing
the antigen load by an order of magnitude (from 10*
CFU to 10% CFU) and reduces the allergic reaction during
vaccination [8, 9].

Considering the positive effect of this compound
on the macroorganism, studies of an experimental
synthetic organoselenium compound in combination
with vaccine strains as an adjuvant, which will induce
an increase in the expression of Toll-like receptor genes,
are promising.

THE AIM OF THE STUDY

Study of the organoselenium compound 974zh effect
on the expression of TLR2 and TLR4 genes in peripheral
blood cells and spleen of experimental animals when ad-
ministered Y. pestis EV NIIEG.

MATERIALS AND METHODS

In this study, we used the synthetic organoseleni-
um compound 2,6-dipyridinium-9-selenabicyclo[3.3.1]
nonane dibromide (974zh) (A.E. Favorsky Irkutsk Institute
of Chemistry, Siberian Branch of the Russian Academy
of Sciences) and the vaccine strain Y. pestis EV NIIEG (Ir-
kutsk Antiplague Research Institute, Rospotrebnadzor).

In the experiment, certified outbred white mice
(125 pcs.) of both sexes, standard in weight (18-20 g)
and housing conditions, were used as biomodels.
Work with animals was carried out in accordance
with the requirements of Directive 2010/63/EU of the Eu-
ropean Parliament and of the Council of the European
Union of September 22, 2010 on the protection of ani-
mals used for scientific purposes and the “Rules of Good
Laboratory Practice” approved by Order of the Ministry
of Health No. 199n dated April 01, 2016. The study was
approved by the local Ethics Committee of the institute
(protocol No. 3 dated June 01, 2020; protocol No. 7 dated
November 15, 2021).

The animals were divided into four experimental
groups and one control group (25 individuals each).
The test 974zh at a dose of 2.5 mg/kg of live weight was
administered to the animals subcutaneously in the left
hind paw in a volume of 0.5 ml, the cell culture was admin-
istered subcutaneously in the right hind paw in a volume
of 0.5 ml. Biomodels of the 1t experimental group were in-
oculated with the Y. pestis EV NIIEG vaccine strain at a dose
of 10 CFU per individual, those of the 2" experimental
group - at a dose of 10* CFU, those of the 3™ experimen-
tal group - at a dose of 10® CFU together with the drug
974zh, those of the 4" experimental group - at a dose
of 10* CFU in combination with 974zh. Intact white mice
were used in the control (V) group. Observations were car-
ried out for 21 days. White mice were humanely removed
from the experiment. Biological material was collected
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on the 1%, 3, 7t 14% and 21 days. The spleen was ho-
mogenized (grinded). Whole blood was used.

The material was disinfected according to the guide-
lines MU 3.5.5.1034-01. Samples in a volume of 100 ul
were placed in Eppendorf microcentrifuge tubes, mixed
with 300 pl of lysis buffer and heated at a temperature
of 65 °C for 15 min.

The RNA molecule was isolated using a reagent kit
for the isolation of total RNA from whole blood, cell cul-
tures and tissue samples RNA-EKSTRAN (OOO Sintol, Mos-
cow). To cleave residual double-stranded DNA in the sam-
ples, the enzyme DNase (OOO Sintol, Moscow) was used
according to the attached instructions.

The synthesis of the first DNA strand on the RNA ma-
trix was carried out using a set of reagents for the reverse
transcription (RT) reaction (OOO Sintol, Moscow).

The expression of TLR2 and TLR4 was studied using
a reagent kit for real-time polymerase chain reaction (RT-
PCR) in the presence of SYBS Green 1 (OOO Sintol, Mos-
cow). RT-PCR was carried out in a thermocycler detecting
DT-prime (OOO DNA Technologies, Moscow). Specific
primers and their sequences used in the reaction are pre-
sented in Table 1.

Statistical processing of the obtained data was per-
formed using the MS Excel software package (Microsoft
Corp., USA). Statistical significance was assessed using
the Mann - Whitney U-test. The relative concentration (RC)
of TLR gene copies was calculated in the RealTime_PCR
v. 7.7 program (DNA Technologies LLC, Moscow) and ex-
pressed in conventional units (c.u.). The results were con-
sidered statistically significant at p < 0.05.

RESULTS AND DISCUSSION

It was established that the organoselenium com-
pound 974zh induces an increase in the expression
of TLR2 genes in the blood on the 1%t day with a subse-
quent increase by the 3 and 7" days, and in the spleen
—-onthe 3“and 14" days when this drug is administered
together with the vaccine strain Y. pestis EV at a dose
an order of magnitude lower than the generally ac-
cepted one, i.e. 10 CFU. Thus, in group Il of animals,
the relative concentration of TLR2 in the blood was
12.8 c.u. on the 1%t day of the study, 37.9 c.u. on the 3™

TABLE 1

SEQUENCE OF MOUSE TLR PRIMERS
FOR REAL-TIME PCR

Size
No. Gene S 5 -3’
equence (5" - 3’) (bp)
1 TLR2 F: 5-CAGCTGGAGAACTCTGACCC-3’ 103
R: 5-CAAAGAGCCTGAAGTGGGAG-3’
> TLR4 F: 5'-CAA CAT CAT CCA GGA AGGC-3 206

R: 5-GAA GGC GAT ACA ATT CCA CC-3’
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day, and 25 c.u. on the 7™ day. Thus, the median values
of TLR2 RC in blood cells were 2.8 times higher than
the values of group | on the 1%t day of the study, 12.3
times on the 3", and 22.7 times (p < 0.05) on the 7*" day.
The median value in animals of group Il was 2.1 times
higher on the 15t day and 7.1 times (p < 0.05) on the 3™
day compared to group Il. In addition, the level of TLR2
gene expression in animals of group Il statistical-
ly significantly increased compared to that in group
IV and was 2.8 times higher on the 15t day, 11.6 times
on the 3, 13.2 times on the 7™, and 2.8 times (p < 0.05)
on the 14" day of the study. In the blood cells of animals
of group |, the expression of this type of Toll-like recep-
tor did not increase and was lower than in the other
groups of experimental animals (fig. 1a).

In the spleen cells of white mice of group lll, the RC
expression of TLR2 genes was significantly higher com-
pared to the same indicator in other experimental
groups and in the control. On the 3™ day, the RC was
947 c.u., which is 4.7 times (p < 0.05) higher than
in group |, 1.7 times (p < 0.05) higher than in group
Il, and 155.2 times (p < 0.05) higher than in group IV.
On the 14™ day of observation, the RC of group Il was
501.1 c.u. and was statistically significantly higher than
the same indicator in all other groups of experimental
animals (fig. 16).

The level of TLR4 gene expression in the blood
of experimental animals immunized with Y. pestis EV
(10% CFU) in combination with an organoselenium com-
pound (Group lll) was statistically significantly higher
by 5.5 times (p < 0.05) than the expression of genes
of this type of Toll-like receptor in animals that were ad-
ministered only the vaccine strain Y. pestis EV at a dose
of 10* CFU (Group ll), and 2.4 times (p < 0.05) higher
compared to mice immunized with Y. pestis EV at a dose
of 10* CFU together with the 974zh (Group IV) on the 1%
day of observation. A statistically significant increase
in the median RC expression of TLR4 genes was observed
on the 7™ day in blood samples of animals of Group llI
relative to animals of Group | and was 3.9 times higher
(p < 0.05). In other cases, no statistically significant in-
crease in expression occurred. On the 3%, 14", and 21%
days, no statistically significant increase in the relative
concentration of TLR4 gene expression in blood cells
was observed (fig. 2a).

Administration of the experimental 974zh in com-
bination with Y. pestis EV at a dose of 10° CFU (Group
I) to biomodels increased the expression of TLR4 genes
in spleen cells. On the 1% day, an increase in concen-
tration was observed compared to Group V (control)
and Group Il, where white mice were administered only
the vaccine strain Y. pestis EV at a dose of 10* CFU. Com-
pared to other experimental groups, TLR4 expression
was lower on the 15t day. The organoselenium prepara-
tion induced TLR4 gene expression on the 3 and 14t
days. The relative concentration of gene expression
in Group Il on the 3 day was 1500 c.u. i.e., 17.8 times
(p < 0.05) higher than the concentration in group |,
2.3 times (p < 0.05) higher than in group I, and 256.4
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times (p < 0.05) higher than in group IV. On the 14" day,
the level of TLR4 gene expression in the spleen cells
of animals in group Ill was also statistically significantly
higher thanin groups|, Il,and IV, by 133.7,4.5, and 283.8
times, respectively. On the 7% and 215t days, no statis-
tically significant differences were recorded between
the median values of TLR4 gene expression in the group
of biomodels immunized with Y. pestis EV at a dose
of 10® CFU in combination with 974zh and other experi-
mental groups (fig. 26).

CONCLUSION

Thus, the revealed features of TLR2 and TLR4 gene
expression in the innate immune cells of biomodels
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in response to the administration of Y. pestis EV NIIEG
strainsin terms of level and kinetics depend ontheamount
of the administrated vaccine strain antigen (CFU)
and the presence or absence of the administrated 974zh.
This experimental organoselenium compound induces
an increase in the expression of TLR2 genes when co-ad-
ministered with Y. pestis EV at a dose an order of mag-
nitude lower than the generally accepted one (10® CFU)
on the 1%, 3 and 7™ days of observation in blood cells
and on the 3 and 14™ days in spleen cells.

In response to the administration of the 974zh
with the Y. pestis EV vaccine strain to experimental
biomodels, an increase in TLR4 expression was re-
corded in blood cells on the 15t and 7* days, in spleen
cells — on the 1%, 3 and 14" days of the experi-
ment. Studies have shown that when administrating
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a synthetic organoselenium compound in combina-
tion with the Y. pestis EV vaccine strain with a decrease
in the immunizing dose to 10° CFU, there is an increase
in the expression of the TLR2 and TLR4 genes in the blood
and spleen cells of biomodels at almost all observation
periods.

The Y. pestis EV administration both at a standard
dose (10* CFU) and at a dose an order of magnitude lower
(10° CFU), but without the experimental organoselenium
preparation, did not cause significant and statistically sig-
nificant changes in the expression of genes of the studied
types of Toll-like receptors.

All of the above suggests that increased expression
of TLR2 and TLR4 genes can enhance the immune re-
sponse to the vaccine and contribute to effective combat
against plague infection. Therefore, the experimental sele-
nium-containing compound 2,6-dipyridinium-9-selenabi-
cyclo[3.3.1]lnonane dibromide (974zh) can be considered
as a promising adjuvant.
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ABSTRACT

Background. Immunological studies are impossible without long-term storage
of cryopreserved biomaterial. There are no standard procedures for working with cryo-
preserved mononuclear leukocytes.

The aim of the study. To optimize the protocol for culturing T lymphocytes thawed
after cryopreservation by assessing their viability and proliferative capacity.

Methods. Mononuclear leukocytes were isolated from the peripheral blood of relative-
ly healthy volunteers (n = 18). Cells were subjected to controlled freezing down to -80 °C
and were transferred to liquid nitrogen. First step: after thawing, the cells were stained
with CFSE (carboxyfluorescein succinimidyl ester), were divided into two parts and cul-
tured in the presence/absence of interleukin 2 (IL-2). Cell proliferation was stimulated
with phytohemagglutinin (type P). Cells were incubated for 7 days. Sample analysis was
performed using flow cytometry. Second stage: thawed cells were divided into three
parts. Two parts were resuspended in a full growth medium with IL-2 and were placed
in a thermostat (+37 °C) to “rest” for one hour or overnight. After “resting’; the cells were
stained with CFSE. One third of the thawed leukocytes were stained with CFSE immedi-
ately after thawing. Cells were stimulated, cultured and analyzed the same way at both
stages of the study.

Results. It has been established that adding IL-2 to the culture medium contributes
to a better cell survival. In the presence of IL-2, stimulated CD4+ and CD8* T lymphocytes
produced more daughter cell generations. At the end of the 7-day incubation “rested”
samples had reduced leukocyte counts compared to the samples that were cultured
immediately after thawing. The number of daughter cell generations formed by stimu-
lated CD4* and CD8* T cells decreased when the “rest” stage was included into the study
protocol.

Conclusion. Adding IL-2 into culture medium can increase the viability and mitotic
capacity of thawed T cells, making their state more similar to that of freshly isolated
lymphocytes. Cell “rest” after thawing negatively affects the viability and proliferative
activity of T lymphocytes during their weekly incubation.

Key words: T lymphocytes, cryopreservation, primary cell culture, interleukin 2, rest
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PE3IOME

O6ocHosaHue. ViMmyHono2uyeckue uccs1ie008aHuUs HEBO3MOXHbI 6e3 01uMmesbHO20
XpaHeHUsA buomamepuana 8 ycao8uax KpuokoHcepsayuu. CmaHoapmHele Memoou-
KU pabomesl ¢ MOHOHYKJIeaPHbIMU JleliKoyumamu, no08epaasliuMUcs KpUOKOHCEp8a-
yuu, omcymcmaytom.

Lenvb uccnedosaHus. Onmumusupo8ams NpoOMOKO/ KyJlbmueuposdaHus omma-
ABWIUX NOC/Ie KpUOKOHCep8ayuu T-num@oyumos no oyeHKe ux Xu3HecnocobHocmu
U nposnugpepamusHol akmusHocmu.

Memodesi. MoHoHYKedpHble nelikoyumsi 8bI0€/1A/1U U3 hepugepuyeckoli Kpogu om-
HocumesbHO 300posbix 006pososbyes (n = 18). Knemku nodsepeasnu KoHmponupye-
Momy 3amopaxkusaruto 0o -80 °C u nepeHocunu 8 Xuokud azom. lepswiti sman: nocne
ommausaHus knemku okpawusanu CFSE (carboxyfluorescein succinimidyl ester), de-
JIUNU Ha 08e 4acmu u Ky/Jibmuguposa’siu 8 npucymcmauu/omcymcmeauu uHmepJieliku-
Ha 2 (WJ1-2). Mponugepayuto Kremok cmumysiuposanu umozemazesiomuHuUHom-11.
Knemku uHkybuposasnu 8 meyerue 7 cymok. AHanu3 o6pasyo8 nposoousiu Memooom
npomoyHol yumodgnoopumempuu. Bmopol sman: ommasswue Knemku Oenusu
Ha mpu Yyacmu. [lee yacmu pecycneHOUposasu 8 nosiHol numamernsHou cpede ¢ UJ1-2
u nomewanu 8 mepmocmam (+37 °C) 0518 «omobixa» HA 1 4ac unu Ha Houw. [locre
«0mobIXa» knemku okpawusasnu CFSE. Tpembio 4acme pazmMopoxeHHbIX elikoyumos
okpawusanu CFSE cpasy nocie ommausarus. Knemku cmumyiuposanu, KyJlemugu-
po8asu u aHanu3uposanu eOUHoobpasHo Ha 06OUX 3MAnNax uccIe008aHUA.
Pesynemamel. YcmaHoeneHo, ymo 0obasnieHue WJ/I-2 8 KynemypasnbHylo cpedy
cnocobcmayem syqwemy 8bIXXUBAHUIO KiemokK. Kpome mozo, 8 npucymcmeauu UJ1-2
cmumynuposaHHele CD4+ u CD8" T-numepoyumesl npouzeodsm 6osbuie 00YepHUX
2eHepayud. 1o cpasHeHuto ¢ npobamu, cpasy NoMeweHHbIMU 8 Kysibmypy, 8 npobax,
npowedwux «omobix», CHUXeHO YUC/10 1eliKoyumos No OKOHYAHUU 7-CYMOYHOU UH-
Kybayuu. Konuyecmso do4epHux 2eHepayuli, hopMupyemblix CmumMyaupo8aHHbIMU
CD4* u CD8* T-knemkamu, CHUXAemcs npu 8KIK0YEHUU 3mMana «0mobix» 8 NPOMOKOJ
uccnedo8aHus.

3aknioyenue. BHeceHue WJ1-2 8 KynemypasnsHyo cpedy Moxem yseaudyume Xu3He-
CNOCOBHOCMb U MUMOMUYECKYIo aKmugHOCMb PazmMopOXeHHbIX T-Kinemok, npubsnu-
XKas UX COCMOsAHUe K MAaKosoMy C8exesbloesieHHbIX TUM@Poyumos. «Omabix» K1emok
nocse ommaueaHusA oKasbieaem He2amueHbil 3gexkm Ha Xu3HecnocobHoCcmob
U nponugepamusHyto akmugHocms T-1umMpoyumos npu ux nociedyrouwieli Heoesb-
HoU uHKy6ayuu.

Knioyeeswie cnoea: T-numgoyumel, KpUOKOHcepsayus, KynemusupogaHue, WJI-2,
o0mobiIx

Ona untnpoBaHua: Cangaxkosa E.B., Koponesckas J1.b., lMoHomapeBa B.H., Bnacosa B.B.
Mogundukauus npotokona mccnefoBaHnA GYHKLMOHANIbHON aKTUBHOCTU OTTasBLUMX
nocne KpnokoHcepsauumn T-numdounTtoB. Acta biomedica scientifica. 2024; 9(3): 256-265.
doi: 10.29413/ABS.2024-9.3.26
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BACKGROUND

Effective research in the field of immunology is im-
possible without constant access to biological material,
which requires its collection, accumulation and storage.
Today, the only way to store peripheral blood nuclear
cells for a long time is to cryopreserve them: keep them
at very low temperatures (-80...-196 °C). The use of bio-
banks, which allow biological samples to be accumulat-
ed and stored in liquid nitrogen, significantly facilitates
research aimed at studying the causes of various diseas-
es, developing and testing drugs [1].

It should be noted that cryopreservation can affect
the expression of phenotypic markers and the func-
tional activity of peripheral blood mononuclear cells [2,
3]. To mitigate the cryopreservation effects, a number
of researchers [4, 5] proposed to introduce a “rest” stage
into the work protocol after the thawing procedure:
placing the cells in a complete culture medium (CCM)
for a period of 1 to 24 hours at a temperature of +37 °C.
It was shown that this procedure has a positive effect
on the cells, in particular, it promotes the functionality
restoration of antigen-specific T lymphocytes when as-
sessed by the ELISPOT method [6-10]. Other research-
ers [11-14] proposed enriching the culture medium
with additives such as cytokines, in particular interleu-
kin 2 (IL-2), sodium pyruvate, nonessential amino acids,
[B-mercaptoethanol, etc., which should promote better
survival of T lymphocytes in culture and ultimately in-
crease their functional activity. However, to date, meth-
ods for working with mononuclear leukocytes that have
undergone long-term (more than 24 months) cryopres-
ervation have not been developed.

THE AIM OF THE STUDY

To optimize the protocol for culturing T lympho-
cytes thawed after cryopreservation by assessing their
viability and proliferative capacity.

METHODS

Study participants. Volunteers (n = 18; 39 %
women; average age 37.4 + 1.2 years) participated
in the study as peripheral blood donors. The inclusion cri-
terion for the study was age over 18 years. Exclusion cri-
teria: acute infectious diseases less than 4 weeks before
the start of the study; pregnancy.

Obtaining biomaterial. Blood was collected
on an empty stomach from the cubital vein into vacuum
tubes (Weihai Hongyu Medical Devices Co, Ltd., China)
containing ethylenediaminetetraacetic acid. Mononu-
clear leukocytes were isolated by the standard meth-
od by centrifuging twice diluted blood with Dulbecco’s
phosphate-buffered saline (DPBS; Gibco, USA) in a Di-
acoll density gradient (1.077 g/ml; Diaem, Russia). Isolat-
ed cells were washed twice in DPBS solution and placed

in a medium containing 90 % heat-inactivated fetal calf
serum (FCS; Biowest, Columbia) and 10 % intracellular
cryoprotectant dimethyl sulfoxide (AppliChem, Ger-
many). Cells resuspended in this medium were trans-
ferred to cryovials and subjected to controlled freezing
in commercial CoolCell racks (Corning, USA) with a con-
trolled temperature decrease rate (-1 °C/min) in a freezer
(=80 °C) for 24 hours to minimize cell damage. Samples
were then transferred to a liquid nitrogen tank (-196 °C)
and stored until further use. The average storage time
of samples was 40 + 1.4 months.

Before the study, mononuclear leukocytes were
thawed at +37 °C in a water bath for 1-2 min. The cells
were transferred to 15 ml tubes, after which 10 ml of CCM
were added dropwise to the samples: RPMI-1640, con-
taining 25 mM Hepes and 2 mM L-glutamine (Gib-
co, USA), with the addition of 10 % FBS, 100 units/ml
penicillin and 100 pg/ml streptomycin (Sigma, USA).
The samples were gently mixed, tilted from side to side,
and centrifuged for 10 min at 400 g. The cell pellet was
resuspended in CCM. The viability of thawed leukocytes,
when assessed with the standard trypan blue method,
was at least 92 %.

Cultivation of mononuclear leukocytes. In the first
stage of the study, the cells prepared after thawing
were stained with 5 pM 5,6-carboxyfluorescein diac-
etate-N-succinimidyl ester (CFSE, carboxyfluorescein
succinimidyl ester; Biolegend, USA) and washed twice
with RPMI-1640 medium containing 20 % FCS. The cells
were then counted in a Goryaev chamber, divided into
two parts and resuspended at a concentration of 1 x 10/
ml in CCM with or without IL-2 addition (100 ng/ml;
Gibco, USA) (fig. 1a). Cell proliferation was stimulated
with phytohemagglutinin-P  (PHA; Serva, Germany)
at a final concentration of 15 pg/ml. Unstimulated cells
were used as a control. The total duration of leukocyte
cultivation was 7 days, with the culture medium in each
sample being replaced with a medium of similar com-
position on the 3-4" days. To maintain a constant pH
of the medium, the cells were incubated in a desiccator
with a candle placed in a thermostat (+37 °C). At the end
of the incubation time, the cells were collected, counted,
and stained with anti-CD3-BV605, anti-CD4-PE, and an-
ti-CD8-BV510 antibodies (Biolegend, USA). Zombie UV
dye (Biolegend, USA) was used to assess the viability
of mononuclear leukocytes.

Inthe second stage of the study (fig. 1b), the cells were
cultured in CCM containing 100 ng/ml IL-2. The mononu-
clear leukocytes obtained after thawing were divided into
three parts, two of which were placed in the culture medi-
um and put into a thermostat (+37 °C) for “rest” for 1 hour
(H) or overnight (O). After “resting’, the cells were stained
with CFSE, stimulated with PHA, and cultured accord-
ing to the previously described protocol. The third part
of the thawed leukocytes was stained with CFSE imme-
diately after thawing (I) and cultured in the presence
of PHA according to the above protocol. Cultivation, me-
dium change, cell counting, and analysis of the results
were carried out uniformly throughout the study.
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Flow cytometry. Analysis of mononuclear leuko-
cytes was performed using a CytoFLEX S flow cytometer
(Beckman Coulter, USA). The gating approach is shown
in Figure 2.

Statistical data processing. Statistical analysis
and data visualization were performed using GraphPad
Prism 8 software (GraphPad Software, USA). Quantita-
tive data in the text and tables are presented as means
and their standard errors. Student’s t-test was used
to compare two groups of quantitative data; one-way
ANOVA was used for several groups; multiple compari-
sons between groups were performed using Tukey’s test.
The critical significance level for testing statistical hy-
potheses was taken to be 0.05.

RESULTS

Modification of complete culture medium by intro-
ducing IL-2.The viability of peripheral blood mononucle-
ar leukocytes thawed after long-term (40 + 1.4 months)
cryopreservation and cultured for 7 days under various
conditions was analyzed. It was shown that the number
of cells sharply decreases at the end of the cultivation
period: on average, 33 % of the number of initially intro-
duced cells remained in the sample.

At the same time, it was found that the IL-2 addition
tothe culture medium promotes better survival of mono-
nuclear leukocytes (fig. 3). The most pronounced

20min  5min 7 days
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FIG. 1.

positive effect on viability was noted among cells
stimulated with PHA. Thus, the number of leukocytes
in samples containing IL-2 was significantly higher than
in samples without added cytokine (p < 0.001). Similar
results were obtained in the study of unstimulated cells.
However, under these cultivation conditions, the dif-
ferences in the number of cells between samples con-
taining and not containing IL-2 did not reach the level
of statistical significance (p > 0.05).

A positive effect of exogenously added IL-2
on the proliferative capacity of T cells thawed after long-
term cryopreservation was revealed. It was shown that
in the presence of this cytokine in vitro stimulated CD4*
and CD8* T lymphocytes produce more daughter gen-
erations (fig. 4).

Thus, it was determined that the IL-2 addition
to the culture medium increases both the viability
and the proliferative capacity of T lymphocytes that
have undergone long-term cryopreservation.

The mononuclear leukocyte thawing protocol
modification by introducing a cell “rest” stage. Three
cell's thawing protocols were studied: without “rest’,
with an hour or overnight “rest”. In each case, the culture
medium contained IL-2.

A negative effect of “rest” on the viability of mono-
nuclear leukocytes in the culture was established. Cell
counting after 7 days of incubation with PHA showed
that, compared to samples “I', the number of leukocytes
in samples“H” (p < 0.05) and “O” (p < 0.001) was reduced

IL-2
'

Rest+CcFse PHA AB+Zuv
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Study overview: a - first stage of the experiment; b — second stage of the experiment. MNL — mononuclear leukocytes; AB + ZUV -
a cocktail of anti-CD3-BV605, anti-CD4-PE, anti-CD8-BV510 antibodies and Zombie UV vital stain. Types of “rest”: | - immediately after

thawing (without “rest”); H — hourly “rest”; O — overnight “rest”
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FIG. 2.

The gating approach used to distinguish mononuclear leukocytes (typical scatter diagrams). a — enumeration of daughter cell genera-
tions in stimulated T lymphocyte samples: viable elements isolation followed by CD3+ T cells gating, subsequent CD4* and CD8* subsets
isolation, and CFSE staining analysis. b — determination of the dividing T lymphocytes viability: CD3* T cells isolation with subsequent
dividing into CD4* and CD8* T lymphocytes subsets, gating of unstimulated sample, following the simultaneous analysis of vital Zombie

UV and CFSE staining of stimulated sample
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FIG. 3.

The impact of adding IL-2 to the culture medium on the mononu-
clear leukocytes count following 7 days of incubation. The means
and standard errors of the means are presented (n = 18 in each
group). One-way analysis of variance was used to compare groups
of quantitative data; multiple comparisons between groups were
performed using Tukey’s test; *** —p < 0.001
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(fig. 5a). It is important to note that the “rest” duration
significantly affected the viability of stimulated cells:
the differences between samples “H” and “O” were sta-
tistically significant (p < 0.05). At the same time, in sam-
ples “O" the proportion of surviving cells was reduced
by more than 2 times compared to that in samples “H".
In addition, it turned out that stimulated cells were
more sensitive to the negative effects of “rest” than dor-
mant elements. In cultures without the PHA addition,
differences in cell numbers were revealed only between
samples“I”and “O” (p < 0.05).

Analysis of the proliferative capacity of CD4*
and CD8* T lymphocytes confirmed that “rest” is a neg-
ative factor. It was shown that the number of daughter
generations formed by stimulated CD4* and CD8* T lym-
phocytes decreases when the “rest” stage of any time
mode is included in the study protocol (fig. 5b).

It is noteworthy that the relative number of CFSE®" cells
that entered division among stimulated CD4* and CD8*
T lymphocytes did not depend on the type of “rest”
(p > 0.05; fig. 5¢).

The introduction of an overnight “rest” into
the thawing protocol significantly increased the per-
centage of dying cells among the CD4* T lymphocytes
that had entered division after being stimulated in vitro

Experimental researches
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The impact of adding IL-2 to the culture medium on the proliferation
of CD4* and CD8* T lymphocytes during 7 days of in vitro stimu-
lation. The means and standard errors of the means are present-
ed (n = 18 in each group). Paired t-test was used to compare two
groups of quantitative data; *** - p < 0.001

for 7 days (fig. 5d). This phenomenon was not observed
in the analysis of CD8* T cells.

Thus, the inclusion of the “rest” stage
in the mononuclear leukocyte thawing protocol fol-
lowed by culturing stimulated cells for 7 days has a neg-
ative effect on the viability and proliferative capacity
of CD4* and CD8* T lymphocytes. It is recommended
to start working with cell cultures immediately after
thawing cryopreserved mononuclear leukocytes.

DISCUSSION

This study raises a number of fundamental questions
regarding the specific features of studying the function-
al activity of T lymphocytes using cryopreserved cells.

During the study, we determined that after 7 days
of culturing cells thawed after long-term (40 + 1.4
months) cryopreservation, on average only a third
of their initially introduced number remains in the sam-
ple. Previously, when culturing mononuclear leukocytes
that were not subjected to freezing, we did not note
such a significant decrease in their number. An analy-
sis of literature sources confirmed that a high tendency
to die is a characteristic feature of cells that have un-
dergone cryopreservation and thawing procedures [15].

It is known that freezing and thawing trigger pro-
cesses leading to cell death - necrosis and apopto-
sis. Necrosis is a consequence of membrane damage
by intracellular ice crystals and osmotic stress. Apopto-
sis can be caused by various factors, including physical
stress caused by changes in cell morphology; activa-
tion of death receptors; accumulation of free radicals
in the cytosol; activation of the caspase cascade [16,
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17]. When using the optimal cryopreservation proto-
col, the main cause of death of thawed cells in culture
is apoptosis [15]. It has been shown that a significant
number of T lymphocytes constantly trigger the death
program, which leads to a statistically significant reduc-
tion in the proportion of viable cells within 24 hours af-
ter the start of incubation. Based on the fact that stim-
ulation of thawed cells with cytokines can significantly
increase the viability of cultured cells [15], we investi-
gated the effect of adding IL-2 to the culture medium
on the functionality of T lymphocytes thawed after
long-term cryopreservation.

IL-2, like other cytokines with a common gamma
chain, is considered to be a survival factor for T lym-
phocytes in vivo and in vitro [18, 19]. It is known that
IL-2 activates the tyrosine kinases Janus kinase (Jak)
1 and Jak3, which are adjacent to the cytoplasmic
fragments of the cytokine receptor chains [20]. These
enzymes phosphorylate tyrosine residues localized
in the receptor chains, which creates sites for bind-
ing and phosphorylation of the adapter protein Shc
and the transcription factor STAT5 (signal transducer
and activator of transcription 5) [21]. Phosphorylated
Shc activates several signaling pathways, at least one
of which, PI3K/Akt (phosphatidylinositol 3-kinase/pro-
tein kinase B pathway), plays an important role in T cell
proliferation [22]. In turn, phosphorylation of STAT5 mol-
ecules, their dimerization and translocation into the nu-
cleus stimulate the expression of genes involved in di-
vision and protecting lymphocytes from apoptosis [23].

Our studies confirmed the positive effect of IL-2
added to the culture medium on the viability and pro-
liferative activity of T cells thawed after cryopreserva-
tion. In the presence of this cytokine, we observed a less
pronounced reduction in the number of leukocytes
in the culture and an increase in the number of daughter
generations during stimulation of T lymphocytes. How-
ever, the cultured cells still died en masse: their number
significantly decreased after 7 days of incubation.

The most pronounced effect of IL-2 was
on stimulated CD4* and CD8* T lymphocytes. Apparent-
ly, the higher sensitivity of these cells is due to the pe-
culiarity of receptor expression that binds the cytokine.
The high-affinity receptor for IL-2 is a complex of three
chains: CD25, CD122 and CD132 [24]. Only two of them,
CD122 and CD132, are expressed in limited quantities
on resting T cells. By binding IL-2, they can form an inter-
mediate-affinity complex capable of transmitting a sig-
nal into the cell. Stimulated T lymphocytes, in turn, in-
duce the expression of CD25, which allows activated
T cells to form a trimeric high-affinity receptor, making
stimulated lymphocytes more sensitive to the cytokine
action.

In the present study, we also assessed how the in-
troduction of a “resting” step into the cell thawing
protocol affects the functionality of cryopreserved
T lymphocytes. Several studies [7-10], although not
all [25], have previously demonstrated positive ef-
fects of “resting”: a decrease in non-specific cytokine
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production by T cells; an increase in the number
of active T lymphocytes and the proportion of poly-
functional T lymphocytes. All of these phenomena
were detected using the ELISPOT method. The results
presented by the authors are apparently associated
with the death of apoptoticT cells during the “resting’
process, which contributes to an increase in the pro-
portion of truly viable lymphocytes in the analyzed
sample [9]. This is relevant given that the presence
of apoptotic cells can reduce the functionality of live
CD4* and CD8* T lymphocytes [26] and interfere
with antigen processing [27].

As noted above, during cultivation, T cells thawed
after cryopreservation constantly initiate programmed
cell death processes[15], which was manifestedinagrad-
ual increase in the number of dead and dying T lympho-
cytes in the 7-day culture of mononuclear leukocytes
that we set up. It can be assumed that the accumulation
of apoptotic cells during longitudinal cultivation has

U

a negative effect on the functional capacity of the re-
maining T lymphocytes, which was not noted in short-
term studies using the ELISPOT method. Indeed, in our
study, additional “rest” of cells (both hourly and over-
night) led to a significant decrease in the number of leu-
kocytes and an increase in the proportion of apoptotic
T lymphocytes after 7 days of incubation. Moreover, we
noted a decrease in the number of daughter genera-
tions among stimulated T lymphocytes that had under-
gone “rest” without changing the proportion of CFSE""
cells. It is likely that in such cultures, compared to sam-
ples where the ‘rest” stage was excluded from the work
protocol, a greater number of cells enter into division,
but they perform fewer mitoses.

Some limitations of the present study should be not-
ed. Firstly, we did not reproduce the results of other re-
search groups and therefore can only assume that “rest”
has a positive effect in subsequent short-term studies
(for example, using the ELISPOT method), but a negative
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effectinfurtherlongercell culturing (in our work, 7 days).
Secondly, to modify the CCM, we used a single cytokine,
IL-2, the effects of which can include not only stimula-
tion of T lymphocyte proliferation, but also induction
of regulatory T cells and initiation of activation-induced
apoptosis of effector elements [28]. In further studies,
we plan to introduce other cytokines of the IL-2 family
into the culture medium, including IL-7 and IL-15, which
are known to effectively support the viability and prolif-
eration of T lymphocytes [29].

Despite the limitations, it should be emphasized
that in the present study we evaluated for the first
time the effect of “rest” on the results of proliferative
capacity and viability assessment during the cultiva-
tion of T lymphocytes that had undergone long-term
(40 £ 1.4 months) cryopreservation.

CONCLUSION

The obtained data encourage the development
of new protocols for working with mononuclear leuko-
cytes thawed after cryopreservation. It is obvious that
the introduction of exogenous cytokines can increase
the viability and functional activity of thawed T cells,
bringing their state closer to that of freshly isolated
lymphocytes. Optimal combination selection of cell cul-
ture medium components will allow obtaining data that
more objectively reflect the processes occurring in vivo.
It is also noteworthy that the “rest” of mononuclear leu-
kocytes after thawing have a negative effect on the via-
bility and proliferative activity of stimulated T lympho-
cytes during a week of incubation. This fact emphasizes
the need to optimize research protocols.
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EPIDEMIOLOGY

PARENTERAL CHRONIC VIRAL HEPATITIS IN THE ARCTIC ZONE OF THE REPUBLIC
OF SAKHA (YAKUTIA) AS THE MOST IMPORTANT MEDICAL AND SOCIAL PROBLEM

Sleptsov S.S.', ABSTRACT
Sleptsova S.S.?

Background. The severe course of parenteral viral hepatitis and their further chronicity
are associated with the presence of inmunodeficiency disorders, frequency of which
increases significantly in harsh climate. The article discusses the spread of parenteral
viral hepatitis in the Arctic zone of the Republic of Sakha (Yakutia) and the issues of or-
ganizing medical care for patients with chronic viral hepatitis at the regional level.
The aim of the study. To analyze the incidence rates of parenteral viral hepati-
* North-Eastern Federal University tis in the Arctic regions of Yakutia in order to improve the health care system using
: the example of remote areas of hard access.
(Belinskogo str. 58, Yakutsk 677000, Methods. The work uses materials from official statistics of the territorial department
Russian Federation) of Rospotrebnadzor for the Republic of Sakha (Yakutia) for 2000-2022 and information
from the “Chronic viral hepatitis in the Republic of Sakha (Yakutia)” register.
Results. In the Arctic regions of Yakutia, problems are observed in chronic forms of vi-
ral hepatitis B, C and D, as well as in their outcomes, such as cirrhosis and liver cancetr,
leading to early disability and mortality. In the general structure, hepatitis B infection

! Yakutsk Scientific Center

for Complex Medical Problems
(Yaroslavskogo str. 6/3, Yakutsk 677000,
Russian Federation)

Corresponding author: prevails, which indicates the presence of family foci of infection. All this requires a com-
Snezhana S. Sleptsova, plex of not only therapeutic, but also advanced anti-epidemiological measures.
e-mail: sssleptsova@yandex.ru Conclusion. The difficult epidemiological situation regarding parenteral viral hepati-

tis, caused by extreme natural and climatic conditions, genetic characteristics of the in-
digenous population and the lack of medical institutions specializing in the treatment
of chronic viral hepatitis, dictates the need to strengthen systematic on-site monitoring
studies and telemedicine consultations in the Arctic zone of Yakutia. Thanks to this, resi-
dents of hard-to-reach areas of the Arctic zone of the Republic of Sakha (Yakutia) will
be able to receive targeted subsidized care for the treatment of chronic hepatitis with-
out traveling to Yakutsk.
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NAPEHTEPAJIbHbIE XPOHUYECKUE BUPYCHbBIE TEMATUTbI B APKTUYECKOW
30HE PECNYBJIMKU CAXA (AKYTUA) KAK BAXXHENLLAA MEAUKO-COLUUAJIbHAA
NMPOBJIEMA

Cnenuos C.C., PE3IOME
Cnenuyosa C.C.2

O6ocHosaHue. Taxénoe medeHue napeHMepasbHbIX BUPYCHbIX 2enamumos U 0aslb-
Helwasa ux XpoHU3AaYUA C8A3AHbI C HAIUYUEM UMMYHOOepUUUMHbLIX cOCmoaHuU,
yacmoma Komopbix 3HaYUMesIbHO 803pacmaem 8 yc08UAX Cypos8o20 Kaumamd.
B daHHoU cmamee paccmampusaemca pacnpocmpaHeHue NapeHmMepasnbHbiX 8UpYC-
HbIx 2enamumos 8 Apkmuuyeckol 30He Pecny6suku Caxa (Akymus) (PC()) u eonpocsi
op2aHu3ayuu MedUYUHCKOU NOMOoWU 60/1bHbIM XPOHUYECKUMU 8UDPYCHbIMU 2enamu-
mamu (XBl) Ha yposHe pezauoHa.

Llens uccnedoesanus. [lposecmu aHanus nokazameseli 3abosesaemocmu napeHme-
PasnbHLIMU BUPYCHBIMU 2enamumamu 8 apKmuyeckux patioHax AKymuu 01a cosep-
wieHcmao8aHusa Meponpuamut cucmembl 30pasooXpaHeHUs Ha npumepe mpyoHo0o-
CMynHsIx 0mOanéHHbIx meppumopudl.

Memooel. B pabome ucnosnb308aHel Mamepuassl 0puyuanbHol cmamucmuku mep-
pumopuasnsHo20 ynpasseHus PocnompebHadzopa no PC(f) 3a 2000-2022 22. u ceede-
HUSA U3 pecucmpa «XpoHuy4eckue supycHsle cenamumeoi 8 PC(f1)».

Pesynemamel. B apkmuyeckux patioHax AKymuu ommedydemcs Hebidzonosnydue
ABTOp, OTBETCTBEHHbIV 3a NepenicKy: N0 XPOHUYeCKUM (popmam supycHeix 2enamumos B, Cu D, a makxe no ux ucxooam,
Cnenuosa CHeXaHa Makum Kak yuppo3s U pak neyeHu, NpugooawUM K paHHel uHeanuousayuu u cmepm-
CnYpVAOHOBHa, Hocmu. B obwel cmpykmype npesanupyem UH@eKyus, 8bI38aHHAA BUPYCOM 2end-
muma B, umo caudemesibcmayem 0 HAa/UHUU ceMeliHblX 04az208 UHpekyuu. Bcé smo
mpebyem KoMnJieKca He MoJibKo 1e4ebHbIX, HO U yes1yOaEHHbIX Npomueosanudemuo-
J102U4ecKux meponpusmud.

3akmoyenue. Cl10XHAA 3nudeMuosio2u4eckas cumyayua no napeHmepanbHeiM
BUPYCHbIM 2enamumam, 00yC/108/1eHHAA 3KCMPeMasibHbIMU NPUPOOHO-KIUMamu-
YecKUMU yC/1I08UAMU, 2eHeMUYeCKUMU 0CO6eHHOCMAMU KOPEHHO20 HaceseHus u om-
cymcmauem medyypexxoeHudl, cneyuanusupyoujuxcsa Ha sedeHuu XBl, dukmyem He-
06x00uMocme ycusneHus 8 ApKmuydeckoU 30He AKymuu cucmemamuy4eckux 8ble30HbIX
MOHUMOPUH208bIX UCC/1e008aHUL U mesieMeOUUYUHCKUX KOHCyibmayud. baazodaps
amomy xumenu mpyoHodocmynHeix patioHo8 ApkmuyeckoU 30Hbl PC(A) cmo2ym no-
Jly4ame yesnesyto cybcuduposaHHyto nomouwb 014 edeHus XBl 6e3 gvie30a 8 AKymcK.

! OFBHY «AKYTCKNi1 HayuHbIN LEHTP
KOMMJIEKCHBIX MEAMNLIMHCKIX Npobnem»
(677000, r. AkyTCK, yn. Apocnasckoro, 6/3,
Poccusn)

2 OrAOY BO «CeBepo-BocTouHbli
depepanbHbI yHMBEpCUTET

mm. M.K. AmmocoBa» (677000, r. AKyTCK,
yn. benuHckoro, 58, Poccua)

e-mail: sssleptsova@yandex.ru

Knroyeegole cnoea: nhapeHmepdalibHble 8UPYCHble 2enamumeol, Yuppos, padk, ﬂKmeﬂ,
AmeULI€CKaﬂ 30Ha, opeaHusayus 36pasooxpaHeHu,q
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BACKGROUND

Viral hepatitis B, C and D remain one of the urgent
problems of practical health care. In the Russian Federa-
tion, the total number of patients with chronic hepatitis
B (CHB) is more than 3 million people, chronic hepatitis
C (CHQ) - from 1.5 to 2.5 million people, hepatitis D has
been recorded in more than 10 million people [1-3].

The total number of patients with chronic viral hep-
atitis (CVH) in the region is almost 15 thousand peo-
ple, about 1.4 thousand people (9.5 %) of which live
in the Arctic zone (AZ). At the same time, a significant
part of the AZ population is made up of representatives
of the North indigenous peoples.

The Yakutia AZ is characterized by severe natural
and climatic conditions, a low level of social infrastruc-
ture (including insufficient development of the health
care system) and poorly developed transport accessibil-
ity [4]. All this determines the severe course of these dis-
eases and their high chronicity [5]. It is important to note
that hepatitis B, C and D viruses are important etiological
factors for the development of primary cancer [6-8].

THE AIM OF THE STUDY

To conduct an analysis of viral hepatitis incidence
rates in the Arctic regions of the Republic of Sakha (Yaku-
tia) to improve health care measures in the hard-to-reach
and remote areas of Yakutia.

METHODS

The study uses official statistics from the territo-
rial Rospotrebnadzor administration in the Repub-
lic of Sakha (Yakutia) for 2000-2022 and informa-
tion from the register of patients with viral hepatitis

People /100 thousand population

developed by the Reference Center for Monitoring Vi-
ral Hepatitis based at the Central Research Institute of Epi-
demiology of Rospotrebnadzor [9].

RESULTS AND DISCUSSION

The Arctic zone of the Republic of Sakha (Yakutia)
is characterized primarily by extreme climatic conditions,
an extremely vast territory (1.6 million km?), focal na-
ture of industrial and economic development, a signifi-
cant share of small and medium-sized rural settlements
(with a population of up to 1 thousand people) and poorly
developed social and transport infrastructure. All this cre-
ates significant problems in organizing medical care. Cur-
rently, the Arctic zone of the Republic of Sakha (Yakutia)
includes 13 districts (Abyisky, Allaikhovsky, Anabarsky,
Bulunsky, Verkhnekolymsky, Verkhoyansky, Zhigansky,
Momsky, Nizhnekolymsky, Olenyoksky, Srednekolymsky,
Ust-Yansky and Eveno-Bytantaysky), in which about 64
thousand people live, i.e. 6.4 % of the regionss population.

The incidence of acute hepatitis B (AHB) in Yakutia, in-
cluding the Arctic zone, is steadily declining. From the ear-
ly 2000s to the present, this figure has dropped to levels
that do not cause particular concern (fig. 1). Of course,
this is due to the large-scale vaccination of the popula-
tion. Thus, if in 2000, 2.6 % of citizens subject to vacci-
nation (under 55 years of age) were vaccinated against
hepatitis B in the region, then since 2011 this figure has
not dropped below 95 %. For example, in 2022, 764,238
people (96.6 %) were vaccinated.

Over the entire observation period, the greatest in-
crease in the incidence of acute respiratory viral infec-
tions was noted in 2002. During this period, acute respira-
tory viral infections were registered in almost all districts,
with the exception of Anabarsky and Srednekolymsky, al-
though in 2003-2005 and 2008-2009, the incidence rate
also exceeded the national average.
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Incidence of acute hepatitis B (AHB ) and acute hepatitis C (AHC) in 2000-2022
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The incidence of acute hepatitis C (AHC) in the Re-
public of Sakha (Yakutia) has also decreased. AHC rare-
ly occurs in a manifest form, when it can be detected
in the disease phase, and the chronic course is charac-
terized by latent forms, detected only with specific di-
agnostics. Thus, due to insufficiently complete examina-
tion of the Arctic population, the official figures for AHC
may be somewhat underestimated.

As noted above, the incidence of chronic hepa-
titis B in Yakutia over a long-term period, and espe-
cially in the Arctic zone, is significantly higher than
the national average (fig. 2). Thus, in 2016-2017, this
indicator in the Arctic Zone of the Republic of Sakha
(Yakutia) was 63.5 people/100 thousand people, while
in the Russian Federation this value was at the level
of 10.2 people/100 thousand population (p < 0.05).

People /100 thousand population

Currently, about 64 thousand people live in the Arc-
tic Zone of the Republic of Sakha (Yakutia), i.e. about
6.4 % of the total population of the region. Neverthe-
less, out of 101 new cases of chronic hepatitis B identi-
fied in the regionin 2022, 15.2 % were recorded among
residents of the Arctic.

In 2023, the high frequency of the hepatitis B
marker detection among the local AZ population
of the Republic of Sakha (Yakutia) was once again con-
firmed by the employees of the Republican Center
for Public Health and Medical Prevention. As a result
of the analysis of rapid testing data (n = 1776), CHC was
detected in 0.6 % of cases, CHB - in 3.4 %. Worsening
of the disease course and a high degree of chronicity
in hepatitis B causes super-infection with the hepati-
tis D virus.
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Incidence of chronic hepatitis B in Yakutia and Russia
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Unfortunately, official statistics do not take into ac-
count data on the chronic hepatitis D (CHD) incidence,
although its chronicity leads to the stage of cirrho-
sis much faster than with other forms of this disease.
Studies conducted in different regions of Yakutia have
shown an exceptionally high frequency (17.2-31.7 %)
of detection of antibodies to the hepatitis delta virus
[10]. As a result, an approximate estimate of the CHD
prevalence in the region can only be given based
on data from infectious disease departments in Yakutia
and the results of individual screening studies.

The intensity of the CHC epidemic process in the Re-
public of Sakha (Yakutia) varies greatly. Nevertheless, al-
most every year regional rates of hepatitis C incidence
exceed similar rates in the country (fig. 3).

It is important to note that the relatively low num-
ber of newly detected cases of chronic hepatitis C
in the AZ of the Republic of Sakha (Yakutia) is mainly
due to the fact that the disease is latent in most infect-
ed people, and large-scale screening has not been car-
ried out in these territories. The data on the incidence
of chronic hepatitis C for 2020-2021 also do not reflect
the true picture, and the reason for this is the COVID-19
pandemic.

In almost half of patients with CHC, immune activa-
tion leads to a chronic inflammatory condition that can
affect a number of organs outside the liver [11]. Accord-
ing to our earlier studies, extrahepatic manifestations
are more often diagnosed in women (58.8 %), represen-
tatives of indigenous peoples (67.4 %), and in patients
who did not receive antiviral treatment (65.6 %) [12].
The most common were: joint syndrome - in 56.4 %;
cognitive impairment - in 35.2 %; type 2 diabetes mel-
litus — in 31.7 %; cardiovascular disease (coronary heart
disease, arterial hypertension) —in 37.6 %, etc. (fig. 4).

In2001-2003, studies on the prevalence of viral hep-
atitis B, delta, and C in the Arctic zone were conducted

FIG. 4.

Extrahepatic complications in patients with HCV infection: 1 —joint
syndrome; 2 — cognitive impairment; 3 — diabetes mellitus type 2;
4 - cardiovascular disease; 5 — hypo- and hyperthyroidism; 6 — vi-
sion impairment; 7 — hearing impairment; 8 — glomerular nephritis

by the staff of the Institute of Health. Schoolchildren,
conscripts, and employees of educational and medical
institutions (n = 4,049) from the Abyisky, Verkhoyansky,
Zhigansky, and Eveno-Bytantaysky uluses were exam-
ined. The largest number of HBsAg-positive individu-
als was detected in the Eveno-Bytantaysky (n = 128)
and Zhigansky (n = 96) uluses. Of the 1,150 examined,
antibodies to hepatitis C were detected in 23 (2 %) peo-
ple, mainly from the Zhigansky District (12 people).
Of the total number of those examined with hepatitis
D (n = 106), antibodies were detected in 8.5 %, mainly
in those examined from the Zhigansky and Abyisky Dis-
tricts. According to the author, the data obtained indi-
cate a problem with hepatitis D in the Arctic zone [10].

One of the achievements of the infectious disease
service of the Republic of Sakha (Yakutia) is the electron-
ic register (ER) launch “Chronic viral hepatitis of the Re-
public of Sakha (Yakutia)’, introduced into the region-
al healthcare system as a pilot project in November
2012. Unlike the existing statistical forms of recording,
the ER provides an opportunity for a more comprehen-
sive analysis of the incidence and adverse outcomes
of chronic viral hepatitis both in the republic as a whole
and separately by district. All this allows for a significant
improvement in the system of medical care.

As of October 2023, the ER contains information
on 14,781 people (table 1). There are 484 patients reg-
istered with viral liver cirrhosis in the region, including
75 (15.5 %) with CHB without delta agent, 207 (42.8 %)
with CHD, 186 (38.4 %) with CHC, and 16 (3.3 %)
with mixed infection. There are 47 people registered
with primary liver cancer, including 9 (19.1 %) with CHB,
10 (21.3 %) with CHD, 26 (55.3 %) with CHC, and 2 (4.3 %)
with mixed infection.

Of the total number of people in the ER, 9.5 %
are the AZ residents. The largest number of people
with CVH in the AZ was registered in the Bulunsky, Zhi-
gansky, Verkhoyansky, Oleneksky and Srednekolymsky
districts, the smallest — in the Momsky, Nizhnekolymsky
and Eveno-Bytantaysky districts. Liver cirrhosis was re-
corded in 54 (11.2 %) people; in the Zhigansky district,
a patient with hepatocellular carcinoma as a result
of hepatitis D was also identified. In general, as studies
have shown, CVH complications develop more often
in men (76.0 %). Liver cirrhosis in 51.8 % (28 people)
is caused by the hepatitis D virus, in 27.8 % (15 peo-
ple) — by the hepatitis B virus, in 16.7 % (9 people) -
by the hepatitis C virus. Mixed hepatitis caused the liver
cirrhosis development in 3.7 % (2 people). Most often,
cirrhosis was diagnosed in patients from the Verkhoy-
ansky, Zhigansky and Oleneksky districts. There are no
cases of cirrhosis in the Allaikhovsky, Anabarsky, Nizh-
nekolymsky and Eveno-Bytantaysky districts.

Among the persons registered in the AZ of the Re-
public of Sakha (Yakutia), 22 people died from hepatitis
and its complications in 2021-2022, including 9 people
from hepatitis B, 7 people from hepatitis C, 6 people
from hepatitis D. A significant portion of the deceased
were residents of the Srednekolymsky (6 people),
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TABLE 1

DISTRIBUTION OF PATIENTS WITH CHRONIC VIRAL HEPATITIS BY ETIOLOGY ACCORDING TO THE REGISTRY DATA

The Republic of Sakha (Yakutia)

Diagnosis
people %
Hepatitis B 6260 424
Hepatitis C 6779 459
Hepatitis D 1241 8.4
Mixed hepatitis 501 33
Total 14781 100

Verkhoyansky (4 people), Abyysky (4 people) and Zhi-
gansky (3 people) uluses.

In the structure of chronic viral hepatitis in the AZ,
hepatitis B has the largest share (66.4 %), followed
by hepatitis C(21.7 %). Itis interesting that the ratio of in-
fection caused by hepatitis B and C viruses is the same
on average in the region. This fact indirectly indicates
the epidemiological relevance of hepatitis B for the in-
digenous population of the republic. In the infection
spread caused by the hepatitis B virus, the main route
of transmission is intrafamilial. Based on this, it is nec-
essary to adjust the preventive and anti-epidemic mea-
sures taken, as well as to strengthen comprehensive
monitoring studies in hard-to-reach Arctic settlements.

Thus, the AZ of the Republic of Sakha (Yakutia) is one
of the disadvantaged territories of the region in terms
of chronic viral hepatitis, and this is directly related
to the living conditions of the population, the genetic
characteristics of the indigenous population, as well
as the remoteness of their residence from large settle-
ments. All this complicates full laboratory and instru-
mental diagnostics and provision of a complex of medi-
cal and social assistance.

A significant issue is the inequality in access to med-
ical care in the region. For example, insufficient staffing
of medical organizations with infectious disease special-
ists and epidemiologists in the Republic of Sakha (Ya-
kutia) is one of the most problematic issues of regional
healthcare. As of January 1, 2023, there are 89 infectious
disease specialists in Yakutia, of which only 31 people
work in the uluses. It is important that out of 13 Arctic
uluses, where there are about 100 settlements on a total
area of more than 1.6 million km?, only 5 districts have
infectious disease doctors (Verkhnekolymsky, Verkhoy-
ansky, Zhigansky, Nizhnekolymsky, Oleneksky). Limit-
ed access to medical services, a lack of medical equip-
ment and personnel are currently a serious obstacle
to ensuring an adequate level of healthcare for all Arctic
residents.

Based on the above, in order to reduce the incidence
and mortality from viral hepatitis, the Ministry of Health
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The Arctic zone of the Republic of Sakha (Yakutia)

in % of the number

people % of people in the register
910 66.4 14.5
296 21.7 4.4
125 9.1 10.1
37 28 74
1368 100 95

of the Republic of Sakha (Yakutia) has prepared a draft
target regional program “Improving the methods of pro-
viding medical care to patients with chronic hepatitis B,
C and D for 2022-2024 in the Republic of Sakha (Yaku-
tia)". Since 2021, the Republican Hepatology Center has
been operating on the basis of the Yakutsk Republican
Clinical Hospital, through which patients with chron-
ic viral hepatitis from all over Yakutia have undergone
treatment (as of January 01, 2024 - 870 people). A num-
ber of other medical institutions in the region are also
involved in the treatment of patients with hepatitis
in the Republic of Sakha (Yakutia), but all of them are lo-
cated outside the AZ of the Republic of Sakha (Yakutia).
Therefore, providing assistance to patients from remote
and hard-to-reach areas of Yakutia requires closer atten-
tion. Based on this, since 2024, for the first time in the re-
gion, targeted subsidies have been allocated specifical-
ly for the AZ residents of the Republic of Sakha (Yakutia)
for the purchase of antiviral drugs for the chronic hep-
atitis C treatment. Currently, patient selection is car-
ried out through telemedicine consultations conduct-
ed by the chief freelance infectious disease specialist
of the Ministry of Health of the Republic of Sakha (Yaku-
tia). During 2024, it is planned to treat 150 AZ residents
of the Republic of Sakha (Yakutia).

Given the extremely specific conditions of the re-
gion, the decentralization principle is the key to improve
the availability and quality of medical services in the AZ
of the Republic of Sakha (Yakutia). First of all, it is also
necessary to introduce systematic specific serological
and virological examinations of the population and pay
due attention to providing the AZ with highly qualified
specialists from among the graduates of the North-East-
ern Federal University in Yakutsk as the main source
of personnel in the republic. It is worth noting that
in 2022 alone, 80 doctors were trained in the republican
hepatology school as part of the continuous medical
education program, including 5 people from the Arctic
regions. This event has been held annually for 22 years
with the invitation of leading Russian specialists. Partic-
ular attention in the region is paid to raising awareness
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of viral hepatitis issues not only among health workers,
but also among patients and their relatives.

CONCLUSION

The complex epidemiological situation with chron-
ic viral hepatitis, caused by extreme natural and climat-
ic conditions, genetic characteristics of the indigenous
population and the lack of medical institutions special-
izing in the treatment of chronic viral hepatitis, dictates
the need to strengthen systematic mobile monitoring
studies and telemedicine consultations in the Arctic zone
of Yakutia. Thanks to this, residents of AZ hard-to-reach
areas of the Republic of Sakha (Yakutia) will be able to re-
ceive targeted subsidized assistance for the chronic viral
hepatitis treatment without traveling to Yakutsk.

Important measures include eliminating the person-
nel shortage by increasing the prestige of the infectious
disease doctor profession, creating comfortable work-
ing conditions, increasing wages, improving the system
of training personnel in infectious diseases, and increas-
ing the number of target referrals. It is also necessary
to conduct medical and social surveys of the population
on the satisfaction with medical care in order to assess
and adjust the measures taken by the Russian Minis-
try of Health to improve the epidemiological situation
and services provided to the population.
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