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Sergey I. Kolesnikov

Member of RAS

EDITOR-IN-CHIEF’S PREFACE

This issue presents a wide range of articles that can attract the reader
both by the novelty of approaches and data, and by their practical orientation.
For the first time in recent years, articles on infectious pathology do not come
out on top.

The first leading article of the issue is undoubtedly a study led by an out-
standing scientist, member of RAS V.A. Tutelyan (S.A. Apryatin et al.; Moscow,
St. Petersburg), who conducted a comparative analysis of changes in the liver
transcriptome of two lines of rats and three lines of mice treated with exces-
sive calorie content and lipogenic effect diets. In each animal species and sex
studied, genetic variants with a diet-induced obesity tendency were identi-
fied. This justifies new approaches to personalized diet therapy for alimenta-
ry-dependent diseases.

The second editorial article is a review of the master of free radical
processes research V.Z. Lankin et al. (Moscow), which provides evidence
of the predominant role of low-density lipoproteins (modified with low mo-
lecular weight dicarbonyl compounds formed during free radical oxidation
of lipids and carbohydrates) in the development of endothelial dysfunction
and atherosclerotic vascular damage. It is assumed that pharmacological
correction of free radical oxidation can slow down not only atherogenesis,
but also diabetogenesis.

The section of therapeutic orientation is represented by a few works.
A.N. Sumin et al. (Kemerovo, Novokuznetsk) devoted their article to the prob-
lem of diagnosing acute coronary syndrome in women. The author of the sec-
ond work L.A. lvanova (Irkutsk) identified risk factors for the development of vas-
cular dementia, but concluded that they are potentially reversible, which can re-
duce the development of cognitive disorders. There are unexpected findings
in the other publication. We are used to the fact that the troponin test has be-
come a routine in the diagnosis of myocardial infarction. But it turned out, ac-
cording to the article by M.S. Smirnova et al. (St. Petersburg) that troponin | in-
creases 2-4 times (without myocardial damage) in cross-country skiers in re-
sponse to training and may be an indicator of its intensity.

The only article on epidemiology came from Kazakhstan (Almaty, Ural-
sk), which presents an analysis of long-term data on the epizootic and epi-
demic activity of natural foci of tularemia and the created electronic map
of settlements endemic for tularemia to determine the volume of preven-
tive measures.

Surgical articles are represented by a large section of reviews, original
studies, and descriptions of unique cases, including ones in the field of onco-
logy. The review by E.A. Kravtsova et al. (Tomsk) might be of interest to the phy-
sicians in terms of education. The article showed that in countries implement-
ing the National Program of Vaccination against Human Papilloma Virus of High
Carcinogenic Risk, a decrease in the incidence of both cervical pathologies
of varying severity and other cancers associated with the carriage of this virus
was registered. The second review by K.V. Protasov and O.A. Barakhtenko (Ir-
kutsk) systematized data on stratification of the risk of cardiovascular compli-
cations of surgical treatment of cancer patients by using different biomarkers.
It seems that specialists will also be interested in the experience of V.A. Pelts
et al. (Kemerovo) on successful liver resections in the treatment of hepatocel-
lular carcinoma, as well as a description of a unique clinical case of diagnosis
and treatment of Castleman tumor of rare retroperitoneal localization, given
by M.B. Polyanskiy et al. (Kursk).
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Two articles are devoted to coloproctology. The article by Yu.A. Churina
etal. (Moscow) showed the possibility of expanding the indications for the treat-
ment of high anorectal fistulas involving up to 2/3 of the sphincter complex.
The authors of the second article, A.A. Zakharchenko et al. (Krasnoyarsk), de-
scribed the case of successful treatment of recurrence of hemorrhoidal disease
by endovascular occlusion of hemorrhoidal arteries.

Dentists may be interested in the article by A.A. Fefelov et al. (Chita, Irkutsk)
who have shown the effectiveness of plasmolifting for the treatment of chro-
nic periodontal disease, including restoration of endothelial function evidenced
by its markers. Ophthalmologists will learn about a rare case of sclerochoroi-
dal calcification, which can be mistaken for a malignant tumor, from the article
by A.D. Chuprov et al. (Orenburg).

In this issue, a large number of articles are related to the study of obesity
as a global epidemic and lipid metabolism disorders.

In the treatment of obesity, one of the problems is sarcopenia, and in this re-
gard, | would advise you to read the review of D.P. Kurmaev et al. (Samara),
who evaluated the need for branched-chain amino acids in the treatment
and prevention of sarcopenia in geriatric patients and concluded that the addi-
tion of BCAAs may be justified in cases where it is not possible to consume suf-
ficient amounts of high-quality protein from food.

The original and insufficiently studied topic of the influence of olfactory
and taste perception on metabolic homeostasis in obese patients was revealed
in the review by Yu.G. Samoilova et al. (Tomsk).

Ju.G. Birulina et al. (Tomsk) revealed a change in the reactivity of the respir-
atory tract and the formation of bronchospastic conditions and the induction
of an inflammatory response in the respiratory system in the obesity modelling
in rats. On another model, T.V. Brus et al. (St. Petersburg) showed that in non-
alcoholic fatty disease in the experiment, the increased formation of cytokines
IL-1, IL-6 inhibits the absorption of iron in the duodenum and blocks the re-
lease of iron processed from aging erythrocytes into the plasma, which may
be the pathogenesis link of anemia.

More and more attention of researchers is attracted by the problem of re-
habilitation of patients after diseases and vascular accidents. There are two
such articles in the issue. In the first one, the authors from Rostov, S.S. Meme-
tova et al., revealed that the availability of measures for medical rehabilitation
of a patient with a stroke in the early recovery period in a specialized rehabil-
itation center is limited and about half of the respondents expected a referral
of up to 6 months, which indicates the need to expand the network of such insti-
tutions. The second article by V.A. Beloglazov et al. from the Republic of Crimea
regarding the rehabilitation of post-COVID syndrome is also far from optimis-
tic - it is stated that the presented plan of sanatorium-resort treatment is in-
effective and the need for deeper scientific research in the direction of study-
ing the mechanisms of formation of low-intensity inflammation and methods
of combating it.

| found the review by E.M. Kuklina and N.S. Glebezdina from Perm interes-
ting. It is devoted to insufficiently studied markers of Th1-polarized Th17 cells,
which can cross the histohematic barriers and play a key role in the pathogen-
esis of many inflammatory and autoimmune diseases.

Where are three articles devoted to investigations in silico. The one
by N.Yu. Nosov et al. from Moscow showed that chocolate agar with growth
additives produced by the Russian manufacturer “Gem LLC" can be success-
fully used for the cultivation of pure culture of N. gonorrhoeae, instead of im-
ported one, which reduces the domestic microbiology dependence on im-
ports. V.I. Shlyapkina et al. (Saransk) developed emulsion forms of Sosnovs-
ky hogweed furanocoumarins as promising photosensitizers for various dis-
eases phototherapy.

The issue concludes with the article by T.A. Fominykh et al. (Simferopol)
dedicated to the 17th century anatomist Jean Pecquet, who made a signifi-
cant contribution to the development of this science.
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We are waiting for new interesting articles and comments, and of course
are welcoming new authors!

For citation: Kolesnikov S.I. Editor-in-Chief Preface to Issue 2, 2023. Acta biomedica sci-
entifica. 2023; 8(3): 5-10. doi: 10.29413/ABS.2023-8.3.1
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KonecHukoB
Cepren MiBaHOBINY

akagemuk PAH

B naHHOM HOMepe npeacTaBneH WUPOKNIN Anana3oH CTaTeln, KOTopble MO-
ryT NpYBfieYb YNTaTENA Kak HOBM3HOWM NMOAXOAO0B U faHHbIX, TaK U CBOEN NpaK-
TMYECKOWM HamnpaBieHHOCTbIO. BnepBble 3a nocnegHne rogbl Ha NepBoe MecTo
He BbIXOAAT CTaTby MO MHGEKLUNOHHOW NaToNOrnu.

MepBoW NnepenoBoON cTaTeil HOMepa, HECOMHEHHO, AABNAETCA UCC/IefoBa-
HVe noJ pyKOBOACTBOM BblgatoLeroca y4éHoro akagemunka PAH B.A. Tytenba-
Ha. B cBoeli ctatbe C.A. AnpaTuH 1 coaBT. (MockBa, CaHKT-[eTepbypr) nposenu
CpPaBHUTENbHbIN aHaNN3 U3MEHEHWI TPaHCKPUMNTOMA NeyYeHn ABYX JIMHUIN KPbIC
N TPEX NUHWUIA MbILLEN, MOMyYaBLUMX PALMOHbI C N3ObITOYHON KanlopUIHOCTBIO
M INNOTEHHbIM AeNCTBMEM. Y KaXKQoro M3yUYeHHOro Braa 1 Nosa »KMBOTHbIX Bbl-
ABNEHbI reHeTMYeCKre BapuaHTbl CO CKIIOHHOCTbIO K ANET-MHAYLMPOBaHHOMY
OXMPEHMI0, UTO 060CHOBbBIBAET HOBbIE MOAXOAbI K MepPCOHaANN3MPOBaHHON Au-
eToTepanuy aNMeHTapPHO-3aBUCMbIX 3a001eBaHUNA.

Bropoii nepepoBoli craTbéll ABNSETCA 0630 KONNEKTVIBA aBTOPOB NoJ py-
KOBOACTBOM M3TpPa UCC/iefoBaHnIn cBO60AHOpaAnKanbHbIX npoueccos B.3. JlaH-
KuHa (MockBa), nprBoJALLEero AoKa3aTeNlbCTBa NPenMyLLeCTBEHHOW PO nu-
NnonpoTenioB HN3KOM MIOTHOCTY (MOANDULIMPOBAHHBIX HU3KOMOJEKYNAPHbI-
MU ANKapOOHWbHBIMI COeiHEHVAMY, 0Opa3yloLWMMINCA NpY CBO6OAHOPAAU-
KaJIbHOM OKUCIIEeH IMNAO0B Y YTIEBOLOB) B Pa3BUTUN AUCHYHKLNM SHAOTENNA
1 aTepOCKNEPOTUYECKOro NopaxeHnsa cocyoB. lNpeanonaraercs, 4to papmako-
norrnyeckas KoppeKkums cBo604HOPaANKaNbHOr0 OKUCIEHUSI MOXKET 3aMeaNnTb
He TONbKO aTeporeHes, HO 1 AnabeToreHes.

Pa3gen TepaneBTNUYeCKO HanpaBNeHHOCTUN NpeACcTaB/ieH HEMHOTMMN
paboTtamun. OgHa r3 Hux — ctatba A.H. CymuHa n coaBT. (KemepoBo, HoBOKy3-
HeLK) — NocBslLleHa Npobneme ANarHOCTMKN OCTPOro KOPOHAPHOro CUHAPO-
Ma Y XeHLWKH. ABTOpom BTOpol paboThl, J1.A. iBaHoBowm (MpKyTCK), BbifBne-
Hbl paKTOpPbI pUCKa Pa3BUTUA COCYANCTON AIeMEHLMM, HO CAeNaH BbIBOJ, O TOM,
YTO OHV ABMAKTCA NOTEHLMANbHO 0OPATVMbIMU, UTO MOXET YMEHbLUUTb Pas-
BUTME KOFHUTUBHbIX PAacCTPONCTB. ECTb 1 HeoXnAaaHHble HaxoaKu. Mol npu-
BbIK/M, YTO TPOMOHWHOBBIN TECT CTan PyTUHOW NPU AUArHOCTUKe NHbAPKTa
MmoKapga. Ho okasanocb, cornacHo ctatbe M.C. CMmpHOBa 1 coaBT. (CaHKT-
MeTepbypr), uTo TPONOHKH | NoBbiwaeTca B 2-4 pasa (6e3 noBpexaeHna Mu-
OKappa) Y NIbXXHUKOB-TOHLLMKOB B OTBET Ha TPEHVPOBKY Y MOXET ObITb MOKa-
3aTenem eé NHTEHCMBHOCTM.

EQuHCTBEHHaA cTaTba Mo anugemmuonorum noctynuna s KasaxcraHa (An-
MaTbl, Ypanbck). B Hel npefacTaBneH aHann3 MHOTONETHUX JAaHHbIX MO 3MU300-
TUYECKOM U SNNAEMNYECKON aKTUBHOCTM NPUPOAHbBIX 04aroB TyNApeMum 1 Co3-
[aHa 3NeKTPOHHaA KapTa dHAEMUYHbIX MO TyNAPEeMUN HaCeNEHHbIX MYHKTOB
Ans onpepgeneHna 06bEMOB NPOPUNTAKTUUYECKUX MEPONPUATUIA.

CraTby XMpypruyeckoi Hanpas/ieHHOCTU NpeAcCcTaBieHbl 60NbWNM pas-
Zenom 0630p0B, OPUTVHaMbHBIX NCCIeOBAHNIA U OMUCAHUA YHUKAJbHBIX CITy-
Yyaes, B T. Y. B 0611aCTV OHKonorum. /IHTepeceH ans Bpayen 1 B nyaHe Npocse-
weHuA 063op E.A. KpaBLoBo 1 coaBT. (TOMCK), MOKa3aBLUNX, YTO B CTPaHaXx, pe-
anusyowmx HaumoHanbHyo NnporpamMmmy BakUUHaL MM NpOTMB BUPYyCa Nanunno-
Mbl YeNIOBEKa BbICOKOI O KaHLIepPOreHHOr0 PUCKa, 3aperncTpupoBaHO CHKEHNE
3a60/1eBaeMOCTV KaK MaTONOrMAMM LWEVKM MATKW Pa3INYHON CTEMEHU TAXECTH,
TaK 1 ApYrMmuy OHKO3aboneBaHUsAMM, aCCOLMMPOBAHHbBIMY C HOCUTENbCTBOM [1aH-
Horo Bupyca. Bropoii 063op 13 MpkyTtcka — aBTopcTsa K.B. MpoTacosa n O.A. ba-
PAXTEHKO — CUCTeMaTU3MPOBas AaHHble MO CTpaTUdUKaLmM prcKa cepaeyHo-
COCYAMNCTbIX OCNIOXHEHNIA XMPYPTrMUYeCKOro fleUeHrA OHKONOrMYeCKrX 601bHbIX
C nomoLLbto bBrioMapKkepoB. [NpeacTaBsAeTCA, UTO 3aMHTEPeCYIOT CNeLranncToB
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onbIT B.A. Tenbua 1 coaBT. (KemepoBo) MO yCMNelHbIM pe3eKkUraM NeveHn B ne-
YeHUU renaToLesINIAPHONO Paka, a TakKe OnucaHne PeKoro KIMHUYeCckoro
cflyyas AUArHOCTUKK 1 nedeHns onyxonu KactnemaHa pefkon 3abpronHHON
nokanusauuu, npusenéHHoe M.B. MNonaHckum 1 coasT. (Kypck).

[lBe cTaTby NOCBALLEHbI KONONpoKTonorum — ctatba K0.A. YypurHol ¢ co-
aBT. (MocCKBa), NoKa3aBLUMX BO3MOXKHOCTb PaCLUMPUTb NOKa3aHUA 4fa neyeHmnsa
BbICOKMX aHOPEKTasbHbIX CBULLEN NPU BOBJIeYeHN A0 2/3 COUHKTEPHOIO KOM-
nnekKca, a Takke ctatba A.A. 3axapueHKo 1 coaBT. (KpacHoApcKa) No ycnewHo-
My JIeUeHUI0 peLuarBa reMopponsanbHom 60ne3HM SHAO0BACKYNAPHOMN OKKIII0-
31en reMoppPOnAANbHbBIX apTeEPU.

CTomaTonoroB MOXeT 3auHTepecoBatb cTatbA A.A. Qedenosa 1 coaBrT.
(YuTa, NpKyTCK), nokasaBwnx 3GPpeKTMBHOCTb NnasmonudTmHra ans neve-
HUA XPOHNYECKOro NapafioHTO3a, B T. Y. BOCCTaHOBMEHNA GYHKLUN SHAOTeNnA
no ero mapkepam. Opranbmonoru u3 ctaton A.Jl. Yynposa u gp. (OpeHbypr)
Y3HalOT O PefkoM CJlyyae CKIepoxopruonaanbHon KanbLmdbukaLlmm, KoTopyio
MOXXHO MPUHATb 3a 3/1I0KaYeCTBEHHYI0 OMyXOJb.

B 3Tom HOMepe 6onbLIoe KONMYecTBO CTaTell CBA3aHbl C MCCNefoBaHm-
€M OXKMpPeHUs Kak MUPOBOI 3N1LEMU 1 HApYLIeHW MeTabonm3ma nunmngos.

Mpw neyeHn OXXMPEHUs OJHOM U3 NPO6NEeM ABAAETCA CApKOMEeHWs, U B 3TON
cBA3M A 6bl NocoBeTOBaN NpounTatb 0630p [.M. Kypmaesa n coasT. u3 Camapsl,
OLIEHUBLUMX HEOOXOAMMOCTb MPUMEHEHVA aMUHOKMCIIOT C Pa3BETBIIEHHON Lie-
Mblo B IeYEHUN 1 NPOGUNAKTUKE CAPKOMEHNMN Y repruaTpuyeckmx nalyMeHToB
1 3aKMIoUMBLLMX, 4TO fob6aBneHne BCAA MoXeT 6bITb ONpaBAaHo B TeX Cyyasx,
Korga HeBO3MOXKHO MOTPebNATb JOCTAaTOUHOE KONMYECTBO BbICOKOKaUYeCTBEH-
Horo 6enka c nuLLen.

OpurnHanbHyo U HeJOCTaTOYHO UCCIIeJOBAHHYIO TeMY BIUAHUA OOOHA-
TeJIbHOrO 1 BKYCOBOIO BOCMPUATAA HAa MeTabonnyeckuin romeoctas y naymeH-
TOB C OXMPEHNEM PacKpbinu B cBOEM 0630pe t0.I. Camoinnosa 1 coaBT. (TOMCK).

lO.I'. BupynuHom n coasT. (TOMCK) BbIIBIEHbI UI3MEHEHNE PeaKTUBHOCTY ibl-
XaTesibHbIX nyTel, GopMUpoBaHue HBPOHXOCMACTUYECKNX COCTOSHUIN U NHAYK-
LMA BOCMNANIUTENbHON peaKkumy B pecrnmpaTopHOM cucTeme npy MOAenmpoBa-
HUW OXXMpeHus y Kpbic. Ha gpyroii mogenu T.B. Bpyc v coaBT. (CaHkT-TeTepbypr)
noKasasnu, YTo NPV HeaslKorosibHON XUPOBOW 6ONe3HN B SKCMEPMEHTE MOBbI-
LeHHoe obpa3oBaHue uutokuHos UJ1-1, UJ1-6 nHrmbmnpyet BcacbiBaHWe Xxene-
3a B IBEHaALATUNEPCTHON KMLLKe 1 GIOKMpPYeT BbICBOOOXKEHNE Xefe3a, nepe-
paboTaHHOrO 13 CTapeLMX SPUTPOLIUTOB B Mi1a3My, YUTO MOXKET ObITb 3BEHOM
naToreHesa aHeMuMu.

Bcé 6onblue BHUMaHUS UccnegoBaTesNieil nNprefiekaeT npob6nema peabu-
nuTauMmn NayMeHToB nocsie nepeHecéHHbIX 3a60N1eBaHNN U COCYMNCTbIX KaTa-
cTpod. Takmx cTaTel B HoMepe aBe. B nepeoii — ctatbe C.C. MemeToBa 1 COaBT.
(PocToB-Ha-[loHy) — BbIAABNIEHO, YTO AOCTYNMHOCTb MEPONPUATUA MO MeANLNH-
CKOI peabunutauum naumeHTa c nepeHecéHHbIM MHCYNIbTOM B PaHHEM BOCCTa-
HOBUTENbHOM Nepuofe B YCSIOBUAX CNeLrann3npoBaHHOMo peabunmtaumoHHo-
ro LeHTpa orpaHnyeHa, 1 OKOJO MNOMOBMHbI PECMOHAEHTOB OXKMAANN HanpaBsie-
HUe Jo 6 MecALeB, YTO CBMAETENIbCTBYET O HEOOXOANMOCTY PacLUMPEeHNsA CeTH
nofo6HbIX yupexxaeHuin. Bropas ctatbs — B.A. benornasoa u coasT. (Pecny6nu-
Ka KpbIm) — OTHOCKTENIbHO peabunrTaumy NOCTKOBMAHOrO CUHAPOMA TaKXe Ja-
neKa oT ONTMMM3MA: 3asABAeHO O He3DhEKTUBHOCTU NPEACTABNEHHOrO MNlaHa
CaHaTOPHO-KYPOPTHOrO JIeUeHMs U HEOOXOAMMOCTU Gosiee FyHOoKNX HayUHbIX
M3bICKaHWI B HanpaBneHUN N3yuYeHns MexaHn3mMoB GOPMUPOBAHNA HU3KOUH-
TEHCMBHOIO BOCManeHnsa u MeToaoB 60pbObl C HUM.

MHe noka3sancsa nHrtepecHbim 063o0p E.M. KyknuHon n H.C. Tnebe3gu-
Hol (MepMb), NOCBALWEHHDBIV HEJOCTAaTOUHO M3YyYeHHbIM MapKepam Thi-
NonsApr30BaHHbIX KneTtok Th17, KoTopbiM OTBOAMTCA KNtOUeBas poJib B natore-
He3e MHOMMX BOCNanuTeNbHbIX U ayTOMMMYHHbIX 3aboneBaHuni, a TakxKe B npe-
O[ONEHNN FTMCTOreMaTUYecKrx 6apbepos.

Pa6oTbiin silico Tpn. OgHa (Hocos H.HO. 1 coaBT., MockBa) NoKasasna, uTo wo-
KONagHbI arap ¢ poCcToBbIMU f06aBKaMU MPOM3BOLACTBA POCCUINCKOrO Npous-
BoacTBa (OO0 «'em», MOCKBa) MOXKET YCMNeLIHO NCMOMb30BaTbCA Kak MMMNOPTO-
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3amMecTuTesNb AN1A KYNbTUBUPOBaHNA YNCTON KynbTypbl N. gonorrhoeae, 4to cHu-
»aeT 3aBMICUMOCTb OTEYECTBEHHOW MUKpobronorum oT umnopTa. B uccneposa-
Hum B.N. lnsankuHoi n coaBT. (CapaHcK) pa3paboTaHbl 3MynbCUOHHbIE GOPMbI
dypaHokymapuHoB 6opLieBmka COCHOBCKOTrO Kak NepcrnekTBHbIX GOTOCEHCU-
6unM3aTopoB Ana poToTepanuy pPasfivyHbIX 3a60neBaHN.

3aBepLuaeT BbinycK ctatba T.A. QomuHbIX 1 coaBT. (Cumdepononb), nocsa-
LWEHHaA n3BecTHoOMy yuéHomy-aHaTomy XVII Beka MaHy Neke, BHECLLIEMY Cepbés-
HbI BKNag B pa3BuTME STON HaYKN.

MOEM HOBble HTepEeCHble CTaTbU M HOBbIX aBTOPOB!

Ana untnpoBanua: KonecHukos C.W. MNpegucnosue rnaBHoro pegaktopa K N2 3 (2023).
Acta biomedica scientifica. 2023; 8(3): 5-10. doi: 10.29413/ABS.2023-8.3.1
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ABSTRACT

The review presents evidence of the participation of low-density lipoproteins (LDL)
modified by low molecular weight dicarbonyl compounds formed during free-
radical oxidation of lipids (malondialdehyde) and carbohydrates in the development
of endothelial dysfunction and atherosclerotic vascular lesions. The authors believe
that it is they, and not oxidized (hydroperoxide-containing) LDL, that are the main
factors of pathogenesis. The role of dicarbonyl-modified LDL in LOX-1 dependent
induction of processes leading to the development of endothelial dysfunction
is discussed. The results of studies proving that damage to the glycocalyx (a layer
of macromolecules that prevent the development of endothelial dysfunction) cover-
ing the luminal surface of the endothelium is caused by hyperproduction of reactive
oxygen species. Ways of pharmacological correction of free-radical oxidation pro-
cesses are discussed, due to which inhibition of atherogenesis and diabetogenesis
can be achieved.
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PE3IOME

Bo630ope npusodsmcs dokazamesnbcmaa yuacmus aunonpomeuoos HU3Kou njiom-
Hocmu (JTHI), MoOuguyuUpOBAHHBIX HUSKOMOJIEKYIAPHLIMU OUKAPOOHUTbHBIMU
CoeOUHeHUAMU, 06pasyroWUMUCA Npu c80600HOPACUKA/IbHOM OKUC/IEHUU TUNUO08
(mManoHoswbIl Ouansoe2ud) u y2neso008, 8 pazsumuu OUuchyHKYUU SHOomesnus
U amepocKiepomuy4eckozo NopaxeHus cocyo0os. ABmopel Noaazaom, Ymo UMeHHO
OHU, a He OKUCJIeHHble (2udponepokcud-cooepxauwyue) JIHI a81910mcs 0CHOBHbIMU
¢hakmopamu namozeHe3a. O6cyx0aemcs posib OUKapOOHUT-MOOUPBUYUPOBAHHbIX
JIHIT 8 LOX-1-3a8ucumoti UHOYKYUU Npoyeccos, NpusooAWUX K pazsumuio ouc-
¢yHKYuU 3H0OMenus. Paccmampusaromcs pesysibmamel Uccs1e0o8aHuli, 00Ka-
3bI8AIOWYUX, YMO K NOBPEXOEHUIO NOKPbLIBAIOWE20 JIIOMUHAIbHYI0O NOBEPXHOCMb
SHOOMeNUs 2IUKOKATUKCA — CJIOS MAKPOMOJIEeKYJT, Npensmcmaytouje2o pa3eumuio
ouceyHKYuU 3HOOMesus, — 8e0ém 2unepnpoOyKyUs AKMUBHbIX (hOPM KUC/IOpOOd.
O6cyx0aromca nymu ¢hapmakoso2uydeckol Koppekyuu npoyeccos c0600HOpaou-
KasbHO20 OKUCeHUs, 671a200aps Komopol Moxem 00CMu2ambsCs MopMoXeHUe
npoyeccos amepozeHe3a u duabemoezeHesd.

Knioueevole cnosa: mManoHo8bIl 0uane0e2ud, MemusiuoKcaab, OUCyHKYUA
3HOOMeNUs, 2/IUKOKAJTUKC, IUNONpomMeuodbl HU3KOU N1I0MmHoCcMu, c80600Hble
paouKasbl, amepockiepos, caxapHsilt duabem
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In the middle of the last century, Denhem Harman
hypothesized that aging is associated with the accu-
mulation of cell damage caused by products of spon-
taneous free-radical oxidation (FRO) [1, 2]. Since such
pathologies as atherosclerosis and diabetes melli-
tus can be attributed to diseases of old age, D. Har-
man suggested that the emergence and development
of these pathological conditions (he called them “free-
radical diseases”) are associated with the damaging
effect of free-radical reactions [3]. J. Glavind et al. [4]
in 1952 were the first to suggest that free-radical ox-
idation of lipids might be one of the triggering fac-
tors of atherosclerotic lesion of the vascular wall.
Based on the analysis of autopsy materials, these au-
thors concluded that the level of lipoperoxides in hu-
man aorta with atherosclerotic lesions is always high-
er than in the unaffected vascular wall. Unfortunately,
a small number of samples were studied in this work,
and an insufficient method of analysis was used to an-
alyze the lipoperoxide content, which, as it was found
later [5], is not specific enough. In spite of this, dur-
ing the following decade the conclusions of the work
of J. Glavind et al. did not raise doubts. Only in 1965,
F.R. Woodford et al. [5] made an attempt to experimen-
tally verify these results, using a highly specific method
of iodometric titration with amperometric equivalence
point determination developed earlier for the analysis
of lipoperoxides [6]. The results obtained by F.R. Wood-
ford et al. practically refuted the conclusion of J. Glavind
et al. as statistically significant differences between
the content of lipoperoxides in atherosclerotic le-
sion areas and intact areas of the aorta in autopsies
could not be detected by these authors. The pessimis-
tic conclusions of the publication by F.R. Woodford et al.
cooled the interest in the free-radical theory of athero-
genesis for a long time, despite its theoretical justifica-
tion given in the articles by D. Harman [1-3]. At the same
time, we detected an increase in the content of free ra-
dical oxidation products in the aorta of animals with ex-
perimental atherosclerosis [7]. Only two decades later
our group using an adequate method of high-perfor-
mance liquid chromatography (HPLC) proved a signifi-
cantincrease in the content of primary products of FRO -
lipid hydroperoxides (LOOH) [8, 9] in the aorta damaged
by atherosclerosis (compared to the unaffected area
of the vascular wall), which increased with the progres-
sion of atherosclerotic lesion [8, 9]. It should be noted
that these unique studies were performed using autop-
sy material during rapid autopsies of people who died
in car accidents within 3 hours after the confirmation
of death, i. e., when native samples were analyzed [8, 9].
(HPLC on a chiral phase column) with ratio of S- and R-
stereoisomers proved that LOOHs detected in athero-
sclerotically damaged aorta are the result of spontane-
ous (non-enzymatic) free-radical oxidation of unsatu-
rated lipids [8, 9]. Cholesterol esters is the major class
of lipids accumulating in the areas of atherosclerotic
lesions of the vascular wall [10, 11], and not only fatty
acid residues [8, 9] but also the sterol part of the mol-
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ecule are subjected to oxidation [10, 12]. A decrease
in the activity of key antioxidant enzymes (Se-contain-
ing glutathione peroxidase (GSH-Px) and Cu,Zn-su-
peroxide dismutase (Cu,Zn-SOD)) was also detected
in the areas of human aortic atherosclerotic lesions, pro-
gressing with the increasing degree of damage [9, 13].
Then the hypothesis ofimbalanced systems of FRO prod-
uct formation and utilization in atherosclerosis was for-
mulated [9, 14]. The same data provided convincing
grounds for classifying atherosclerosis as a “free-radical
pathology”,i.e., a disease whose pathogenesis is strong-
ly influenced by FRO processes [9, 14].

It should be noted that a significant increase in the lev-
el of primary and secondary products of lipid free-radical
oxidation was detected in a representative epidemiolog-
ical study in blood plasma of probands with diagnosed
atherosclerosis [7, 9, 14]. In the same study, decreased
activity of erythrocyte GSH-Px, LOOH utilizing enzyme,
was found in patients with atherosclerosis [9, 14]. Based
on these results, it could be assumed that nanoparticles
of the lipid-transporting system - blood plasma lipopro-
teins — undergo oxidation during atherogenesis [7, 9, 14].
Indeed, it has been shown that “atherogenic” low-densi-
ty lipoproteins (LDL) easily undergo oxidation both when
incubated in the presence of vascular endotheliocytes
and in the presence of free-radical oxidation initiators
[15, 16]. It was found that chemical modification of blood
plasma LDL particles with acetaldehyde makes them more
«atherogenic» [17], i. e. capable of binding to the scaven-
ger receptor and accumulating in macrophages of the vas-
cular wall [17]. Later, numerous studies found that LDL
particles subjected to free-radical oxidation also become
«atherogenic» [18-25].

It is recognized that lipid FRO is a two-stage pro-
cess: first, primary — unstable - LOOH oxidation products
are formed. They further undergo oxidative degradation
and form low molecular weight dicarbonyls, i. e. second-
ary products [26]. Consequently, with a sharp increase
of LOOH in tissues, oxidative stress during atherogen-
esis must inevitably be accompanied by the accumula-
tion of such active carbonyl products as hydroxynonenals
and malondialdehyde (MDA), i. e., converted to carbon-
yl stress [14, 26]. In turn, aldehyde groups of dicarbonyls
can easily react with the amino end groups of proteins
by the Maillard reaction to form intra- and intermolec-
ular cross-links in their molecules [26]. The possibili-
ty of MDA participating in modification of LDL apopro-
tein B-100 has been established [27], but nevertheless,
the question of the mechanism of LDL oxidative modifica-
tion, due to which LDL particles acquire “atherogenicity”,
has not been solved so far [14].

In strict terminology, “oxidized” LDLs contain hy-
droperoxy acyls in the phospholipids of the outer lay-
er of the particles. Fundamentally, the accumulation
of hydroperoxy acyls in the outer phospholipid mon-
olayer of LDL can lead to changes in apoprotein B-100
conformation. Thus, during free-radical oxidation of un-
saturated (“liquid”) acyls of membrane phospholipids,
an increase in membrane microviscosity is detected [9,



28] due to the “pushing” or “pulling” of more polar hy-
droperoxy acyls into the aqueous phase, as the rela-
tive content of saturated («solid») fatty acid residues
increases in the membrane [9, 28]. It is highly likely
that when fundamental properties of biomembranes
such as microviscosity and polarity are significantly al-
tered, the conformation of peripheral and integral pro-
teins embedded in the phospholipid bilayer may be al-
tered. In particular, we found a multidirectional change
in the activity of membrane-bound enzymes in the same
membrane during free-radical oxidation of liver micro-
somes biomembranes: the activity of some enzymes
(sensitive to oxidation) decreased, while that of oth-
ers (resistant to oxidation) increased [29], which can
be explained by a physical change in the conformation
of the molecules of these proteins when the physico-
chemical properties of membrane lipids change. Based
on these results, it could be assumed that oxidation
of phospholipidsin LDL particles would lead to a change
in the apoprotein B-100 conformation, as a consequence
of which the efficiency of binding of such “oxidised”
LDLs to the scavenger receptor of macrophages would
also be changed.

The in vitro induction of LDL free radical oxidation
using various initiators (such as azo initiators, hydrogen
peroxide, superoxide anion radicals, metal ions of var-
iable valency, etc.) leads to an increase in the concen-
tration of both primary (LOOH) and secondary lipoper-
oxidation products (MDA) [30, 31]. Therefore, it is obvi-
ous that it is impossible to determine which lipid FRO
products cause “atherogenic” modification of LDL par-
ticles using standard approaches. We were able to ob-
tain truly oxidized LDLs without an admixture of MDA-
modified LDLs [31] using a homogeneous preparation
of rabbit reticulocyte 15-lipoxygenase capable of oxi-
dizing polyene acyls of phospholipids [32]. At the same
time, MDA-modified LDLs without an admixture of ox-
idized (LOOH-containing) LDL were obtained by incu-
bation of LDLs with MDA [31]. When studying athero-
genicity (efficiency of LDL particles capture by cultured
human macrophages) of the two obtained LDL modi-
fications, we experimentally proved that not oxidized
(LOOH-containing LDLs) but exclusively MDA-modified
LDLs bind to the scavenger receptors of macrophages
[31]. Consequently, LDL particles modified by natural di-
carbonyls rather than oxidized LDLs should be efficient-
ly captured and accumulated in lipid vacuoles of vascu-
lar wall cells [31]. This leads to preaterosclerotic lesions
of vascular walls and the transformation of macrophages
and smooth muscle cells into “foam cells” forming lipoi-
dosis zones [9, 14]. The obtained results do not just clar-
ify the existing terminology, but are of principal charac-
ter, since they substantiate the existence of a quite def-
inite molecular mechanism of “atherogenic” modifica-
tion of LDL particles with the participation of natural
low-molecular carbonyl compounds. It was also found
that the most cholesterol-rich LDL particles are also simul-
taneously MDA-modified [33]. Therefore, carbonyl mod-
ification of LDL particles may contribute to the efficient
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entry of cholesterol into the vascular wall [33]. In addition,
there is evidence that increased accumulation of MDA-
modified LDLs is characteristic of patients with certain
mutations of apoprotein B-100, i. e. there is a possibili-
ty that carbonyl modification of LDLs may be genetical-
ly determined [34].

Protein molecules Cu,Zn-SOD and GSH-Px, similar-
ly to LDL apoprotein B-100, also undergo modification
during MDA accumulation during atherogenesis [35, 36],
which is accompanied by suppression of their activity
due to conformational changes in the structure of the ac-
tive centre [35, 36]. Itis obvious that dicarbonyl-dependent
inhibition of antioxidant enzyme activity during athero-
genesis must result in stimulation of oxidative stress.
Thus, the development of oxidative (LOOH accumulation)
and subsequent carbonyl stress (MDA accumulation) dur-
ing atherogenesis leads to the formation of dicarbonyl-
modified LDLs, which are the key factor causing pretero-
genic damage to the vascular wall and subsequent forma-
tion of atherosclerotic plaques [14].

Although the available literature attributes diabetes
mellitus as a risk factor for atherosclerosis or a contribut-
ing factor to its development, a large number of diabet-
ic patients die due to vascular incidents [37-39], no con-
vincing pathophysiological explanation is provided. Nev-
ertheless, an important role of FRO in the pathogene-
sis of diabetes mellitus has been hypothesized for quite
some time [40]. The basis of this hypothesis is the assump-
tion that in diabetes mellitus initially develops carbon-
yl rather than oxidative stress [41], in which active dicar-
bonyls such as glyoxal and methylglyoxal formed during
oxidative transformations of glucose accumulate [41-43].
Glyoxylation during autoxidation of glucose and oth-
er hexatomic carbohydrates leads to the formation of gly-
oxal. Methylglyoxal is synthesized during enzymatic ox-
idation of glucose with the formation of triosophos-
phates [41, 44, 45]. Methylglyoxal, as we have shown,
can also be formed when glucose derivatives are attacked
by lipoperoxyl free radicals, i. e. non-enzymatically [46].
High blood glucose level in patients with type 2 diabe-
tes mellitus contributes to LDL co-oxidation and a sharp
increase in the rate of LDL lipid FRO accompanied by su-
peroxide anion radical formation [47]. In the Maillard
reaction, the interaction of methylglyoxal and amino
end groups of apoprotein B-100 LDL can also gener-
ate superoxide radical [48]. Thus, diabetogenesis, unlike
atherogenesis, is characterized by the primary develop-
ment of carbonyl stress (accumulation of active carbon-
yl compounds), and at later stages, reactive oxygen spe-
cies (ROS) generated by the reactions described above
induce secondary oxidative stress.

On this basis, the stages of carbonyl stress devel-
opment and subsequent oxidative stress character-
ized by the accumulation of various oxidation products
should be distinguished during diabetogenesis. The ac-
cumulation of glyoxal and methylglyoxal in the blood
plasma of diabetic patients has been repeatedly con-
firmed experimentally [41-43]. At the same time, the pres-
ence of oxidative stress in diabetes is evidenced by a de-



crease in telomere length in blood nuclear cells [49],
as well as an increase in the level of 8-hydroxy-2'-deox-
yguanosine, the end product of oxidative DNA destruc-
tion, in the blood and urine of type 2 diabetic patients
[49]. It should be noted that 8-hydroxy-2-deoxyguanosine
is a recognized biomarker of oxidative stress [50]. Its accu-
mulation is not associated with the development of car-
bonyl stress. Increased levels of LOOH-containing LDLs
[41]in the blood of type 2 diabetes patients also suggests
that secondary induction of oxidative stress may indeed
occur during atherogenesis. Similar to atherosclerosis,
type 2 diabetes patients have increased carbonyl modifi-
cation of LDLs [49] and a sharp drop in erythrocyte Cu,Zn-
SOD and GSH-Px activity [49, 51], which is a characteristic
reflection of carbonyl stress.

A significant increase in glyoxal and methylglyox-
al levels in the blood of type 2 diabetes patients [41-
43] can induce LDL modification, which is recognized
by scavenger receptors of macrophages and thus canin-
duce LDL accumulation in the vascular wall with subse-
quent development of lipoidosis lesions [41]. It has been
shown that LDL modification by methylglyoxal signifi-
cantly increases the “atherogenicity” of LDLs (increases
their receptor capture by macrophages) [41, 52]. Based
on the above data, we hypothesized a single molecular
mechanism of vascular wall damage in atherosclerosis
and diabetes mellitus, which includes increased chem-
ical modification of LDL apoprotein B-100 by dicarbo-
nyls accumulated during free radical oxidation of lipids
in atherosclerosis or autoxidation of glucose molecules
in diabetes mellitus [47]. This hypothesis satisfactorily
explains the reasons for the stimulation of atherogene-
sis in diabetes and the fact that diabetes may increase
the risk of atherosclerosis [47].

As it has been found in recent years, oxidized LDLs
also play an important role in causing endothelial dys-
function [53-56]. The endotheliocyte scavenger receptor
LOX-1 is thought to bind to oxidized LDLs, causing the
expression of NADPH-oxidase, which generates superox-
ide anion radical, causing endothelial cell damage [57].
We found that strong expression of LOX-1 and NADPH-ox-
idase biosynthesis in human endotheliocytes is induced
by culturing cells in the presence of dicarbonyl-modified
(MDA-, glyoxal-, and methylglyoxal-modified) LDLs [58].
Consequently, the initial stages of vascular endothelial
dysfunction, a process that plays a leading role in athero-
genesis and diabetogenesis, are likely to be directly de-
pendent on the formation of dicarbonyl-modified rather
than “oxidized” LDLs. As a result, superoxide-dependent
endotheliocyte damage provokes stimulation of apopto-
sis and endothelial cell death [53, 56, 571, which, in turn,
obviously facilitates the penetration of modified LDLs into
the vascular wall.

We have found that the enzyme antioxidant system
of endotheliocytes is represented mainly by special class-
es of enzymes - peroxiredoxins [59], which, in accord-
ance with our data, like Cu,Zn-SOD and GSH-Px [35, 51],
are very sensitive to the inhibitory action of low-molec-
ular-weight dicarbonyls accumulated under oxidative
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and carbonyl stress [60]. There is no doubt that suppres-
sion of peroxiredoxin activity attenuates the antiradical
defence of endothelial cells, contributing to endothe-
lial damage and dysfunction. Thus, the data obtained
suggest that the formation of carbonyl-modified LDLs
is a key factor in the development of endothelial dys-
function, a process that plays a leading role in athero-
genesis and diabetogenesis.

Endothelial dysfunction must precede damage
to the endothelial glycocalyx. The glycocalyx is a pro-
tective layer of macromolecules (such as proteoglycans
and glycoproteins) covering the luminal surface of en-
dotheliocytes [61, 62]. Damage to the glycocalyx is con-
sidered to be the earliest stage of vascular wall damage
in various pathologies [63-66]. Glycocalyx controls the
permeability of the vascular wall [67] and the adhesion
of blood formed elements on endotheliocytes [68, 69].
In addition, the glycocalyx protects the endothelium
from damaging factors such as viruses, pro-inflammato-
ry cytokines and ROSs [70, 711. It is likely that glycocalyx
layer is the barrier preventing atherogenic LDLs (obvi-
ously, dicarbonyl-modified LDLs) from penetrating into
the subendothelial space of the vascular wall [72]. A de-
crease in glycocalyx thickness due to its fragmentation
has been observed in the process of ROS hyperproduc-
tion (“oxidative burst”) during ischemia and/or ischemia/
reperfusion [73-75], as well as an increase in the level
of oxidized LDLs [76, 77]. These facts suggest that oxi-
datively modified LDLs (most probably dicarbonyl-mod-
ified LDLs), formed by oxidative and carbonyl stress, are
the most important factors in atherogenesis. Conse-
quently, preservation of the glycocalyx should prevent
atherogenesis and diabetogenesis. Damage to the gly-
cocalyx can be considered as the first step in atheroscle-
rotic vascular damage.

The above proves that it is logical to use antioxidants
to suppress lipoperoxidation in LDLs, and several clin-
ical studies have used natural antioxidants such as vi-
tamin E (a-tocopherol, a-TOH) for this purpose. In con-
trast to the very encouraging positive results obtained
from studies involving animals with experimental athero-
sclerosis, trail data on antioxidant intervention (predom-
inantly a-TOH, in some cases in combination with ascor-
bate and/or B-carotene) in cardiovascular diseases
are quite ambiguous [78-82]. In randomized, double-
blind, placebo-controlled trials, the use of antioxidant
vitamins was found to statistically significantly reduce
the risk of cardiovascular disease and cardiac mortality
[83-85]. Moreover, angiography was performed as a con-
trol in one of the few studies [86], and the suppression
of coronary stenosis in patients treated with antioxidants
was documented [86]. Studies involving large cohorts
of men [87] and women [88] have demonstrated that reg-
ular consumption of a-TOH for several years contributes
to a statistically significant reduction in the risk of cor-
onary artery disease (CAD) [87, 88]. More than 2000 pa-
tients involved in the Cambridge Heart Antioxidant Study
(CHAOS) with angiographically confirmed atheroscle-
rosis received high (400-800 IU/day) doses of a-TOH



for one year, and a statistically significant reduction
in the risk of myocardial infarction was detected [89].
A statistically significant reduction in myocardial in-
farction incidents was noted during the SPACE study
involving patients with CAD who were treated with he-
modialysis and therapy including 800 IU/day of a-TOH
for almost 1.5 years [90]. However, several other clini-
cal trials have not demonstrated statistically significant
reductions in cardiovascular complications and/or re-
ductions in cardiac incident mortality with antioxidant
administration [91-94]. For example, a study including
a large number of male smokers who received a-TOH
and/or B-carotene for 5-8 years did not show statis-
tically significant increase in cardiovascular mortali-
ty [91]. In the GISSI-Prevenzione Trial, administration
of 450 IU/day of a-TOH to patients with post-myocardial
infarction (about 3 months) was not effective in reducing
mortality, nor in reducing the incidence of new infarc-
tions or strokes for 3.5 years [92]. In the Heart Outcomes
Prevention Evaluation Study (HOPE), more than 1500 pa-
tients at high risk of cardiovascular disease who received
400 IU of a-TOH per day for 4.5 years showed no statis-
tically significant reduction in cardiovascular mortali-
ty [93]. In the MRC/BHF Heart Protection Study, more
than 20,000 patients with CAD who received an antiox-
idant vitamin complex (900 IU/day of a-TOH) for 5 years
showed no increase in infarction- and stroke-related
mortality [94]. The results of such studies, which, con-
trary to expectations, have not provided clear positive
results regarding the use of antioxidants (including ex-
tremely high doses of a-TOH), gave a reason to believe
that the antioxidants used had a negative effect [78, 79].
Obviously, it is not correct to interpret the lack of ef-
fect as a negative effect, but the ambiguity of results
on the use of antioxidants in the clinic makes it neces-
sary to critically analyze the reasons for this. It is impor-
tant to note that no studies have found negative effects
of antioxidants (e. g., increased mortality and/or cardiac
complications), only a lack of expected positive effects.
Based on the design of the conducted studies, the prin-
ciples of selection of the used antioxidants and their
doses, the criteria for the assessment of biochemical
and clinical changes, it seems obvious that the results
of such studies a priori cannot give an unambiguous an-
swer to the questions posed in them. We might agree
with the statements of ardent opponents of further re-
search on the use of antioxidants in cardiology about
the uselessness (or even pointlessness) of continuing
such research [78, 79]. However, we should not radical-
ly change approaches to planning and conducting work.

It should be noted that the choice of a-TOH (vita-
min E) as an antioxidant used in most of the above studies
cannot be considered as sufficiently successful and jus-
tified. It is known that a-TOH, like other fat-soluble vita-
mins, is transported in the body as part of the hydropho-
bic lipid core of LDL particles [95]. Nevertheless, the pro-
tection of circulating LDL particles from free-radical ox-
idation in the bloodstream is performed not by a-TOH,
but by the reduced (phenolic) form of coenzyme Q,,[9,96-
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100]. Based on the fact thatin 1 LDL particle only 1-2 mol-
ecules of coenzyme Q,, account for approximately
650 molecules of the substrate of free-radical oxidation -
phospholipids [101, 102], effective inhibition of free-radi-
cal reactions in LDLs by this antioxidant is impossible with-
out its bioregeneration, possibly involving radical interme-
diates a-TOH and ascorbate [102-107]. At the same time,
it has been shown that administration of high doses
of a-TOH does not affect LDLs oxidability in CAD patients
[100]. Thus, it should be recognized that the use of a-TOH
to inhibit LDL oxidability in clinical trials is not justified,
and the use of coenzyme Q,, is more effective in protect-
ing LDL from oxidation [9, 100] and other phenolic an-
tioxidants, in particular, the non-toxic synthetic antioxi-
dant probucol [9, 100, 108-110], whose efficacy in inhib-
iting LDL oxidation has been convincingly confirmed [9,
100]. It is obviously impermissible to apply generaliza-
tions about “negative” results obtained on the use of in-
dividual antioxidants such as a-TOH or B-carotene [91-
93] to the whole rather heterogeneous group of antioxi-
dants [79], which includes substances of different struc-
ture and mechanism of action. In addition, the data pre-
sented in this review suggest that in order to suppress
atherogenesis and endothelial dysfunction it is necessary
to inhibit not only the accumulation of primary products
(LOOH) in LDLs, but also the accumulation of secondary
products of free radical oxidation — low molecular weight
dicarbonyls. There are already positive examples of ef-
fects on the intensity of free-radical oxidation using bi-
guanides - dicarbonyl scavengers [100, 111-113] and imi-
dazole-containing peptides [114, 115]. In particular, the use
of biguanides significantly suppressed the manifestation
of oxidative and carbonyl stress in diabetic patients with-
out the administration of any antioxidants (“quasi-anti-
oxidant effect”) [100]. Obviously, preventive cardiology
should aim to prevent the adverse effects of oxidative
modification of LDL, because modified LDLs, as shown
in this study, play an important role in the molecular mech-
anisms of atherogenesis and diabetogenesis. Current-
ly, preventive cardiology is focused on the development
of effective approaches to pharmacotherapy aimed at in-
hibiting the formation of primary and secondary products
of free radical oxidation in order to control the level of po-
tentially dangerous oxidized and modified LDLs.
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ABSTRACT

Background. When developing methods for personalized diet therapy of obesity,
an urgenttask is to study the molecular genetics features of the obesity pathogenesis
using in vivo experimental models in laboratory animals.

Theaim. To determine metabolism effector links in obesity based on a comparative
analysis of full-transcriptome profiles of the liver tissue of mice and rats of various
strains.

Materials and methods. We carried out a comparative analysis of the changes
in liver transcriptome in rats and mice fed with diets of excessive energy value and ex-
erting lipogenic effect. Data of full-transcriptome profiling using DNA microarray
technology have been presented previously in 8 publications.

Results. In three strains of mice treated with a high-carbohydrate high-fat
diet (HCHFD), a significant differential expression (DE) of 1849 genes was re-
vealed, of which 74 genes responded jointly in at least two groups of animals.
In Wistar and Zucker'@ rats, 2109 genes responded to the consumption of HCHFD,
of which 242 genes responded jointly in two groups of animals. For rodents differ-
entin genetic predisposition to the development of diet-induced obesity, the groups
of genes that responded with the opposite sign of DE (depending on the genotype)
in reaction to the consumption of HCHFD were identified. Bioinformatical analysis
allowed establishing the presence of 43 metabolic pathways, which are targeted
for the applied experimental diets exposure, in rats and 77 pathways — in mice. Four
of these pathways - the pathway of retinoid metabolism, PPAR signaling pathway
associated with it the previous one, xenobiotics metabolism and drugs metabolism
mediated by cytochrome P450 system — responded in all groups of animals (except
for female mice). The importance of the expression of Tat gene encoding tyrosine
aminotransferase in the modulation of biogenic amines synthesis in diet-induced
obesity was shown, which may represent a new neurometabolic regulatory function
of the liver in response to the consumption of high-calorie diets.

Conclusion. The analysis of the results of full-transcriptome studies showed
that within each studied species (Rattus rattus and Mus domesticus) and animal sex,
a number of genetic variants with a greater or lesser predisposition to the develop-
ment of diet-induced obesity phenotype can be identified; and at the same time,
within these variants, there is a largely similar pattern in the response of metabo-
lism effector links to hypercaloric dietary intake. This pattern creates new prospects
for translating the results of transcriptomic and metabolomic studies of laboratory
animals into clinical practice in order to substantiate new approaches to personal-
ized diet therapy of alimentary dependent diseases in patients with different genetic
predisposition to obesity.

Key words: obesity, in vivo models, rats, mice, liver, transcriptome, metabolic path-
ways, neurometabolic function

For citation: Apryatin S.A, Trusov N.V., Gmoshinski l.V., Tutelyan V.A. Metabolism effector
links in diet-induced and genetically-based obesity: A full-transcriptome study of liver
tissue in experimental models in rodents. Acta biomedica scientifica. 2023; 8(3): 25-41.
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PE3IOME

O6ocHoeaHue. [Ipupazpabomke Memooo8 nepcoHaNU3uUpo8aHHoU duemomepanuu
oXupeHus akmyasneHol 3adayell A8/19emcsa u3y4eHue MOJIeKy/IApHO-2eHemuYecKux
ocobeHHOoCMel e20 namozeHe3d € UCh0J1b308dHUEM SKCNepUMeHMAsbHbIX Mooesel
y 1a60pamopHbIX XUBOMHbIX.

Llenb uccnedoearus. OnpedeneHue 3¢hheKmopHbix 36eHbe8 Memabosu3Ma NPU OXu-
peHUU Ha 0CHOBe CPasBHUMEIbHO20 aHAU3A NOJTHOMPAHCKPUNMOMHbIX npogusiel
MKAaHU neyeHuU mMbiwel U KpbIC pa3/IuYHbIX IUHUU.

Memoodel. [lposedéH cpasHUMesbHbIU aHAMU3 U3MeHeHUU MPaHCKpunmoma neyeHu
KpbIC U Mblwel, NOfy4aswux payuoHsl ¢ U36bIMmoYHOU Kas1oputiHOCMbHO U JTUNO2EHHbIM
Oelicmesuem. JJaHHble NOJTHOMPAHCKPUNMOMHO20 NPOpUIUPOBAHUS € UCNOTb308aHUEM
mexHonoauu JHK-mukpoyunos 6bisiu npedcmassieHsl paHee 8 8 ny6uKayusx.
Pe3synemamel. Y moiwel mpéxauHuti, NOTy4asuiuX 8bICOKOY2/1€800HbIL 8bICOKOXUPOBOL
payuoH (BYBXP), sbisgneHa docmosepHas dughghepeHyuaibHas skcnpeccus (3) 18492erHos,
U3 KOmopbix 74 coeMecmHo omaemusiu KaK MUHUMYM 8 08YX 2pynnax XUBOMHbIX. Y KpbIC
nuHut Wistar u Zucker'® na nompe6nerue BYBXXP omeemunu 2109 2eHos, u3 Hux 242 —
808yX2pyNNaxXusoMmHbIX COBMECMHO. []/1 2pbi3yHO8, pasiuyaou4UXCs N0 2eHemu4eckou
nNpedpacnonoxeHHOCMU K pazsumuto ouem-uHOyyupOBaHHO20 OXUpeHUs, bbliu onpe-
OesleHbl 2pynnbl 28HO8, OMBEMUBLUUX NPOMUBONOJIOXHOU no 3HAKy /13 (8 3asucumocmu
om 2eHomuna) 8 omeem Ha nompeb6neHue BYB)KP. buouHghopmamuueckuti aHanus
No380/1UJT yCMAaHo8UMb Hanu4ue y Kpbic 43, a y moiweli — 77 memabonudeckux nymed,
ABAUUXCA MUWIEHAMU 8030elicmaus NPpUMeEHAEMbIX SKCNepUMEHMAbHbIX PAUUOHO8.
VI3 HUX 4 —nymb 06MeHa pemuHoUO08, CONPAXXEHHBIU ¢ HUM PPAR-cueHabHbIlt nyme, Mema-
60/1U3M KCeHOBUOMUKOB U Memabosu3m JieKapcmeeHHbIX npenapamos noo deticmauem
cucmembl yumoxpoma P450—omeemusu y 8cex 2pynn XU8OMHbIX (3a UCK/TIOYeHUeM CamoK
Mblwel). [oKazaHa 8axHas posib 3Kcnpeccuu 2eHa Tat, Kooupyrowe2o mupo3UHAMUHO-
mpaHcgepasy, 8 MoOyIAYUU CUHMe3a B6UO2eHHbIX AMUHO8 Npu duem-UHOYYUPOBAHHOM
OXKUPEeHUU, YMo, B03MOXHO, A8/1iemca HosoU Helipomemabosudeckol pe2yiamopHoU
¢hyHKyUel heyeHU 8 omeem Ha hompebrieHuUe 8bICOKOKA/TOPULIHbIX PAUUOHOB.
3aknioyenue. AHAU3 pesysibMamos NOSIHOMPAHCKPUNMOMHbIX UCC/1e008aHUL NOKA-
3a71, Ymo 8 npedenax Kaxooezo ulyyeHHo2o suda (Rattus rattus u Mus domesticus) u nona
JKUBOMHbIX MOXHO 8bI8UMb PAO 2eHeMuYecKuXx 8apuaHmos ¢ 6osnsLueli usiu MeHouel
CKJIOHHOCMbIO K pazeumuto heHomuna ouem-uHoyyupo8aHHO20 OXXUPeHUS; NpU SMoMm
8 npedesiax Kax0020 U3 3Mux 8apUAHMO8 OMMe4aemcs 80 MHO20M CXOOHbIU Xapakmep
omeema 3¢heKmopHbIx 38eHbe8 Memabdos1u3Ma Ha nompebrieHue 2unepKaIopuliHo20
payuoHa. 3ma 3aKkOHOMepHOCMb C030aém HoB8ble NepcnekmMuBbl 019 MPAHCAAYUU
pe3y1bmamos mpaHCKPUNMOMHbIX U Memabo/IOMHbIX UCC/1e008aHUL Ha1A60paMOpHbIX
JKUBOMHBIX 8 KIIUHUYECKYIO NPAKMUKY 0151 000CHOBAHUSA HOBbIX NOOX0008 K NEPCOHAIU-
3uposaHHoli duemomepanuu anuMeHMapHo-3asUCUMbIX 3a601e8aHuUll y NayueHmos,
pAa3/IuYarUUXCs N0 2eHemMu4eckoU NpedpacnoIoXeHHOCMU K OXKUPEHUIO.

Kniouesole cnosa: oxupeHue, in vivo MoOesiu, KpbiCbl, MblUWU, NeYeHb, MPAaHcKpun-
mom, Memabosnuydeckue nymu, Helipomemaboau4eckas QyHKYuA

OnauntnposBanua: AnpatuH C.A, Tpycos H.B., ImownHcknin U.B., TytenbaH B.A. ddekTop-
Hble 3BeHbA MeTabonv3Ma Npu ANET-MHAYLIMPOBAHHOM U FreHETUYECKM AeTEPMUHPOBAaHHOM
OXKMPEHUN: NOMHOTPAHCKPUMTOMHOE NCCNefoBaHMeE TKaHU NeYEHUN Ha SKCNepUMEHTaNIbHbIX
Mogensxy rpbi3yHoB. Acta biomedica scientifica. 2023; 8(3): 25-41. doi: 10.29413/ABS.2023-8.3.3
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INTRODUCTION

Alimentary dependent diseases, the leading de-
velopment cause of which is an excess in energy val-
ue consumed and (or) unbalanced diet, represent one
of the main challenges for modern medicine. In recent
years, a large amount of experimental data has been ac-
cumulated that the pathogenesis of alimentary depend-
ent diseases is based on the influence of excessive or un-
balanced intake of macronutrients - fats and carbohy-
drates — on the expression of a large number of genes
functionally related to the processes of lipogenesis, car-
bohydrate energy and protein metabolism, thermoregula-
tion, systemic inflammation, circadian rhythms, and con-
trol of the amount of food consumed. The amplitude
and trend of gene expression changes due to dietary fac-
tors are determined both by the genotype of the organ-
ism (the presence of polymorphisms in the genes of key
enzymes, regulatory and transport proteins) and epige-
netic factors (DNA methylation, histone acetylation, etc.),
at the last in turn are also influenced by the composition
of the diet [1]. The totality of issues of interaction be-
tween the genotype of an organism and such an impor-
tant environmental factor as the composition of dietary
nutrients in the formation of phenotype at the molecu-
lar, cellular, tissue, organ and organismic levels is the sub-
ject of study of a new section of nutrition science known
as nutrigenomics [2].

The data obtained in the course of nutrigenomics re-
search play animportant role in the development of meth-
ods of personalized diet therapy of alimentary depend-
ent diseases, taking into account such factors as the pa-
tient’s genotype, nutritional status, stage and severi-
ty of the pathological process. Since nutrigenomics re-
search in the clinic faces certain difficulties associated
with the choice of a suitable biosubstrate, preclinical stud-
ies using in vivo experimental models of relevant diseas-
es in laboratory animals characterized by different genet-
ically-based propensity to disorders of lipid and carbohy-
drate-energy metabolism are in demand. A series of such
models was developed based on the use of both genetical-
ly modified (mutant or knockout) and conventional strains
of animals receiving excessive fat, simple sugars, ora com-
bination of both (the so-called “Western diet” or the “caf-
eteria diet”) [3]. Using up-to-date methods of molecular
genetics and transcriptomics, a significant amount of data
was obtained that in such animals during the development
of obesity there are persistent changes in the expression
of key gene groups responsible for metabolic processes
in the liver and adipose tissue. For example, mice treated
with a high-carbohydrate high-fat diet (HCHFD) for 1 year
show differential expression (DE) of genes responsible
for metabolic pathways of 3-oxidation of fatty acids, ster-
oid hormone biosynthesis and degradation, PPAR sign-
aling, antigen processing and presentation, and protea-
somal protein degradation [4]. Transcriptomics methods
have been used to identify effector genes that are targets
of dietary factors in dogs treated with a hypercaloric diet
[5], in mice with diet-induced obesity (DIO) and non-alco-
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holic fatty liver disease [6]. Epigenetic factors contribut-
ing to the transmission of obesity phenotype from preg-
nant female rodents to their offspring have been charac-
terized [7]. If suitable biomaterial (e. g., white adipose tis-
sue specimens obtained during bariatric surgery) is avail-
able according to the requirements of medical ethics,
it is possible to translate transcriptomic diagnostic crite-
ria into clinical practice [8].

At the same time, the nature of nutrigenomic mech-
anisms determining a greater or lesser predisposition
of the organism to the development of diet-induced obe-
sity, which can be determined by comparative analysis
of the results of transcriptomic studies performed using
animals of different species and strains, is currently insuf-
ficiently covered in the literature. In a series of studies car-
ried out in the Federal Research Center of Nutrition, Bio-
technology and Food Safety during 2017-2022, the meth-
od of full-transcriptome analysis of liver tissue on a DNA
microarray was used to identify effector links of metabo-
lism - targets of the effect of minor bioactive substanc-
es of the diet (BAS), such as polyphenolic compounds,
L-carnitine, amino acids, on models of DIO and spontane-
ous (genetically determined) obesity in rats and mice [9-
13]. A number of rat strains (Wistar and Zucker™) and mice
(C57BI/6J, DBA/2) male strains, terahybrid mice) used
in this study differed in the severity of obesity pheno-
type when consuming diets with excessive caloric intake,
but the question of what differences in transcriptome pa-
rameters are the most significant in animals more or less
prone to the development of DIO has not been sufficient-
ly covered in these publications.

The aim of this work is to analyze data from transcrip-
tomic studies on the nature of the liver transcriptome re-
sponse to hypercaloric diets from a comparative perspec-
tive in rats and mice of different strains varying in suscep-
tibility to the development of diet-induced or spontane-
ous obesity.

MATERIALS AND METHODS

The materials of full-transcriptome studies per-
formed in mice and rats of different sexes and strains fed
for 8-9 weeks a balanced control diet according to AIN-93M
or modified semi-synthetic diets with a relative excess of fat
(high-fat diet (HFD)), simple carbohydrate fructose (HFrD)),
their combination (HCHFD) or cholesterol (high-cholester-
ol diet (HCD)) were used in this paper. Table 1 summariz-
es the experiments with references to publications reveal-
ing their design. All studies were conducted in compliance
with the rules of biomedical ethics and were approved
by the decision of the Ethics Committee of the Federal Re-
search Center of Nutrition, Biotechnology and Food Safe-
ty (FSBIS) (record No. 4 of 20.04.2017).

After removal of animals from the experiment, liver tis-
sue samples were obtained from them, from which total
RNA was isolated using reagents of Agilent Total RNA Isola-
tion Mini Kit (Agilent Technologies, Inc., USA) and full-tran-
scriptome analysis was performed on Gene Expression Hy-



bridization Kit DNA microarrays (Agilent Technologies, Inc.,
USA) according to the Agilent One-Color Microarray-Based
Gene Expression Analysis Low Input Quick Amp Labeling,
version 6.8, protocol (Agilent Technologies, Inc., USA), us-
ing authorized certified equipment of the manufacturer
(Agilent Technologies, Inc., USA).

The used DNA microarrays of different series con-
tained between 30,000 and 32,000 annotated individual
complementary sequences of the rat or mouse genome,
including untranslated DNA sequences and splice vari-
ants. In all microarray experiments, 4 independent matrix
RNA (mRNA) samples from each group of animals were an-
alyzed. Microarrays were scanned on a SureScan Microar-
ray Scanner (Agilent Technologies, Inc., USA). The DE val-
ue of genes determined by microarray analysis was ex-
pressed as the binary logarithm of the change in fluores-

cence (IongC) compared to control groups of animals
treated with a balanced diet or to internal microarray
controls (Spike-In). DE data were loaded into the «R» en-
vironment and bioinformatic analysis was performed
with quantile normalization and further analysis in the lim-
ma package. The AnnotationDbi, org.Rn.eg.db, pathview,
gage, and gageData packages were used to identify met-
abolic pathways using the Kyoto Encyclopedia of Genes
and Genomes (KEGGs) international resource and visual-
ize them. Statistical significance of expression changes
was assessed using the the Benjamini - Hochberg multi-
ple-correction T-test. Additionally, linear regression analy-
sis was performed with calculation of Pearson correlation
coefficients (PCC) between DE values (R) and their statis-
tical significance (a). Annotation of genes that respond-
ed with statistically significant DE values during the deve-

TABLE 1
GROUPS OF ANIMALS USED IN EXPERIMENTS TO STUDY THE EFFECT OF OBESITY AND DYSLIPIDEMIA ON THE LIVER
TRANSCRIPTOME
Species, References
sex of Strain In vivo model Experimental diet composition? ..
i to publications
animals
Metabolic syndrome Semi-synthetic according to AIN-93M
Female rats ~ Wistar' Y with replacement of drinking water with 30 % fructose [10]
(MetS) .
solution (HFrD)
Female mice C57BI/6J' MetS HFrD [9]
Semi-synthetic according to AIN-93M
Female rats ~ Wistar' Dyslipidemia (Dis) with replacement of 0.5 % fat by weight of diet [10]
with cholesterol (HCD)
Female mice C57BI/6J! Dis HCD [9]
Semi-synthetic according to AIN-93M
Female rats ~ Wistar' DIO with replacement of 20 % of starch by weight of diet [10]
with fat (HFD)
Female mice C57BI/6J' DIO HFD [9]
Semi-synthetic according to AIN-93M
. with replacement of 20 % starch by weight of diet
el Wistar DIO with fat, drinking water — with 20 % fructose solution [11,12]
(HCHFD)
Male rats Zuckerf 3 DIO HCHFD [13]
Female mice C57BI/6J' DIO HCHFD [9]
Male mice  C57Bl/6)' DIO HCHFD [13]
Male mice  DBA/2J)! DIO HCHFD [12,13]
Male mice ~ DBCB*tetrahybrids DIO HCHFD [13]

Note. '-obtained from the farm of Stolbovaya branch of the Scientific Center for Biomedical Technologies of FMBA of Russia; 2 animals of control groups of each species, strain and sex received a balanced macronutrient
and basic micronutrient semi-synthetic diet AIN-93M; * — obtained from Charles River farm (Italy);  — DBCB mice, hybrid of the 2nd generation (F2), were independently bred by the author of the study (S.A.A.) in the vivarium
of the Federal Research Center of Nutrition, Biotechnology and Food Safety by sequential hybridization of mice of parental strains DBA/2J, (BA/lac (females) and BALB/c, (57Black/6J (males), as described in [13].
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lopment of DIO in animals was performed using the in-
ternational online resource Genemania (https://genema-
nia.org) integrated with the PubMed (https://pubmed.
ncbi.nlm.nih.gov) scientometric database. Set-theoretic
analysis, construction of Venn diagrams and heat maps
were performed using Venny 2.1 network application
(https://bioinfogp.cnb.csic.es/tools/venny/) and MS Excel
2007 spreadsheets (Microsoft Corp., USA).

RESULTS AND DISCUSSION

Response of the liver transcriptome
to the development of DIO in mice

As a result of full-transcriptome analysis of the liv-
ers of mice of four groups belonging to three strains (fe-
males and males of the C57BI/6J strain, males of the DBA2)J
strain, males of the DBCB tetrahybrid strain), when com-
paring animals treated with HCHFD, with mice of con-
trol groups revealed DE at the level of more than 0.5 units
modulo Iogz(FC) (i. e. 1.41-fold or more up or down)
for 1,849 genes, of which 74 genes responded in at least
two groups of animals together. Full data on the experi-
ments performed have been presented previously [9, 13].
The analysis of the DE heat map of these genes (Fig. 1a)
showed that the greatest similarity in the DE profile in re-
sponse to the consumption of HCHFD is characterized by lin-
ear male C57BI/6J and DBA2J mice, which, according to ear-
lier studies, have a relatively high phenotypic resistance
to the development of DIO [13], to which female C57BI/6)
mice adjoin, and DBCB tetrahybrid mice are characterized
by the lowest degree of similarity with the other groups. No-
tably, it was the terahybrid mice that were the most phe-
notypically prone to the development of DIO according
to the data of body weight gain and morphological signs
of fatty liver disease (steatosis) [13]. Regression analysis
showed that there was a statistically significant positive lin-
ear regression (R=+0.562; a=0.005) between the DE values
of genes that responded jointly in C57BI/6J and DBA2J males
(Fig. 1b), whereas for DBA2J males and DBCB tetrahybrids
(Fig. 1c), in contrast, the corresponding regression was neg-
ative (R = -0.689; a < 0.001), and for DE comparisons be-
tween DBCB mice and C57BI/6J males and between males
and females of the latter strain (Fig. 1d, e), there was no sta-
tistically significant regression (a > 0.1).

Thus, the genetic expression profile in different strains
of mice phenotypically similar in resistance to develop-
ing of DIO is largely consistent, whereas in mice that differ
markedly in their propensity to develop DIO (such as DBA2J
and DBCB), the DE trend appears to be largely opposite.

Annotation of genes that responded with DE
in mice of different strains showed several groups
of genes that responded with opposite sign values of DE
to HCHFD intake in DBCB tetrahybrid mice and DBA/2J,
C57Bl/6J linear animals, which are among the parental
strains of the indicated tetrahybrid. Of these, the most
representative were two groups of genes belonging
to metabolic pathways of lipid metabolism, the first
of which included Tff3, Scd1, Pltp (positive DE in DBCB
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and negative DE in DBA2J and/or C57BI/6J mice),
and the second group included Pparg, Usp18, Crot,
Ifi202b, Mvk, Sqle, Msmo1, Idi1 (the DE trend was opposite
to the first group of genes). Tff3 expression in rodent liv-
er is highly susceptible to changes in models of early di-
abetes and fatty liver disease. TFF3 protein reduced he-
patic steatosis induced by a high-fat diet by increasing
PPARa-mediated fatty acid oxidation [14]. The function
of Scd1 is to synthesize oleate from stearate and palmi-
tooleate from palmitate. Suppression of Scd7 expression
protects mice from developing hepatic steatosis and obe-
sity [13]. The Pltp gene is responsible for the synthesis
of phospholipids, which are part of lacrimal fluid, pulmo-
nary surfactant, and others. Cholesterol, phospholipid,
apolipoprotein A1 and apolipoprotein B, and high-den-
sity lipoprotein concentrations in plasma were decreased
in mice with knockout of this gene. Besides, PLTP protect-
ed mice from the development of atherosclerosis with-
out causing lipid accumulation in the liver [15].

Pparg encodes a nuclear transcription factor that af-
fects genome elements called peroxisome prolifera-
tors and which are responsible for regulating a com-
plex set of genes involved in metabolism and peroxi-
somal B-oxidation of fatty acids, adipocyte differentia-
tion, and glucose homeostasis. Its expression is associat-
ed with other Ppar family genes as well as Fabp4, Mapk]1,
etc. PPARy functions in an ensemble with retinoid X re-
ceptors (RXR). The role of Pparg in the activation of Ito fat-
storing cells in the liver has been proven [16]. The Crot
gene is responsible for the attachment of medium-chain
fatty acid residues to carnitine during their peroxisomal
B-oxidation [13]. Usp18 stimulates lipolysis, fatty acid
oxidation in transformed lung epithelial cells, and pro-
tects mice from hepatic steatosis and the development
of insulin resistance [17]. The expression of the gene
Ifi202b, which is involved in the differentiation of adi-
pose stem cells into mature adipocytes, is closely asso-
ciated with it. Increased expression of /fi202b stimulates
adipogenesis in mice and humans [18]. A similar expres-
sion profile in tetrahybrid mice compared to linear mice
was observed in a functionally closely related group
of genes Msmo1, Mvk, Idi1, and Sqlel involved in cho-
lesterol and steroid metabolism. Of these, Msmo1, as re-
ported in the literature, has the ability to suppress adi-
pogenesis and differentiation of immature adipocytes
[19]. On the other hand, Sgle has been identified as one
of the genes that contribute to obesity in mice [20].

A group of genes involved in mineral metabolism re-
sponded differently to DE values in linear and tetrahybrid
mice. Of these, Mt1 and Mt2 were characterized by neg-
ative DE in DBA/2J mice and positive DE in DBCB mice.
The proteins encoded by these genes are metallothioneins,
which play a vital role in the homeostasis of a number of es-
sential (copper, zinc, manganese) and toxic (cadmium, lead,
mercury) trace elements; the amount of synthesized met-
allothioneins is associated with the development of obe-
sity and hepatic steatosis [13]. In connection with the re-
vealed facts, it is appropriate to note that an earlier study on
DBA/2J and DBCB mice treated with HCHFD revealed a sig-
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nificant effect of their genotype on the bioaccumulation in-
dices of anumber of divalent cations of trace elements (lead,
manganese, copper, cadmium, etc.) [13].

The opposite profile of DE (positive in linear mice
and negative in DBCB tetrahybrids) was characteristic
of Moxd1 and Hamp2. Moxd1 encodes a copper binding
protein that has dopamine B-monooxygenase activity
and is involved in the biosynthesis of the biogenic amines
octopamine and norepinephrine. The expression values
of Moxd1 and Dbh (dopamine beta hydroxylase) are close-
ly related to each other as analyzed by https://genema-
nia.org. The significance of these data will be further dis-
cussed below. The product of Hamp2 expression is the pep-
tide hormone hepcidin, which regulates iron metabolism.
Elevated plasma levels of this protein have been observed
in obese children, which correlates with reduced iron sta-
tus and the development of systemic inflammation as as-
sessed by interleukin (IL) 6 production [21].

A number of genes involved in antigen presentation,
cytokine signaling pathways, and inflammation develop-
ment also responded with the opposite sign of DE to HCHFD
consumption in DBCB tetrahybrid and linear mice. These in-
clude the Sucnri, Cdh1, Raetle, and F2r genes. The specif-
ic DE profiles of these genes may be correlated with differ-
ences in cytokine production in HCHFD-receiving DBCB tet-
rahybrids and linear DBA/2J mice in response to the con-
sumption of a number of BAS [13].

Response of the liver transcriptome
to the DIO development in rats

When analyzing the transcriptome of male Zucker®,
female Wistar, and male Wistar rats (two repeats of the ex-
periment) treated with HCHFD, the DE was detected
for 2,109 genes at the level modulo more than 0.5 IogZ(FC)
units compared to the group of animals of the same strains
receiving the control diet. Of these, 174 genes responded
jointly in males of the Zucker and Wistar strains; 11 in males
and females of the Wistar strain; 6 in males of the Zuck-
erfa and females of the Wistar strains; and 51 in males
of the Wistar strain in two repeated experiments. Details
of the liver transcriptome obtained in these experiments
have been reported previously [10, 11, 13].

A heat map of the distribution of genes according
to the value of their DE (Fig. 2a) shows that the greatest sim-
ilarity in the DE profile is observed for males of the Wistar
and Zuckerf strains, whose difference from Wistar females
is more significant. According to Figure 2b, there is a statis-
tically significant (R = +0.422; a < 0.001), although not very
powerful positive regression between DE values for Wistar
and Zuckerf males. The data in Figure 2c show that the re-
gression between the DE of the genes reproduced in two re-
peats of the experiment on male Wistar rats is positive, high-
ly statistically significant (R =+0.947; a < 0.001), and the re-
gression line runs near the origin. For males and females
of the Wistar strain (Fig. 2d), the regression relationship
of the DE of jointly responded genes is statistically signif-
icant and negative (R = —-0.651; a = 0.042), that is, the re-
sponse of the transcriptome to HCHFD consumption
is to a certain extent discordant between them.
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Annotation of genes that responded with opposite sign
of DE to HCHFD consumption in male Zucker® and Wistar
rats identified several groups of genes responding dur-
ing DIO development, including Abhd2, Cptia, Kiss1, Myc,
Myec, Prlr, Ppp1r3c, Tsc22d1, and Upp2. Cptia, encoding
carnitine palmitoyltransferase |, is characterized by nega-
tive expression in Zucker? males and positive expression
in Wistar males. Positive expression of this gene, responsi-
ble for the process of B-oxidation of fatty acids, is consid-
ered as a normal response of the organism to the consump-
tion of excess fat [13]; it can be assumed that this mecha-
nism is disturbed in Zucker® rats.

A similar DE profile is characteristic of the Kiss1 gene en-
coding the precursor neuropeptide kisspeptin, which is pre-
sumed to have an anorectic action (reducing appetite
and food intake) [13]. According to numerous data in the lit-
erature, decreased Kiss1 expression is observed during
the development of diet-induced obesity [13]. The same
trend in rats of the two strains has the expression of Abdh2
(hormone-sensitive lipase subunit), Upp2 (cofactor of he-
patic X receptor, PPARa- and HNF-4a-signaling pathways),
Tsc22d1 (coregulator of PPARa), Prir (prolactin recep-
tor, which stimulates lipid oxidation and thermogenesis
in brown adipose tissue, one of the cofactors of dopamine
action [22]) and Ppp1r3c (a protein phosphatase respon-
sible for the regulation of glycogen storage in liver cells).

The opposite trend, i. e. positive in Zucker® rats and neg-
ative in Wistar males, of DE was observed for the Myc gene.
It encodes a multifunctional nuclear phosphoprotein
that plays arolein cell cycle, apoptosis and malignant trans-
formation. Its functions include triggering the development
of liver fibrosis and regulation of glucose-responsive genes
through the CHREBP signaling pathway [23].

The next group of genes that contrastingly respond-
ed to HCHFD consumption in rats of the two strains un-
der study includes genes responsible for implementing
the function of proto-oncogenes (i. e., intracellular protein
phosphorylation signaling cascade) and stimulation of ap-
optosis. In addition to the analyzed Myc, these include Jun,
Atf3, Dusp6,7, Epcam, and Casp4. In particular, Jun protein
kinase, positively expressed in Zucker and negatively ex-
pressed in Wistar, is a component of the JNK signaling chain
responsible for the developmental consequences of oxi-
dative stress, including apoptosis, and insulin resistance.
According to [24], Jun expression is upregulated in mice
with hepatic steatosis induced by HFD consumption. Jun
is also functionally related to Mixipl, which regulates glu-
cose metabolism, and Kiss1, discussed above.

Among the differentially expressed genes involved
in inflammation and cytokine signaling pathways, Cc/3 (Mip-
1a), CD274,276 and Cish genes are characterized by positive
DE in Zuckerf and negative DE in Wistar, while Ackr2, Bcl6
and Bmf genes have the opposite DE profile. Of these, Bcl6
is a functionally relevant gene whose expression product
suppresses IL-6-stimulated macrophage proliferation [25],
IL-18 synthesis, and Th2 cell differentiation, which together
may contribute to the control of systemic inflammation in-
duced by excessive adipogenesis. In Zucker® rats, this mo-
lecular mechanism appears to be disrupted.
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It is also necessary to point out the opposite trend
in Zuckerfe and Wistar rats of the HCHFD-induced DE
of a number of genes (Aox3, Bmp1, Gpx2, Hspb1, Lox4, Pir)
responsible for the processes of mineral metabolism (bind-
ing of iron, copper), the function of bioantioxidants (se-
lenium) and inhibition of oxidative stress. The same ap-
plies to genes of the steroid hormone metabolic path-
way such as Cyp8b1 and Nrgl, as well as amino acid me-
tabolism and transport (Gpt, SIc16a10). At the same time,
alanine aminotransferase (ALT), whose expression is de-
creased in Zuckerf@ rats and activated in Wistar rats upon
HCHFD consumption, is a gene suppressed by insulin and,
like Tat discussed below, stimulated by glucocorticoids
[26]. ALT plays an important role in protein catabolism
and gluconeogenesis [13].

Comparing features of the liver transcriptome

response to HCHFD between rats and mice

Genes in the PPARy signaling pathway, xenobiot-
ic metabolism by cytochromes P450, retinol metabolism,
transamination, and other pathways of aromatic amino
acid metabolism were common with respect to differential
gene expression for both rodent species’ metabolic regu-
latory processes.

Typically, genes related to transamination and apopto-
sis were activated in both rodent species.

The processes common to the two rodent species
indicate that transamination and apoptosis are among
the most relevant processes in the regulation of meta-
bolic reactions in rodents in response to the consump-
tion of a high-carbohydrate high-fat diet (HCHFD), deter-
mining the ratio of catabolic to anabolic reactions along
with other transaminases such as aspartate aminotrans-
ferase (AST) and ALT. The differences between the two
rodent species may be due to differences in ATP-depend-
ent processes, regulatory cascades (PPARy), mechanisms
of energy metabolism (coenzyme A), oxidative stress
(glutathione) and apoptosis between species and ani-
mal lines.

rats mice

FIG. 3.

Venn diagram of differential expressions of genes in rats and mice
of different strains that jointly responded to the consumption

of high-carbohydrate high-fat diet

Comparative analysis of the results of studies of dif-
ferent mouse and rat strains revealed 198 DE genes com-
mon to both rodent species (Fig. 3). The genes that jointly
responded by differential expression to HCHFD consump-
tion in at least one of the studied mouse strains and in
rats were Cish, Lpin1, Nat8, Pcp4l1, Tsku, Bmp7, Cd52, Cd74,
Depp1, Fgf21, Idil, Ihh, KIf10, Lss, Nr1d1, Pparg, Tff3, Usp18,
Vnn1, with the first five of this list responding in both Zuck-
er? rats and Wistar males. Some of the genes listed above
play a key role in the regulation of lipid oxidation, lipogen-
esis, and adipose tissue proliferation.

For example, Lpin1 encodes phospholipase C,
which generates diacylglycerol, a coregulator of a large
number of transcription factors. Overexpression of Lpin1
in mice suppresses the development of alcoholic hepati-
tis by inhibiting lipolysis and reducing the amount of fat-
ty acids entering the liver, and suppression of the activity
of this gene is observed in the development of metabol-
ic syndrome [13]. Tsku expression is associated with Ppara
andisincreased in non-alcohol related steatohepatitis [27].
Fgf21is an important hepatokine with pleiotropic function
known as a metabolic regulator of glucose and lipid home-
ostasis with anorexigenic effects [28]. Finally, Vnn1, consid-
ered as a biomarker of toxic kidney injury and under the con-
trol of PPARGq, plays a role in inflammation, oxidative stress
and cell proliferation [29].

DE of the Tat gene encoding tyrosine aminotrans-
ferase was detected under HCHFD exposure in male Wistar
and Zucker® rats, male DBA/2J mice and female C57BI/6J
mice, and spontaneously obese db/db mice compared
with their parental C57BI/6J strain (described in detail
below). Other differentially expressed genes common
to both rodent species were Plekhf1 (pleckstrin homolo-
gy domain), Atp1b1 (Na*/K*-ATPase b1-subunit), and Chka
(choline kinase alpha). The Na*/K*-ATPase b1-subunit
is a plasma membrane pump with multiple physiological
functions. It maintains ion homeostasis, which is crucial
for cell survival, differentiation and apoptosis [30]. A sim-
ilar pattern of positive differential expression in liver tis-
sue to the Tat gene was obtained for the Plekhf1 (LAPF)
genein the Wistar rat strain and the DBA/2J inbred mouse
strain, but not C57Black/6J. The function of this gene
in the pathogenesis of obesity is currently unclear. Chka
is the second ATP-dependent protein to show directly
opposite hepatic expression patterns in mice and rats.
This may be due to differences in the rate of ATP-depend-
ent energy metabolism processes between the two rodent
species (it is higher in mice).

Therole of genes such as Idi1, Cish, Pparg, Tff3and Usp 18
in adipogenesis and development of DIO has been dis-
cussed above.

Metabolic pathways of rats and mice of different
strains responding to consumption of hypercaloric
and hyperlipidemic diets

Bioinformatic analysis of DE genes identified meta-
bolic pathways (KEGGs) statistically significantly altered
by experimental hypercaloric diets. Details of the find-
ings on KEGGs targets of different dietary exposures
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in experiment are presented in previous publications
[9-13].

In mice of the C57BI/6J strains (male and female),
DBA/2J males (in two repeats of the experiment) and DBCB
tetrahybrids, the effect of HCHFD on 77 metabolic path-
ways was detected at the p < 0.05 level of statistical sig-
nificance. Heat map analysis of these influences, plot-
ted against the statistical significance of the effect val-
ue (p, ) showed (Fig. 4a) that male C57BI/6J and DBA/2J
mice and, on the other hand, DBA/2J and DBCB tet-
rahybrids form two similar clusters, and their difference
from male C57BI/6J mice appears to be more signifi-
cant. Thus, mouse sex appears to be a stronger determi-
nant of the trend of changes in KEGGs during DIO com-
pared to genotype (strain). Venn diagram set-theoretic
analysis (Fig. 4b) indicates that there were no metabol-
ic pathways that responded simultaneously to HCHFD
in mice of all sexes and strains. However, in male C57Bl/6J
and DBA/2J mice, 9 metabolic pathways responded jointly
to HCHFD consumption, 9 metabolic pathways also re-
sponded in DBA/2) and DBCB tetrahybrids, 5 in male
C57BI/6J and DBCB mice, and 1 in female and male C57BI/6J
mice. Four metabolic pathways (mmu00982 Drug metabo-
lism — cytochrome P450; mmu00980 Metabolism of xeno-
biotics by cytochrome P450; mmu00830 Retinol metab-
olism; mmu00330 Arginine and proline metabolism) re-
sponded in all groups of mice except for C57BI/6J females.

Noteworthy differences in the nature of the effects
of HCHFD on the mmu00830 Retinol metabolism and asso-
ciated mmu03320 PPAR signaling pathways in male DBA/2)J
and DBCB mice contrastingly differ in the development
of the DIO phenotype in response to HCHFD consumption.
Figure 4c shows that DBCB tetrahybrids have a partially
bypassed metabolic block at the stage of conversion of vi-
tamin A to its active all-trans retinal form by retinol dehy-
drogenase (RDH), which may lead to reduced production
of 9-cis-retinoate. The latter, in turn, is a ligand for the RXR
receptor of the PPAR signaling pathway (Fig. 4d), differen-
tially expressed in mice of the two strains. Along with the
presence of differential expression of PPARBS receptors,
this leads to a series of multidirectional changes (partial
or complete metabolic blocks) in the processes of trans-
port and (3-oxidation of fatty acids, which is probably re-
flected in the differences in the phenotype of these ani-
mals discussed above.

In male Zuckerf and Wistar rats in two replications
of the study (the experimental data are presented in de-
tail in publications [11, 13]), the intake of HCHFD caused
a total of changes in 43 metabolic pathways, of which 7
were common to all conducted studies (Fig. 5a). When com-
paring two parallel tests on male Wistar rats[11, 13], 18 out
of 39 (46 % of the total) identified KEGGs were observed
to match, which is a fairly good indicator for the reproduci-
bility of transcriptomic studies according to the MAQC Con-
sortium (cited in [13]) in light of the fact that the studies
were performed on different cohorts of animals and using
DNA microarrays of different series.

All 7 metabolic pathways, including rno00830 Retinol
metabolism, rno00980 Metabolism of xenobiotics by cy-
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tochrome P450, rno00982 Drug metabolism - cytochrome
P450, rno03320 PPAR signaling pathway, rno00590 Ara-
chidonic acid metabolism, rno00140 Steroid hormone bi-
osynthesis, rno01040 Biosynthesis of unsaturated fatty ac-
ids, that responded to HCHFD consumption in all groups
of rats responded simultaneously to this exposure in at least
part of the mouse groups, with the first four of these KEG-
Gs responding simultaneously in three of the four mouse
groups studied (all males). This indicates a fairly high meas-
ure of confidence in the identification of these KEGGs as tar-
gets of the effects of hypercaloric diet in various mod-
els of DIO in rodents. In total, 31 metabolic pathways re-
sponded jointly in rats and mice in at least two experiments
to HCHFD consumption (Fig. 5b).

Using the heat map method (Fig. 5¢), the measure
of similarity in the response of different metabolic path-
ways to different hypercaloric (HFD, HFrD, HCHFD) and hy-
perlipidemic (HCD) diets in rats and mice was analyzed
to identify possible dietary, genotypic, and gender pat-
terns in this. The results of clustering by animal groups
are shown in Figure 5d in the form of a graph (“phylogenet-
ic tree”). They show a clear separation of female C57BI/6J
mice from all other animal groups (both rats and mice).
On the other hand, two other clusters are evident in the re-
sponse to the investigated diets, of which one is represent-
ed by male C57BI/6J and DBCB mice on HCHFD and female
Wistar rats on HFD and the other by male DBA/2J mice
on HCHFD and female Wistar rats on HFrD and HCD. Female
Wistar rats and male Zucker rats, the most prone to devel-
op DIO, do not fall into any of these clusters, demonstrating
high specificity of their metabolic response.

When comparing the features of metabolic pathways
in male Wistar and Zuckerf@ rats contrasting in the severity
of the obesity phenotype, it was noted that in the rno00830
Retinol metabolism pathway in Wistar rats treated
with HCHFD, there is a partially overcoming metabolic
block in the enzymatic pathways for the formation of all-
trans-retinoate and the thermodynamically irreversible
formation of 9-cis-retinoate from it, whereas in Zucker-
fa rats both of these metabolic blocks apparently cannot
be overcome. On the other hand, a metabolic block of glu-
curonidation of all-trans-retinoate occurs in Zuckerf rats,
which can lead to inhibition of its clearance. Taken togeth-
er, these effects could hypothetically affect the ratio of cis-
and trans-isomers of retinoic acid, which play different roles
in the regulation of intracellular processes through inter-
action with RXR receptors (see above for a mouse exam-
ple). However, proof of the possibility of such a mechanism
is impossible without kinetic modeling of the correspond-
ing enzymatic reactions, for which there is currently insuf-
ficient experimental data.

The rno00590 Arachidonic acid metabolism pathway
may also play a significant role in the difference in response
to HCHFD consumption between Zucker® and Wistar rats.
Namely, Wistar rats receiving HCHFD have a metabolic
block (which cannot be overcome or partially overcome)
in the biosynthesis of PGF2q, 5-HETE and 15(S)-HETE, in con-
trast to Zucker® rats in which these reactions are, in con-
trast, activated. The consequence of these differences may
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FIG. 4.

Comparative analysis of metabolic pathways (KEGGS) significantly (p,,, < 0.05) responding to the consumption of high-carbohydrate
high-fat diet in C57BI/6J mice (males and females), DBA/2J (males, 2 experiments) and DBCB tetrahybrids: a — heat map of the p , values
of the metabolic pathways in 5 groups of mice; b — Venn diagram of the distribution of metabolic pathways that jointly responded in dif-
ferent groups of mice; ¢ — fragments of the metabolic pathway mmu00830 Retinol metabolism in DBCB and DBA/2J mice; d - fragments
of the metabolic pathway mmu03320 PPAR signaling pathway in DBCB and DBA/2J mice. C57BI/6J fe — C57BI/6J females; C57Bl/6) ma —
C57Bl/6J males; DBA/2J) ma — DBA/2J males; DBCB ma — DBCB males. The measure of similarity was calculated by the criterion of the num-
ber of significantly (p < 0.05) jointly responded KEGGS
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Comparative analysis of metabolic pathways (KEGGS) that jointly responded in rats and mice of different sexes and strains to the con-
sumption of high-carbohydrate high-fat diet, as well as to the consumption of high-fructose, high-fat and high-carbohydrate diets (the last
three — only in female C57BI/6J mice and female Wistar rats): a - Venn diagram of the distribution of metabolic pathways that responded
to the consumption of high-carbohydrate high-fat diet by the groups of rats; b — Venn diagram of the distribution of the number of meta-
bolic pathways that jointly responded to the consumption of high-carbohydrate high-fat diet in rats and mice (all studied sexes and lines);
¢ — heat map of the responses of 31 metabolic pathways which jointly responded in rats and mice fed with various types of hyperlipidem-

ic and hypercaloric diets; d — graph demonstrating a measure of similarity in the KEGGS response profile in different strains of rats and mice
fed with the experimental diets
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be the different nature of the response in rats of these two
strains of the oxylipin profile - derivatives of polyunsaturat-
ed fatty acids, which play an essential role in the expression
regulation of a large number of genes, including those in-
volved in the processes of lipogenesis, lipid (fat) metabo-
lism, immune response and inflammation [13].

Asignificant limitation of the approach used in this pa-
per is the incomplete coverage of diet-induced transcrip-
tomic changes in mice and rats of both sexes and different
strains, which is determined by the totality of data present-
ed in the original studies [9-13] under comparable condi-
tions. However, even on such a fragmentary sample of com-
binations of species, sex, and strains of animals, it became
possible to reveal a general pattern consisting in the fact
that under the influence of feeding hypercaloric diets
in both rats and mice, the same groups of genes that re-
spond oppositely with DE values to one and the same die-
tary factor, depending on the degree of genetic predispo-
sition to the DIO development, are allocated. With a cer-
tain degree of schematic characterization, they may include
1) genes involved in the lipogenesis regulation and lipid
metabolism; 2) genes of signaling pathways of proto-on-
cogenes and intracellular messengers, including those re-
sponsible for cell differentiation and apoptosis; 3) genes
of inflammation factors, regulatory molecules of immune
cells, cytokines and their receptors; 4) genes of proteins
involved in the binding, transport and biological function
of trace elements; 5) enzyme genes of amino acid metab-
olism, especially those capable of controlling the availabil-
ity of substrates for the synthesis of biogenic amines (in-
cluding trace amines and classical neurotransmitters) in-
volved in the regulation of metabolic rate, physical mobil-
ity, eating behavior and appetite, which will be further dis-
cussed below in relation to the Tat gene.

It is particularly important to note a pattern common
to both rodent species, consisting of the effect of an en-
ergy-abundant diet on the expression of genes involved
in the regulation of metabolism via the PPARYy signaling
pathway, xenobiotic metabolism by cytochromes P450,
retinol metabolism, amino acid metabolism (including TAT
transamination), and regulation of apoptosis. In contrast,
the remaining differentially expressed genes were charac-
terized not only by interspecies differences between mice
and rats, but also by interstrain differences within mice
of the two inbred strains and the tetrahybrid.

Role of Tat gene expression in metabolic effects
of DIO in rat and mouse models

The Tat gene encodes the tyrosine aminotransferase
enzyme (EC 2.6.1.5), which catalyzes the reversible re-
action of transferring the amino group from the amino
acid tyrosine to a-ketoglutarate to form p-hydroxyphe-
nylpyruvate and glutamate, respectively. The TAT en-
zyme, like other aminotransferases, is vitamin Be—depend-
entand plays an important role in the metabolic pathway
of tyrosine biotransformation. The enzyme can also uti-
lize phenylalanine as an amino group donor and phe-
nylpyruvate as its acceptor [31]. In fact, through a metabol-
ic link catalyzed by hepatic TAT, there is regulation of the
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amount of the conditionally essential amino acid tyrosine
available for the synthesis of the biogenic amine dopa-
mine and its derivatives, including adrenaline, epineph-
rine, and norepinephrine. A genetic defect in Tat in hu-
man's results in tyrosinemia type 2 accompanied by pro-
found neurological disorders.

As follows from the data of Table 2, a significant DE
of the Tat gene was detected under the influence of HCHFD
in male Wistar and Zuckerf rats, male DBA/2J mice and fe-
male C57BI/6J mice, as well as in spontaneously obese
db/db mice compared to their parental strain C57BI/6J
(the experimental data are presented in the monograph
[13]). In all cases, except for db/db mice and C57BI/6)J fe-
males, factors leading to the development of obesity in-
duced a positive DE of Tat. Interestingly, the differen-
tial expression rate of the Tat gene was more than two-
fold higher for Wistar rats (Iogz(FC) =1.212;p,,, = 0.002;
adj.pVal = 0.067) compared to the control diet,
while it was only 46 % higher for rats of the Zucker® strain
(Iogz(FC) =0.553;p,,,=0.041; adj.pVal >0.1). Moreover, Tat
expression was reduced almost twofold in db/db mice
(log,(FC) =-0.962; p, ., = 0.001; adj.p,,, = 0.006).

The role of transamination reactions and tyrosine me-
tabolism as effector links of metabolism in DIO and obesi-
ty caused by genetic factors is indicated by changes in AST
activity and De Ritis ratio (AST/ALT) values in blood plas-
ma of not only homozygous (in vivo model of hyperactiv-
ity accompanied by increased resistance to DIO develop-
ment) but also heterozygous DAT-KO rats [13]. These re-
sults indicate the effect of excessive amounts of extra-
cellular dopamine in the synaptic cleft of dopaminergic
neurons in the striatum on the regulation of metabolic pro-
cesses through activation of catabolic processes, includ-
ing lipid and carbohydrate metabolism. As a consequence,
the DAT-KO knockout rats receiving HCHFD showed a de-
crease in key parameters of the obesity phenotype (body
weight, relative liver weight, white retroperitoneal adi-
pose tissue, etc.) in comparison with «wild-type» animals,
which were the parental Wistar strain for DAT-KO rats.

As in the case of DAT gene knockout, diet-induced in-
creases in TAT expression and activity can reduce extracel-
lular dopamine levels in synapses of dopaminergic neu-
rons, acting in particular on the nigrostriatal and mesolim-
bic dopamine systems of the brain. The observed changes
in TAT expression, along with ALT and AST transaminases,
may affect the severity and trend of catabolic and/or ana-
bolic organism reactions, the features of eating behavior
and the ability to control the amount of food consumed.

Consistent with these findings are the results of a tran-
scriptomic study indicating that both rats and mice more
prone to develop an obesity phenotype (Zuckerf rats, db/db
mice, female C57BI/6J mice) show less Tat expression com-
pared with animals phenotypically relatively more resist-
ant to developing obesity (male Wistar rats, DBA/2J mice).
This includes results showing the presence of DE in mice
of different strains of Moxd1 and Dbh genes responsible
for some steps in the metabolism of dopamine and its de-
rivatives. The expression of the Hamp2 (hepcidin) gene dis-
cussed above may apparently be associated with dopa-



mine metabolism through the role of this gene in the reg-
ulation of tissue iron status, which is an important cofactor
in a number of stages of metabolism of this biogenic amine.

Based on these findings, it can be concluded
that there is a TAT-dependent effect on the activation
of transamination processes in the liver by altering the rate
of catabolic reactions, as well as regulation of dopamine
levels via tyrosine utilization via the non-dopamine path-
way, possibly representing a novel neurometabolic reg-
ulatory function of the liver in response to the consump-
tion of high-calorie diets.

Analysis of intergenic interactions using the “genetic
networks” toolimplemented in Genemania resource shows
the relationship of Tat expression with other aminotrans-
ferases, including Gpt (ALT), Got (AST), as well as Vnn1, Fos,
Jun and some other genes involved in lipogenesis and re-
sponse to HCHFD. This indicates a legitimate role for Tat
as a metabolic link in the response of the body phenotype
to the consumption of a calorie-abundant diet. Tat expres-
sion increases in mice receiving hypercaloric diet in the set-
ting of metabolic correction by ingestion of Luffa cylindrica
dietary fiber, and, according to the authors, the mechanism
of this effect is mediated by a favorable effect of intestinal
microflora metabolites on gene expression in the host liver
[32]. In our study on Wistar rats, the content of TAT protein
was increased in the liver cells of rats treated with HCHFD
by immunohistochemical analysis [33].

Another putative mechanism of metabolic regulation
of Tat expression is attributed to the systemic effects of glu-
cocorticoids. Thus, Tat is known to be stimulated by corti-
costerone administration or by immobilization stress ac-
companied by massive glucocorticoid release [34]. In this re-
gard, it is relevant to analyze the relationship between Tat
expression and metabolic pathways (KEGGs) of steroid

TABLE 2

hormone biosynthesis and metabolism, which, accord-
ing to transcriptomic studies, are the targets of the effects
of HCHFD and other hypercaloric diets in different rodent
species and strains.

CONCLUSION

Thus, the use of the method of full-transcriptome profil-
ing made it possible to reveal on models of diet-induced obe-
sity, hyperlipidemia and metabolic syndrome in rats and mice
the nutrigenomic effects associated with the different char-
acter of the influence of excessive consumption of dietary fat
and (or) carbohydrates on the transcriptome of liver tissue
in animals more or less hereditarily predisposed to the de-
velopment of DIO or hereditarily determined obesity, stea-
tosis and dyslipidemia. A significant role of Tat gene expres-
sion, encoding tyrosine aminotransferase, in the regulation
of metabolic reactions in rodents in response to HCHFD con-
sumption and in the development of obesity was shown.

The results obtained in a large number of cases are
reproducible, coincide in animals of different species
and strains characterized by similar phenotype, and agree
with the data of analysis of integral, biochemical, traceel-
ement and morphological parameters. At the same time,
within each studied species (Rattus rattus and Mus domes-
ticus) and a certain sex of animals, it is possible to identify
a number of genetic variants with a greater or lesser pro-
pensity to develop the DIO phenotype; in addition, with-
in these variants, a largely similar trend of the transcrip-
tome response to dietary influence is noted.

This summarizing result allows one to remem-
ber the scientific position of the outstanding geneticist
Nikolai I. Vavilov, expressed in the 1st half of the XX cen-

DIFFERENTIAL EXPRESSION OF THE Tat GENE IN DIFFERENT GROUPS OF ANIMALS IN RESPONSE TO THE DEVELOPMENT
OF SPONTANEOUS OR DIET-INDUCED OBESITY AND DYSLIPIDEMIA

MetS (HFrD feeding) Female mice C578Bl/6) -0.554 < 0.001 0.08 [9]
DIO (HCHFD feeding) Female mice C57Bl/6J 0.775 <0.001 0.043 [9]
Dyslipidemia (HCD feeding) Female mice C57Bl/6J 0.403 0.002 - [9]
Spontaneous obesity (balanced diet) Male mice db/db’ -0.962 0.001 0.006 [13]
DIO (HCHFD feeding) Same DBA/2) 1.449 < 0.001 0.004 [12]
DIO (HCHFD feeding) Male rats Zucker 0.553 0.041 - [13]
DIO (HCHFD feeding) Male rats Same 1.212 0.002 0.067 [13]

Note. ' —mouse strain with leptin receptor gene knockout. Mice of the C57BI/6J strain, which is the “parental” strain for this knockout strain [13], receiving the same diet served as a control in this experiment.
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tury, that “Species and genera that are genetically close
are characterized by similar series of hereditary variabil-
ity with such accuracy that, knowing a number of forms
within one species, one can foresee the finding of parallel
forms in other species and genera”. This postulate, known
as the Law of homologous series in hereditary variabili-
ty, was empirically derived from studies on genetic vari-
ants of bread cereal plants. However, N.I. Vavilov himself
noted that the «law of homologous series» can also be ap-
plied to animals. If the assumption that the different re-
sponses of the transcriptome and its associated metabo-
lome to the consumption of energy-dense food are similar
across species (including humans), this improves the pros-
pects for translating results obtained from in vivo experi-
ments into clinical practice.

The general trend of the transcriptome response
and its derived metabolome may contribute to both the de-
velopment of DIO and the formation of resistance to it by in-
creasing energy expenditure and controlling the amount
of food consumed. Which of these variants is most likely
to be realized depends on the genotype of the organism,
i. e, the presence of allelic polymorphisms of key “obesity
genes”. The search for such genes is still a crucial task of nu-
trigenetics, but it is obvious from the available literature
data that not all problems in this field have been solved.
In particular, there are insufficient data on gene expression
products that could be targets of planned personalized
dietary interventions. Of the genes examined in this pa-
per, the most numerous clinical evidences of association
with the pathogenesis of obesity are known for polymor-
phisms of the Pparg gene. At the same time, there is reason
to believe that the scope of work on the search for «can-
didate obesity genes» can be significantly narrowed,
and these studies can be further structured and targeted
to take into account genes that are part of metabolic path-
ways that respond contrastingly depending on the obe-
sity phenotype. In accordance with the data present-
ed in this paper, it is reasonable to search for such genes
as part of the metabolic pathways of retinoid metabolism,
RRAR signaling, steroid hormone metabolism, oxylipins (in-
cluding eicosanoids), trace elements, aromatic amino ac-
ids, which are precursors of trace amines and neurotrans-
mitters with known neuroregulatory function.

Source of funding

The research was carried out at the expense of the sub-
sidy for fulfillment of the state task within the framework
of the Program of Fundamental Scientific Research (topic
of the Ministry of Education and Science of Russia No. 0529-
2015-0006 “Search for new molecular markers of alimenta-
ry dependent diseases: genomic and post-genomic analy-
sis”) and with the support of the grant of the Russian Science
Foundation No. 17-16-01043 “Search for effector links of me-
tabolism regulated by dietary factors in obesity for the de-
velopment of innovative specialized food products”.

Conflict of interest
The authors of this article confirmed that there is no con-
flict of interest to be reported.

39

REFERENCES

1. DiStefano JK. Fructose-mediated effects on gene expression
and epigenetic mechanisms associated with NAFLD pathogenesis. Cell
Mol Life Sci. 2020; 77(11): 2079-2090. doi: 10.1007/s00018-019-03390-0

2. Tutelyan VA. Personalized dietetics: present and future.
Federal'nyy spravochnik. Zdravookhranenie Rossii. Moscow; 2014;
14(VI). (In Russ.).[TyTenbsaH B.A. lepcoHann3npoBaHHas gueTonorus:
HacTosiLee 1 6yayuiee. PedepasibHbil CNpaBoyHUK. 30pasooxpaHeHue
Poccuu. M.; 2014; 14(VI)]. URL: http://federalbook.ru/projects/fsz/
structura-14.html [date of access: 12.09.2022].

3. Wong SK, Chin K-Y, Suhaimi FH, Fairus A, Ima-Nirwana S.
Animal models of metabolic syndrome: A review. Nutr Metab. 2016;
13:65. doi: 10.1186/512986-016-0123-9

4. Harris SE, Poolman TM, Arvaniti A, Cox RD, Gathercole LL,
Tomlinson JW. The American lifestyle-induced obesity syndrome
dietin male and female rodents recapitulates the clinical and tran-
scriptomic features of nonalcoholic fatty liver disease and nonalco-
holic steatohepatitis. Am J Physiol Gastrointest Liver Physiol. 2020;
319(3): G345-G360. doi: 10.1152/ajpgi.00055.2020

5. Park M, Kim KH, Jaiswal V, Choi J,Chun JL, Seo KM, et al. Effect
of black ginseng and silkworm supplementation on obesity, the tran-
scriptome, and the gut microbiome of diet-induced overweight
dogs. SciRep. 2021; 11(1): 16334. doi: 10.1038/541598-021-95789-8

6. Moeckli B, DelauneV, Prados J, Tihy M, Peloso A, Oldani G,
et al. Impact of maternal obesity on liver disease in the offspring:
A comprehensive transcriptomic analysis and confirmation
of results in a murine model. Biomedicines. 2022; 10(2): 294.
doi: 10.3390/biomedicines10020294

7. de Barros Mucci D, Kusinski LC, Wilsmore P, Loche E, Panta-
ledo LC, AshmoreTJ, et al. Impact of maternal obesity on placental
transcriptome and morphology associated with fetal growth
restriction in mice. Int J Obes (Lond). 2020; 44(5): 1087-1096.
doi: 10.1038/541366-020-0561-3

8. Carruthers NJ, Strieder-Barboza C, Caruso JA, Flesher CG,
Baker NA, Kerk SA, et al. The human type 2 diabetes-specific visceral
adipose tissue proteome and transcriptome in obesity. Sci Rep.
2021; 11(1): 17394. doi: 10.1038/541598-021-96995-0

9. Apryatin SA, Trusov NV, Gorbachev AJ, Naumov VA,
Mzhel'skaya KV, Balakina AS, et al. Full transcriptome profiling
of the liver of fat-, fructose and cholesterol-fed C57Black/6J
mice. Russian J Genetics. 2019; 55(4): 399-410. doi: 10.1134/
$1022795419040021

10. Apryatin SA, Trusov NV, Gorbachev AYu, Naumov VA, Bal-
akina AS, Mzhel'skaya KV, et al. Comparative whole transcriptome
profiling of liver tissue from Wistar rats fed with diets containing dif-
ferentamounts of fat, fructose, and cholesterol. Biochemistry (Mos-
cow). 2019; 84(9): 1093-1106. doi: 10.1134/S0006297919090128

11. TmowwnHckmn U.B., Tpycos H.B., lUnnenuH B.A. BnnaHne
KOMIJIEKCa pecBepaTposia 1 KapHUTMHA Ha TPAHCKPUNTOM NeYeHr
KpbIC C UHAYLIMPOBAHHBIM PaLMOHOM OXUPeHneM. buoxumudeckue
HayyHvle ymeHusa namamu akademuka PAH E.A. Cmpoesa: C60pHUK
mamepuasnos Bcepocculickol HayyHo-npakmuyeckol KOHpepeH-
Yyuu ¢ Mex0yHapoOHbIM ydacmuem (PasaHe, 26-27 aHeaps 2022 2.).
PazaHb; 2022: 17-20. [].

12. Gmoshinsky IV, Trusov NV, Shipelin VA. Effect of a complex
of resveratrol and carnitine on the liver transcriptome of diet-
induced obesity rats. Biokhimicheskie nauchnye chteniya pamy-
ati akademika RAN E.A. Stroeva: Sbornik materialov Vserossiyskoy



nauchno-prakticheskoy konferentsii s mezhdunarodnym uchastiem
(Ryazan, 26-27 yanvarya 2022 g.). Ryazan; 2022: 17-20. (In Russ.).
[TmowwnHckun N.B., Anpatun C.A., Tpycos H.B. CpaBHuTenbHadA
XapaKTepucTMKa TPAHCKPUMNTOMA MeYeHr Ha PasfvyHbIX MOAENAX
OXMpPeHsA Y rpbi3yHOB. CospeMeHHbie NpobieMbl 2eHemMUKU, 2eHOMU-
Ku u 6uomexHonozauu: CoopHUK me3ucos PecnybiukaHckou Hay4dHou
KoHgeperyuu (18 mas 2022 2.). TawwkeHT: AKagemus HayK Pecny6nmku
Y36ekucTaH; 2022: 68-70].

13. Gmoshinsky IV, Shipelin VA, Apryatin SA, Trusov NV, Riger
NA, Shumakova AA. Effector links of metabolism. Biologicheski-
aktivnye veshchestva pishchi v lechenii ozhireniya: ot teorii k praktike.
Moscow: Eksmo; 2022. (In Russ.) [[mowmnHckun W.B., LnnenuH B.A.,,
AnpatuH C.A, TpycoB H.B., Purep H.A,, LLlymakoBa A.A. SddeKTopHble
3BeHbA MeTabonuama. buosoeuyecku-akmugHsie sewecmsa nuWU
8 J1e4eHUU OXUpeHUsA: om meopuu kK npakmuke. M.: Skcmo; 2022].

14. Wu X, Zheng H, Yang R, Luan X, Zhang L, Jin Q, et al.
Mouse trefoil factor 3 ameliorated high-fat-diet-induced hepatic
steatosis via increasing peroxisome proliferator-activated receptor-
mediated fatty acid oxidation. Am J Physiol Endocrinol Metab. 2019;
317(3): E436-E445. doi: 10.1152/ajpendo0.00454.2018

15. Zhang K, Zheng J, Chen Y, Dong J, Li Z, Chiang YP, et al.
Inducible phospholipid transfer protein deficiency ameliorates
atherosclerosis. Atherosclerosis. 2021; 324: 9-17. doi: 10.1016/
j.atherosclerosis.2021.03.011

16. Ni XX, Li XY, Wang Q, Hua J. Regulation of peroxisome
proliferator-activated receptor-gamma activity affects the hepatic
stellate cell activation and the progression of NASH via TGF-1/
Smad signaling pathway. J Physiol Biochem. 2021; 77(1): 35-45.
doi: 10.1007/5s13105-020-00777-7

17. Liu X, Lu Y, Chen Z, Liu X, Hu W, Zheng L, et al. The
ubiquitin-specific peptidase USP18 promotes lipolysis, fatty acid
oxidation, and lung cancer growth. Mol Cancer Res. 2021; 19(4):
667-677. doi: 10.1158/1541-7786.MCR-20-0579

18. Stadion M, Schwerbel K, Graja A, Baumeier C, Rédiger M,
Jonas W, et al. Increased Ifi202b/IFI16 expression stimulates adipo-
genesisin mice and humans. Diabetologia.2018;61(5): 1167-1179.
doi: 10.1007/s00125-018-4571-9

19. XinY,LiC,GuoY, Xiao R, Zhang H, Zhou G. RNA-Seq analy-
sis reveals a negative role of MSMO1 with a synergized NSDHL
expression during adipogenesis of 3T3-L1. Biosci Biotechnol Bio-
chem.2019; 83(4): 641-652. doi: 10.1080/09168451.2018.1559719

20. Stylianou IM, Clinton M, Keightley PD, Pritchard C, Tymows-
ka-Lalanne Z, Biinger L, et al. Microarray gene expression analysis
of the Fob3b obesity QTL identifies positional candidate gene Sqle
and perturbed cholesterol and glycolysis pathways. Physiol Genom-
ics. 2005;20(3): 224-232.doi: 10.1152/physiolgenomics.00183.2004

21. Del Giudice EM, Santoro N, Amato A, Brienza C, Calabro P,
Wiegerinck ET, et al. Hepcidin in obese children as a potential me-
diator of the association between obesity and iron deficiency. J Clin
Endocrinol Metab. 2009; 94(12):5102-5107.doi: 10.1210/jc.2009-1361

22. CrambertS, Sjoberg A, Eklof AC, Ibarra F, Holtback U. Pro-
lactin and dopamine 1-like receptor interaction in renal proximal
tubular cells. Am J Physiol Renal Physiol. 2010; 299(1): F49-F54.
doi: 10.1152/ajprenal.00582.2009

Information about the authors

23. Zhang P, Metukuri MR, Bindom SM, Prochownik EV,
O’Doherty RM, Scott DK. c-Myc is required for the CHREBP-de-
pendent activation of glucose-responsive genes. Mol Endocrinol.
2010; 24(6): 1274-1286. doi: 10.1210/me.2009-0437

24. Dorn C, Engelmann JC, Saugspier M, Koch A, Hartmann A,
Miller M, et al. Increased expression of c-Junin nonalcoholic fatty liver
disease.Lab Invest. 2014;94(4): 394-408. doi: 10.1038/labinvest.2014.3

25. Yu RY, Wang X, Pixley FJ, Yu JJ, Dent AL, Broxmeyer HE,
et al. Bcl-6 negatively regulates macrophage proliferation by sup-
pressing autocrine IL-6 production. Blood. 2005; 105(4): 1777-1784.
doi: 10.1182/blood-2004-08-3171

26. Jackson ER, Kilroy C, Joslin DL, Schomaker SJ, Pruim-
boom-Brees |, Amacher DE. The early effects of short-term
dexamethasone administration on hepatic and serum alanine
aminotransferase in the rat. Drug Chem. Toxicol. 2008; 31(4): 427-
445, doi: 10.1080/01480540802390247

27. Mouchiroud M, Camiré E, Aldow M, Caron A, Jubinville E,
Turcotte L, et al. The hepatokine Tsukushi is released in response
to NAFLD and impacts cholesterol homeostasis. JCl Insight. 2019;
4(15): €129492. doi: 10.1172/jci.insight.129492

28. RecinellaL, LeoneS, Ferrante C, Chiavaroli A, DiNisio C, Mar-
tinotti S, et al. Effects of central fibroblast growth factor 21 (FGF21)
in energy balance. J Biol Regul Homeost Agents. 2017;31(3): 603-613.

29. van Diepen JA, Jansen PA, Ballak DB, Hijmans A, Hoo-
iveld GJ, Rommelaere S, et al. PPAR-alpha dependent regulation
of vanin-1 mediates hepatic lipid metabolism. J Hepatol. 2014;
61(2):366-372. doi: 10.1016/j.jhep.2014.04.013

30. LiY, Yang J, Li S, Zhang J, Zheng J, Hou W, et al. N-myc
downstream-regulated gene 2, a novel estrogen-targeted gene,
isinvolved in the regulation of Na+/K(+)-ATPase. J Biol Chem.2011;
286:32289-32299.

31. Mehere P, Han Q, Lemkul JA, Vavricka CJ, Robinson H,
Beva DR, et al. Tyrosine aminotransferase: biochemical and struc-
tural properties and molecular dynamics simulations. Protein Cell.
2010; 1(11): 1023-1032. doi: 10.1007/513238-010-0128-5

32. Zhang L, Wang P, Shi M, Fang Z, Ji J, Liao X, et al.
The modulation of Luffa cylindrica (L.) Roem supplementation
on gene expression and amino acid profiles in liver for alleviat-
ing hepatic steatosis via gut microbiota in high-fat diet-fed mice:
insight from hepatic transcriptome analysis. J Nutr Biochem. 2020;
80: 108365. doi: 10.1016/j.jnutbio.2020.108365

33. Trusov NV, Semin MO, Shipelin VA, Apryatin SA, Gmoshin-
ski IV. Liver gene expression in normal and obese rats received
resveratrol and L-carnitine. Problems of Nutrition. 2021; 90(5):
26-37. (In Russ.). [Tpycos H.B., CemnH M.O., lnnenuH B.A., Anpa-
TvH C.A., TMowuHcknn U.B. Skcnpeccna reHoB B MeYeHU KpbiC,
NoJyyYaBLLMX C PaLIVIOHOM KOMIIEKC pecBepaTpona 1 L-kapHUTUHa,
B HOPMe U Npu oXXnpeHnn. Bonpocsi numatus. 2021;90(5): 26-371.
doi: 10.33029/0042-8833-2021-90-5-25-37

34. Smith C, Wilson NW, Louw A, Myburgh KH. llluminating
the interrelated immune and endocrine adaptations after multiple
exposures to shortimmobilization stress by in vivo blocking of IL-6.
Am J Physiol Regul Integr Comp Physiol.2007; 292(4): R1439-R1447.
doi: 10.1152/ajpregu.00602.2006

Sergey A. Apryatin — Dr. Sc. (Biol.), Research Officer at the Laboratory of Neurobiology and Molecular Pharmacology, Institute of Translational Biomedicine, St Petersburg University,

e-mail: apryatin@mail.ru, https://orcid.org/0000-0002-6892-4387



Ivan V. Gmoshinski - Dr. Sc. (Biol.), Chief Research Officer at the Laboratory of Food Toxicology and Safety Assessment of Nanotechnologies, Federal Research Center of Nutrition, Biotechnology
and Food Safety, e-mail: gmosh@ion.ru, https://orcid.org/0000-007-4359-7131

Nikita V. Trusov — Research Officer at the Laboratory of Nutrition Enzymology, Federal Research Center of Nutrition, Biotechnology and Food Safety, e-mail: nikkitosu@yandex.ru,
https://orcid.org/0000-0002-1919-9297

Victor A. Tutelyan —Dr. Sc. (Med.), Professor, Member of RAS, Scientific Advisor, Head of the Laboratory of Nutrition Enzymology, Federal Research Center of Nutrition, Biotechnology and Food
Safety; Head of the Department of Food Hygiene and Toxicology, .M. Sechenov First Moscow State Medical University of the Ministry of Health Care of Russian Federation, e-mail: mailbox@
ion.ru, https://orcid.org/0000-0002-4164-8992

Authors’ contributions

Apryatin S.A. — methods; research (original data); primary data verification; article writing.

Gmoshinsky I.V. — research concept; calculations; material support; primary data verification; article writing; project administration, interaction with funding sources.
Trusov N.V. — methods; research (original data).

Tutelyan V.A. — research concept; material support; scientific editing of the article; project administration, interaction with funding sources.

41



OBSTETRICS AND GYNAECOLOGY

Kravtsova E.A. "2,
Tsyganov M.M. '3,
Litviakov N.V. 1-3,
Ibragimova M.K. 123

T Cancer Research Institute, Tomsk National
Research Medical Center of the Russian
Academy of Sciences (Kooperativniy lane 5,
Tomsk 634009, Russian Federation)

2 National Research Tomsk State University
(Lenina ave. 36, Tomsk 634050,

Russian Federation)

3 Siberian State Medical University
(Moskovsky trakt 2, Tomsk 634050,

Russian Federation)

Corresponding author:
Marina K. Ibragimova,
e-mail: imk1805@yandex.ru

Received: 18.11.2022
Accepted: 26.05.2023
Published: 11.07.2023

ABSTRACT

Every year, 570,000 new cases of cervical cancer (CC) are diagnosed in the world,
and 311,000 people die from this disease. CC is the fourth most common type of can-
cer and therefore the fourth leading cause of cancer death in women worldwide.
Numerous data on the occurrence and development of cervical cancer indicate
an association in most cases (up to 90 %) with human papillomaviruses (HPV) of high
carcinogenic risk (HCR).

CC prevention strategies are based on screening, and deaths from this oncopathol-
ogy can be prevented through vaccination and treatment with early detection
of the disease.

In this review, much attention is paid to current issues of detection and prevention
of HPV-associated pathologies, and cervical cancer in particular, aiming to sum-
marize and analyze the latest international literature data on this issue.

As a result of this study, it was shown that for countries implementing the National
program of vaccination against HPV of high carcinogenic risk, a decrease in the inci-
dence of both cervical pathologies of varying severity and other cancers associated
with the HPV carriage was registered.

While effective implementation of actual experience and future advances in human
papillomavirus vaccine prophylaxis may make it possible for all countries to move
to the high levels of vaccination coverage required to eliminate HPV-associated
pathologies, the results also suggest that the path to complete cervical cancer elimi-
nation as a global public health problem can be extremely difficult due to a number
of existing limitations.

Key words: cervical pathology, cervical cancer, HPV, screening, prevention, vac-
cination
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PE3IOME

Exxe200H0 8 Mupe duazHocmupyemcs 570 000 Ho8bIx C/lyHaes paka welku Mamku
(PLLM), u 311 000 yenosgek nozubarom om 3moeo 3abosiesaHus. PLLM — yemeép-
meit no pacnpocmpaHéHHocmu 8ud paka u, COome8emcmeeHHo, Yemgépmas
no pacnpocmpaHéHHOCMu NPUYUHA CMepmMu 0m paka y XXeHUWjUH 80 8CEM MUpe.
MHoz204uceHHble OaHHbIe 0 803HUKHOBEHUU U pazsumuu PLLIM caudemenscmay-
tom 06 accoyuayuu 8 bonvwuHcmae cydaes (00 90 %) ¢ supycamu nanusiiomel
yesnoseka (BIM4) svbicokozo kaHyepozeHHo20 pucka (BKP).

B cgoro ouepedb cmpameauu npogunakmuku PLUM ocHosaHbl Ha CKpUHUHze,
a cmepmeribHble UCX00bl 0m 0dHHOU OHKONAMOJ102UU NpedCcmasisiemcs 803MOX-
HbIM npedomapamums Nymém NposedeHUs 8aKYUHONPOMUIAKMUKU U JIe4YeHUs
npu paHHem obHApyxeHuu 3a60/1e8aHUS.

BnpedcmasneHHom 0630pe 60/1bLW0e BHUMAHUE YOeaemcs akmyaabHbIM 8 HACMO-
Auwee spemMs 80NpoCaMm 8bii8/IeHUS U npoghunakmuku BIMY-accoyuuposaHHbix
namosoauti, 8 HaCMHOCMU paka weliku Mamku, ¢ Uesibto 0606wWeHUs U aHanusa
NoC1Ie0HUX MEXOYHAPOOHbIX IUMepamypHbix 0GHHbIX N0 O0aHHOU npobieMamuke.
Bpesynbmame nposedeHus HACMOAWE20 UCC1e008AHUS NOKA3AHO, YMO 0718 CMPAH,
peanusyrowux HayuoHaabHyo npoepammy sakyuHayuu npomus B4 BKP, 3ape-
2UCMPUPOBAHO CHUXeHUE 3ab0/1esdeMocmu Kak namoJsio2uamu weliku Mamxku
pasu4YHOU cmeneHuU msxecmu, mak u Opy2umu OHKo3ab0os1e8aHUAMU, accoyuu-
POBAHHbBIMU C HOCUMEeIbCMBOM OAHHO20 8Upycd.

Hecmomps Ha mo, Ymo 3¢hpekmusHoOe UCNoJ1b308aHUE HAKONJIEHHO20 HA Ce200-
HAWHUU 0eHb onbima u 6ydywjux 0ocmuxeHuUl 8aKyuHoONpogpuaakmuku
nanusnnomasupycHol UHpeKyuu Moxxem no380/1UMb 8ceM CMpaHam nepelimu
K 8bICOKOMY YPOBHIO 0X8ama, KOMopblili HeO6x00UM 01 OKOHYamMesibHOU JTUK8U-
dayuu Bl14-accoyuuposaHHolU namosio2uu, NoJly4eHHble pe3ysibmamsl MAakxe
csudemesibCMByoM 0 MOM, YMO NyMb K NOIHOU IUK8UOAUUU paka weliku Mamku
Kak 27106as16Holi npobiemMbl 06ujecmeeHH020 30pasoOXPAaHEHUS MOXem OKa3dmb-
CA Upe3sbIYaliHO MPYOHbLIM 8 CUJTY PAOA Cyujecmasyrowux o2paHudeHud.

Knrouyesnie cnosa: namosoaus welku Mamku, pak wetku mamku, B4, ckpuHuHe,
npoguIaKmMuKa, aKUUHAYUS

Ona yntuposaHua: Kpasuosa E.A., LbiraHoB M.M., Jlutesikos H.B., M6parumosa M.K.
BlMY-accounmnpoBaHHbIV pak LWenKkn MaTKN: COBPEMEHHOE COCTOAHUE U MepPCneKTUBbI.
Acta biomedica scientifica. 2023; 8(3): 42-54. doi: 10.29413/ABS.2023-8.3.4
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1. INTRODUCTION

According to the World Health Organisation (WHO),
malignant neoplasms are one of the most common causes
of death worldwide [1].

According to GLOBOCAN, there were 604,127 new
cases and 341,831 deaths from cervical cancerin 2020 [2].

Currently, high incidence and mortality rates from cer-
vical cancer (CC) remain an urgent problem, the solution
to which is of great importance in improving the demo-
graphic situation both in the Russian Federation and world-
wide. We used the joint WHO and IARC-GLOBOCAN project,
which provides annual data on cancer incidence world-
wide, in order to estimate CC incidence for this literature
review (Fig. 1).
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FIG. 1.

Dynamics of standardized worldwide incidence rates of cervical
cancer through 2010 to 2020

Over the past two decades, it has become evident
that viruses are significant for the development of hu-
man malignant neoplasms [3]. Human papillomavirus
(HPV) with high carcinogenic risk (HCR) is considered
a major cause of CC [4]. CC precursors are premalignant
diseases (cervical dysplastic changes of varying severi-
ty), as well as various inflammatory conditions and dam-
age to the squamous epithelium of the cervical mucous
membrane - cervicitis and cervical erosion, respectively.
In this case, human papillomavirus contributes to the ac-
celeration of malignant transformation of the damaged
epithelium into malignant pathology. Thus, it is impor-
tant to perform testing for HPV infection when perform-
ing secondary prevention.

As aresult of timely detection and treatment of cervi-
cal pathology from the moment of HPV initiation, it is pos-
sible to prevent the occurrence of both the premalignan-
cy (dysplastic changes of varying severity) and further
progression to the development of malignant neoplasm.

The aim of this study is to review the course of HPV
infection from infection of female patients without mor-
phological changes in the cervical epithelium to progres-
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sion to malignancy and to discuss surveillance approaches
for monitoring and implementation of public health pro-
grams (in particular HPV vaccination for high carcinogen-
ic risk HPV and CC prevention programs) to achieve con-
trol and eventual elimination of this cancer.

Methods. A literature search was conducted in Pub-
Med and Google Scholar databases using different varia-
tions of the following keywords: cervical pathology, cer-
vical cancer, human papillomavirus, HPV, prevention, vac-
cination, screening. Full-text articles from 2014 to 2022
were included in the study. The language of the studies
was not an obstacle to inclusion in this literature review.
A total of 81 references are included in the review.

2. HPV INFECTION

A large body of research in the world literature is de-
voted to the influence of HPV on the emergence and de-
velopment of premalignant and malignant processes
in various morphological changes of the cervical epi-
thelium. This section summarizes literature data on HPV
in female patient groups ranging from healthy patients
to CC patients.

The healthy group includes female patients without
morphological changes in the cervical epithelium. World-
wide, 10.4 % of women with normal cervical cytological
findings are HPV carriers [4]. Higher prevalence was found
in less developed regions (22.1 % in Africa, 20.4 % in Cen-
tral America and Mexico) compared to North America
(11.3 %), Europe (8.1 %), Asia (8.0 %) [4]. A study of women
with normal cytology published in 2010 showed the high-
est prevalence of HPV (23.2 %) among women under
25 years of age [4]. HPV 16 was the most common type
[5]. For example, the prevalence of this virus in a study
of high-risk HPV infection among healthy women in Teh-
ran, Iran, was 5.1 %. HPV 16 was also the most frequently
detected genotype. However, it should be noted thatin re-
cent years, HPV 31, 33, 45 and 58 have been most com-
monly detected in many East Asian countries in a cohort
of healthy women [6].

Background pathologies of the cervix include dis-
eases such as cervicitis, cervical erosion and endocervi-
cal polyps.

Cervicitis is an extremely common gynecological dis-
ease among women (30-40 % of cases) aged 20-40 years,
characterized by inflammation of the cervix, which in-
creases the risk of sexually transmitted infections [7].
This background cervical disease can cause a number
of reproductive system disorders such as endometritis,
salpingitis, pelvic inflammatory disease, chorioamnioni-
tis and other complications. Chronic cervicitis was report-
ed to be associated with various stages of cervical cancer
progression, including cellular transformation and stim-
ulation of proliferation, invasion, angiogenesis, and me-
tastasis [7].

Depending on the nature of the course of inflamma-
tion, viral cervicitis caused by the human papillomavirus
is distinguished. In Beijing, China, the prevalence of HPV



among patients with cervicitis was reported to be 75.8 %,
among which HPV 16, 18, and 52, three most common
HPV types, were detected with an incidence rate of 19 %,
11.6 %, and 15.2 %, respectively [8].

According to epidemiological data, 5-15 % of HPV pa-
tients are diagnosed with chronic HPV-associated cervici-
tis. The most frequent unfavorable course and outcome
of the disease is noted among women with viral-bacteri-
al or viral-fungal infection of the lower genital tract. In ad-
dition, these associations lead to a protracted course
of the disease with numerous recurrences. Thus, chron-
ic exo- and endocervicitis, high prevalence of HPV cre-
ate prerequisites for the formation of premalignant cervi-
cal diseases [9]. The International Papillomavirus Society
(IPVS; http://ipvsoc.org/) considers HPV-associated cervi-
citis as a primary marker of cervical premalignancy.

Cervical erosion is a chronic inflammation
with the highest incidence of cervical lesions in recent
years [10] and is one of the frequent gynecological prob-
lems (15-30 % of cases). Erosion occurs as a consequence
of cervical infection and represents the basis for cancer,
as there is a high risk of HPV contact with basal cells. Cur-
rently, data on HPV incidence for this pathology are not pre-
sented in the world literature [10, 11].

Endocervical polyps. The etiology of cervical polyps
remains unknown, but many theories have been present-
ed. One theory suggests that they can be the result of cer-
vical vascular thrombosis and can disrupt blood flow re-
sulting in the formation of a polyp. Other theories describe
that they occur due to infection or chronic inflammation
of the cervix [12]. One case study on the association of HPV
with endocervical polyps has been mentioned in the liter-
ature. It was found that among HPV-positive women, en-
docervical polyps were present in 6.9 % of cases. Howev-
er, the most frequent genotypes of HPV-positive samples
are HPV 16 and 18 [13].

Cervical dysplasia is divided into two subtypes: low
and high malignancy - which are associated with HPV in-
fections to varying degrees.

LSIL (CIN1, cervical intraepithelial neoplasial) is a low
grade squamous intraepithelial lesion [14]. A diagnosis
of CIN is not a reason for screening and initiation of treat-
ment, as CIN1 suggests a low risk for the development
of severe dysplastic changes [15]. The association be-
tween CINT and HPV remains controversial. However,
there are studies suggesting that CIN1 is mainly caused
by HPV of low carcinogenic risk. There is also evidence
that HPV of high carcinogenic risk is closely associated
with CIN1 [16]. HPV 16 and 18 cause 25 % of CIN1 cases
[17]. According to a study conducted in China, HPV 16, 52
and 18 are the most common HPV genotypesin CIN1 [18].

Differences in HPV infection risk and CIN1 outcomes
may be related to regional differences in populations [16].

HSIL (CIN2 + (CIN3 + Insitu)) is a high grade squamous
intraepithelial lesion [14].

Preinvasive cervical cancer is a stage of malignant ne-
oplasm in which malignant changes are localized only
in the cervical epithelium. In this case, the malignant cells
have not yet broken through the basement membrane
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and therefore have not penetrated even into the subepi-
thelial tissue. Therefore, this stage of the disease is referred
to as intraepithelial, null or carcinoma in situ [19].

HPV 16 and HPV 18 are known to cause up to 50 %
of CIN3, but oncogenic HPV types such as HPV 31, 33,45, 52
and 58 pose arisk of developing CIN3 equivalent to the risk
of HPV 18 [19, 20]. Moreover, a mixed infection of HPV 31
and 33 among women over 30 years of age exceeds the on-
cogenic risk of HPV 16 [20, 21]. According to a study con-
ducted by Chinese scientists, CIN2 and CIN3 are charac-
terized by the presence of HPV 52, 16, 58, 33 and 18 [18].
It should be noted that genotypes HPV 39, 56, 58 and 68
are associated with a lower risk of progression to CIN3 [21].
HPV 16 is known to have the strongest impact on the de-
velopment of cervical cancer in situ [22].

It is worth noting that cervical cancer is a preventable
disease. However, it is limited by social and economic sta-
tus and education level. Most women are poorly informed
about the causes, risk factors, prevention and treatment
of CC. CC incidence in developed countries remains low-
er than in less developed countries. In fact, approximately
95 % of deaths from cervical cancer occur in low-income
countries. HPV infection is the most significant predom-
inant factor in the development of cervical cancer [23].
According to the literature, HPV 16, 18, 45, 31, 33, 52, 58,
and 35 are the most common HPV types among women
with CC in descending order of frequency. They account
for 91 % of invasive CC cases [9]. However, it is worth not-
ing that worldwide, the percentage of cervical cancer cas-
es caused by HPV 16 and 18 is about 70 % [19]. HPV 68, 26,
66, 67, 73 and 82 are rarely detected in women with CC,
but the carcinogen classification system is constantly be-
ing updated [24].

3. ONCOGENESIS OF CERVICAL CANCER

3.1. Infection

The cervix is formed by a simple columnar secreto-
ry epithelium. The vaginal cavity is lined by a multilay-
ered non-keratinizing squamous epithelium. The epitheli-
um is the area where more than 90 % of lower genital tract
malignancies are initiated; it is also particularly vulnerable
to high-risk HPV [25].

The process of carcinogenesis, starting with cellular
changes caused by HPV infection and ending with CC, can
take from 10 to 40 years (but in rare cases CC can also de-
velop in 1-2 years), which provides a window for clinical
prevention, diagnosis and treatment [25].

Cervical canceris a result of a continuous process: nor-
mal cervical epithelium after infection with HPV progress-
es to CIN, then transforms into invasive squamous cell car-
cinoma (ISC) [26].

A viral infection caused by HPV begins with the vi-
rus entering the cervical epithelium through microcracks.
HPV genomes then migrate into vesicular nuclei together
with L2 protein, where they become low-copy episomes.
Once in the host cell nucleus, HPV genomes rapidly repli-
cate to 10-200 copies per cell, marking the initial phase of



amplification and leading to the establishment of infec-
tion. During this initial phase, only the early viral promot-
er is transcriptionally active, leading to the expression of
early HPV proteins: E1, E2, E6 and E7.

The expression of E1 and E2 proteins then leads
to the regulation of virus replication in infected cells,
which leads to the expression of other early-stage pro-
teins. Further, the expression of E5, E6 and E7 oncopro-
teins starts, which promotes cell survival and uncontrolled
proliferation [27].

The presence of E5 leads to inappropriate activation
of the epidermal growth factor receptor (EGFR), trigger-
ing a series of events followed by the production of vas-
cular endothelial growth factor (VEGF), thereby promot-
ing angiogenesis, which is one of the hallmarks of cancer
progression. E6 production leads to repression of several
signaling systems. E6 and E6AP can form a complex capa-
ble of tagging the p53 protein for its degradation, there-
by reducing levels of this tumor suppressor protein. p53
degradation leads to dysregulation of Bcl-2 (a regulator
of apoptosis) expression and inhibition of Bak. Moreover,
E6 can mark the degradation of Bak, an important pro-ap-
optotic protein, and bind to p300, thus inhibiting its p53
activation mechanism. In addition, E6 can bind to FAS
(“death receptor” whose activation leads to apoptosis)
and accelerate its degradation. All these mechanisms trig-
gered by E6 result in apoptosis defense. E7 has the abili-
ty to bind to pRB (retinoblastoma protein) of tumor sup-
pressors p107 and p130, which are E2F regulators (tran-
scription factor). This binding releases E2F, which in turn
can continuously induce cell cycle progression. In gener-
al, interference of HPV proteins leads to uncontrolled cell
overgrowth [27].

3.2. Viral persistence and integration

During persistent high-risk HPV infection, HPV inte-
gration events known to cause genome instability can of-
ten be detected. There is a growing number of stud-
ies suggesting that integration of high-risk HPV DNA
may be a prerequisite and/or driving force for HPV car-
cinogenesis, maintenance of a malignant phenotype,
and development of cervical cancer [28]. Ongoing stud-
ies have established the association of HPV integration
with cervical CIN levels, which could potentially be used
as a marker to assess the risk of cervical cancer among
patients with HPV infection [28]. Numerous studies have
shown that HPV integration typically involves disruption
of the open reading frames of the viral E1 and E2 regions,
leading to activation of the E6 and E7 oncogenes. The E6
and E7 oncogenes have several cellular targets that pro-
mote malignant transformation with the mechanism de-
scribed above, accompanied by increased ubiquitin deg-
radation of p53, Bak, inhibition of pRb and activation of cy-
clin-dependent kinases [1, 29, 30].

During the infectious process, the virus may be pre-
sent in episomal, integrated or combined (mixed) form
in the host cell genome. In its integrated form, the virus
can cause changes in cellular functions that promote repli-
cation of viral particles and malignant cell transformation.
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Currently, there are several hypotheses regarding the corre-
lation between viral status and lesion stage. It has been sug-
gested that the virus is fully integrated into the genome
in advanced malignant lesions. Other studies have failed
to establish a definite stage of full integration [31]. HPV ge-
nome integration has been found in two types: as a single in-
tegrated genome and as multiple tandem repeats of the vi-
ral genome into the cellular genome [32].

The correlation between structural variations
in the host genome and HPV integration is poorly stud-
ied. In particular, it is unclear whether tandem integra-
tion is preceded by chromosome aberrations that facil-
itate HPV integration or whether HPV integration caus-
es more extensive chromosomal changes. However,
there is information in the literature that the integration
of HPV DNA into the human genome causes various ge-
netic alterations such as amplification of oncogenes, in-
activation of tumor suppressor genes, inter- or intrachro-
mosomal rearrangements, and genetic instability [33].
While host cell genome instability and HPV genome in-
tegration are more common in invasive tumor diseases
compared to CIN lesions, it is unknown whether genome
instability differs between integrated and non-integrat-
ed forms of HPV [34].

3.3. Elimination

Most HPV infections do not cause symptoms and pass
spontaneously within 1-2 years due to rapid immune clear-
ance. The immune system eliminates the virus within six
months in 50 % of infected women and in 90 % of women
within two years of persistence [35]. Approximately 90 %
of patients with HPV infection have innate and humoral im-
mune-mediated virus clearance within a few months after
viral infection [36].

Only if the infection persists, it can lead to the devel-
opment of a premalignant CIN lesion (1-2 years) and pro-
gression to CC can take up to 10-15 years [37, 38]. Many
factors contributing to HPV persistence and triggering car-
cinogenic pathways remain elusive [39].

During the progression of a premalignant lesion,
the host immune system detects infiltration of CD4%-,
CD8*-lymphocytes (a type of T-lymphocytes) and mac-
rophages, increase in pro-inflammatory cytokines and in-
duction of neutralizing antibodies [40]. A slow immune
response to infection causes a decrease in antibody ti-
ters. Neutralizing antibodies (Nab) are triggered after
viral infection and target only viral particles and not vi-
rus-infected cells, which thus cannot cure the infection.
In addition, the role of macrophages and natural kill-
ers (NK) involved in the immune response is unclear.
Langerhans cells, major antigen presenting cells (APC)
in the epithelium, play an important role in the recog-
nition of HPV infection and induction of the cellular im-
mune response [36].

A combination of innate and adaptive immunity pre-
vents HPV infection. Effector T cells targeting early vi-
ral proteins can eliminate virus-infected cells. However,
the immune response that can protect against re-infec-
tion with the same or even a different type of HPV is dis-



puted. Studies attempting to investigate whether antibod-
ies developed after natural HPV infection provide protec-
tion against re-infection have provided conflicting results
[36]. A US study showed that there was no evidence of ho-
mologous immunity against any of the HPV types stud-
ied, suggesting that intratype competition is weak or ab-
sent [41]. At the same time, according to previous results
obtained by these scientists, it has been shown that HPV
16 viral particles can induce low levels of neutralizing an-
tibodies against HPV 31. Clinical trial data have shown
that vaccines targeting HPV 16 provide partial protection
against HPV 31 [41].

During the HPV persistence phase, during
which the host immune system cannot eliminate the vi-
rus, expression of E6 and E7 proteins may contribute to le-
sion progression, which usually results from E2 promoter
methylation and viral integration, contributing toimmune
abnormalities [36].

The development of cervical cancer depends not only
on negative regulation of cell cycle control and accumu-
lation of genetic damage by viral oncoproteins, but also
on immune evasion [25]. Mechanisms of immune system
evasion by HPV include:

e suppression of the antigen presentation mecha-
nism (antigen presentation is the process of presenting

TABLE 1
POTENTIAL BIOMARKERS OF CERVICAL CANCER

SEPT9 promoter methylation is a potential biomarker for early
detection of cervical cancer and its overexpression may determine

cc Sensitivity /
Biomarkers specificity, %
miR-9 67.3% /80 %
miR-21 82.7%/72%
miR-155 65.4% /96 %
SIM1 38.5% /100 % .
of cervical cancer
SEPT9 89.5%/63.3%
radioresistance
ZNF582 71%/81 %
PAX1 86 % /85 % . .
screening diagram
SOX1 96 % /99 %

miR-9, miR-21 and miR-155 may be prospective biomarkers
for the diagnosis of HPV-associated cervical cancer

SIM1 methylation status may be a potential diagnostic biomarker

ZNF582 can be used as a potential biomarker for CIN3 prognosis

Diagnosis of PAXT methylation can be included in the cervical cancer

SOX1 sensitivity and specificity make it suitable for use in cervical
cancer early detection programs
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afragment of antigen to a T lymphocyte in order to trigger
aT cell response);

e resistance to cytotoxicity mediated by cytotoxic
T lymphocytes (CTL);

e recruitment of immune cells that inhibit the im-
mune response, such as immature dendritic cells (DC),
tolerogenic DCs, T regulatory cells (Treg), tumor-associ-
ated macrophages (TAM) and myeloid-derived suppres-
sor cells (MDSCQ).

In addition, overexpression of E6 and E7 proteins im-
pairs cellular DNA repair, resulting in genome instability
and immune escape [42].

4. POTENTIAL BIOMARKERS OF CERVICAL
CANCER

The results of a study published in 2021 involving
more than 40,000 women showed that E6/E7 mRNA de-
tection has the highest sensitivity compared to conven-
tional cytological examination and p16/Ki-67 testing [43].
Considering these results, the E6/E7 mRNA assay seems
to be a very good candidate for ultrasensitive screening.
Scientific consensus on the optimal sensitivity of tests
used in cervical cancer screening remains open [43].

Conclusion Source

Park S. et al. (2017)
[45]

Kim H.J. et al (2018)
[46]

Jiao X. etal. (2019)
[47]

LiN.etal. (2019)
[48]

Fang C. et al. (2019)
[49]

Zhang L. et al. (2020)
[50]



Currently, potential highly sensitive biomarkers for cer-
vical cancer also include SOX74. It belongs to a group
of genesinvolved in the binding of high mobility group do-
mains to DNA, which stimulates the differentiation process
in the cell cycle. Regarding cervical cancer, SOX14 potenti-
ates cell proliferation and invasiveness. Detection of SOX74
allowed differential diagnosis of precancerous lesions
and cervical cancer with a sensitivity of 94.12 % and speci-
ficity of 86.46 % [44].

In addition to the examples described above, poten-
tial biomarkers of premalignant lesions and CC presented
in the references are summarized in Table 1.

The JAK/STAT pathway, with which the E6/E7 oncopro-
teins interact, has been highlighted among the numerous
cells signaling pathways involved in cervical cancer car-
cinogenesis. Signal transmission in this pathway contrib-
utes to the tumor progression and the development of me-
tastases. Currently, JAK/STAT pathway inhibitors are known
to be of interest in ongoing clinical trials. However, it is im-
portant to focus on the evaluation of the recurrence-free
period and overall survival of CC patients [51]. Notch is an-
other pathway which is important for cervical cancer pro-
gression. This signaling pathway is associated with differ-
entiation of epithelial cells with HPV. Most invasive cases
of cervical cancer show cytoplasmic localization of NotchT,
with Notch1 in the cell nucleus correlating with worse treat-
ment outcomes [52].

The role of HPV in the development of CC is undenia-
ble. However, the HLA (Human Leukocyte Antigen) gene,
probably responsible for genetic predisposition to cervical
cancer, has attracted the attention of researchers. Several
studies in recent years have found independent risk variants
associated with the 6p21.3 locus of the HLA gene. The esti-
mated inherited susceptibility to cervical cancer infection
ranges up to 7 %. However, the authors conclude that stud-
ies on larger populations of HPV-negative cases of cervical
cancer, which are diagnosed statistically later than HPV-
positive cases and correlate with poorer survival, are need-
ed to verify these findings [53].

5. HPV VACCINATION:
RESULTS AND PROSPECTS

By understanding the role of HPV in the development
of cervical cancer, researchers have focused on developing
suitable strategies to detect and prevent this disease [27].
The ultimate goal of HPV vaccination is to reduce the oc-
currence of cervical premalignancies and inflammatory
diseases by preventing infection with the major oncogen-
ic HPV types [54].

Currently, there are three commercially available
preventive vaccines that vary in the number of HPV
types and target (some are not available in certain
countries). Cervarix is a bivalent vaccine targeting HPV
16 and 18; Gardasil is a quadrivalent vaccine against
HPV 6, 11, 16, 18; Gardasil 9 is a 9-valent vaccine tar-
geting the same HPV types as the quadrivalent vaccine
(6,11, 16, 18) as well as types 31, 33, 45, 52 and 58 [55,
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56]. Quadri- and bivalent first-generation HPV vaccines
have been available since 2006 and 2007, respective-
ly [57]. The target group for vaccination recommended
by WHO is girls aged 9 to 14 years who are not sexual-
ly active because they have a better immune response
to the vaccine than adolescents [56].

Large international clinical trials have shown that HPV
vaccines are safe and highly effective against persistent
vaccine-type infection and premalignant cervical lesions
in women (vaccine efficacy = 93 %) [55].

Data demonstrating the high efficacy of HPV vacci-
nation have recently been published for Australia [58].
Due to the success of the HPV vaccination programme,
the introduction of vaccination for both sexes, the recent
switch to a two-dose vaccination schedule, and the 2017
changes to the National Cervical Screening Programme,
estimates suggest that an incidence rate of less than 4 CC
cases per 1,000,000 women is likely to be achieved by 2035
if current vaccination coverage rates can be maintained.
Therefore, it is likely that Australia will be the first country
in the world to eliminate cervical cancer as a public health
problem. However, other countries are expected to follow
suit within the next decade or two [58].

In addition, HPV vaccination is also effective in pre-
venting cervical diseases [56]. For example, Scotland
researchers show a reduction in low and high CIN as-
sociated with high utilization of bivalent HPV vaccine
at the population level [59]. Results from a recent Japa-
nese study showed that women aged 20-24 years who re-
ceived HPV vaccine had significantly lower rates of ab-
normal cervical cytological examination results compared
to those who did not receive the vaccine [60]. An Aus-
tralian study showed that vaccination with quadrivalent
HPV vaccine also helps to reduce the incidence of HSIL
and LSIL among women [61]. Results of Canadian stud-
ies show that HPV vaccination was moderately effective
in preventing HSIL among adolescents, but much less
effective in older age groups, especially among those
with a history of abnormal cytological findings [62].
These two vaccines also protect against HPV 6 and 11,
which cause anogenital warts [56].

In 2014, estimated HPV vaccination coverage rates
for young and adolescent girls were more than 30 % in de-
veloped countries but less than 3 % in less developed re-
gions [58].

In 2018, WHO called for action to achieve global elim-
ination of cervical cancer, and to develop a strategic plan
that includes goals and targets for scaling up HPV vacci-
nation, cervical screening, and treatment of premalignant
and malignant diseases [58].

Worldwide, at least one dose has been administered
to nearly 118 million women [63]. Global vaccination
coverage is estimated at 15 % and 40 % in high-income
countries. In Europe, full vaccination coverage is estimat-
ed at 35 % [64]. 90 % of global CC deaths occur in low-
and middle-income countries, which struggle to imple-
ment effective prevention programs due to lack of finan-
cial resources and low public awareness. However, it is im-
portant to note that the situation in these countries should



improve annually. As of mid-2020, 41 % of all low- and mid-
dle-income countries have initiated national HPV vaccina-
tion programs [65]. The dissemination of vaccination fac-
es a number of challenges such as the cost of the vaccine
(in the absence of a national vaccination programme),
the lack of information on HPV vaccine, and the difficulty
of completing vaccination [66]. The COVID-19 pandemic
is expected to increase the above-mentioned challenges
to HPV vaccination [67].

Thus, discussions about cervical cancer elimination
have largely focused on the opportunities and challeng-
es of vaccination programme scale-up. These dispari-
ties in HPV vaccination coverage may explain differenc-

es in the incidence, prevalence, and mortality associated
with CC around the world.

In countries that have achieved high vaccination cov-
erage, a 73-85 % reduction in vaccine-type HPV preva-
lence has been noted [55]. It is worth noting that as of De-
cember 2019, 124 countries and territories have imple-
mented national immunization programs for HPV vacci-
nation [54].

It has been estimated that current achieved vaccina-
tion coverage could potentially prevent up to 12.5-13.4 mil-
lion cases of cervical cancer by 2069 and could achieve
an average cervical cancer incidence of approximately
4 per 100,000 women per year [58].

TABLE 2

IMPLEMENTATION OF CERVICAL CANCER PREVENTION PROGRAMS IN SOME COUNTRIES

Country National cervical cancer screening programme
No
As part of the medical check-up it is mandatory
. to perform the Pap (Papanicolaou) test that involves
Russian . .
. collecting cervical cells from the group of women
Federation
21-29 years old once every 3 years; group of women
30-65 years old - the Pap test + HPV testing every
5 years.
Austria The Pap test (after the age of 18)
Belgium The Pap test every 3 years, possibility of HPV DNA test
Czech Girls over the age of 15 should have the Pap test every
Republic year
Women aged 23 to 49 should have the Pap test every
Denmark 3 years, women aged 50 to 59 years — every 5 years.
HPV test for women aged 60 to 64 — once.
. Women aged 30 to 55 should have the Pap test every
Estonia
5 years
Women aged 25 to 65 should have the Pap test every
France

Netherlands

3years

Women aged 30 to 60 should have HPV test every
5 years

The Pap test — before the age of 35,

Germany co-testing — at ages 35 to 65

Australia The Pap test every 2 years, HPV DNA test every 5 years
Determined in certain regions of the country (HPV test,

Portugal the Pap test), performed every 3 years or every 5 years

for the age groups of 25-60, 25-64 and 30-65
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National HPV vaccination

programme

No

Yes, for girls and boys

Yes

Yes

Yes, girls > 12 years old

Yes, girlsaged 12 to 14

Yes, girls aged 11 to 14.
Additional vaccination

option for girls aged 15 to 19

Yes, vaccination for girls
atthe age of 12

Yes, for boys and girls aged

9to 14

Yes, girlsaged 12to 17

Yes, girls under the age of 13

Source

Cervical intraepithelial
neoplasia, erosion
and ectropion (2022) [70]

Sroczynski G. et al. (2020)
[71]

Jolidon V. et al. (2020) [72]

Altova A. et al. (2021) [73]

Pedersen K. et al. (2018)
[74]

Ojamaa K. et al. (2018) [75]

de RyckeY. et al. (2020)
[76]

de Munter A.C. et al.
(2021) [77]

Osowiecka K. et al. (2021)
[78]

Kramer J. (2021) [79]

Fernandes C. et al. (2022)
[80]



6. CERVICAL CANCER PREVENTION PROGRAMS

In 1993, the European Guidelines for Quality Assur-
ance and Principles for this screening were published. This
year was the key date for the introduction of cervical can-
cer screening in Europe [68].

After 2015, the criteria for the screening programme
were clearly defined: the age of the target group; the time
intervals for the screening test; the algorithm for further
management of the patient depending on the results [69].
Table 2 presents current information on the implementa-
tion of cervical cancer prevention programs in some coun-
tries.

Both screening and HPV vaccination programs
do not yet have a unified regime. Most of the countries
listed above base CC screening on the Pap tests every
3years. HPV testing is used in Belgium, Denmark and parts
of Portugal. The Netherlands is the only country in Europe
where cytology has been completely replaced by HPV test-
ing. A programme based on HPV testing was launched
in the country in 2017 [81].

TABLE 3

AGE-STANDARDIZED CERVICAL CANCER INCIDENCE
AND MORTALITY RATES PER 100,000 FEMALE
POPULATION IN EUROPEAN COUNTRIES IN 2020

Country Incidence Mortality
Russian Federation 20.5 8.8
Austria 7.7 2.6
Belgium 11.1 29
Czech Republic 13.5 52
Denmark 14.8 3.2
Estonia 26.9 6.3
France 10.1 3.2
Netherlands 10.0 2.1
Germany 1.1 3.2
Portugal 15.6 4.6
Australia 6.0 1.7
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Many countries have HPV vaccination programs.
In Austria and Germany, boys are also vaccinated. Dif-
ferences in approaches to CC prevention are reflected
in the incidence and mortality rates presented in each
country. The incidence and mortality rates for cervical can-
cer, based on data published by the International Agency
for Research on Cancer, are presented in Table 3.

The lack of a national HPV vaccination programme
speaks volumes. The lowest risk of death among the coun-
triesincluded in this review is noted in Australia, where cy-
tological scrape screening is used in addition to the HPV
vaccination programme.

Based on the above, it seems reasonable to stand-
ardize recommendations for CC prevention programs.
There is both an urgent need to fund HPV vaccination
in countries where it is not available and to include HPV
HCR vaccination in mandatory National Preventive Vacci-
nation Calendars.

8. SUMMARY AND CONCLUSIONS

In recent years, scientific publications have increasing-
ly drawn conclusions about the need for timely screening
measures for the most accurate and effective detection
of women with premalignant cervical lesions for early in-
tervention and prevention of malignant neoplasm. Itis be-
lieved that cervical screening, differentiated management
of patients with HPV-associated cervical disease and HPV
vaccination will be complementary synergistic strategies
for CC prevention in the coming decades.

However, the above arguments suggest that the com-
plete elimination of cervical cancer as a global pub-
lic health problem may be extremely difficult to achieve
due to the following reasons: lack of uniform standards
for CC prevention, lack of implementation of a publicly
funded HPV vaccination programme in some countries
(e. g., the Russian Federation).

In addition to the above, in order to improve the im-
plementation of CC prevention, it isimportant to highlight
the following areas: accelerated evaluation of the clinical
efficacy of new diagnostic tools, development of HPV vac-
cines with wider genotype coverage and shorter dosing
regimens.
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ABSTRACT

T helpers (Th) producing IL-17 (Th17) have high plasticity and under the influence
ofexternal conditions are able to redifferentiate into cells with a different phenotype,
primarily in Th1-lymphocytes, forming a population that combines the characteristics
ofboth Th17 and Th1 and has a high pro-inflammatory potential, as well as a unique
ability to overcome histohematic barriers. These cells are currently assigned a key role
in the pathogenesis of many inflammatory diseases, including autoimmune ones:
they account for up to half of the lymphocytes present in infiltrates of inflamed tissues.
The paper discusses the reasons for the increased plasticity of Th17 cells in comparison
with the main T helper populations (Th1 and Th2) and considers in detail the mecha-
nisms of formation of IFNy producing Th17, taking into account not only the redif-
ferentiation of mature Th17, but also possible alternative pathways, in particular,
Th1 cell redifferentiation or naive CD4*T lymphocytes direct differentiation into cells
with an intermediate Th1/Th17 phenotype. The main inducers of differentiation
of IFNy producing Th17 cells and the reversibility of this process are also discussed.
Particular attention is paid to the methods for identifying Th1 polarized Th17 cells:
this population is heterogeneous, and its size significantly depends on the type
of markers used to characterize these cells — Th1/Th17-associated transcription fac-
tors, key cytokines, as well as chemokine receptors and other membrane molecules.
As a result, the data in the works on this problem are poorly comparable with each
other. The unification of approaches to identifying a population of Th1 like Th17 cells
will solve this problem and make it possible to use an assessment of the size and ac-
tivity of such a population as diagnostic or prognostic markers.

Key words: Th17, Thi, plasticity, redifferentiation, Th17.1, ex-Th17
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PE3IOME

T-xennepwl (Th, T helpers), npodyyupytowue IL-17 (Th17), obnadarom ewvicokoli
NJacmMuYyHOCMbI0 U N00 8/1USHUEM 8HEeWHUX yc/108Uli cCnocobHbl peduggepeHyu-
p0OBAMbCA 8 KilemKuU € Opy2uM heHomunom, npexxoe 8ce20 8 Th 1-numgpoyumeit, hop-
Mupys nonyiayuio, co4emarouyro 8 cebe xapakmepucmuku kak Th17, mak u Th1
U 0671a0ar0WyI0 8bICOKUM NPOBOCNAIUMESTbHbIM NOMEHUUAIOM, G MAKXe YHU-
KasibHOU cNOCOBHOCMbIO Npeodos1esams 2ucmozemamudyeckue 6apbepsl. IMeHHO
2MUM KlemKam 8 Hacmosujee 8pemMs omeoouMCcs K/1lo4esds posib 8 NdmMozeHese
MHO2UX 80ChAIUMesbHbIX 3a60/1e8aHUU, 8K/TIOYASA U dymOUMMYHHbIe: 8 UHpU/Tb-
mpamax 80CNAnEHHbIX MKaHel Ha ux 00/ NPUXoOUMCs 00 NOI08UHbI NPUCYM-
cmayrowux mam aumgpoyumos. B pabome o6cyx0atomca NpUYUHbI NOBbILEHHOU
nnacmuyHocmu kniemok Th17 8 cpagHeHUU ¢ 0CHOBHbIMU T-xesinepHbIMU NONYJIs-
yuamu (Th1 u Th2) u nodpobHO paccmampusaromcs MexaHu3msl popMUpPOBAHUS
IFNy-npodyyupytowux Th17 ¢ yuémom He mosibko pedudhchepeHyupo8KU 3pestbix
Th17, Ho U 8BO3MOXHbIX dJlbMepHAamMueHbix nymeu, 8 HacmHocmu peouggepeHyu-
posKu knemok Th1 unu HenocpedcmaeHHoU dupepeHYuposKU HausHbix CD4*T-
Aumpoyumos 8 Kiiemku c npomexxymouHeim Th1/Th17-¢peHomunom. Takxe 06¢yx-
0aromcs 0CHo8Hble UHOYKMopbl dughcpepeHyuposku IFNy-npodyyupyroujux kiiemok
Th17 u o6pamumocms 3mozo npoyecca. Ocoboe 8HUMaHue 8 0b63ope yoeseHo
cnocobam udeHmucgpukayuu Th1-nonsapuszo8aHHbix knemok Th17:3ma nonynayusa
HeoOHOPOOHA, U eé pasmep CywecmeeHHO 3d8ucum om muna Mapkepos, Ucnosb-
3yeMbix 0J1 Xapakmepucmuku 0aHHbIX knemok — Th1/Th17-accoyuupo8aHHsix
MPAHCKPUNYUOHHBIX haKmopos, K/toyesbix YUMOoKUHO8, d MakXe XeMOKUHOB8bIX
peuenmopos u 0py2ux MemopaHHbIx MosieKys. Kak cnedcmaue, 0aHHble 8 pabomax
no amoti npobsiemMe NjI0X0 CONOCMABUMbI Opye € Opy20M. YHUUKayus nooxo008
K 8blA8/1eHUI0 nonynayuu Th1-nodo6Heix Th17 no3gonum pewums 3my npobriemy
U 0acm 803MOXHOCMb UCNO/L308AMb OUEHKY pa3Mepa U dkmusHoCcmu makou
nonyasayuu 8 kayecmae OuUdzHOCMUYECKUX UU NPO2HOCMUYECKUX MapKepoa.

Knioyeewie cnoea: Thi17, Thi, nnacmuyHocme, pedugpgepeHyuposka, Th17.1,
ex-Th17
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The population of T-helpers producing interleukin (IL)
17 (Th17) shows considerable heterogeneity and plastici-
ty. The cytokine milieu is capable not only of adjusting the
program of differentiation of naive CD4* T lymphocytes
into Th17, but also of inducing redifferentiation of mature
Th17, and first of all, we are talking about the acquisition
by these cells of a Th1-like phenotype associated with high
production of interferon (IFN) y [1-4]. The nomenclature
of such Th1 polarized Th17s is not uniform, although it re-
flects their transformed state: in different papers these cells
are designated as Th17/Th1 [5, 6], Th1/Th17 [7, 8], Th1/17
[9],Th17/1[10],Th17-1[11],Th17.1[12-14],as wellas Th1*
[15], “non-classical Th1s” [6] or simply as “IFNy-producing
Th17”. However, it is not only a matter of nomenclature -
the analysis of these works shows that the population
of Th1-like Th17 is heterogeneous, and the above-men-
tioned works often refer to phenotypically and function-
ally different subpopulations.

Despite the small size of IFNy-producing Th17 sub-
population in peripheral blood, its content in infiltrates
of inflamed tissues reaches 60 % [13], and it is these cells
that are currently assigned a key role in the pathogen-
esis of many inflammatory diseases, including autoim-
mune ones [5, 7, 8, 10, 13, 14]. Unification of data on non-
classical Th17 cell variants is therefore of high relevance
and is the subject of this review.

CHARACTERIZATION OF Th1-LIKE Th17 CELLS

The fact that the Th17 population includes a fraction
of lymphocytes producing, along with IL-17, the Th1-as-
sociated cytokine IFNy was noted in one of the first stud-
ies of Th17 cells in humans [16]. At that time, membrane
markers to differentiate such a non-classical population
from traditional Th17 were also identified - chemokine
receptors CCR6, CCR4 and CXCR3 [16]. In particular,
it has been shown that peripheral blood memory T cells
expressing IL-17A in response to ex vivo stimulation carry
the CCR6 receptor on the membrane [5, 16] and are divid-
ed into two subpopulations with different cytokine pro-
files depending on the co-expression of CCR4 and CXCR3
molecules: CCR6/CCR4 co-expression on the membrane
marks memory T cells that selectively produce IL-17A
but not IFNy, whereas CCR6*CXCR3* T cells produce
IL-17A and IFNy or IFNy alone [16]. Although the con-
cept of IFNy-producing Th17 cells was later corrected,
the combination of the above-mentioned chemokine re-
ceptors (CCR6TCCR4"CXCR3") in combination with mark-
ers of memory T cells is still widely used to identify this
T-helper subpopulation, especially in clinical studies
that do not involve prolonged cultivation and evaluation
of intracellular factor expression [7, 12, 13, 15].

Mechanisms of formation of T lymphocytes
co-expressing Th17 and Th1 markers
Traditionally, Th17 cell differentiation is initiated
in the presence of IL-6, transforming growth factor 8
(TGFB), IL-1B and IL-23, sequentially activating tran-
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scription factors STAT3 and RORC (in mice, RORyt) [17].
The primary inducers of differentiation are IL-6/TGF3
or IL-6/IL-1B, and IL-23 is included in the process lat-
er, when the IL-23R receptor appears on the membrane
of activated T lymphocytes: signaling through this recep-
tor stimulates cell expansion and is necessary to maintain
cell function, in particular, to synthesize IL-17 [18]. Classi-
cal Th17 express the key transcription factor RORC, carry
specific markers such as the lectin-like killer cell receptor
CD161 and the chemokine receptor CCR6 on the mem-
brane, and are able to produce the characteristic cytokines
IL-17A, IL-17F, and IL-22 [17, 19].

However, the Th17 population is unstable - differ-
entiated Th17 lymphocytes are capable of transform-
ing into cells of a different phenotype in the local cy-
tokine milieu upon restimulation, and the Th17 shift to-
wards Th1 is most easily realized. An effective inducer
of this shift is expectedly IL-12, a major cytokine in Th1
differentiation. Elevated levels of IL-12 induce the de-
velopment of a subpopulation of Th1-like Th17 cells,
in which the expression of Th1-associated transcription
factors T-bet/STAT4 and the chemokine receptor CXCR3
isinitiated, as well as the synthesis of the key Th1 cytokine
IFNy [3, 10]. As a consequence, the newly formed subpop-
ulation has phenotypic features common to Th17 and Th1
lineages (CD4*CD161*CCR6TCXCR3*IL-17*IFNy* T cells) [6,
10]. It is variously identified and labeled in the current lit-
erature - in this paper we will use the most common name
Th17.1 [12-14]. A part of Th17.1 cells (IL-17*IFNy*Th17
cells) may completely lose IL-17 production and differenti-
ateinto so-called “ex-Th17” cells, which produce only IFNy,
but retain the expression of Th17-associated transcrip-
tion factor RORC, membrane molecules CD161 and CCR6
(CD4*CD161*CCR6TCXCR3IL-177IFNY*T cells) [5, 10, 20,
21], as well as the ability to effectively respond to IL-23
[10]. In addition, some authors have recorded addition-
al transitional forms, for example, with different variants
of expression of membrane molecules CD161 and CCRé6:
CD4*CD161*CCR6'CXCR3*IL-17IFNy* T lymphocytes
or CD4*CD161°CCR6YCXCR3*IL-17-IFNy* T cells [22]. Nor-
mally, the content of Th1-like Th17 in the peripheral blood
of healthy donors is extremely low, but these cells account
for the bulk of CD4*IL-17* T lymphocytes in the site of in-
flammation, including autoimmune one [10], so another
informal name for them is “pathogenic Th17”, as opposed
to classical Th17, which are not pathogenicin various mod-
els of autoimmunity and produce substantial amounts
of the anti-inflammatory cytokine IL-10 [23].

It should be noted that IL-12 is not the only induc-
er of Th17 redifferentiation into Th1: it has been shown
that IL-23, a typical for the Th17 lineage cytokine, can also
induce the appearance of cells with a Th1-like phenotype
upon restimulation [23-25]; therefore, it is currently attrib-
uted not only to Th17 expansion, but also to their patho-
genicity [3, 23]. Moreover, the high level of IL-23R expression
by memory T cells is restricted to non-classical Th17 cells co-
expressing IFNy and CXCR3 [12].

Animportant factor regulating the Th17-Th1 transition
is TGF(3, a cytokine that, in combination with IL-6, is consi-



dered a classic stimulator of the primary differentiation
of naive CD4'T lymphocytes into Th17. Although TGFf
has now been shown to be dispensable for primary stim-
ulation, it plays an important role in the fate of Th17 by in-
hibiting the expression of the Th1-associated transcription
factor T-bet [10, 23]. This stabilizes the phenotype of clas-
sical Th17 and prevents the formation of pathogenic Th1-
like variants of this population [10].

Another important point is related to the origin
of Tlymphocytes co-expressing Th17 and Th1 markers - all
the above considerations assume that these cells are formed
from mature differentiated Th17, and this has indeed
been demonstrated in many studies [3, 10, 26], although
at least two other mechanisms of their origin are theoret-
ically possible: first, they may develop directly from naive
CD4*T lymphocytes during primary differentiation; second,
they may transform from classical Th1. There are no data
on the first option yet, but its probability is low, since
one of the main inducers of Th1-like Th17 development -
IL-23 - has no receptor on naive T lymphocytes [24],
and the second inducer - IL-12 - will initiate the devel-
opment of classical Th1 in this case. Regarding the origin
of IFNy-producing Th17 from Th1, this option has been
evaluated in many studies and has not been confirmed
to date. In contrast, it has been shown that fractionated
Th1isunable to transforminto Th17 or Th17.1 in response
to the Th17-polarizing cytokines IL-1pB, IL-23, IL-6, and
IL-21 in vitro [10], and the clonal structure of T cell recep-
tors (TCR) in the Th17.1 populationis closer to that of Th17
than Th1 [10]. Therefore, polarized Th17 cells are consid-
ered as a major source of IFNy-producing Th17 cells. The re-
versibility of Th17 redifferentiation into Th1 is controver-
sial: some authors report the impossibility of “non-classical
Th1” (ex-Th17) returning to Th17 due to epigenetic mech-
anisms [27], while others have shown ex vivo transdiffer-
entiation of “non-classical Th1” into Th17 and Th1/Th17
under Th17-polarizing conditions [22].

Causes of Th17 cell plasticity toward Th1 cells

As for the plasticity of the Th17 population, it is im-
portant to note that regardless of the direction of rediffer-
entiation, it is generally less stable than the main T-help-
er populations, Th1 and Th2: unlike the latter, Th17 cells
do not form a positive feedback loop during differentia-
tion, the so-called autoactivation, in which the produced
cytokine (IFNy for Th1 or IL-4 for Th2), acting as an auto-
or paracrine factor, binds to receptors on the cell mem-
brane and enhances its own production, which stabiliz-
es the corresponding phenotype. In addition, the second
important component of the phenotype stabilization pro-
cess —alternative T-helper lineage differentiation suppres-
sion —does not workin Th17 cells, whereas in Th1 and Th2
cells this mechanism is well established, including in re-
lation to Th17. Thus, the Th1-associated regulator T-bet
binds to the transcription factor RUNX1 and blocks its in-
teraction with RORyt, eventually suppressing Th17 dif-
ferentiation [28]. The major Th2 response inducer GATA3
[29], the cytokines IL-2 (via STAT5) [30], IFNy (via STAT1)
and IL-12 (via STAT4) also have inhibitory effects against
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RORyt. Moreover, unlike the key regulators of Th1/Th2 lin-
eages, T-bet and GATA3, RORyt regulates the transcription
of a significantly smaller number of loci in Th17 cells [31],
which, in the absence of reliable mechanisms to stabilize
its expression, does not allow us to consider this factor
as a full-fledged “master regulator” capable of providing
an effective program of Th17 differentiation, which deter-
mines the high instability of the population.

Regarding the preferential plasticity of Th17 towards
Th1, several reasons are noted. One is that a key cytokine
in Th17 cell differentiation, IL-23, shares a common subu-
nit with IL-12, a major Th1 inducer, and the IL-23R recep-
tor also shares one of the two subunits with IL-12R [32].
As a consequence, the signals initiated in Th17 upon IL-23
binding to the corresponding receptor activate not only
STAT3 (a key transcription factor in Th17 differentiation)
but also STAT4 (a differentiation factor for Th1), albeit
to a significantly lesser extent [33]. That is, the stabilizing
IL-23-dependent signal for the Th17 lineage, implement-
ed through STAT3, simultaneously promotes IFNy co-ex-
pression and a shift towards the Th1 phenotype through
STAT4 activation [34]. At the molecular level, Th17-Th1
plasticity is associated with permissive epigenetic mod-
ifications in Th1-associated loci of Th17 cells [35], in par-
ticular in the IFNG locus: while in Th2 cells the IFNG lo-
cus has no noticeable traces of remodeling, in Th17 cells
the chromatin structure at this locus bears high similari-
ty to that in Th1 cells [20]. In the work of A. Mazzoni et al.
the transformation of in vitro generated Th17 into “non-
classical” Th1 (ex-Th17) was accompanied by DNA demeth-
ylation at TBX21 (encodes T-bet) and IFNG loci with simul-
taneous DNA methylation at IL-77A/RORC2 [36], although
in an earlier study using memory Th17 clones under simi-
lar conditions no epigenetic modifications were detected
atthe IFNG locus [37]. Whether epigenetic priming of Th1-
associated loci of Th17 cells is associated with the above-
described cross-activation of the transcription factor STAT4
in response to IL-23/IL23R-dependent signaling remains
an open question.

MARKERS OF Th1-LIKE Th17 CELLS

To date, two major variants have been identified
in the Th1-polarized Th17 cell population. The firstis Th17-
lymphocytes, producing along with classical IL-17 the ma-
jorTh1 cytokine IFNy, as well as co-expressing the transcrip-
tion factor T-bet, the chemokine receptor CXCR3 and a num-
ber of other Th1-associated molecules [3, 10]. This subpop-
ulation combines phenotypic and functional characteristics
of both Th17 and Th1 lineages and is most generally rep-
resented in the literature as CD4*CD1617CCR6TCXCR3"IL-
17*IFNY*T cells [6, 10]. In some cases, when these cells
are identified using membrane molecules only, without as-
sessment of cytokine synthesis, two more chemokine re-
ceptors, CCR4 and CCR10, are added to the line of mark-
ers to separate the populations of classical Th17 and Th22,
which, when identified using these membrane markers,
have the same phenotype (CCR6*CXCR3™ low) hut can be dif-



ferentiated by the CCR4/CCR10 combination: CCR4 is rep-
resented in both populations, whereas CCR10 is highly ex-
pressed on Th22 cells but absent in Th17 cells [12]. As a re-
sult, the interested subpopulation of Th17 cells co-pro-
ducing IL-17/IFNy will have a CD4*CD161+*CCR6*CCR471ow
CCR10"CXCR3* phenotype, in contrast to classical Th17
with a CD4*CD161*CCR6TCCR4+ CCR10~CXCR3~ pheno-
type [12]. In addition, in ex vivo studies, Th17.1 and ex-Th17
cells are typically isolated from pre-fractionated memory
T cells, either central (CCR7TCD45RA") or effector (CCR7~
CD45RA~/CD45R0"). Obviously, this is not the limit of de-
tail: there are studies in which, along with membrane mol-
ecules, a wide range of intracellular molecules are evaluat-
ed, both at the mRNA and protein levels, but in most stud-
ies, especially clinical ones, this subpopulation is identi-
fied by key cytokines (IL-17/IFNy), chemokine receptors
(CCR6/CXCR3) or a combination of both. These cells do not
have a single name, they have many designations in the liter-
ature (to be discussed below), in this paper we use the most
common one —-Th17.1 [12-14].

The second variant of Th1-polarized Th17 cells is ac-
tually the result of further redifferentiation of Th17.1 to-
wards Th1,in which the cells lose IL-17 synthesis, produc-
ing only IFNy, but retain the other “attributes” of the in-
itial population — expression of Th17-associated tran-
scription factor RORC and membrane molecules CD161/
CCR6 (CD4*CD161*CCR6TCXCR3*IL-17IFNY*T cells) [2,
5, 10, 20]. These are the so-called “ex” Th17 (ex-Th17),
aka “non-classical Th1” [6] or Th1* [15]. It should be not-
ed that the ex-Th17 subpopulation cannot be identi-
fied only by cytokine production or only by the expres-
sion of membrane markers: in the first case it overlaps
with classical Th1 and in the second case with Th17.1 cells.
This is why they are often mistakenly “underestimated”
or “overestimated”.

However, identification problems apply not only to ex-
Th17 cells but also to the Th1-polarized Th17 population
as awhole. As noted above, the nomenclature of such cells
is not uniform; different studies have labeled these cells
as Th17/Th1, Th1/Th17, Th1/17, Th17/1, Th17-1, Th17.1,
and so on. Although it is clear from the name that these
are products of Th17 to Th1 transformation, careful analy-
sis of such papers shows that they often refer to different
subpopulations.

Let’s look at a few examples. The work of R. Ramesh et al.
[12]is one of the few in which a subpopulation of Th17-lym-
phocytes co-producing IL-17/IFNy has been identified as ac-
curately as possible to date: in it, memory T cells — central
(CD4*CCR7*CD45R0™) and effector (CD4*CCR7-CD45R0O") -
were sequentially isolated from human peripheral blood
cells, which were further fractionated based on the expres-
sion of CCR6/CCR4/CXCR3 chemokine receptors and IL-17/
IFNy intracellular cytokines (CD4*CCR6*CCR4'°CXCR3MIL-
17*IFNY*T lymphocytes). The subpopulation was first des-
ignated in the paper as Th17.1, which is the most common
variant of its name to date.

However, other works using the same designa-
tion, Th17.1 [13, 14] do not refer to the same popula-
tion - or rather, not to it alone. So, in a study by J. Ram-
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stein et al. [13], Th17.1 cells were identified in peripher-
al blood and bronchoalveolar lavage of sarcoidosis pa-
tients by co-expression of CCR6/CXCR3 (CD4*CCR6*CCR4~
CXCR3*T lymphocytes). Similarly, the Th17.1 subpopulation
in blood memory cells of healthy donors and rheumatoid
arthritis patients (CD4*CD45R0*CCR6YCCR4CXCR3*T lym-
phocytes) was determined by co-expression of CCR6/
CXCR3 in the study of W. Dankers et al. [14]. Clearly,
when only CCR6/CXCR3 chemokine receptors are used
as markers, a general Th1-like Th17 population including
Th17.1 and ex-Th17 is identified. The subpopulation de-
noted in the literature as Th1/Th17 [7, 8], was also iden-
tified by co-expression of CCR6/CXCR3 chemokine re-
ceptors - in circulating CD70" T lymphocytes of multi-
ple sclerosis patients (CD4TCD70"CCR6*CXCR3*T lym-
phocytes) [8] and in central memory cells from peripheral
blood of such patients CCR6/CXCR3 (CD4*CCR7*CD45RA~
CCR6TCXCR3*T lymphocytes) [7]. There were no cy-
tokines determined here, so we are talking about a gen-
eral Thi-like Th17 population including both Th17.1
and ex-Th17. This also applies to the subpopulation
of circulating Th1* cells in the study by N. Nishihara
et al. (CD4*CD45RO*CXCR3*CCR4-CCR6™T lymphocytes)
[15] or to Th1/17 cells from the blood of healthy do-
nors in the study by T. Duhen et al. (CD4*CD45R0O*CD25~
CD127*CCR6YCXCR3*T lymphocytes) [9]. Remarkably,
in a number of studies described above, subsequent eval-
uation of cytokines in T lymphocytes co-expressing CCR6/
CXCR3 showed that only a small fraction of these cells co-
produce IL-17/IFNy, whereas the major part (in bronchoal-
veolar lavage - up to 60 %) — IFNy alone [9, 13].

On the other hand, there are many studies in the lit-
erature, in which Th1-like Th17 cells are identified by co-
expression of IL-17/IFNy cytokines, such as the Th17-1
subpopulation identified in the blood of healthy donors
(CD4*IL-17FIFNY*T-lymphocytes) [11], Th17/Th1 cells from
the blood and intestinal mucosa of patients with Crohn’s
disease (CD4IL-17*IFNy*T lymphocytes) [5],and Th17/Th1
cells identified in the blood and synovial fluid of patients
with juvenile idiopathic arthritis (CD4*IL-17FIFNy*T lym-
phocytes) [10]. All these papers obviously refer to a sub-
population, whichisnamed Th17.1 in our review. In a study
by L. Maggi et al. [6], the Th17-specific membrane molecule
CD161 was used as markers along with IL-17/IFNy cytokines
to identify Th17/Th1 cells in blood: its use allowed to iden-
tify not only the subpopulation of IL-17/IFNy-co-producing
Th17,i.e.Th17.1 (CD4*CD161*IL-17*IFNy*T-lymphocytes),
but also the second major subpopulation of Th1-like
Th17 — ex-Th17, or “non-classical” Th1 (CD4*CD161%IL-17~
IFNy* cells), differentiating it with CD161 from classical Th1
(CD4*CD1617IL-177IFNY*T cells) [6].

To summarize: the use of membrane markers CCR6/
CXCR3 allows the identification of both major subpopula-
tionsof Th1-likeTh17,Th17.1 and ex-Th17, but does not dif-
ferentiate them from each other. Evaluation of IL-17/IFNy cy-
tokine co-expression only detects Th17.1 but not ex-Th17.
Only a combined approach using membrane molecules
as markers along with cytokines makes it possible to sepa-
rate these subpopulations.



Transcription factors deserve special attention as po-
tential markers in such studies: although the evaluation
of T-bet and RORC expression is a standard in defining
classical Th1 and Th17 populations, their use to identify
subpopulations of Th17.1 and ex-Th17 seem to be ineffi-
cient: few studies show that if RORC expression in Th17.1
and ex-Th17 subpopulations is similar and compara-
ble to that in classical Th17, T-bet has low expression
in Th17.1, although its level in ex-Th17 is comparable
to that in classical Th1 [13].

CONCLUSION

Despite the fact that Th1-polarized Th17 are also de-
tected in healthy donors, the interest in this population
is primarily due to the presence (and significant prev-
alence) of these cells in foci of inflammation in multi-
ple sclerosis [7, 8, 24], sarcoidosis [13], rheumatoid ar-
thritis [10, 14], and inflammatory bowel disease [5, 38],
and their contribution to the development of these diseas-
es has been proven. Moreover, the process of Th17 redif-
ferentiation into Th1 is currently considered as a promis-
ing target for therapy. In this regard, the issue of method
unification for isolation of these cells is very relevant, es-
pecially considering that the population of Th1-like Th17
cellsis heterogeneous and includes at least two variants -
Th17.1 and ex-Th17 - apparently reflecting different stag-
es of Th17 transformation. The role of each subpopulation
in pathogenesis and their unique properties are still poorly
understood: there are only a few studies in which Th17.1
and ex-Th17 cells have been isolated and evaluated
individually. Most researchers use one of two meth-
ods to identify Thi-like Th17 cells — by co-expression
of CCR6/CXCR3 chemokine receptors or IL-17/IFNy cy-
tokines — and obtain results that are not always compa-
rable with each other. The reason for such contradictions
seems to be that the ex-Th17 subpopulation, overlooked
in the determination of IL-17/IFNy-co-producing cells, var-
ies greatly depending on localization and milieu: while
in peripheral blood its size is small (~5 %), as in short-term
culture during Th17-to-Th1 transformation in vitro, in sites
of inflammation the share of ex-Th17 reaches 60 % [9, 13].
In this regard, the use of CCR6/CXCR3 chemokine recep-
tors as markers provides a more accurate representation
of the size of the Th1-like Th17 population than the as-
sessment of cytokine synthesis, but the preferred strate-
gy for the identification of these cells seems to be the si-
multaneous assessment of the cell expression of IL-17/
IFNy cytokines and Th17-associated membrane markers
(CCR6 and/or CD161): it allows not only to identify both
subpopulations, Th17.1 and ex-Th17, but also to sepa-
rate them and to differentiate ex-Th17 from the classical
Th1 population.
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ABSTRACT

Background. Low-grade inflammation is currently one of the main risk factors
for the development of adverse events in the cardiovascular system, including death
from cardiovascular diseases or their complications that cause mortality in the post-
COVID period.

The aim of the study. To assess the impact of health resort treatment in the condi-
tions of the Southern Coast of Crimea on clinical and functional parameters, as well
asonthe level of systemic inflammation in patients after a new coronavirus infection.
Materials and methods. The study included 67 patients (54.9 + 9.05 years)
in the post-COVID period who underwent health resort treatment at the .M. Sechenov
Academic Research Institute of Physical Treatment Methods, Medical Climatology
and Rehabilitation. Methods of health resort treatment included climatic treat-
ment on the Southern Coast of Crimea, therapeutic breathing exercises, terrainkur,
and various methods of respiratory therapy. In all patients, the study of the C-reactive
protein (CRP) in peripheral blood upon admission and at discharge was carried out.
Results. Despite a statistically significant improvement in most clinical and func-
tional parameters, the level of CRP and the number of leukocytes and their sub-
populations in peripheral blood in patients who underwent health resort treat-
ment did not differ significantly (p > 0.05) from the baseline values obtained upon
admission at the .M. Sechenov Academic Research Institute of Physical Treatment
Methods, Medical Climatology and Rehabilitation. The CRP index upon admission
and at discharge corresponded to the lower limit of the interval specific for low-grade
inflammation (from 3 to 10 mg/).

Conclusion. Our results indicate the lack of effectiveness of the presented
plan of health resort treatment in the correction of low-intensity inflammation,
as well as the necessity for deeper scientific research in the direction of study-
ing the mechanisms of low-grade inflammation development and the methods
of its management.

Key words: SARS-CoV-2, inflammation, health resort treatment, post-COVID, CRP
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PE3IOME

O6ocHosaHue. HuskouHmeHcusHoe socnaneHue (HUB) Ha OaHHbIG MOMeHMm
A8/19emcs 0OHUM U3 2/1d8HbIX (hdKMOpPOo8 pUcKa passumus Heb1a2onpusmHbix
cobbimuli O CMOpPOHbI cepOedHO-cocyoucmol cucmemel, 8K104AA CMepmb
om cepO0eyHO-cocyouCmMbix 3a60s1e8aHUU UIU UX OC/IOXHEHUU, 06yC1a8/1usaouux
CMepMmHOCMb 8 NOCMKOBUOHOM Nepuooe.

Lene uccnedosanus. OyeHums 8/1usHUE CAHAMOPHO-KYPOPMHO20 Jle4eHUs
8 ycnosusx KOxHozo bepeza KpbiMa Ha KnuHUYeckue U (hyHKYUOHAIbHble NOKA3d-
mesiu, a makxe Ha yposeHb CUCMeMHO020 80CNAJIeHUA y NAYUEHMO8, NepeHECLUUX
HOBYI0 KOPOHABUPYCHYIO UHEKYUIO.

Mamepuanwsiumemodel. O6cs1edosaHo 67 nayueHmos (8o3pacm-54,9+9,05200a)
8 NOCMKOBUOHOM nepuode, NPOXOO0UBWUX CAHAMOPHO-KYPOPMHOE siedeHue
8 'bY3 PK «Akademuueckuli Hay4Ho-ucciedo8amesbCckuli uUHCmumym ¢usuye-
CKUX MemMo008 Jie4eHus, MeOUUYUHCKOU KIUMamosioauu u peabunumayuu umeHu
U.M. CeueHosa». Memoobl caHamopHO-KypOpMHO20 sie4eHUs 8K/II0YaIU KIauma-
momepanuio Ha KOxHom bepezy Kpeima, ieuebHyto ObixamesibHyto 2UMHACMUKY,
meppeHKypbl, paznuyHele Memoosbl pecnupamopHol mepanuu. Bcem nayueHmam
6b1710 npogedeHo uccsiedosaHue yposHsa C-peakmugHozo beska (CPb) 8 nepugepu-
yeckoli Kposu npu NOCMynJjieHuU U Ha MOMEHM 8bINUCKU.

Pesynemamel. Hecmomps Ha cmamucmuyYecku 3Ha4uMoe ys1ydwieHue 60/1bUUH-
CMa8a KIUHUYECKUX U (hyHKUUOHAIbHbIX nokazamerned, yposeHb CPb u konuyecmao
nelikoyumos u ux cybnonynayud 8 nepughepudeckol Kposu y NnayueHmos, npouleo-
WUX CAHamMopHO-KypOpMHoe ieyeHue, Cmamucmuyecku 3Ha4umo He OmJuYyasauce
(p > 0,05) om ucxoOHbIX nokazamerel, NOJly4eHHbIX 8 0eHb nocmyneHus 8 [6Y3 PK
«Akademuyeckuli Hay4Ho-uccedo8amesibCKUl UHCMUMym ¢u3u4eckux Memooos
JiedeHus, MeOUYUHCKOU Kaumamosiozuu u peabunumayuu umeHu U.M. CeueHogan.
Mokazamene CPb npu nocmynsieHuu u 8bInUCKe COOMBemMCcmae08as HUXHeu epa-
HUYye uHMepsasna, xapakmepHozo 0715 HYB (om 3 0o 10 me/n).

3aknioyeHue. [lonydeHHble HaMU pe3ysibmamel caudemesibCmayom o omcym-
cmeuu 3¢ekmusHOCMU npedcmasieHHO20 NJIAHA CAHAMOPHO-KYPOPMHO20
nedeHus 8 Koppekyuu HVB, a makxe o Heobxooumocmu 6osiee 2/1y60KUX HaYYHbIX
U3bICKaHUU 8 HANPAB/IeHUU U3y4YeHUs MexaHu3mMos hopmuposaHus HAB u memooos
60pbbbI ¢ 0aHHBIM COCMOSHUEM.

Knioyeesoie cnoea: SARS-CoV-2, socnaneHue, caHAMOpPHO-KYpOpmHoe siedeHue,
nocmkosuo, CPb

Ona uyntuposaHuA: benornasos B.A., dyguexko J1.LU., Aukos WN.A., ConoBbeBa E.A.,
LapguHeBa H.A., bensesa C.H., Ynbarnosa [.W. BnnaHne caHaTOPHO-KYpOPTHOrO eyeHuns
Ha ypOBeHb CUCTEMHOrO BOCMasnieHnA Y NaLMeHTOB, NePeHECLLNX HOBYIO KOPOHABMPYCHYIO
nHdekumio. Acta biomedica scientifica. 2023; 8(3): 63-69. doi: 10.29413/ABS.2023-8.3.6
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The manifestations of the new coronavirus infection (NCI)
acute period are only the tip of the iceberg that modern pub-
lic health is already facing. The number of people with SARS-
CoV-2 as of January 20, 2023 is estimated to be more
than 500 million, and this number is increasing every day
[1]. The diversity and unpredictability of distant manifesta-
tions of NCl makes the post-COVID period an extremely dan-
gerous interval of time. Complications from various organs
and systems can lead to both disability and fatal outcome
due to the development of life-threatening conditions [2].

Despite the polymorphic manifestations of post-
COVID syndrome, systemic inflammation and disturbance
of the hemostasis system are undoubtedly an important
part of all disorders [2]. The role of low-grade systemic in-
flammation is often completely underestimated.

The main indicator characterizing the status of low-
grade inflammation (LGI) is the level of C-reactive pro-
tein (CRP) in peripheral blood ranging from 3 to 10 mg/L
[3, 4]. Currently, LGI status is a risk factor for cardiovascu-
lar adverse events (including death from cardiovascular
disease (CVD) or complications) [5]. Cardiovascular events
are one of the most common manifestations of post-COVID
syndrome, accounting for post-COVID mortality [6].

In connection with the above, it is of utmostimportance
to search for the most effective methods of combating low-
grade inflammation at the stage of health resort treatment
of the post-COVID patient.

The aim of our study was to evaluate the effect
of health resort treatment in the conditions of the South-
ern coast of Crimea on clinical and functional parameters,
as well as the level of systemic inflammation in patients
who had a new coronavirus infection.

MATERIALS AND METHODS

The study included 67 patients admitted to the Pul-
monology Department of the .M. Sechenov Academic Re-
search Institute of Physical Treatment Methods, Medical Cli-
matology and Rehabilitation for health resort treatment af-
ter a new coronavirus infection.

Women accounted for 58.2 % (n = 39) of the study pop-
ulation, men -41.7 % (n = 28); mean age - 54.9 + 9.05 years.

An average of 160 + 18 days passed from the onset
of the first symptoms to the patient’s admission to the Pul-
monology Department.

The inclusion criteria for the study were: new coronavi-
rus infection and referral to health resort treatment within
more than 14 days after discharge from the Infectious Dis-
ease Hospital or recovery, as well as the absence of con-
comitant pathologies.

Exclusion criteria were: presence of complicated forms
of previous viral pneumonias with expressed function-
al pulmonary and extrapulmonary disorders; age more
than 75 years; general contraindications for health resort
treatment. Patients were included in the study after signing
informed consent.

All patients on admission were clinically examined
and medical history data were collected. On admission
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and at discharge, the patients underwent laboratory ex-
amination of peripheral blood, and clinical and functional
parameters were assessed. Interpretation of clinical symp-
toms (cough and dyspnea) was performed using a three-
point scale, according to which 1 point — moderate severi-
ty; 2 points — medium severity; 3 points — pronounced clin-
ical symptom. Function tests included electrocardiogram,
spirogram with determination of forced vital capacity (FVC),
forced expiratory volume in 1 s (FEV1) and inspiratory ca-
pacity (IC). The mMRC (Modified Medical Research Council)
Dyspnea Scale, OCD (Oxygen Cost Diagram) and VAS (Visu-
al Analogue Scale) were used.

Methods of health resort treatment: nebulizer therapy
with bronchodilators and mucolytics as needed; halo-inhala-
tion therapy using Galoneb apparatus; exercises on Coach 2
breathing simulators with inspiratory load; high frequen-
cy chest wall oscillation; diaphragmatic breathing training;
hypercapnic-hypoxic training; chest massage; therapeutic
exercises (breathing assembly); physiotherapy methods
(magnetic therapy on the chest); Terrainkur; climatother-
apy (round-the-clock or dosed aerotherapy); air and sun
baths; sea bathing.

Data were analyzed using licensed Statistica 12 statisti-
cal software (StatSoft Inc., USA). Initially, all studied indica-
tors were tested for normality of distribution using the Sha-
piro-Wilk W-test; samples in which the test was p = 0.1
were taken as normal distribution, while the W test value
of p < 0.1 was taken as non-normal distribution. When pro-
cessing non-parametric data, the Wilcoxon T-test for relat-
ed samples was used to compare groups. Indicators were
considered statistically significant at p < 0.05. Under nor-
mal distribution, the paired Student’s T-test for related
samples was used to handle non-parametric data to com-
pare groups. Indicators were considered statistically signif-
icantat p < 0.05.

RESULTS

As can be seen from the data presented in Table 1, pa-
tients who had a new coronavirus infection and underwent
health resort treatment showed a statistically significant
decrease in the frequency and severity of cough, severi-
ty of dyspnea, feeling of heaviness in the chest and fatigue
(p < 0.001). A statistically significant increase in distance
in the 6-minute walk test (p <0.001), a decrease in the mMRC
Dyspnea Scale and a positive trend in OCD (p < 0.001)
and VAS (p < 0.05) were recorded. There was also a statisti-
cally significant improvement in FVC and IC (p < 0.05).

Despite the statistically significant improvement
of most clinical and functional parameters, the level of CRP
and the number of leukocytes and their subpopulations
in the peripheral blood of patients who underwent health
resort treatment, statistically significantly did not differ
(p > 0.05) from the baseline values obtained on the day
of admission to the .M. Sechenov Academic Research In-
stitute of Physical Treatment Methods, Medical Climatol-
ogy and Rehabilitation. The CRP index upon admission
and at discharge corresponded to the lower limit of the in-



TABLE 1

CLINICAL AND FUNCTIONAL PARAMETERS, M+ ¢

Parameters Before treatment
Cough - frequency, points 0.731 £ 0.962
Cough - severity, points 0.492 +0.704
Dyspnea - severity, points 1.208 £ 0.879
Feeling of heaviness in the chest, points 0.477 £0.704
Fatigue, score 1.059 £ 0.850
Diastolic B, mm Hg 79.720 + 0.842

FVC, % 102.402 +2.188
FEV1, % 97.372 +2.425
IC, % 96.536 + 3.879

6-Minute Walk Test, m

mMRC Dyspnea Scale, points

Oxygen Price Chart, points

502.742 +10.883

1.380 +0.084

6.891 +0.208

Statistical significance

After treatment AT T
0.257 £0.532 p <0.001
0.208 + 0.409 p <0.001
0.507 £0.587 p <0.001
0.044 + 0.208 p <0.001
0.268 + 0.479 p <0.001

79.121 £0.566 p>0.05

105.310 £ 2.339 p <0.05

98.212+£2.182 p>0.1

102.356 £3.115 p <0.05

532.136 + 8.847 p <0.001
1.174 £ 0.090 p <0.05
7.835+0.300 p <0.001

Note. The table shows the quantitative (M = o) attributes. Statistical significance of differences between the values of indicators before and after health resort treatment was calculated using Student’s T-test for related

samples. BP - blood pressure.

terval specific for low-grade inflammation (3 to 10 mg/L)
(Table 2). The values of the main biochemical markers
were also not statistically significantly different (p > 0.05)
from the baseline values obtained on the day of admission.

DISCUSSION

In contrast to acute inflammation caused by injury
or acute infection and accompanied by marked dysfunc-
tion and symptoms and signs from organs and organ sys-
tems, chronic low-grade systemic inflammation may go un-
detected for years and be detected only by routine labo-
ratory tests. However, despite the paucity of symptoms,
gradually disrupting metabolic and repair processes in in-
tact tissues, chronic inflammation leads to the development
of numerous age-related diseases, functional and morpho-
logical reorganization of organs and organ systems and in-
creased risk of life-threatening conditions [7].

The role of inflammation in the pathophysiology
of the early stages of diseases associated with athero-
thrombotic complications has been recognized for more

66

than 25 years. A number of inflammatory mediators pro-
duced by leukocytes attracted to the damaged subendothe-
lial compartment of arteries contribute to the progression
of atherosclerosis. This effect is multifactorial and is de-
termined by the increased migration of new leukocytes
into the lesion area, promoting the formation of altered
macrophages - foam cells containing lipids [8], increased
expression of endothelial adhesion molecules [9] and stim-
ulation of smooth muscle cell proliferation [10], which ulti-
mately causes plaque instability [11] and rupture [12, 13].

In addition, inflammation is an important determinant
of the onset and development of dysmetabolic disorders,
increasing the risk of type 2 diabetes mellitus, non-alcohol-
ic fatty liver disease (NAFLD), and CVD [14].

The state of LGl itself is a polyethiologic problem.
The current literature explains the occurrence of LGlI,
on the one hand, by uncorrectable genetic traits of an indi-
vidual, namely, the presence of single-nucleotide polymor-
phisms of genes of the main proinflammatory molecules
[15],and, on the other hand, by conditions that are amena-
ble to therapeutic intervention, such as increased intesti-
nal permeability to certain bacterial proinflammatory com-



TABLE 2

LABORATORY INDICATORS, ME [Q1; Q3]

Statistical significance

Indicators Before treatment After treatment BT ifeiEncesy
Cholesterol, mmol/L 5.7 [5.0; 6.8] 5.8[4.8;6.5] p>0.05
Glucose, mmol/L 5.4[4.8;6.0] 5.2[4.9;5.7] p>0.05
ALT, u/Il 22.5[19.0; 28.6] 22.2[17.1;27.2] p>0.05
AST, u/l 25.05[21.7;30.9] 24.6[19.8; 29.7] p>0.05
LDH, u/I 311.0[263.0;351.0] 329.0[297.0; 379.0] p>0.05
ALP, u/I 142.0[110.0; 165.0] 149.0 [113.0; 182.5] p>0.05
Creatinine, pmol/I 88.5[81.5; 96.0] 87.0[79.0;97.0] p > 0.05
Urea, mmol/I 5.1[4.4;6.0] 5.0[4.2;5.9] p > 0.05
Total protein, g/l 78.0[72.0; 80.0] 77.0[71.5;80.0] p > 0.05
Albumin, g/I 37.0[36.0; 39.0] 39.0[36.0; 40.0] p>0.05
CRP, mg/I 3.0(3.0;4.0] 3.0 [3.0;4.0] p >0.05
Absolute Leukocyte Count, 10%/I 6.0[5.1;,74] 6.2[5.3;7.5] p>0.05
Absolute Neutrophil Count, 10%/I 3.5[2.7;4.5] 3.41([2,6;4.3] p > 0.05
Absolute Lymphocyte Count, 10%/I 1.8[1.5;2.2] 1.8[1.4;2.3] p>0.05
Absolute Monocyte Count, 10%/I 0.4 [0.2;0.5] 0.4[0.2; 0.6] p>0.05
Absolute Band Neutrophil Count, 10%/I 0.2[0.1;0.3] 0.1[0.1;0.3] p > 0.05
Absolute Segmented Neutrophils Count, 10%/I 3.2[25;4.1] 3.2[2.5;4.0] p > 0.05

Note. The table presents quantitative (Me [Q1; Q3]) attributes. Differences in quantitative attributes were identified using the Wilcoxon test. ALT — alanine aminotransferase; AST — aspartate aminotransferase;

LDH — lactate dehydrogenase; ALP — alkaline phosphatase.

ponents [16] and the presence of chronic infection [17],
on the other hand, conditions that are amenable to ther-
apeutic intervention, such as increased intestinal perme-
ability to certain bacterial proinflammatory components
[16], the presence of chronic infection [17], and dysmet-
abolic disorders, in particular obesity and type 2 diabetes
mellitus [18].

Low-grade inflammation certainly aggravates
the course of the acute period of SARS-CoV-2 infection,
and in this case, the already existing chronic dysregula-
tion of the immune system is complicated by the accession
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of acute infection, which is rather complicated in patho-
genetic terms [19]. This combination of chronic and acute
processes leads to certain consequences on the part of or-
gans and systems and in the post-COVID period, primari-
ly changing the homeostasis of the cardiovascular system
and hemocoagulation system, increasing the risk of fatal
complications [5, 6].

In this regard, the control of LGl in post-COVID patients
is, in our opinion, one of the highest priorities to ensure
the health of the population now and in the postpandem-
ic period. To address this problem, it is necessary to eval-



uate the impact of already available and applied methods
of health resort treatment used in the post-COVID period
and, if necessary, to make adjustments to existing protocols
for the management of post-COVID patients.

In our study, the patients underwent health resort treat-
ment in the conditions of the Southern Coast of Crimea, re-
ceived therapeutic diets, therapeutic breathing exercises
and various methods of respiratory therapy.

Despite the significant clinical effect and improvement
of functional parameters, the main marker of systemic in-
flammation in these patients did not undergo statistically
significant changes and remained at the level correspond-
ing to the lower limit of the interval specific for LGI (from 3
to 10 mg/l) (Table 2).

A number of other biochemical indicators also
did not change statistically significantly, but most of the in-
dicators were within the reference range (Table 2).

The mechanism of anti-inflammatory effect of exercise
affecting the ratio of proinflammatory and anti-inflammatory
cytokines has been described in the literature [20, 21]; how-
ever, in our study, a course of therapeutic exercise (24 days)
had no significant effect on LGl status in post-COVID patients.

Based on the possible causes of LGl listed above, such
methods can be pharmacological and non-pharmaco-
logical interventions aimed at regulating the permeabili-
ty of the intestinal barrier, improving the liver, sanitation
of chronic foci of infection and correction of dysmetabol-
ic processes.

CONCLUSIONS

Complex health resort treatment of patients in the post-
COVID period is accompanied by improvement of clini-
cal and functional parameters and general condition.
Health resort treatment has practically no significant ef-
fect on the change of the main laboratory biochemical in-
dicators. Currently available methods of health resort treat-
ment do not affect the level of low-grade systemic inflam-
mation in patients in the post-COVID period. All this de-
termines the need for more profound scientific research
to study the mechanisms of LGl formation and methods
of combating this condition.
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CARDIOLOGY

ABSTRACT

Background. There are many differences in chest pain symptoms between men
and women in terms of location, nature, and additional symptoms. The issue
of describing the differences in chest pain in men and women with acute coronary
syndrome (ACS), as well as their correlation with changes in the electrocardiogram
(ECG) and coronary angiography (CAG) remains relevant.

Methods. The study included 588 patients of the cardiology department of the No-
vokuznetsk City Clinical Hospital No. 1 from 2013 to 2017 with a diagnosis of ACS.
Depending on the gender, the subjects were divided into two groups: Group | —
330 men; Group Il - 258 women.

Results. ACS with ST elevation was more common in men (45.8 %) than in women
(33.3 %, p = 0.002). There were no pathological ECG changes in women in 58.1 %
of cases, in men —in45.5 % (p < 0.001). ECG type Q/ST elevation was detected more
often in men (45.8 %) than in women (33.3 %; p = 0.002). The absence of coronary
artery lesions was observed in 27.9 % of men and 44.2 % of women (p < 0.001).
Hemodynamically significant coronary artery stenosis was more common in men
(57.6 %) than in women (38.7 %, p < 0.001). In a typical angina clinic, hemodynami-
cally significant coronary artery disease in patients with Q/without ST elevation ACS
was detected in 40.2 % of men and in 58.5 % of women (p = 0.002). In the atypical
angina clinic, hemodynamically significant lesions of coronary artery were more
common in men (40.6 %) than in women (34.1 %; p = 0.02).

Conclusion. In women atypical chest pains and intact coronary arteries were de-
tected more often than in men, and hemodynamically significant coronary artery
stenosis were found less often than in men. In men, a more pronounced pathology
of the coronary arteries in ACS was revealed, in women - great difficulties in diag-
nosing ACS.

Key words: acute coronary syndrome, gender differences, diagnosis of coronary
symptoms

For citation: Sumin A.N., Vakhrushev AK., Shcheglova A.V. Clinical symptoms and ECG
datain women with acute coronary syndrome. Acta biomedica scientifica. 2023; 8(3): 70-80.
doi: 10.29413/ABS.2023-8.3.7
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PE3IOME

Cywecmayem MHO20 pasuyuti 8 CUMNMOMAax 60U 8 2pyOu Mex0y MyXYUHAMU
U XeHWUHAaMu 8 OMHOWeHUU JI0Kaau3ayuu, xapakmepa u 00NnoHUMeEbHbIX
cumnmomos. Ocmaémca akmyasibHblM 80NPOC ONUCAHUSA pasznuduli 601e8020
CUHOPOMG 8 2pyOU Y MYXYUH U XXeHUWUH C OCMPbIM KOPOHApHbIM cuHOpom (OKC),
a Make cCoomHeceHuUe Ux ¢ U3MeHeHUSMU 3iekmpokapouoepammel (IKT) u 0an-
HbIMU KOpoHapoaxauzopaguu (KAT).

Memooel. BucciedosaHue bbiiu 8KkIH0YeHbI 588 nayueHmos Kapouo102U4ecko20
omoeneHus bY30 KO «Hosoky3Heykas 20podckas KiauHudeckaa 6oneHuya N 1»
€2013 no 2017 2. c duaeHozom OKC. B 3asucumocmu om noso80l npUHAoIexxHo-
cmu uccedyemsix pasoesnusiu Ha ose 2pynnei: | 2pynna — 330 myxyuH; Il 2pynna —
258 XXeHWUH.

Pesynemamoi. OKC ¢ nodsémom ceamerma ST (OKC nST) yawe Habnodanca
Y MY>XYUH (45,8 %), yem y xeHWUH (33,3 %; p = 0,002). [lamonozuyeckux usmeHeHuUl
Ha 3KT y xxeHWUH He 6b1510 8 58,1 % ciy4daes, y Myx4uH — 8 45,5 % (p < 0,001). Tun
KT Q/nST yawe 8b1A871471CA Y MyXYUH (45,8 %), yem y xeHWUH (33,3 %, p = 0,002).
Omcymcmaeue nopaxkeHus KopoHdpHbix apmeputi (KA) ommeyeHo y 27,9 % MyK4uH
uy 44,2 % xeHwuH (p < 0,001). lemoduHamuyecku 3Ha4yumbili cmeHo3 KA uyawe
8cmpeyasncay Myx4uH (57,6 %), yem y xxeHuyuH (38,7 %; p < 0,001). [lpu munuy4Hou
K/TUHUKe CMeHOKapouu 2eMoOuUHamudecku 3Haqumoe nopaxeHue KA y 6051bHbix
OKC Q/6nST (6e3 nodvéma ceameHma ST) sbifeneHo 8 40,2 % c/iydaes y My 4YuH
u858,5% -y xeHwuH (p = 0,002). [lpu amunu4HoU K/TUHUKe CMeHOKapouu 2emo-
OuHaMu4ecku 3Ha4yumsle nopaxeHus KA ecmpeydanuce yauwje y MyxxquH (40,6 %),
uem y XeHWUH (34,1 %; p = 0,02).

3aknioueHue. YXeHWUH 4auwje, Yem y MyX4UH, 8bI8715/1U amunuyHele 601U 8 2py0-
HoU Knemke, uHMakmHele KA u pexe — 2eMOOUHAMUYECKU 3HAYUMble CMeHO3bl
KA. Y myxuuH seifgeneHa 6osiee 8blipaxeHHAs NnamoJsio2us KOPOHAPHbIX apmepuli
npu OKGC, y )xeHWuH — 6osbwiue mpyoHocmu ouazHocmuxu OKC.

Knioueevie cnosa: ocmpbili KOpOHAPHLILU CUHOPOM, 2eHOepHble pasiuyus, oua-
2HOCMUKA KOPOHAPHbIX CUMNMOMO8

Ona untnpoBanma: CymuH A.H., Baxpywes A.K, Lernosa A.B. OcobeHHOCTU KNHWYe-
CKOW CMMNTOMATUKU 1 AaHHbIX KTy >KEHLMH C OCTPbIM KOPOHaPHbIM CUHAPOMOM. Acta
biomedica scientifica. 2023; 8(3): 70-80. doi: 10.29413/ABS.2023-8.3.7
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INTRODUCTION

Cardiovascular disease is the major reason for disabili-
ty and mortality among men and women worldwide. Acute
coronary syndrome (ACS) requires immediate diagnosis
and treatment to prevent complications and death [1, 2].
Itis generally believed that difficulties and errors in diagno-
sis are characteristic of a rare pathology. Coronary heart dis-
ease (CHD) is a frequent and leading cause of death world-
wide [3], and yet its diagnosis in medical practice is a com-
plex problem. The study of Y.A. Prilutskaya et al. [4] showed
that more than half of hospitalized patients (51 %) with a re-
ferral diagnosis of “unstable angina pectoris” had no ACS.
Patients with “non-OCS” were diagnosed with various var-
iants of chronic CHD or non-cardiac pathology. Acute cor-
onary pathology was confirmed in only 38 % in the group
with “possible ACS” (21 %); less than half (45 %) of this group
were men. The difficulties in diagnosing this syndrome
are due to clinical heterogeneity of ACS with and with-
out ST segment elevation, ambiguity of pathogenesis as-
sociated with the development of atherosclerotic plaques
in epicardial arteries of the heart or their functional stenosis
and, often, microvascular dysfunction. The nature of chest
pain among patients with ACS is of crucial diagnostic im-
portance in some situations, but in other cases it only indi-
cates the direction of examination. It is known that women
develop CHD 5-10 years later than men [3, 5],i. e. at an old-
er age and with a different specificity of symptoms [6, 7.
In addition, studies show that physicians use less aggres-
sive diagnostic and therapeutic approaches to the treat-
ment of women with CHD than men [8]. Symptoms of CHD
in women often resemble other non-cardiac conditions [9,
10], especially when diabetes mellitus or other diseases
are present. All this interferes with the recognition of ACS
and may be associated with late treatment or delayed hos-
pitalization [8, 11, 12]. There are many differences in chest
pain symptoms between men and women in terms of its na-
ture, localization and additional symptoms [6, 13, 14]. For ex-
ample, it has previously been shown that women with ACS
were less likely to report chest pain as a chief complaint
and more likely to report nausea, shoulder and upper back
pain. Also, women with ACS had more symptoms compared
to men [15]. On the other hand, on the contrary, thereis ev-
idence that typical symptoms are more common and have
greater prognostic value among women than men with my-
ocardial infarction, regardless of whether it is diagnosed us-
ing gender-specific criteria [16]. Other information is pro-
vided by O.T. Steiro et al. [17]: differences in the manifes-
tation of Ml symptoms without ST elevation between gen-
der and age groups were small. This may be due to known
regional gender differences in clinical presentation, co-
morbidities, access to care and invasive treatments. There-
fore, more data are needed to determine the prevalence
of gender differences in ACS, as well as the factors responsi-
ble for these differences, especially cultural, socio-econom-
ic, educational and psychosocial factors [18].

The aim of this study was to describe the differences
of chest pain among men and women, especially when com-
bined with ECG and coronary angiography findings.
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MATERIAL AND METHODS

Within the framework of a prospective study from 2013
to 2017, data on 724 patients consecutively admitted
to the base of the cardiology department of the Novokuznetsk
City Clinical Hospital No. 1 with a diagnosis of ACS. Inclusion
criteria were: ACS at the time of admission with subsequent
diagnosis verification in the hospital; age > 18 years; hemo-
dynamic stability; consent to participate in the study. Exclu-
sion criteria were critical conditions (shock, pulmonary ede-
ma, presence of medical ventilator). A sample size of 588 pa-
tients was obtained based on inclusion and exclusion criteria.
The study was performed in accordance with the principles
of the Declaration of Helsinki, and all patients gave informed
consent. The study record was approved by the local ethical
committee of Research Institute for Complex Issues of Cardi-
ovascular Diseases (Minutes No. 8 dated 10.10.2021).

The clinical status of the patient was analyzed, in par-
ticular the leading syndromes: typical, atypical, non-anginal
chest pain, dyspnea [3]. Taking into account that dyspnea
can be both a leading syndrome and combined with chest
pain, all patients with dyspnea were grouped under the term
“actual dyspnea” (A-dyspnea). Cerebral complaints were as-
sessed if the patient had a history of dizziness, synco-
pe, or concussion. Pulmonary pathology was established
on the basis of fluorosis, silicosis, bronchial asthma, chronic
obstructive pulmonary disease, previous lung surgeries; thy-
roid pathology — on the basis of thyroidectomy, thyroid re-
section, ultrasound data and endocrinologist’s thyroid treat-
ment; pathology of the musculoskeletal system — on the ba-
sis of residual changes after a lower limb trauma, arthrosis
of the hip and knee joints, arthritis, herniated discs and spi-
nal implants. ECG data in 12 leads (6 standard leads, 6 chest
leads) were analyzed. The following ECG types were iden-
tified: “normal”, “Q/ST elevation” and “other ECG patholo-
gy”. Echocardiography was considered for differential diag-
nosis in case of complications. According to the CAG data
(the study was performed via transradial approach on the Al-
lura CV20 angiography unit (Philips, the Netherlands), the de-
gree of stenosis was determined using computer quantita-
tive image processing.

Depending on the gender, the subjects were divided
into two groups: Group | - 330 men; Group Il - 258 women.

Statistical processing was performed using the SPSS
Statistics 19.0 software package (IBM Corp., USA). The distri-
bution of quantitative variables was checked for normality
using the Kolmogorov-Smirnov criterion. If the distribution
is normal, data are presented as mean values (M) and mean
errors (m); if the distribution is non-normal, data are present-
ed as median (Me) and quartiles (251 and 75t percentiles).
Student’s t-test, Mann - Whitney U test and chi-squared test
were used to compare the two groups.

RESULTS

All patients with acute coronary syndrome
Clinical and anamnestic characteristics of the examined
patients with ACS are presented in Table 1. Patients admit-



TABLE 1

CLINICAL AND ANAMNESTIC CHARACTERISTICS OF PATIENTS WITH ACUTE CORONARY SYNDROME (n = 588)

Parameters Men (n =330) Women (n = 258) P
Age, M = SD 56.5+0.6 61.8+0.59 <0.001
Age of patients with AH, M = SD 574 +£9.56 62.03 +£9.35 < 0.001
Medical history
Typical pain, n (%) 98 (29.7) 91 (35.3) 0.151
Atypical pain, n (%) 180 (54.5) 139 (53.9) 0.871
Non-anginal pain, n (%) 21 (6.4) 9(3.5) 0.115
Dyspnea - leading syndrome, n (%) 31(9.4) 19(7.4) 0.062
A-dyspnea, n (%) 128 (38.8) 142 (55.0) <0.001
AH, n (%) 193 (58.5) 196 (76.0) <0.001
Cardiac arrhythmia, n (%) 66 (20.0) 60 (23.3) 0.393
Atrial fibrillation, n (%) 26 (7.9) 14 (5.4) 0.24
Diabetes mellitus, n (%) 5(1.5) 25(9.7) <0.001
Prior stroke, n (%) 12(3.6) 13 (5.0) 0.403
Cerebral complaints, n (%) 25 (7.6) 38(14.7) 0.008
Pulmonary pathology, n (%) 18 (5.5) 10(3.9) 0.411
Thyroid pathology, n (%) 3(0.9) 14 (5.4) < 0.001
MSS pathology, n (%) 27 (8.2) 23(8.9) 0.867
ECG data
Normal, n (%) 150 (45.5) 150 (58.1) <0.001
Without Q/ST elevation, n (%) 29 (8.8) 22 (8.5) 0.911
Q/ST elevation, n (%) 151 (45.8) 86 (33.3) 0.002
Types of ACS
ACS without ST elevation, n (%) 179 (54.2) 172 (66.7) 0.002
ST elevation ACS, n (%) 151 (45.8) 86 (33.3) 0.002
CAG data
Intact coronary arteries, n (%) 92 (27.9) 114 (44.2) < 0.001
Coronary artery stenosis < 70 %, n (%) 48 (14.5) 44 (17.1) 0.473
Coronary artery stenosis = 70 %, n (%) 190 (57.6) 100 (38.8) <0.001

Note. AH - arterial hypertension; MSS — musculoskeletal system.

ted to the hospital after the 1st day from the onset of symp-
toms prevailed (456 patients — 77.6 %); the proportion of pa-
tients admitted on the 15t day from the onset of symptoms
was lower (132 patients - 22.4 %). There were no statistical-
ly significant differences in the duration of hospitalization
between men and women. At the prehospital stage all pa-
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tients with ST elevation ACS received narcotic analgesics;
only one patient received thrombolytic therapy.

Female patients were statistically significantly old-
er (p < 0.001) than males. Anamnestically, arterial hyper-
tension (AH) was detected in 389 (66.2 %) patients. High
blood pressure was statistically significantly more frequent



in the female group (196 cases (76.0 %)) than in the male
group (193 cases (58.5 %); p < 0.001). Women with hyper-
tension were older than men: 62.03 +9.35and 57.04 +9.56
years, respectively (p < 0.001). Atrial fibrillation was de-
tected in 40 patients (6.8 %) with no significant differenc-
es between men and women (7.9 % and 5.4 %, respective-
ly; p=0.24).

When assessing the gender peculiarities of the prev-
alence of ECG changes, no pathological ECG changes
were found in women at the time of examination in 58.1 %
of cases, in men —in 45.5 % of cases (p < 0.001). At the mo-
ment of hospitalization 237 patients (40.3 %) were diagnosed
with ST elevation ACS. ST elevation ACS was statistically sig-
nificantly less frequent in the female group (86 (33.3 %)) than
in the male group (151 (45.8 %); p = 0.002). ACS without ST
elevation was statistically significantly more frequentamong
women (172 patients (66.7 %)) than among men (179 pa-
tients (54.2 %)) (p = 0.002). All patients underwent coronary
angiography. 44.5 % of women and 28.2 % of men had no
coronary artery lesions (p < 0.001). Hemodynamically signif-
icant coronary artery stenosis (> 70 %) was statistically sig-
nificantly less frequent among women (38.4 %) compared
with men (57.3 %; p < 0.001). According to the results of CAG,
PCl was performed in 97.8 % of patients with hemodynam-
ically significant stenosis (= 70 %), and no gender differenc-
es were found.

When analyzing concomitant pathology, women
were statistically significantly more likely to have type 2 di-
abetes mellitus, thyroid pathology and cerebral complaints
(more often - dizziness, less often - history of syncope, with-
out previous stroke) (p < 0.05).

Next, the prevalence of ECG changes depending
on the significance of the coronary artery lesion was as-
sessed (Fig. 1).

The comparison of ECG and CAG revealed that among
the patients with Q/ST elevation ECG type there were sta-
tistically significantly more cases of significant coronary ar-
tery lesions (55.6 %; p < 0.001). At the same time, in patients
with normal ECG, coronary arteries were more often intact
in 65.4 % of cases (p < 0.001).

%
70
60
50
40
30
20
10

Intact coronary arteries
65,4

63

m Coronary artery stenosis < 70 %

Normal ECG

FIG. 1.

Q/ST elevation ECG type

Acute coronary syndrome with ST elevation

No gender differences in pain patterns and CAG data
were found when evaluating symptoms and clinical data
of patients with ST elevation ACS. A-dyspnea was observed
in 96 (40.5 %) patients when evaluating clinical symptoms
of the patients. It was found that A-dyspnea was noted more
frequently in women (51.2 %) than in men (34.4%; p=0.012).
ECG comparison revealed that Q/ST elevation ECG type
was statistically significantly more frequent in men (63.7 %
in men, 36.3 % in women; p = 0.001). Type 2 diabetes mel-
litus, thyroid pathology and cerebral complaints were sta-
tistically significantly more frequent in women with ST ele-
vation ACS (p < 0.001) (Table 2).

Patients with ACS with ST elevation had predominantly
typical (29.1 % of cases) and atypical chest pain (57.4 % of cas-
es).In case of intact coronary arteries atypical pain clinic was
more frequent (32 patients (23.5 %)), and in case of hemody-
namically significant coronary artery stenosis - typical angi-
nal pain (60 patients (87.0 %)) (p < 0.001) (Table 3).

Comparison of clinical symptoms at different CAG
changes in patients with ST elevation ACS did not reveal
gender differences (Fig. 2).

Acute coronary syndrome without ST elevation

The clinical and medical history characteristics of pa-
tients with ACS without ST elevation are presented in Table 4.

At the time of inclusion, men had a younger age com-
pared to women (p <0.001). Arterial hypertension was prev-
alent in women with ACS without ST elevation (p < 0.001).
The groups did not differ in terms of pain nature. When as-
sessing the clinical symptoms of the studied patients, dysp-
nea was detected in 174 (50.1 %) patients. It was found
that A-dyspnea was noted more frequently in women
(98 (57.0 %) patients) than in men (76 (42.5 %) patients;
p = 0.009). No gender differences were found in the com-
parison of ECGs in patients with ACS without ST elevation.
CAG analysis revealed that hemodynamically significant CA
stenosis was statistically significantly more frequent in men
(82 (45.8 %) patients). Whereas in women, coronary arteries
were more often intact (94 (54.7 %) patients; p <0.001). A con-

® Coronary artery stenosis = 70 %

55,6 *

13
11,5 9

Nmm

Other pathological ECG changes

ECG characteristics in comparison with coronary angiography results in patients with acute coronary syndrome: * - p < 0.05
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TABLE 2

CLINICAL AND ANAMNESTIC CHARACTERISTICS OF PATIENTS WITH ACUTE CORONARY SYNDROME WITH ST ELEVATION
(n=237)

56.0+11.48 62.7 +9.76

58.2+9.48 63.5+9.59

45 (29.8) 24 (27.9)

85 (56.3) 51(59.3) 0.753
9(6.0) 3(3.5) 0.598
12(7.9) 8(9.3) 0.947

52 (34.4) 44 (51.2) 0.012

89 (58.9) 65 (75.6) 0.01
15(9.9) 18(20.9) 0.019
5(3.3) 13(15.1) <0.001
6 (4.0) 3(3.5) 0.868
4(2.6) 12(14.0) 0.001

6 (4.0) 3(3.5) 0.868
18 (20.9) < 0.001

10(11.6) 0.262

96 (63.7) 31(36.1) 0.001
27 (17.9) 20 (23.3) 0.450
16 (10.6) 6(7.0) 0.446
108 (71.5) 60 (69.8) 0.512

Note. AH - arterial hypertension; MSS — musculoskeletal system.
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TABLE 3

CHARACTERISTICS OF THE LEADING ANAMNESTIC SIGNS IN COMPARISON WITH THE RESULTS OF CORONARY
ANGIOGRAPHY IN PATIENTS WITH ACUTE CORONARY SYNDROME WITH ST ELEVATION (n = 237)

Typical pain Atypical pain Non-anginal pain Dyspnea
Parameters (n=69) (n=136) (n=12) (n=20) p
Intact coronary arteries, n (%) 5(7.2) 32(23.5) 5(41.7) 5(25.0) < 0.001
Stenosis < 70 %, n (%) 4(5.8) 13(9.6) 4(33.3) 1(5.0) < 0.001
Stenosis > 70 %, n (%) 60 (87.0) 90 (66.2) 3(25.0) 14 (70.0) < 0.001
% Typical pain % Atypical pain
Men = \Women Men m\Women
24,5
25 40 38,4 37,2
20 30
15 20 17,5
10 11,9
5 26 414 2,6 10 6 47
’ 0 [
0 Intact coronary Coronary artery St is 270 %
H enosis 2 (1]
Itact coronary  Coronary artery  Stenosis 270 % atores ) SienosiS< 10 %
% Non-anginal pain % Dyspnea
Men ®Women Men mWomen
3 8
25 6 58
2 6
2
1,5 4
] 5 23
2 . 1 ’2
0,5
0 0
. [

Intact coronary Stenosis 270 %

arteries

Coronary artery
stenosis < 70 %

FIG. 2.

Intact coronary

Coronary arter:
arteries

ry Stenosis 2 70 %
stenosis < 70 %

Clinical symptoms at various changes in coronary angiography in men and women with acute coronary syndrome with ST elevation

(n=237),p>0.05

comitant diagnosis of type 2 diabetes mellitus and thyroid
pathology was statistically significantly more frequently de-
tected in women with ACS without ST elevation (p < 0.001).
Patients with ACS without ST elevation had typical,
atypical, and non-anginal chest pain. In case of intact cor-
onary arteries, atypical pain clinic was more common
(99 (54.1 %) patients), while typical anginal pain was more
common in case of hemodynamically significant coronary
artery stenosis (60 (50.0 %) patients; p < 0.001) (Table 5).
The results of correlation of clinical symptoms and coro-
nary artery changes detected through CAGin men and wom-
en with ACS without ST elevation are presented in Figure 3.
With the predominance of typical angina clinic
in case of ACS without ST elevation, intact coronary arter-
ies were statistically significantly less frequently detect-
ed in men than in women (15.4 % vs. 27.4 %; p = 0.002).
The same trend was noted for hemodynamically significant
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coronary artery lesions (40.2 % in men, 58.5 % in women;
p=0.002).In cases with atypical pain, intact coronary arteries
were diagnosed in more than half of the cases among both
men (61.5 %) and women (62.5 %), while hemodynamical-
ly significant coronary artery lesions were statistically sig-
nificantly more common for men (40.6 % (men) vs 34.1 %
(women); p =0.02).

DISCUSSION

Our study shows that women with acute coronary syn-
drome more often than men were diagnosed with atypical
chest pain and less often with typical chest pain. Intact cor-
onary arteries more often revealed in women during CAG,
while hemodynamically significant coronary artery sten-
oses were found less often (70 % and more). Also, type 2



TABLE 4

CLINICAL AND ANAMNESTIC CHARACTERISTICS OF PATIENTS WITH ACUTE CORONARY SYNDROME

WITHOUT ST ELEVATION (n =351)

Parameters Men (n=179) Women (n=172) P
Age, M £ SD 56.9+104 61.4+9.3 <0.001
Age of patients with AH, M + SD 56.2 +9.57 61.3+9.19 < 0.001
Medical history
Typical pain, n (%) 98 (29.7) 91 (35.3) 0.811
Atypical pain, n (%) 97 (54.1) 92 (53.4) 0.981
Non-anginal pain, n (%) 21 (6.4) 9(3.5) 0.056
Dyspnea - leading syndrome, n (%) 31(10.6) 19(7.4) 0.126
A-dyspnea, n (%) 76 (42.5) 98 (57.0) 0.009
AH, n (%) 104 (58.1) 131(76.2) <0.001
Cardiac arrhythmia, n (%) 51 (28.5) 42 (24.4) 0.457
Diabetes mellitus, n (%) 0 12(7.0) < 0.001
Prior stroke, n (%) 6(3.4) 10 (5.8) 0.354
Cerebral complaints, n (%) 21(11.7) 26(15.1) 0.362
Pulmonary pathology, n (%) 12(6.7) 7 (4.1) 0.475
Thyroid pathology, n (%) 3(1.7) 9(5.2) < 0.001
MSS pathology, n (%) 15 (8.4) 13 (7.6) 0.832
ECG data
Normal, n (%) 150 (83.8) 150 (87.2) 0.451
Without Q/ST elevation, n (%) 29 (16.2) 22(12.8) 0.451
CAG data
Intact coronary arteries, n (%) 65 (36.3) 94 (54.7) <0.001
Coronary artery stenosis < 70%, n (%) 32(17.9) 38(22.1) 0.392
Coronary artery stenosis = 70%, n (%) 82 (45.8) 40 (23.3) < 0.001

Note. AH - arterial hypertension; MSS — musculoskeletal system.

diabetes mellitus, thyroid pathology and cerebral com-
plaints were statistically significantly more common among
women. When comparing clinical symptoms, ECG chang-
es and CAG data, further gender differences were found.
Traditionally, it is believed that among women, atypi-
cal symptoms are more common among patients with ACS.
However, L.H. Ruane et al. [19] showed that complaints of se-

vere or pressing pain, irradiation to the throat and back, iso-
lated upper back pain, nausea or vomiting were more com-
mon among women compared to men. Similar characteris-
tics of pain syndrome among women were found in the study
by M.G. van der Meer et al. [20]. They were more often found
to have subdural localization, irradiation to the jaw, neck,
shoulder, palpitations, nausea, and dizziness. It should be rec-
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TABLE 5

CHARACTERISTICS OF THE MAIN ANAMNESTIC SIGNS IN COMPARISON WITH THE RESULTS OF CORONARY
ANGIOGRAPHY IN PATIENTS WITH ACUTE CORONARY SYNDROME WITHOUT ST ELEVATION (n =351)

Typical pain Atypical pain Non-anginal pain Dyspnea
Parameters (n=120) (n=183) (n=18) (n=30) p
Intact coronary arteries, n (%) 35(28.2) 99 (54.1) 13(72.2) 12 (40.0) <0.001
Stenosis < 70 %, n (%) 25(20.8) 36 (19.7) 2(11.1) 7 (23.3) <0.001
Stenosis > 70 %, n (%) 60 (50.0) 48 (26.2) 3(16.7) 11 (36.7) <0.001
% Typical pain % Atypical pain
Men m\Women Men m\Women
80 80
585 * 61,5 62,1 59,4
60 60
44,7 402 a4.7 40,6 *
40 40 34,1
274 * 25,3
20 | 1947 20
0 0 -
Intact coronary Coronary artery Stenosis 2 70 % Intact coronary Coronary artery Stenosis =2 70 %
arteries stenosis < 70 % arteries stenosis < 70 %
% Non-anginal pain % Dyspnea
Men m\Women Men ®\Women
15 15
12,3 12,5
10,8
9,2
10 10 ’
79 7.3
s 53 46 s 53
3,1 26
[ ] 0
0
Intact coronary Coronary artery Stenosis 2 70 % Intact coronary Coronary artery Stenosis =2 70 %
arteries stenosis < 70 % arteries stenosis < 70 %
FIG. 3.

Clinical symptoms at various changes in coronary angiography in men and women with acute coronary syndrome without ST elevation:

*_p<0.05

ognized that these symptoms are fairly typical of anginous
pain. Also, the diagnostic value of clinical symptoms and risk
factors for predicting CHD in patients with chest pain admit-
ted to the emergency department was good and did not dif-
fer between women and men [20]. Similarly, when compar-
ing only patients with a confirmed diagnosis of ACS, no signifi-
cant differences in symptom presentation were noted [19]. In-
deed, typical angina pains were detected equally often in male
and female subjects of our work in the subgroup of patients
with ACS without ST elevation and hemodynamically signif-
icant coronary artery lesions. Another recent work showed
that male patients are more likely to feel left or mid-chest pain,
with duration ranging from < 20 min to > 20 min, pain quality -
moderate with a tendency to become severe. Women are more
likely to feel chest pain that irradiates to the neck and chin,
duration usually > 20 min, pain syndrome - mild to moder-
ate [14]. The authors emphasize that a significant difference
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was found in the characteristics of chest painin men and wom-
en with ACS. Regarding the localization, duration and nature
of chest pain, men with ACS mostly have more typical symp-
toms, whereas women have atypical symptoms. The results
of this study are consistent with our findings overall for the en-
tire cohort of study subjects. P.G. Reuter et al. showed in their
study [21] that predictors of the final diagnosis of ACS of pa-
tients admitted with chest pain or discomfort differed depend-
ing on gender. For men, these predictors were age, smoking,
severe and persistent pain, nonrespiratory retrosternal locali-
zation, irradiating pain and additional symptoms. For women,
the following factors were included in the predictive model:
age > 60 years, prior CHD, nonrespiratory and irradiating pain.
Also, the discriminatory performance of the model was poor
for females and good for males [21].

The presence of a more pronounced coronary artery
lesion in men is quite consistent with the generally ac-



cepted ideas [3]. Consequently, the absence of coronary
artery lesions is less common in men than in women [22].
Both of these facts are explained by the higher incidence
of microvascular lesions in women [3, 23]. Indeed, current
knowledge shows that angina is not necessarily associated
with obstructive coronary artery disease. There are several
other pathophysiological variants (vasospastic angina, mi-
crovascular angina, endothelial dysfunction, etc.). [3]. Our
study also shows that more than a quarter of women with
intact coronary arteries have typical anginal pain on admis-
sion. Compared to other similar studies, our study showed
a very high percentage of patients without coronary artery
changes during invasive CAG, which seems to be explained
by the inclusion and exclusion criteria of the study.

When considering comorbidity, such comorbidities as di-
abetes mellitus, arterial hypertension, thyroid disease, varicose
vein disease and bronchial asthma were more commonamong
women with stable CHD compared to men [24], which is con-
sistent with the data from our sample. If we consider epide-
miological studies, the structure of comorbidity differs mark-
edly between men and women: osteoporosis, varicose vein
disease and arthritis are more common among women, while
prostate disease, alcohol abuse and endocrine/metabolic dis-
orders are more common among men [25]. When consider-
ing risk factors of patients with ACS, it was found that hyper-
cholesterolemia and smoking were predominantamong men,
and unfavorable heredity among women. There were no dif-
ferences in the detection of diabetes mellitus [19]. Perhaps
younger mean age of the patients in this study was the rea-
son for the difference in our data.

A limitation of the study is that when studying ACS,
the male-to-female frequency ratio, the predictive role
of the symptoms identified, and comorbidities were exam-
ined in patients who had already been selected for CAG,
rather than at initial contact with patients in the emergen-
cy and outpatient settings. Another limitation of the study is
that short-term outcomes (during hospitalization) and drug
therapy during hospitalization were not studied. It is clear
that this information could additionally highlight the peculi-
arities of the course of ACS depending on the gender of pa-
tients, but this was not our aim. The aim was to compare
the clinical symptomatology of men and women with ACS
on admission to hospital. We also did not perform multivar-
iate analyses of the presenting symptoms, as such analyses
were not originally foreseen in the study design.

CONCLUSION

When assessing symptoms and clinical data of ACS pa-
tients, gender differences were revealed: atypical chest pain
was detected in women more often than in men, typical chest
pain — less often; CAG in women more often revealed intact
coronary arteries, less often hemodynamically significant cor-
onary artery stenoses (70 % and more). Also, type 2 diabetes
mellitus, thyroid pathology and cerebral complaints were sta-
tistically significantly more common among women. Compar-
ison of clinical symptoms, ECG changes and CAG data also re-
vealed further gender differences, identifying symptomsin fa-
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vor of significant coronary artery lesion and symptoms sugges-
tive of possible absence of coronary artery lesion. In addition,
amore pronounced pathology of CAin ACSin men and great-
er difficulties in diagnosing ACS in women were found.
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ABSTRACT

Background. High levels of cardiac troponin in the blood indicates myocar-
dial injury, including those caused by intense exercises. Recent studies have shown
that an elevation in the troponin concentration in the patients can be caused
by the macrotroponin circulation. There is no data in the scientific literature describ-
ing this problem in athletes.

The aim. To identify the cases and possible causes of high blood levels of cardiac
markers in athletes before and after endurance exercises.

Materials and methods. The study was conducted on 11 male cross-country skiers
aged 15-21 years. The study included two stages: the first was conducted at the end
of the preparatory period (November, 2020-2021), the second - in the middle
(March) of the 2020-2021 competitive period. At each stage, two blood samples
were taken from a vein: the first — in the morning on an empty stomach after a day
of rest, the second — 12-14 hours after a high-intensity exercise. In the blood serum,
the activity of total creatine kinase (CK), weight concentration of the cardiac isoen-
zyme of creatine kinase (CK-MB), and concentration of high sensitive troponin I (Tn)
were measured.

Results. The activity of CK in athletes exceeded the upper limit threshold, and de-
creased from the preparatory (November) to the competitive (March) period. The con-
centration of CK-MB in response to exercise increased by 2 times and was not ac-
companied by the signs of myocardial injury. The most sensitive indicator, responsive
to physical activity, was troponin I. However, the highest elevation of Tn in blood
of one athlete, both before and after the exercise, was associated with the presence
of macrotroponin without signs of myocardial injury.

Conclusions. An increase of muscle tissue injury biomarkers in blood, including
the heart muscle (CK, CK-MB, and Tn), by 2—4 times is a typical reaction for the body
of a cross-country skier to an intense exercise. High levels of troponin in the blood,
both before and after training or competition, may be associated with the presence
of macrotroponin.

Key words: cross-country skiing, troponin |, macrotroponin, creatine kinase, myo-
cardial injury
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damage biomarkers and the first case of macrotroponin | detection in endurance athletes.
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PE3IOME

O6ocHosaHue. Bovicokul yposeHb MpONOHUHA c8UOemesibCmayem 0 NOBpPeX-
O0eHUU MUOKApOd, 8 MOM YucJle 8bI138AHHO20 UHMEHCUBHbIMU MPeHUPOBKAMU.
WccnedosaHus nociieOHUX siem NOKaAasu, 4mo y 60JIbHbIX y8enuyeHue KOHYeH-
mpayuu mponoHUHA Moxem 6bimb 8b138aHO YUPKYIayuel Makpogopm. BHayuyHol
Jlumepamype Hem OaHHbIX, ONUCHIBAIOWUX OAHHYI0 NpobriemMy y amsiemos.
Lens uccnedosanus. Beiagumes ciiydau u 803MOXHbIE NPUYUHbI 8bICOKO20
YPpOBHA KapOuoMapKepos 8 Kpogu y amsiemos 00 U nocsie husuyeckol Hazpy3Ku
Ha 8bIHOC/IUBOCM®.

Mamepuanel u memoodbl ucciedosaHus. 06¢1e008aHO 11 NbIXHUKOB-20HUUKO8
My»ckoeo nosa (15-211em). SkcnepumeHm 8kitoyasn 2 smana: nepseiti — 8 Hosabpe
2020-2021 22.; emopoli — 8 Mapme 2020-2021 22. Ha kaxo0om smane npogoousiu
084 3ab60pa Kposu U3 8eHbl: Nep8bili —nNocsie OHI omobixa, 8mopol — yepes 12-14y
nocsie 8bICOKOUHMEHCUBHOU MpeHUposKU. B cbisopomke onpedensanu akmus-
Hocmb obwjeli KpeamuHgocgokuHaswl (CK), KoHUeHmpayuro cepdeyHol u3o0gopmol
kpeamuHocpokuHaswl (CK-MB) no macce u mponoHuHa | (TH), onpedenéHHoz20
8bICOKOYYBCMBUMEIbHLIM MEMOOOM.

Pe3ynemamei uccnedosaHus. AkmusHocme CK npesoiluana 8epxHio 2paHuyy
HOPMbl U CHUXanace om HoA6pa k mapmy. KoHueHmpayus CK-MB e omeem Ha mpe-
HUPOBKY N0BbILIAIACH 8 2 pA3d U HE CONPOBOXOAIAC, NPUIHAKAMU NOBPEXOeHUs
muokapda. Haubornee yyscmaumesnbHbIM noKazamesnem, ped2upyouum Ha mpe-
HUpos8ky, okasascs TH. OOHAKO camoe 8bICOKOe NOBbILEHUE MPONOHUHA 8 Kpo8U
y 00H020 amsiema 6bI/10 C8A3AHO C HAIUYUEM MAKPOMPONOHUHA 6e3 Hasu4us
NpU3HAKO8 MUOKApOUd/IbHO20 NOBPEXOEHUS.

3aknioyeHue. [losbilueHuUe 8 KPOBU ypOBHA BUOMApPKepO8 NOBPEXOeHUS MbleY-
HoU MKaHU, 8 MOM HuCJs1e MUOKaApOd, 8 2—4 pasa ae/19emcs xapakmepHou peakyuel
0714 0p2aHU3Ma JIbXKHUKA-20HWUKA 8 0m8em HA UHMEeHCUBHYIO MPeHUPOBKY.
Bbicokuli yposeHb MpONOHUHA 8 KPOBU KK 00, MAK U NOC/Ie MPEeHUPOBKU MOXXem
6bIMb C8A3AH C HAUYUEM MAKpoghopM NpomeuHda.

Knioueeble cnnoea: JibixxHbie 20HKU, MPONOHUH I, MAKPOMPONOHUH, KpeamuHKU-
Hasa, nospexoeHue MUoKapoa

Ona untnpoBanma: CvmmpHos M.C., Jlopodeiikos B.B., fonb6epr H.[., KypoukuHa E.B.
BriomapKepbl NOBPEXAEHUS MUOKApa v NepBbIi CJTyYal BbiBNEHVS MaKPOTPOMOHWHa |
y aT/IETOB, TPEHNPYIOLLUXCA HA BBIHOCMBOCTb. Acta biomedica scientifica. 2023; 8(3): 81-89.
doi: 10.29413/ABS.2023-8.3.8
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OBJECTIVES

Moderate physical activity has a positive effect on hu-
man health, which is not the case for professional sports,
in which physical activity is extreme. The athlete’s body
works at its limits during competition. Changes in ath-
letes’ biochemical indicators are often beyond normal val-
ues for ordinary people. First of all, the levels of muscle tis-
sue biomarkers - creatine kinase and cardiac troponin -
are increased.

High sensitive troponin | (Tn) has been the “gold
standard” in the diagnosis of acute myocardial infarction
in all developed countries since 2018, as it is a complete-
ly specific marker for heart muscle. The 99th percentile
of this marker being repeatedly exceeded in the blood
usually indicates the development of an acute myocardi-
al infarction or other myocardial injury. Blood levels of Tn
can remain increased up to 7 days after damage [1]. In re-
cent years, a growing amount of data has been accumu-
lating that suggest that Tn is increased in various diseases
accompanied by myocardial injury [2]. An increase in car-
diac troponin levels can be induced by intense and pro-
longed exercise [3,4]. The increase of Tn level in blood is as-
sociated with its release from cardiomyocytes as a result
of increased permeability of the sarcolemma [5]. As well,
exceeding reference values of Tn in athletes indicates my-
ocardial injury due to insufficient myocardial adaptation
to a certain level of physical activity [6]. Determination
of Tn after exercise in recreational long-distance runners
or sport walkers may have predictive significance in the de-
velopment of cardiovascular complications, especially af-
ter the age of 50 years [7].

Increased Tn levels caused by a novel coronavirus in-
fection (COVID-19), including in athletes, have recently
been reported in international forums [8-10]. High blood
Tn concentration is prevalent in hospitalized patients
with COVID-19 and is associated with decreased surviv-
al and development of complications [11]. Tn elevation
mechanism in COVID-19 patients is associated with myo-
cardial injury due to thromboembolism, acute respiratory
distress syndrome (ARDS) combined with systemic inflam-
matory reaction [12]. The increase in marker levels during
COVID-19 disease may be the result of direct myocardial in-
jury by the virus [11].

However, there are a certain number of false-posi-
tive Tn assays due to the presence of so-called «<macrotro-
ponins» in the bloodstream rather than cardiac damage
[13]. Macrotroponin is a complex formed by endogenous
autoantibodies to Tn and circulating cardiac troponin |
in the blood [14]. The molecular mass of these complexes
varies from 340 to 900 kDa and indicates the participation
of immunoglobulins A or G in their formation [15]. Accu-
mulation of macrotroponins may lead to macrotroponine-
mia by analogy with macroprolactinemia (macroprolac-
tin is an immune complex of the pituitary hormone mole-
cule prolactin with autoantibodies) [16]. Detection of high
blood troponin levels associated with macrotroponine-
mia can lead to false-positive diagnosis of acute myocar-
dial infarction, hospitalization and unnecessary, danger-
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ous and expensive manipulations in a medical institution,
such as contrast-enhanced coronary angiography [17].
We did not find a description of this problem in athletes
in the scientific literature.

THE AIM OF THE STUDY

To identify the cases and possible causes of high blood
levels of cardiac markers in athletes before and after endur-
ance exercises.

MATERIALS AND METHODS

The study was conducted as part of the research work
“Development of full assessment of performance and dam-
age to vital organs in competitive sportsmen based on in-
novative laboratory-biochemical automated methods”, ap-
proved by the local ethics committee of the Lesgaft Nation-
al State University of Physical Education, Sport and Health,
St. Petersburg (protocol No. 4, registration number No. 0089
dated 30.12.2017). The study included 11 male cross-coun-
try skiers of St. Petersburg aged 15-21 years with different
sports qualifications (First-Class Sportsmen, Candidates
for Master of Sport, Masters of Sport), trained by a coach
in one group and following the same training and competi-
tion plan, which was the reason for their allocation into one
group (Table 1).

TABLE 1

ANTHROPOMETRIC CHARACTERISTICS
OF CROSS-COUNTRY SKIERS (n=11)

Parameters Me min max
Age, years 17 15 21
Height, cm 179.0 164.0 185.0
Weight, kg 72 61.0 80.0
BMI, kg/m? 224 194 25.0

The experimental part of the study included two stages:
the first (1) — at the end of the preparatory period, the sec-
ond (Il) — in the middle of the competitive period of cross-
country skiers 2020-2021. At each stage, after signing in-
formed voluntary consent (for minors - by their legal rep-
resentatives) for medical intervention, two blood samples
were taken from a vein into vacuum systems. The first blood
sampling was performed in the morning on an empty stom-
ach after a day of rest. At stage |, the second blood sam-
pling was performed 12-14 hours after a high-intensity ex-
ercise (10 km cross-country skiing) in the evening, as close
as possible to the competitive load. At stage Il, the second



blood collection was performed after a 10 km competitive
ski race at the same time.

Biochemical and immunochemical analyzers of Archi-
tect line were used to perform the analyses using reagents
and control materials of the equipment manufacturer (Ab-
bott, USA). The activity of total creatine kinase (CK), weight
concentration of the cardiac isoenzyme of creatine kinase
(CK-MB) and concentration of high sensitive troponin | (Tn)
were measured (the 99th percentile for the indicated meth-
od of analysis in men is 34 ng/L). Important to note that im-
munochemical methods for CK-MB and Tn determination
are method-dependent, and absolute values expressed
in ng/L may differ by several times when using equipment
or reagents from another manufacturer.

The obtained data were processed using Statgraph-
ics 19 program (Statgraphics Technologies, Inc., USA).
The sample was assessed for conformity to a normal distri-
bution using standardized skewness and standardized kur-
tosis. For normal distribution of traits, the mean + standard
deviation (mean * SD) was used; for distributions not con-
forming to normal, the mean and 25th and 75th percen-
tiles (mean [Q,; Q,]) were used. The statistical significance
of differences between blood sampling results was as-
sessed using Student’s t-test for related samples with nor-
mal distribution of variables or using the Wilcoxon signed-
rank test for related samples. Statistical significance of dif-
ferences in the values of the studied parameters was estab-
lished at p < 0.05.

RESULTS AND DISCUSSION

Total CK activity at the end of the preparato-
ry period of cross-country skiers after a day of rest
was 290.1 [192.9; 330.4] u/l; it increased to 393 + 164.8 u/I
12 hours after a high-intensity exercise (p < 0.05). In clin-
ical practice, 190 u/l is considered the upper limit of nor-
mal for men, but this threshold value is not recommend-
ed for professional athletes [18]. The increase in total CK
activity in blood is mainly due to an increase in myocyte
cell membrane permeability, which is explained by acido-
sis and accumulation of strong organic acids in cells dur-
ing intense physical activity [19]. It is believed that the in-
crease in enzyme activity in the blood of endurance training
athletes can be up to 800 u/l without serious consequenc-
es [18]. There are also scientific data showing multiple ex-
cesses of normal CK activity in individual athletes associat-
ed with mechanical damage to skeletal muscle [20]. The in-
tensity of CK release from muscles into the vascular bed
is an individual characteristic, and the dynamics of the lev-
el of this enzyme in blood serves as an integral indicator
of the delayed effect of physical activity [21] and depends
on the type of sport [22].

Before competition, athletes’ CK activity significant-
ly decreased (219.7 £ 129.6 u/l) compared to the prepar-
atory period (p < 0.01). After the race, enzyme activity
still decreased slightly in most athletes (204.6 + 47.8 u/l);
data are shown in Figure 1. We can assume that athletes
recovered faster due to the change in the nature of phys-
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ical activity. We hypothesize that competitive activities
of cross-country skiers have a less damaging effect on skel-
etal muscles than intense/long training loads of 2 work-
outs per day.

Any physical activity affects the cardiovascular system
of the human body. The effect of exercise on cardiac mus-
cle can be assessed by changes in the concentration of car-
diac-specific markers in the blood. Weight concentration
of CK-MB during the preparatory period in cross-coun-
try skiers before and after training were 5.4 [3.2; 6.4]
and 6.4 £ 2.7 ng/ml, respectively (p < 0.01). Chang-
es in blood troponin | levels during the same peri-
od showed a higher sensitivity in response to exercise:
8.6[4.5;37.9]1 ng/L before exercise and 18.3 [7.6;29.0] ng/L
after exercise. It is reasonable to conclude from these re-
sults that assessing the effect of exercise on the cardi-
ac muscle by changes in Tn concentration is preferable
to using weight concentration of CK-MB. However, the Tn
results were more variable than CK-MB, which supports
the assumption of an individual response in each athlete
(Table 2).

The data presented in Table 2 shows that 6 athletes
had anincrease in Tn level and this increase was statistically
significant. In other cross-country skiers the change was in-
significant: for example, in athlete #7 the marker concentra-
tion decreased from 3.2 to 1.4 ng/L, but these figures are at
the limit of method sensitivity and when using the labora-
tory method of the previous generation even of the same
manufacturer (before 2016) corresponded to the digital val-
ue 0 (the indicatorin the blood is not determined). Two ath-
letes exceeded the upper reference level threshold (34 ng/L)
at both blood collection points.

In the competitive period, the blood Tn level re-
mained at the level of the preparatory period after exer-
cise. Pre-race CK-MB and Tn values were 7.7 + 3.8 ng/ml
and 18.8 [11.0; 99.3] ng/L, respectively; post-race values
were 5.8 + 2.3 ng/ml and 14.1 [9.7; 33.1] ng/L. CK-MB con-
centration after the competition decreased to the level
of the preparatory period before exercise. CK-MB levels ex-
ceeded the upper reference level at all-time points of blood
sampling (Fig. 2).

Blood Tn levels increased in individual cross-coun-
try skiers throughout the study. We hypothesized that
competitive load influences the increase in Tn concentra-
tion to a greater extent than exercise load. However, giv-
en the high variation of results within the group, no sta-
tistically significant differences between the indicators
were found (Table 3).

An increase in Tn concentration after the race was de-
tected in the majority of athletes, as in the preparatory
period. Unfortunately, not all athletes were able to par-
ticipate in stage Il of the study: 2 athletes (blood samples
#6 and #9) finished their sports career, and one athlete
was ill for a long time (sample #7) and showed the worst
race time. It should be noted that a significant increase
in the level of the marker was recorded in two athletes
both before and after the competition. We also noted
a high level of Tn in these athletes during the preparato-
ry period. There was a multiple increase in Tn levels in ath-
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TABLE 2
INDIVIDUAL CHANGES IN BLOOD TROPONIN CONCENTRATION IN CROSS-COUNTRY SKIERS AT STAGE | OF THE STUDY
(n=10)
EATDIEY Tn level bf\f;/:_e exercise, Tn level a:;e/:'- exercise, ATng/i irl;i):e:fclr:s:?i:e
1 98.9 118.4 +19.5 +19.7
2 5.0 17.9 +12.9 +258.0
E 4.5 4.1 -0.4 -89
4 8.6 18.7 +10.1 +117.4
5 81.5 94.1 +12.6 +15.5
6 39 7.6 +3.7 +94.9
7 3.2 14 -1.8 -56.3
8 379 29.0 -89 -23.5
9 7.3 —* _* %
10 9.3 1.5 +2.2 +23.7
11 304 274 -3.0 -9.9

Note. *—Athlete #9 results were excluded due to the presence of hemolysis in the post-exercise sample.

lete #1 that did not fit the overall picture of what was go-
ing on. Any increased biomarker value, in our opinion,
should be analyzed in combination with other indicators
of the athlete’s health status. Thus, the increase in troponin |
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in athlete #1 was not associated with the other laboratory
parameters studied (Fig. 3).

Analyzing these graphs, it can be noted that the in-
crease in CK as well as CK-MB is within the normal range

Clinical laboratory diagnostics
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of changes during sports training and does not exceed
3-fold of the upper limit of normal. The state of skeletal
muscles is normal for this athlete. An increase in Tn lev-
el by more than 10 times (such changes are interpreted
in clinical cardiology as an indicator of mass death of car-
diomyocytes) may mislead a sports physician in diagnos-
ing myocardial injury. In this study, an electrocardiogram
(ECG) was performed to rule out myocardial pathology,
which showed no pathologic changes. On ECG, only slight
sinus bradycardia (heart rate - 50 bpm) was registered,
which in most cases is typical for athletes of this sport [23].
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FIG. 2.

According to the latest scientific data, it is not possible
to identify the initial pathological characteristics of myo-
cardial injury in athletes based on ECG or echocardiogra-
phy findings alone. During further examination in the Al-
mazov National Medical Research Center, delayed con-
trast-enhanced MRI of the heart was performed in athlete
#1 [24]. The study results showed no myocardial integrity
abnormalities, no thickened pericardium, no pathologic
effusion in the pericardial cavity, no ventricular dilatation,
no dilated atria, no signs of myocardial edema. Thus, the re-
peated increase in troponin lin this athlete is not associat-

B competitive period

Post-exercise

Concentration of cardiac isoenzyme of creatine kinase in cross-country male skiers before and after exercise in different training periods
(mean + SD): * - p < 0.05 compared to pre-exercise values in the preparatory period

TABLE 3
INDIVIDUAL CHANGES IN TROPONIN CONCENTRATION IN CROSS-COUNTRY MALE SKIERS BEFORE AND AFTER THE RACE
(n=9)
DI Tn level bcre‘:;)/:-e the race, Tn level ar:;[ the race, ATh, ng/L irl‘.eo/:n(e,lfcénaasr;?i:e

1 6134 772.6 +159.2 +26.0

2 35.8 9.7 -26.1 -72.9

3 11.9 18.7 +6.8 +57.1

4 10.0 33.1 +23.1 +231.0

5 162.7 243.2 +80.5 +49.5

7 =¥ 54 —* %

8 24.6 13.3 -11.3 -45.9

10 9.5 84 -1.1 -11.6

11 129 14.1 +1.2 +9.3
Note. *—Athlete #7's sample was excluded before the race for technical reasons.
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ed with the development of abnormal myocardial chang-
es. Further strategy of our study was aimed at establish-
ing the cause of such a significant increase of Tn in blood.
In the course of reviewing the scientific literature of recent
years, we hypothesized the presence of macrotroponin
in this athlete. In a study by J.V. Warner et al. it was shown
thatin 5 % of patients with increased high sensitive Tn lev-
els, high molecular weight complexes containing immu-
noreactive troponin | and immunoglobulins (macrotro-
ponin) are detected in the blood. The researchers also not-
ed that patients with myocarditis and Tn macrocomplexes
have higher and more prolonged marker increases com-
pared to patients without the presence of macrotroponin.
In most subjects with macrotroponins, high sensitive Tn lev-
els did not exceed 100 ng/L [15]. In a study by P.A. Kavsak
etal. it was shown that increased blood levels of Tn are as-
sociated with the presence of troponin | macrocomplexes,
which can be determined by polyethylene glycol precip-
itation. The results of assays using Beckman (USA) equip-
ment and reagents are slightly less susceptible to changes
in the presence of macrotroponins | in the blood [25].L.Lam
etal.found the differences between samples with and with-
out macrotroponins to be statistically significant (p < 0.001)
using gel permeation chromatography (GPC). The authors
also noted the effect of autoantibodies to Tn on troponin
immunoassay results [26]. Autoantibodies to Tn may pos-
sibly potentially influence cardiac remodeling [27]. Ani-
mal experiments have shown that decreased levels of au-
toantibodies to troponin and other cardiac-specific pro-
teins (alpha-actin 1 and beta-myosin 7B) may be an indi-
cator of cardiomyocyte adequacy and adaptation to exer-
cise stress [28].

To determine the presence or absence of Tn macro-
complexes in the serum of athlete #1, we used the prov-
en method of precipitation of high molecular weight pro-
tein complexes using a 25 % aqueous solution of poly-
ethylene glycol 6000 (Sigma, Germany). After incubation
of serum and polyethylene glycolin a 1:1 ratio, the mixture
was centrifuged at 5000 g for 20 min. Tn immunochemi-
cal determination was performed in the supernatant, tak-
ing into account the dilution of the sample. Assay results
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confirmed precipitation of macrotroponin complexes; less
than 10 % of the original Tn remained in the supernatant.
After precipitation of macrotroponin complexes in oth-
er athletes with polyethylene glycol, which was performed
in the Il (competitive) stage of our study, less than 20 %
of macrotroponin of the baseline amount of troponin |
were detected in the sera of all skiers except athlete
#1. Thus, it can be assumed that the high blood Tn lev-
el in the athlete is a false positive, not related to myocar-
dial injury, but is due to the development of an autoim-
mune process. In addition, we can assume that troponin |
levels in athletes with autoantibodies to Tn will be sig-
nificantly higher than in ordinary people with low phys-
ical activity and the presence of such pathology. We be-
lieve that the situation with macrotroponins will be much
the same as the laboratory phenomenon of “macropro-
lactinemia” and the development of the phenomenon
of high levels of thyroperoxidase antibodies. Unfortunate-
ly, such patients do not have clinical manifestations of im-
mune pathology for lots of months, which leads to diag-
nostic errors in the work of endocrinologists, oncologists
and medical officers of other specializations. High-inten-
sity and prolonged myocardial exercise in professional
athletes leads to increased cardiomyocyte permeability
and increased entry of intracellular proteins into the blood,
which may induce an immune response. The effect
of COVID-19 can be especially dangerous to the athlete
who continues to train, as muscle cells are quickly affected
by the coronavirus. For example, athlete #1 had the high-
est level of immunoglobulin G to the virus in the second
stage of the study compared to the other athletes after
the December 2020 illness.

CONCLUSION

A 2-4-fold increase in blood levels of biomarkers
of muscle tissue damage, including cardiac muscle (CK,
CK-MB and Tn), is a typical reaction for a cross-country ski-
erin response to intense exercise. The most sensitive indi-
cator responsive to physical activity of a cross-country ski-



er is high sensitive troponin I. Significant increase of tro-
ponin | concentration in blood (5 times and higher in re-
lation to the upper reference interval), in our opinion, re-
quires in-depth laboratory analysis and deeper medical
examination to exclude possible myocardial pathology.
In some cases, multiple troponin increases may be asso-
ciated with the presence of macrotroponin in the blood.
The phenomenon of blood macrotroponin detection in ath-
letes requires further study to better understand its clini-
cal and predictive significance.
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ABSTRACT

Background. Neisseria gonorrhoeae is a facultatively anaerobic microorganism
which is extremely demanding to the composition of a nutrient media and cultivation
conditions. In a situation of the increasing shortage and cost of foreign components
for the preparation of solid nutrient media, it is important to study the possibility
of growing hard-to-cultivate microorganisms on domestically produced nutrient
media.

The aim of the study. To evaluate the growth of gonococcus colonies on two types
of solid nutrient media — chocolate agar with growth and selective additives prepared
using imported reagents and chocolate agar with growth additives manufactured
by “Gem LTD” (Moscow, Russian Federation).

Materials and methods. A reference strain of N. gonorrhoeae NCTC 12700/
ATCC 49226 and two types of chocolate agar (the first one — prepared in the State
Scientific Center of Dermatovenerology and Cosmetology using imported compo-
nents and the other one — from the domestic manufacturer “Gem LTD”) were used
in the research.

Results. The equivalence of the growth properties of both studied types of nutrient
media when cultivating pure gonococcus was revealed.

Conclusions. Ready-to-use chocolate agar with growth additives produced
by “Gem LTD” can be successfully used in the laboratory for the cultivation of N. gonor-
rhoeae pure culture. Primary isolation of N. gonorrhoeae strains from clinical material
is more appropriate to carry out on a medium that suppresses the growth of foreign
microflora due to the inclusion of antibiotic additive. The organization of production
of domestic bacteriological media for microorganisms with high nutrient require-
ments reduces the dependence of domestic microbiology on import and ensures
their rapid delivery to laboratories.

Key words: Neisseria gonorrhoeae, nutrient medium, laboratory diagnostics,
chocolate agar, selective supplement, Isovitalex, VCAT, Martin and Lewis inhibitor

For citation: Nosov N.Yu., Shagabieva Yu.Z., Shpilevaya M.V., Solomka V.S. Comparison
of the effectiveness of solid nutrient medium in the in vitro cultivation of Neisseria gonor-
rhoeae isolates. Acta biomedica scientifica. 2023; 8(3): 90-95. doi: 10.29413/ABS.2023-8.3.9
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PE3IOME

O6ocHosaHue. Neisseria gonorrhoeae — hakysibmamugHoO aHas3po6HbIl MUKpO-
Op2aHu3M, KpatiHe mpebosamesibHbIli K COCMasy numamesibHoU cpedbl U yC108UAM
Kynemusayuu. B cumyayuu Hapacmaiowje2o depuyuma u ygesnuyeHus CMmoumo-
cmu 3apy6exHbiX KOMNOHeHMOo8 0J18 NPU20MOBJIeHUS MBEPObIX NUMAMesbHbIX
Cped akmyasbHbIM f8719€mca Ucc/1e008aHue 803MOXHOCMU 8bIpAUUBAMb
MpYOHOKY/IbmugupyemMble MUKPOOP2AaHU3MbI HA numameJibHbIX cpedax omedye-
CmeeHH020 npou3soocmaed.

Ljens uccnedoearus. lposedeHue oyeHKU pocma KoJIOHUU 80306y0umerisi 20HO-
KOKKO80U UH(beKyuu Ha 08yx munax meépobix numamesibHbIX Cpeod — WOKOIAOHOM
azape c pocmosbIMU U celeKmugHbIMU 006a8KaMu, NPU20MOBJIEHHOM C UCNOJ1b30-
8aHUEM UMNOPMHbIX peazeHmo8, U WOKO/Ia0HOM azdpe C pocmo8sbimMu 006askamu
npousgodcmea poccutickoti komnaHuu OO0 «lem» (Mockea).

Mamepuanel u Memoobl. B ucciedo8aHuu 6bis1 UCNOIL308AH KOHMPOJIbHbIU
wmamm N. gonorrhoeae NCTC 12700/ATCC 49226 u 08a 8u0d WIOKO/IA0HO20 a2dpa:
npuzomosseHHbil 8 OIBY «[ocyoapcmeeHHsIl Hay4YHbIU yeHmp OepmamosgeHe-
posioeuu u Kocmemosoauu» MuH30pasa Poccuu ¢ Ucnosib308aHuUemM UMNOPMHbIX
KOMNOHEeHMo8 U 0om omeyecmaeHHo20 npoussooumesis OO0 «lem».
Pe3ynemameol. bbina 8visgneHa pagHOUeHHOCMb pocmossbix caolicme uccrie-
008aHHbLIX NUMAamMeJsibHbIX Cped NPU KysbmusuposaHuu yucmou Kysnemypel
20HOKOKKQ.

3aknoyeHue. [omosbili K UCNO/ILb30BAHUIO WOKOJIAOHbIU dz2ap ¢ pocmosbiMu
dobaskamu npouszsodcmaa OO0 «lem» MoXxem ycnewHo Ucnosib308ambCs 8 1a60-
pamopuu 0715 KysiemusuposaHus yucmou Kynemypsi N. gonorrhoeae. lNepsuyHoe
gbidesieHUe wmammos N. gonorrhoeae u3 kuHU4Yeckozo Mamepuasna 6osee
uesnecoobpasHo nposodume Ha cpede, obecnequsarweli nodasseHue pocma
nocmopoHHel MUKpPOGI0pbl 3 CYEM 8K/IIOUEeHUS dHMubuomukocodepxawel
0obasku. OpeaHu3ayus npou3soo0cmea omedyecmseeHHbIX 6akmepuoI02u4eckux
Cped 0719 MUKPOOP2aHU3MO8 C 8bICOKUMU nUMamesibHbIMU NompebHocmamu
CHUXaem 3d8UcUMOCMb 0meYecmaeHHOU MUKpobuo102uu om umnopma u obe-
cnequsaem bbicmpyto ux 00cmasky 8 1abopamopudul.

Knrouessie cnoesa: Neisseria gonorrhoeae, numamesneHas cpeda, nabopamop-
HAs OudeHOCMUKA, WOKOIaoHwbIl azap, cenekmusHas 0obaskd, Isovitalex, VCAT,
uHeubumop MapmuHa u Jlvtouca

Onauyuntnposanma: Hocos H.1O,, LLarabuesa t0.3,, LUnunesas M.B., Conomka B.C. CpaBHe-
Hve 3GPEKTVBHOCTN MCNOMNb30BaHUA TBEPABIX NUTATENbHbIX CPEA NPW KYbTUBMPOBAHU
nsonatoB Neisseria gonorrhoeae B nabopaTopHbIx ycnoBusx. Acta biomedica scientifica.
2023; 8(3): 90-95. doi: 10.29413/ABS.2023-8.3.9
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INTRODUCTION

Neisseria gonorrhoeae is a facultatively anaerobic
microorganism which is demanding to the composi-
tion of a nutrient media and cultivation conditions.
The WHO Global Health Sector Strategy on Sexually
Transmitted Infections (2016-2021) [1] identifies Neis-
seria gonorrhoeae as one of the three most important
sexually transmitted infections (STls) that require ur-
gent and coordinated actions at the international lev-
el. The gonococcal pathogen has also been included
in the WHO's list of priority pathogens to guide and pro-
mote research and development (R&D) of new antibiot-
ics with a high priority level [2]. The relevance of Neis-
seria gonorrhoeae infection is determined by its abili-
ty to cause high morbidity among people of reproduc-
tive age with a pronounced negative impact on fertili-
ty and increase the risk of co-infection with other STls.
Moreover, it is important to note the lack of specific
prophylaxis and the progressive resistance of N. gon-
orrhoeae to antimicrobial agents [3].

The isolation of a pure culture of gonococcus
is the classical culture method, which is still the “gold
standard” for the diagnosis of gonorrhea. The princi-
pal advantage of the method is the isolation of a vi-
able culture of Neisseria gonorrhoeae, which is used
for further molecular-biological and genetic studies,
as well as for assessing the sensitivity of the microor-
ganism to antimicrobial agents, conducted by bacteri-
ological method [4, 5].

The culture medium for isolation of N. gonorrhoeae
includes an agar base providing nutrients in the form
of casein and peptones, phosphate buffer to main-
tain pH and corn starch to neutralize toxic fatty acids
that may be found in the agar. Ox-blood hemoglobin
provides delivery of X-factor (hemin). Isovitalex en-
richment supplement is a source of vitamins, amino
acids, coenzymes, glucose, iron ions and other factors
that improve Neisseria growth. Selective medium dif-
fers from conventional culture medium in that it con-
tains antimicrobial agents (e. g., vancomycin, colis-
tin, and nystatin or other antifungal agent) that inhibit
the growth of other bacteria and fungi without inhibit-
ing the growth of gonococci. The use of selective me-
dia favors isolation of a pure culture of Neisseria since
the anatomical source of the specimen also usually con-
tains other bacterial species, although it has been shown
that in rare cases some gonococcal strains may be sen-
sitive to the concentrations of vancomycin used [6].
The medium for the isolation of N. gonorrhoeae should
be inexpensive but characterized by specificity and sen-
sitivity.

In 2008, in connection with the practical imple-
mentation of the international GASP (Gonococcal An-
timicrobial Surveillance Program) [7] program in Rus-
sia, the State Scientific Center of Dermatovenerology
and Cosmetology of the Russian Ministry of Health de-
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veloped a package of “Standard Operating Procedures”
(SOPs), including “Standard Operating Procedures
for Species Identification of the Gonorrhea Pathogen”
[8]. The paper proposes media for the initial isolation
of N. gonorrhoeae from clinical specimens and for sub-
sequent culturing to determine antibiotic resistance.
To isolate N. gonorrhoeae, chocolate agar based on GC
Medium Agar Base is used. According to the SOP, bovine
hemoglobin and Isovitalex growth supplement are add-
ed to the GC Medium Agar Base when preparing non-se-
lective culture medium. VCAT (Martin and Lewis inhib-
itor) supplement containing vancomycin, colistin, ani-
somycin and trimethoprim is additionally added to ob-
tain selective agar.

Due to the introduction of economic sanctions
against the Russian Federation by the United States,
the European Union and a number of other countries,
the purchase of products for bacteriological high-tech
nutrient media is limited, so it seems relevant to search
for domestic import-substituting nutrient media. One
of the national companies engaged in industrial produc-
tion of ready-made nutrient media with a composition
suitable for cultivation of cultures of gonococcal patho-
gen is “Gem LTD” (Moscow).

The aim of this study was to evaluate the efficiency
of N. gonorrhoeae colony growth on two types of chocolate
agar — produced by “Gem LTD" (specialized agar for N. gon-
orrhoeae cultivation) and medium prepared from imported
reagents in accordance with the SOP.

MATERIALS AND METHODS

Two types of chocolate agar were used for growing
the culture of N. gonorrhoeae - produced by “Gem LTD”
and prepared according to the instructions in the SOP
for species identification of the gonorrhea pathogen devel-
oped by the State Scientific Center of Dermatovenerology
and Cosmetology of the Russian Ministry of Health.

Chocolate agar produced by “Gem LTD" is a dense nu-
trient medium prepared in accordance with the require-
ments of TU 9385-003-16665457-2013 [9]. The agar con-
tains defibrinated sheep blood, which enriches the me-
dium with the iron-containing pigment hemin (growth
factor X). Thermostable hemin is released from eryth-
rocytes when blood is added to the chocolate agar
base at about 80 °C. To improve the growth properties
of the nutrient medium, thermolabile factor V (NAD,
Nicotinamide adenine dinucleotide), which is involved
in oxidation-reduction (redox) reactions, is additionally
added to chocolate agar cooled to 45-50 °C. The ready-
to-use medium is poured into 90 mm diameter Petri dish-
es. The dishes with the medium are hermetically packed
in polyethylene bags and stored in a dry place protected
from light at a temperature of 2-8 °C for 2 months.

When preparing chocolate agar at the State Sci-
entific Center of Dermatovenerology and Cosmetol-



ogy of the Russian Ministry of Health in accordance
with the SOP, components of imported origin are used:
GC Medium Agar Base is produced by Indian or Ameri-
can companies (Pronadisa, Thermo Fisher Scientific, Bec-
ton Dickinson); lyophilized bovine hemoglobin (Hemo-
globin Bovine), Isovitalex and VCAT are purchased main-
ly from the American supplier, Becton Dickinson. Prep-
aration of test portions and autoclaving of agar base
and hemoglobin are carried out at the laboratory cent-
er of the State Scientific Center of Dermatovenerology
and Cosmetology of the Russian Ministry of Health; ad-
ditives are added immediately before pouring the dish-
es. 90 mm diameter dishes are used, which are packed
in polyethylene bags after pouring and drying and stored
at 2-8 °C for up to 3 weeks.

To control the quality of media, the reference
strain of N. gonorrhoeae NCTC 12700/ATCC 49226,
recommended for antibiotic sensitivity testing [10],
was used. The strain was stored in cryo-medium at -80 °C
and was seeded from the storage medium into Petri dish-
es with medium prepared according to the SOP one day
before the study.

A saline suspension equivalent to the McFar-
land standard of 0.5-108 colony-forming units per ml
(CFU/mIl) was prepared from an overnight culture
of the reference strain, and test inoculates of 104, 103
and 102 CFU/ml were prepared from it. Each inoculum
was seeded on 3 dishes of chocolate agar from each
manufacturer in a volume of 0.1 ml, corresponding
to 103, 102 and 10 CFU. For sterility control, 3 choco-
late agar dishes of each manufacturer were incubated
without seeding.

The growth pattern and the number of colonies grown
on the agar surface were evaluated after 24 and 48 h of in-
cubation at 37 °Cand increased (3-5 %) CO, content. During
the study, qualitative and quantitative control of the growth
of N. gonorrhoeae on nutrient media was performed. Quali-
tative control is based on the evaluation of the growth pat-
tern of the test culture. An indicator of quantitative con-
trol was the yield of microbial cells when test inoculums
were sown.

RESULTS AND DISCUSSION

After 24 h of incubation, growth of colonies
up to 0.5 mm in diameter, opaque, rounded in shape
was observed on all three dishes with chocolate agar
produced by “Gem LTD". The number of colonies
grown was directly proportional to the number sown
(Fig. 1), namely: an average of 750 colonies of N. gonor-
rhoeae per dish grew on dishes with 103 CFU/mL seed-
ing, 90 colonies with 102 CFU/ml seeding, and 7 col-
onies with 10 CFU/ml seeding. There was no colony
growth 24 h after sowing on all the dishes with me-
dium prepared according to the SOP, but after 48 h
Neisseria colonies appeared in the following num-
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bers: on dishes with 103 CFU/ml sowing the num-
ber of colonies increased to an average of 950 col-
onies per dish; on dishes with 102 CFU/ml sowing -
up to 80 colonies; on dishes with 10 CFU/ml sowing -
up to 7 colonies. Regardless of the culture medium,
all colonies were gray, with a shiny surface, opaque,
convex, rounded, 1.5-2 mm in diameter. Belonging
of microorganisms to the genus Neisseria was con-
firmed by oxidase test: one drop of Tetramethyl-p-
phenylenediamine dihydrochloride reagent was ap-
plied to the grown colonies; after 10 s the colonies ac-
quired blue coloring (Fig. 2).

FIG. 1.
N. gonorrhoeae colonies on chocolate agar manufactured
by “Gem LTD" 24 hours after inoculation with 10 CFU per plate

No growth of foreign microflora was observed
on control dishes, which were not sown, after 24
and 48 h of incubation, which confirms the fact of ab-
sence of contamination of nutrient media at all stag-
es of preparation.

Thus, chocolate agar - both prepared according
to the SOP and produced by “Gem LTD" - provides growth
and manifestation of typical culture and morphological
properties of gonococcus within 24-48 hours. The later ap-
pearance of N. gonorrhoeae colonies on the medium pre-
pared according to the SOP is explained by the presence
of the selective VCAT supplement containing antimicrobi-
al agents (vancomycin, colistin, anisomycin and trimeth-
oprim), which inhibit, among other things, the growth
of gonococcus.



FIG. 2.

N. gonorrhoeae colonies on chocolate agar manufactured

by “Gem LTD" 48 hours after inoculation with 100 CFU per plate: ox-
idase test

CONCLUSION

The study conducted showed the equivalence
of growth properties of chocolate agar prepared according
to both SOP and “Gem LTD". Both types of culture medium
support the growth of the test strain of gonococcus even
at as low a test inoculum level as 102 CFU/ml, which is im-
portant when isolating a pure culture of gonococcus from
clinical material.

Ready-to-use chocolate agar with growth addi-
tives produced by “Gem LTD"” can be successfully used
in the laboratory for cultivation of a pure culture of N. gon-
orrhoeae, in particular for routine colony passage as part
of collection or other laboratory and experimental work.
When selective components are added to the agar,
it can be tested for the isolation of pathogenic Neis-
seria spp. from clinical specimens as well. Thus, under
the conditions of economic and other sanctions, leading
to restrictions on the import of reagents for the prepara-
tion of nutrient media of foreign production, the availa-
bility of domestic media of high quality for work with diffi-
cult-to-cultivate microorganisms, which includes N. gonor-
rhoeae, is particularly important for the continuous imple-
mentation of work on monitoring antimicrobial resistance.
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ABSTRACT

Obesity is currently a major global public health problem. As a result, in recent
decades there has been a growing interest in studying the impact of this disease
on the functioning of the central nervous system. One of the least understood aspects
is the impact that obesity has on sensory systems.

The olfactory and gustatory systems are closely related to various vital functions,
such as the nocifensors activation, the stimulation of digestive reflexes. In addition,
these sensory systems are known to play animportant role in the mechanisms of food
consumption through the regulation of appetite and satiety, influencing food choice
and, therefore, they are involved in the development of obesity. A number of clini-
cal studies have shown that obese patients are more likely to suffer from hyposmia
compared to lean people of the same age.

The reasons why this relationship exists remain largely unclear. The aim of this review
is to assess the available data on this topic and to identify new promising areas for fur-
ther research. The review was conducted in the PubMed databases for 2017-2023.

Key words: obesity, olfaction, taste, sensory systems
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of olfactory and gustatory perception on metabolic homeostasis in obese patients. Acta
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PE3IOME

B HacmosAwee spems oxupeHue npedcmasssiem cobol cepbé3Hyto 2106a1bHy0
npobnemy obujecmeeHH020 30pa8OOXpAaHeHUsA. B pesynemame 8 nocnedHue
Odecamusiemus Hab00demcs pocm UuHmMepeca K Usy4eHuto 8/1UsHUA 3mMo2o 3a60-
J1e8aHUsA HA PyHKYUOHUPOBAHUe UeHmpasbHol HepsHoU cucmemsbl. K 00HoMy
U3 HaumeHee U3yyeHHbIX acNeKmoe MOXHO OMHeCmu 8/1USIHUE, KOMOpPOoe OXUpeHue
0Kd3bI8aem HA CEHCOPHbIE CUCMeMbl.

Cucmembl 060HAHUSA U 8KYCA MECHO CBA3AHbI C PA3/IUYHbIMU XKU3HEHHO 8AXXHbIMU
hYHKUUAMU, MAKUMU KaK akmusayus 3awumHeix MeXaHu3mos op2aHu3md, Cmu-
Mynayus nuwesapumerbHoix pegiekcos. Kpome moeo, uzeecmHo, Ymo 0daHHble
CEeHCOopHbIe cUCMeMbl U2parom 8axXHyI0 posib 8 MEXAHU3Max hompebieHus nuwju
3a CYém pezynayuUU annemuma U HAcblWeHUs, 8/IUSHUS HA 86160p NPOOyKMos
U, C1e008amMesIbHO, y4acmayom 8 paseumuu OXupeHus. Pa0 KuHUYeckux uccie-
008aHUL NPOOEMOHCMPUPOBAJIU, YMO NAUUEHMbI C OXUpeHUEM Yawje cmpaoarom
0m 2UNOCMUU NO CPABHEHUIO C XyObIMU JI0ObMU MO20 Xe 803pdcmad.

puduHbl, N0 KOMOPBLIM Cyujecmayem 3ma 83auMoCes3b, 80 MHO20M OCMAm-
CA HesACHbIMU. Llesiblo 0aHHO20 0630pa A815emcs OUeHKa UMeroUUXC OaHHbIX
noamol memamuke u onpeoesieHue Ho8blX NepcneKMusHbIx 0b1acmeli 0719 0a/1b-
Heliwux uccnedosaHutl. 0630p nposedéH 8 bazax PubMed 3a 2017-2023 ze.
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Obesity is a complex multifactorial disease defined by
excess fat mass that poses a health risk [1]. As a serious glob-
al public health problem and a major determinant of disa-
bility and mortality, obesity increases the risk of develop-
ing chronic non-communicable diseases such as type 2 di-
abetes mellitus, metabolic syndrome, arterial hypertension
and many others.

According to the World Health Organization (WHO),
more than 1 billion people worldwide suffer from
obesity: 650 million adults, 340 million adolescents
and 39 million children. This number continues to grow
and experts estimate that by 2025, approximately
167 million people (adults and children) will have obe-
sity complications.’

For a long time, the effects on the central nervous
system caused by metabolic disorders were ignored.
In the 1950s, the effects of diabetes on brain function
began to be studied and it was noted that this organ
was also affected by hyperglycemia, leading to the de-
velopment of behavioral and cognitive changes. More
recently, its effects on sensory systems have been stud-
ied [2].

The brain is in charge of food odor processing
and has receptors for most of the hormones, neuro-
peptides and nutrients responsible for eating behavior.
The consequences of modifications in homeostasis, nu-
trient overload and sensory system changes in the de-
velopment and maintenance of obesity have not yet
been studied.

CURRENT STATE OF THE PROBLEM

Gustation and olfaction are polymodal sensory sys-
tems that provide communication with many brain struc-
tures that regulate essential visceral functions, including
metabolism, as well as the endocrine, cardiovascular, res-
piratory, and immune systems.

In everyday life, gustation and olfaction are consid-
ered relatively unimportant to many people. In fact, dis-
orders in this area may not even be recognized by the pa-
tients themselves [3].

The ongoing COVID-19 pandemic has sparked in-
terest in the study of the gustatory and olfactory sens-
es, but even so, anosmia and dysgeusia are considered
to be symptoms that may contribute to the early differ-
ential diagnosis of benign respiratory tract infections
[4]. They may also be a likely sign of subsequent central
nervous system (CNS) involvement associated with so-
called Long-COVID, being a manifestation of cognitive
impairment [5].

Studies have reported that anosmia, i. e., loss of sense
of smell, during COVID-19 occurred in a range of 11
to 84 % of cases. This variation is due to the use of dif-
ferent diagnostic techniques [6]. Psychophysical testing

T https://www.who.int/news/item/04-03-2022-world-obesity-day-2022-accelerating-action-to-stop-
obesity
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is more reliable than results obtained through subjective
assessment [7, 8].

Therefore, the actual prevalence of these disorders
is unlikely to be studied because patients may not re-
port being asymptomatic or aware of these abnormal-
ities [8].

The majority of patients with COVID-19 have im-
paired olfaction and gustation, representing only a small
part of diffuse chemosensory disorder. Dysregulation
of chemosensory systems may underlie the much high-
er mortality rate of acute respiratory distress syndrome
COVID-19 in comparison with acute respiratory syndrome
of various origins.

CORRELATION BETWEEN GUSTATORY,
OLFACTORY DYSFUNCTIONS
AND SOMATIC DISEASES

Although olfactory and/or gustatory disorders have
become widely studied due to the COVID-19 pandemic,
they are also detected in various physiological and path-
ological conditions such as aging [9], neurodegenerative
diseases [10, 11], autoimmune diseases [12, 13], cancer
[14], and dysmetabolic disorders [15-18].

It should be noted that some of the aforementioned
conditions that may correlate with gustatory/olfactory
dysfunction are risk factors for fatal SARS-CoV-2 virus in-
fection, such as obesity [19], advanced age, cardiovascu-
lar disease, dementia, diabetes mellitus, and chronic liv-
er or kidney disease [20, 21].

Deterioration of gustation and/or olfaction has been
consistently reported by people with chronic non-com-
municable diseases such as arterial hypertension, diabe-
tes mellitus or cancer. This may be an indicator of diffuse
chemosensory disorder, possibly aggravating the prog-
nosis of these patients.

Under normal conditions, chemoreceptor dysfunc-
tion of one system does not seem to lead to the pro-
gression of chronic non-communicable diseases. This
impairment is presumably largely compensated for by
other chemosensory mechanisms. However, under con-
ditions of stress, such as during COVID-19 pneumonia
and metabolic imbalance [22, 23], this system may be-
come vital for the brain to organize an effective func-
tional homeostatic response that can significantly in-
crease life expectancy. This means that dysfunction of
several chemosensory systems can lead to severe con-
sequences during a number of diseases [23].

INFLUENCE OF CHEMOSENSORY SYSTEMS
ON METABOLIC PROCESSES IN THE BODY

Olfactory or gustatory dysfunctions can be quanti-
tative or qualitative [24] and have been suggested to in-
fluence eating and social behavior, mood, quality of life
and performance [25].



Infact, all cellsin the human body can detect the pres-
ence of various molecules in the environment, but only
a few can use this ability to inform the CNS to organize
adaptive neural or neuroendocrine responses that can af-
fect the whole system.

In addition to olfaction and gustation, a wide range
of chemicals in our body are monitored by other cells: ca-
rotid corpuscles, single chemoreceptor cells, pulmonary
neuroendocrine cells and enterochromaffin cells [26].

The chemosensory system of olfaction is probably
the most studied. Olfactory perception can occur through
the nasal mucosa (orthonasal perception) or through
the oral cavity (retronasal perception) [27] via seven-trans-
membrane G-protein-coupled receptors (GPCRs).

Notably, similar receptors are expressed in many oth-
er tissues [28] and are deeply involved in angiogenesis
and modulation of vascular tone [29], as well as in the reg-
ulation of lipid and glucose metabolism [30].

In addition, receptors for many hormones are pre-
sent in the olfactory mucosa, including receptors for in-
sulin, leptin, orexin, cholecystokinin, adiponectin, neuro-
peptide Y(NPY) and ghrelin in addition to glucose trans-
porters [31]

Carotid corpuscle/glossopharyngeal nerve dysfunc-
tion has also been postulated in the potential pathogen-
esis of nonrespiratory diseases such as metabolic syn-
drome, type 2 diabetes mellitus and arterial hyperten-
sion [23, 32, 331].

Studies in recent years have hypothesized that va-
gal nerve dysfunction is significant for the development
of obesity and metabolic syndrome [34], but in general,
the involvement of chemosensory systems in these dis-
eases is currently receiving little attention in clinical prac-
tice. A possible explanation is that the levels of this hor-
mone are not considered vital for humans. Therefore,
the hormone study is insignificant for the routine med-
ical examination [23].

Perhaps two strikingly opposite conditions need
to be considered: cachexia (which involves elevated rest-
ing energy expenditure, anorexia) and obesity.

These multifactorial syndromes share common bi-
ochemical characteristics. In addition to altered food
intake, similar metabolic changes are present, such
as insulin resistance, loss of muscle tissue, altered
energy expenditure (in both increased or decreased
diseases depending on the patient), increased lipol-
ysis, unregulated excess protein catabolism, chronic
inflammation [35], and dysregulation of the immune
system [36, 37]. Most patients present similar multi-
ple endocrine dysfunctions and, in particular, elevated
peripheral serotonin levels [38]. Both central and pe-
ripheral levels of this hormone from enterochromaf-
fin cells are a major component of metabolic regu-
lation [39]. All of these parameters are largely under
the control of chemosensory systems. The cause-and-
effect relationships have not yet been established,
but they are worth studying.
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INFLUENCE OF GUSTATORY RECEPTIVITY
ON NEUROENDOCRINE MECHANISMS
OF APPETITE REGULATION

Gustatory receptors of the tongue respond to different
taste stimuli by releasing different combinations of neu-
ropeptides. These peptides are recognized by receptors
located on the taste bud cells themselves for intercellular
communication (autocrine/paracrine) or on adjacent af-
ferent sensory nerve fibers to transmit taste information
to the brain [40]. Examples of neuropeptides produced
by gustatory receptor cells are glucagon, glucagon-like
peptide 1 (GLP-1), cholecystokinin (CCK), NPY, peptide ty-
rosine tyrosine (PYY), vasoactive intestinal peptide, ghrelin
and galanin [40]. Although adenosine triphosphate (ATP)
is the main neurotransmitter that transmits signals to af-
ferent nerve fibers. These peptides can function as cotrans-
mitters that form the physiological response to various
stimuli [41].

Some of these peptides are involved in food intake
and energy utilization, suggesting that oral nutrient per-
ception may influence whole body metabolism through
neural and endocrine pathways. When these hormones
enter the extracellular space of the lamina propria,
they can affect neighboring cells (paracrine) or penetrate
intestinal capillaries and lymphatic vessels to affect other
peripheral organs (endocrine) [42].

However, it is still unclear whether these gustatory re-
ceptor peptides actually cause endocrine effects by enter-
ing the bloodstream and affecting other organs [41]. In-
terestingly, peptide receptors on gustatory cells can also
be a target for peptides produced in the intestine, adi-
pose tissue or other tissues [41]. Leptin receptors on gus-
tatory cells have been shown to respond to systemic lep-
tin content, causing decreased sensitivity to sweet stim-
uli without affecting the response to sour, salty and bit-
ter substances [43]. The above suggests that postingestin
hormone release is capable of regulating the peripher-
al gustatory apparatus, for example, by modulating the
response to sweet stimuli [41].

Animal and human studies demonstrate an inverse
correlation between fatty acid sensitivity and fat intake
[42].

Recognition of fatty acids by intestinal lipid-sensitive
receptors triggers signaling cascades that lead to the re-
lease of hormones such as GLP-1, CCKand PYY [42]. How-
ever, obese patients have impaired sensitivity to dietary
fatin the oral cavity and gastrointestinal tract [42]. Desen-
sitization of these receptors in response to chronic dietary
fatintake may be a potential mechanism that contributes
to decreased receptor sensitivity to consumed fat. There-
fore, fatty acid recognition dysfunction in the gastrointes-
tinal tract may contribute to satiety response dysfunction,
leading to overeating and obesity.

Therefore, future studies should investigate how
these gustatory receptors and their signaling pathways
are altered by impaired metabolism and what signaling



molecules may be targeted to restore gustatory receptor
function.

OBESITY AND AFFERENT CONDUCTION
DYSFUNCTION

In addition to impaired nutrient transport, obesity
also shows changes in vagus nerve responses to appe-
tite-regulating hormones [42, 44]. Obese mice on high-fat
diet have a reduced vagus nerve response to leptin [42,
45]. M. Covasa and R. Ritter in 2000 demonstrated a de-
crease in sensitivity to CCK in obesity models on rats [42,
46]. In a study by D. Daly et al. (2011) long-term feeding
of mice with a high-fat diet led to a decrease in mecha-
nosensitivity of intestinal afferents and a decrease in ex-
citability of membranes of nodose ganglion neurons
[42, 47]. Therefore, dysfunction of afferent excitability
of the vagus nerve may be a mechanism for loss of sen-
sitivity to hormones.

Like vagus nerve afferents, the primary afferents
of the enteric nervous system (ENS) are also able to per-
ceive intestinal hormones such as GLP-1, GLP-2, CCK
and PYY due to their close proximity to enteroendocrine
cells (EECs) and expression of the corresponding recep-
tors [48]. The ENS is a network of nerves and glial cells or-
ganized into two main plexuses: the submucosal plexus,
located between the submucosa and the circular mus-
cle, and the myenteric plexus, located between the cir-
cular and longitudinal muscles. It functions to regulate
gastric motor activity.

Changes in ENS during a high-fat diet also result-
ed in decreased sensitivity to gastrointestinal hor-
mones. E. Grasset et al. (2017) found that the lack of re-
sponse to GLP-1 in mice fed on a high-fat diet is due
to the abundance of a particular set of intestinal bacte-
ria that disrupt GLP-1-induced nitric oxide production
in enteric neurons, which prevents activation of the in-
testine-brain-peripheral release axis to control insulin
secretion [49].

In addition, these peptides can activate sensory
afferent nerve fibers. Vagal nerve fibers do not pro-
ject into the intestinal lumen but have been shown
to respond to nutrients including glucose, amino ac-
ids and lipids in a postabsorptive manner [50]. The ad-
ditional regulation of their neural signaling by nutri-
ent-stimulated hormones from the intestine is sup-
ported by the presence of intestinal peptide receptors
on afferent fibers (such as CCK and GLP-1R receptors)
and the dependence of the effects of gastric emptying
and CCK saturation on vagal signaling [51].

In conclusion, receptor perception of nutrients in
the intestine and vagus nerve responses to them serve as
important mediators of energy homeostasis and represent
distinct steps in which high-fat diets and obesity can dis-
rupt proper functioning.
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ASSESSMENT OF GUSTATORY
AND OLFACTORY FUNCTIONS
IN CLINICAL PRACTICE

Unfortunately, quantitative testing of gustation
and olfaction is rarely performed in clinical practice.
The accuracy of a patient’s chemosensory complaint can-
not be definitively established without diagnosis. Indeed,
most people do not accurately assess the nature and ex-
tent of their sense of different tastes and smells, and sig-
nificant recovery of function can occur, often without pa-
tients being aware of it [52]. For example, the study by
H. Tomita et al. (2002) showed that only 18 % of patients
with bilateral taste loss after transection of both chor-
da tympani nerves were aware of their deficit [52, 53].
It is almost impossible to detect gustatory and olfacto-
ry dysfunctions without testing [52, 54], nor is it possi-
ble to determine whether the perceived decline in func-
tion is normal for the patient’s age and gender [52, 55].
Without testing, the efficacy of pharmacological, surgi-
cal, or other therapeutic interventions cannot be accu-
rately established.

Quantitative evaluation has shown that olfactory dys-
function is more prevalent than gustatory dysfunction
[52]. In fact, most patients who clinically complain of gus-
tatory dysfunction have pathology related to olfactory
function [52]. The taste of foods, which is often interpret-
ed as “flavor”, is largely dependent on volatile substanc-
es that reach olfactory receptors through the nasophar-
ynx during swallowing [52].

Along with sweet, sour, bitter, salty, savory (“umami”),
it is likely that chalky or metallic sensations in the oral
cavity are olfactory sensations [52].

CORRELATION BETWEEN OBESITY
AND OLFACTORY AND GUSTATORY
DYSFUNCTIONS

Reduced gustatory and olfactory perception causes
high consumption of palatable foods, which will either
lead to obesity or aggravate existing obesity [19, 56, 571,
although the consequences of the food addiction compo-
nent should not be ignored, especially for sweet and fat-
ty food [19, 58].

The study by A.S. Khan et al. (2020) demonstrated
that obese people have a lower sensitivity to sweet-sour
taste compared to healthy people [19]. Mice with obesi-
ty induced by a 10-week high-fat diet had reduced gus-
tatory sensitivity to the tastes [19, 59]. Similar results
have been obtained for bitter and salty tastes in obese
patients [19].

Decreased sensitivity to various gustatory stimu-
li may be related to deficient functionality of gustato-
ry receptors/sensors caused by obesity [59], genetic
polymorphisms [19, 59] or epigenetic patterns [19, 60].



A similar situation is characteristic of olfactory
function. For example, olfactory threshold increases
with body weight of obese individuals [19, 61]. Z. Patel
et al. reported that high body mass index (BMI) was as-
sociated with subjective olfactory dysfunction of obese
patients [62].

Decreased olfactory perception during obesity
is a multicomponent phenomenon that involves abnor-
malities not only of the nasal epithelial receptors but also
of various brain regions such as the limbic system, thal-
amus and piriform cortex, and amygdala, which project
to the orbitofrontal cortex [19, 63].

In addition to the above-mentioned factors leading
to gustatory and olfactory perception dysfunction, the role
of cytokine-induced (generalized or specific) inflammation
during obesity cannot be overlooked.

The study by A. Kaufman et al. showed that the in-
crease in the level of tumor necrosis factor a (TNF-a)
in the area of tongue papillae of obese mice was as-
sociated with a significant decrease in the number
of taste bud cells and their precursors [64]. Moreover,
TNF-a-null mice were protected from obesity-induced
reduction in taste bud cell number, and administra-
tion of exogenous TNF-a caused taste buds to degen-
erate [64]. The Sell1L (Suppressor/Enhancer of Lin-12-
like) deletion specific for adipose tissue in mice main-
tained on a high-fat diet resulted in reduced adipose
tissue levels and showed neither an increase in TNF-a
concentration nor any evidence of taste bud cell atro-
phy. These observations clearly indicate that TNF-a re-
leased from hyperplastic/inflamed adipose tissue in obe-
sity may cause loss of gustatory perception. Moreover,
inflammation has also been found to reduce the lifes-
pan of mature taste bud cells.

It has also been demonstrated that chemosenso-
ry perception in mammals is regulated by bacterial me-
tabolites, and the microbiota of the tongue mucosa may
also be involved in taste formation by influencing food
intake and metabolism [65, 66]. A recent study of the hu-
man microbiome showed that commensal bacteria have
evolved strategies to stimulate chemosensory receptors
and trigger host cell functions [65]. Therefore, the tongue
microbiota may influence metabolic systems through in-
teraction with chemosensory receptors, similar to how
this process occurs in the intestine [67, 68].

It has been reported that obese children have
significantly reduced gustatory discrimination (lev-
el of taste recognition) and fewer mushroom papillae
have been identified, which is accompanied by a de-
crease in the a-diversity of the microbiota of the tongue
membrane, which may affect gustatory perception [66].
Studies involving healthy subjects showed that the mi-
crobiota of the tongue mucosa was associated with
gustatory function, thereby influencing dietary hab-
its such as preference for salty baked goods and foods
rich in saturated fats [66].
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The microbiota of the tongue mucosa, one
of the important components of the oral microbiome,
is characterized by high sampling stability and is more
accessible for research. Therefore, it is a promising sub-
ject for studies.

In addition, it has been shown that tongue mucosal mi-
crobiota disorders can lead to increased levels of various
markers of chronic inflammation, and thus are closely asso-
ciated with the development of a number of chronic non-
communicable diseases (NCDs) such as obesity, type 2 di-
abetes mellitus, and cardiovascular pathology [66, 69, 70].

However, the number of studies on the association be-
tween the mechanisms of metabolic disorders and micro-
biota of the tongue mucosa is limited.

Considering the above, it can be hypothesized
that the microbiota of the tongue mucosa will be a new,
simple and non-invasive biological marker that can con-
tribute to diagnostic and prognostic studies of obesity
and other NCDs.

CONCLUSION

Thus, further study of olfactory and gustatory disorders
associated with obesity is relevant and may make it pos-
sible to predict the risks of developing metabolic disor-
ders and carry out their correction before the realization
of the obesity phenotype in the future.
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ABSTRACT

Due to the high prevalence of sarcopenia among elderly and old patients, early pre-
vention and treatment of sarcopenia and its complications are relevant. Protein sup-
plements can be used to maintain muscle strength and mass during aging. The pos-
sibility of using branched-chain amino acids (BCAAs) in the treatment and prevention
of sarcopeniain geriatric patients is of scientific interest. BCAAs promote the synthesis
and inhibit the degradation of muscle tissue proteins, are involved in the regulation
of tissue sensitivity to insulin, ammonia utilization, the tricarboxylic acid cycle, etc.

Searchstrategy. The search for scientific articles for literature review was carried out
in the PubMed and PubMed Central databases. The selection criterion was scientific
articles published up to December 2022. We used the following search keywords:
“branched-chain amino acids’; “BCAA’, “body composition’; “sarcopenia’; “aging”.
The 2019 European Working Group on Sarcopenia in Older People 2 (EWGSOP2)
Consensus was included in the list of articles.

Conclusions. The possibility of using BCAAs in elderly and old patients for the pre-
vention and treatment of sarcopenia is a relevant topic that continues to be actively
studied. The effectiveness of BCAA supplementation in the diet is debatable as long
as sufficient protein is consumed daily. On the other hand, BCAA supplementation
may be justified in cases where it is not possible to consume enough high-quality
protein in the diet. More research is needed on this topic.

Key words: branched-chain amino acids, BCAA, gerontology, body composition,
sarcopenia, aging, metabolism
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PE3IOME

B c8s3u ¢ 8bicOKOU pacnpocmpaHEHHOCMbIO capKoneHUU cpedu NayueHmos
NOXUJ1020 U CMAPYECKO20 803pAcma akmyasabHbIMU AB/AIOMCA PAHHAS C80EB-
pemMeHHAs NPOUIAKMUKA U JledeHuUe CapkoneHuu u eé ocioxHeHud. [ coxpa-
HeHUs MblueYHOU CUslbl U MAcCbl NpU CMapeHuu Moz2ym npuMeHAMbCs nulesole
dobasku besikos. [[pedcmasnigem Hay4HbIG UHMepPEC 803MOXHOCMb NPUMeHeHUS
amuHokucsiom ¢ paszeemenérHoli uenoto (BCAA, branched-chain amino acids)
8 JIeUeHUU U NpoguiaKkmuke capkoneHuu y eepuampudeckux nayueHmos. BCAA
cnocobcmayrom cuHmesy u 3ameosiaom 0e2padayuto 6e1K08 MblleYyHOU MKaHU,
ydyacmeayrom 8 npoyeccax peynayuu 4yyscmaumesbHOCMuU mKaHel K UHCYJIUHY,
ymunausayuu ammuakd, Yuksae mpukapboHo8bIx KUC0m u m. 0.

Cmpameaus noucka. [louck Hay4yHblx cmameli 0515 0630pa iaumepamypsi Npo-
u3godusica 8 baszax «PubMed» u «<PubMed Central». Kpumepuem 8bi60pa a8na1uCb
Hay4Hble cmameu, onyb/1uUKO8AHHbIe 8 nepuod 00 0ekabps 2022 2. 8Kk/oHUMes1b-
Ho. Kntouesble cioea 01: noucka: «branched-chain amino acids», «<BCAA», «body
composition», «sarcopenia», «aging». B cnucok cmamet 6611 8kt04éH KoHceHcyc
Esponetickoti pabouel 2pynnsi no capkoneHuu 8mopozo nepecmompa (European
Working Group on Sarcopenia in Older People 2, EWGSOP2) 2019 2.

Bb1800bI. Bo3moxHocme npumeHeHus BCAA y noxusbix u cmapsix nayueHmos
0719 NPOUAAKMUKU U JledeHUs CapKoneHuu As8asemca akmyasasHol memod,
Komopas npodosmkaem akmusHo usydamsca. IpgekmusHocms 0ob6asok BCAA
8 pAYUOH NUMAHUA A871Aemcs cnopHoU nNpu yC108UU exe0He8H020 NompebieHus
0ocmamoyHoz0 kosiudecmaa besika. C opyzol cmopoHsl, dobasseHue BCAA moxem
6bIMb ONPABOAHO 8 MeX C/1y4asx, K020a HEB03MOXHO NOMpPebIAMb 00CMAMOYHOE
KOJIUYeCmao 8bICOKOKAYecmaeHHo20 besika ¢ nuwel. Heobxooumsl 00NosIHUME Tb-
Hble uccedo8aHus no 3mod meme.

Knroueswie cnosa: amuHoKucsiomel ¢ pazeemenérHol uenoto, BCAA, eepoHmo-
J102US, KOMNO3UYUOHHbIU COCMas mesid, CApKoneHus, cmadpeHue, Memaoosiusm

Ona untuposanua: Kypmaes [.I., bynrakosa C.B., TpeHeBa E.B., YetBepukosa U.C,,
Kocapesa O.B., LLlapoHoBa J1.A., Jonrux t0.A. BO3MOXKHOCTW NPYMEHEHNA aMUHOKUCIOT
C pa3BeTBIEHHbIMU 60KOBbIMU Liensimu (BCAA) ans neveHns 1 npopunakTKm CapKkoneHnm
y MaLMeHTOB MOXWJIOrO 1 CTapyeckoro Bo3pacTa (063op nutepatypbl). Acta biomedica
scientifica. 2023; 8(3): 106-114. doi: 10.29413/ABS.2023-8.3.11

107



INTRODUCTION

Due to the high prevalence of sarcopenia among el-
derly and old patients, early prevention and treatment
of sarcopenia and its complications are relevant [1].
Nutrition, along with physical exercise and treatment
of chronic non-communicable diseases, plays a signif-
icant role in the comprehensive prevention and treat-
ment of sarcopenia. To increase the strength and mass
of skeletal muscles, nutrition should fully compensate
not only for the energy requirements of Basal Meta-
bolic Rate (BMR), but also for the additional calorie ex-
penditure and metabolites during exercise [2]. Protein
supplements can be used to maintain muscle strength
and mass during aging. In addition, it is of interest
to add branched-chain amino acids (BCAAs) to the diet,
which promote the synthesis of muscle tissue proteins,
slow down the degradation of muscle tissue proteins,
participate in the processes of regulation of tissue sen-
sitivity to insulin, ammonia utilization, tricarboxylic acid
cycle, etc. [3].

BCAAs (valine, leucine and isoleucine) are common
amino acids in humans and animals, making up approxi-
mately 35 % of the essential amino acids in most mammals.
The functional R-groups of all three BCAAs are branched
(hence their name), small and hydrophobic, making
them essential components of most proteins. Collective-
ly, BCAAs account for about 18 % of all amino acids and
63 % of the hydrophobic amino acids in protein. The mo-
lar relative abundance of BCAAs to each other is near-
ly always approximately 1.6:2.2:1.0 (Val:Leu:lle), reflect-
ing the linked nature of their synthesis and oxidation [4].
BCAAs are not only used for protein synthesis by the body,
but also play an important role in signaling pathways [5].
BCAAs induce an anabolic response of muscle protein
synthesis and stimulate muscle mass growth [6]. Along
with skeletal muscles, white adipose tissue is also involved
in BCAA metabolism [7].

Overall, BCAAs play several important metabolic
and physiological roles besides substrates for protein
synthesis.

For example, S. Gancheva et al. (2018) suggest
that BCAAs play a key role in interorgan metabolic interac-
tions, and dysregulation of BCAA catabolism may play a sig-
nificant role in a number of metabolic diseases [8].

F. Vanweert et al. (2022) showed in a literature re-
view that impaired BCAA catabolism plays a major role
in the development of insulin resistance in obese people
with type 2 diabetes mellitus (T2DM). Among these pa-
tients, BCAA levels are significantly elevated in plasma
and tissues [9].

Much of the evidence for the effects of BCAAs has come
from rodent studies. Some foreign studies have shown
that BCAAs in rats can limit the skeletal muscle protein deg-
radation rate, and thus, adding BCAAs to the diet can pro-
mote hypertrophy of rat musculature [10, 11]. O.V. Turtik-
ova et al. (2014) performed experimental work on labora-

108

tory rats. The effect of BCAA administration on m. gastroc-
nemius medialis of rats was investigated during a 30-day
recovery period after 16-week alcohol intoxication. BCAA
usage promoted more efficient recovery of fast muscle fib-
er size, resulted in complete restoration of phosphorylat-
ed p90RSK content and did not significantly affect overall
proliferative processes and myonuclear number in the rat
medial musculus gastrocnemius [12]. However, according
to R.R. Wolfe (2017), the results of rodent studies have ques-
tionable generalizability to humans. In particular, rats have
amuch lower percentage of skeletal muscle mass compared
to humans. In addition, the processes involved in regulat-
ing muscle protein synthesis and myoprotein degradation
differ from those in humans at both the initiation and trans-
lation stages [13].

When evaluating the effectiveness of BCAA sup-
plementation for increasing muscle mass and strength
in humans, it is important to consider the various factors
against which BCAA intake occurs. There is a number of as-
pects that can affect the results, including nutrition (total
macronutrient and energy intake), presence or absence
of strength training, timing of BCAA intake, consumption
of other amino acids, demographics, measurement pro-
tocols, etc. [3].

Ofinterest is the possibility of using BCAAs in the treat-
ment and prevention of sarcopenia in geriatric patients.

BIOCHEMICAL AND PHYSIOLOGICAL ASPECTS
OF BCAAS

Branched-chain amino acids (BCAAs) are leucine,
valine, and isoleucine. BCAAs are the most hydropho-
bic of the amino acids and play a key role in the struc-
ture of spheroproteins as well as in the interaction
of the transmembrane domains of integral membrane
proteins with phospholipid bilayers. The evolutionary oc-
currence of BCAAs in nature is due to their primary role
in protein structure rather than their secondary meta-
bolic role. BCAAs typically make up approximately 20—
25 % of most dietary proteins [14]. C. Nie et al. (2018)
showed that BCAAs act as signaling molecules that requ-
late glucose, lipid and protein metabolism [15]. BCAAs are
unique in that they largely bypass first-pass metabolism
in the liver, and utilization occurs primarily in the mito-
chondria of skeletal myocytes. The first steps in their ca-
tabolism are common to all three amino acids, including
BCAA aminotransferase (BCAT) and branched-chain al-
pha-keto acid dehydrogenase (BCKD). Their further me-
tabolism uses different pathways to produce different
end products (glucose and/or ketone bodies) [14]. Un-
like other amino acids, BCAAs are primarily metabolized
in muscle tissue, where they serve as precursors to oth-
er amino acids and as an energy substrate. In the pres-
ence of hyperammoniemia, BCAA metabolism in muscle
tissue is altered and promotes ammonia detoxification
through glutamine formation [16]. Also in brain tissue,



BCAAs are used as an alternative pathway for ammonia
detoxification [17].

Muscular hypertrophy results from an increase in my-
ofibrillar proteins (actin, myosin, troponin, etc.). The rate
of synthesis increases with strength exercise and increased
protein intake with food [18].

E.L. Glynn et al. (2010) showed that the beneficial ef-
fects of protein supplementation include increased syn-
thesis and/or suppression of muscle protein degrada-
tion [19].

Skeletal muscle mass growth occurs as a result of a pos-
itive balance of muscle protein, i. e., the predominance
of synthesis over degradation [2].

G. Biolo et al. (1997) observed that BCAA supplemen-
tation increased anabolism, leading to a positive muscle
protein balance with little change in degradation, both
at rest and after exercise [20]. According to I. Rieu et al.
(2006), of the three BCAAs, leucine is the most prominent
key regulator of muscle protein synthesis [21].

Protein synthesis is regulated by a network of intra-
cellular signaling cascades that modulate mRNA trans-
lation during initiation and elongation. The target of ra-
pamycin (mTOR) or, more specifically, the mTOR-1 com-
plex, a key regulator of protein synthesis, plays an im-
portant role in this regulatory network [4, 22, 23]. Ener-
gy and protein intake from food is a major nutritional
effector of the mTOR-1 complex, which acts as a “nutri-
ent sensor” and thus increases muscle tissue protein syn-
thesis. BCAAs activate signaling pathways that converge
in the mTOR-1 complex [24]. S.R. Kimball and L.S. Jeffer-
son (2006) confirmed that BCAA and, in particular, leu-
cine stimulate mTOR and increase muscle protein syn-
thesis [25].

The important role of strength exercises as a power-
ful stimulator of mTOR and, as a consequence, an activator
of muscle protein synthesis has been noted [26, 27]. Human
studies with C'3-labeled leucine have shown that BCAA oxi-
dation increases 2—4-fold during exercise [28]. BCAA catab-
olismin muscles increases and plasma BCAA concentration
decreases during physical exercise [26].

In addition to stimulating muscle anabolism, BCAAs
are involved in the processes of regulating tissue sensi-
tivity to insulin. For example, M.S. Yoon (2016) showed
that BCAAs improve the ability of muscle fibers to absorb
glucose from blood plasma and modulate insulin sign-
aling [29]. F. Vanweert et al. (2022) confirmed that ro-
dent studies and to a lesser extent human ones strongly
suggest that increased BCAA catabolism improves glu-
cose homeostasis in metabolic disorders such as obe-
sity and DM2 [9]. L. Breen, S.M. Phillips (2012) believe
that leucine plays the role of the so-called “leucine trig-
ger”. This “leucine trigger” hypothesis is that some min-
imum, threshold level of dietary leucine intake is re-
quired, below which stimulation of muscle protein syn-
thesis does not occur [30]. According to O.C. Witard
et al. (2016), the minimum “threshold level” for leucine
in the diet is 2-3 g per day [31].

However, excessive dietary leucine intake
does not further increase muscle protein synthesis [30].
There is probably an upper threshold of BCAA concentra-
tion in plasma, beyond which the action of BCAA can lead
to adverse effects [3]. So, D.E. Lackey et al. (2013) believe
that elevated blood BCAA levels are associated with in-
sulin resistance and DM2, which may be the result of de-
creased cellular utilization and/or incomplete oxidation
of BCAA [7]. On the other hand, the thresholds for BCAA
and leucine among the elderly have not yet been clear-
ly defined.

The question of the need for BCAA supplementation
in the diet is an interesting one. According to C. Giezenaar
etal.(2016), leucine supplementation can promote skeletal
muscle hypertrophy when it is impossible to consume suf-
ficient protein [32]. However, some researchers believe that
muscle mass growth depends not only on BCAAs, but also
on sufficient amounts of other essential amino acids
in the diet. For example, R.W. Morton et al. (2017) showed
in a systematic review and meta-analysis that healthy adults
should consume at least 1.6 g per kg of body mass per day
of complete protein containing all nine essential amino
acids in order to improve strength performance and body
composition during physical training [33]. T.A. Church-
ward-Venne et al. (2014) showed that the need for essen-
tial amino acids increases in the period after intense phys-
ical exercise [34].

D.L.Plotkin et al. (2021) suggest that there is no ben-
efit from additional leucine supplementationin the pres-
ence of adequate daily protein intake or with re-
spect to measures of muscular hypertrophy. Howev-
er, when there is no source of whole protein or suf-
ficient essential amino acids available, a higher dose
of leucine or BCAAs may slow the degradation and in-
crease muscle protein synthesis [3]. The anabolic effects
of whole food protein depend on a number of factors,
such as physical training, nutritional status, body mass
and skeletal muscle condition [35]. L.S. Macnaughton
etal. (2016) believe that the optimal dose of high-qual-
ity protein to stimulate muscle anabolism is between
20 and 40 g [36].

Of interest is the question of whether plasma levels
of essential amino acids during protein supplementation
differ from those that can be obtained after protein intake
with normal food.

In 2014, O. Bouillanne et al. published a randomized
controlled trial involving 66 elderly people with mal-
nutrition admitted to a rehabilitation unit. The authors
found that a single supplement of concentrated pow-
dered plasma protein enriched with leucine (20 g whey
protein and 2.8 g leucine) increased the postprandial
plasma concentration of essential amino acids by 50 %
more compared to a normal diet [37].

The results of several studies suggest that young
and middle-aged people who consume sufficient protein
with food do not derive additional benefit from BCAA sup-
plementation [35, 38-40].
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A.F. Aguiar et al. (2017) showed that during 8 weeks
of weight training, leucine supplementation did not in-
crease muscle mass and strength with adequate pro-
tein intake (more than 1.6 g of protein per kg of body
mass per day) [38]. C.B. Mobley et al. (2017) report-
ed no differences in muscular hypertrophy between
groups of participants supplemented with placebo, or 3
g of leucine alone, or 25 g of whey protein (standard-
ized for leucine content) for 12 weeks of physical train-
ing. All study participants reported an intake of ~1.8 g
protein per kg body mass per day, so the authors be-
lieve that supplementation did not confer any addi-
tional benefits for building muscle mass. Interestingly,
the group that consumed only whey protein had a high-
er number of satellite cells, suggesting an increased po-
tential for long-term/sequential muscle mass growth
[40]. I.T. de Andrade et al. (2020) showed that supple-
mentation with 10 g of leucine per day did not increase
muscle mass or strength gains compared to a control
group during 12 weeks of weight training and residu-
al dietary protein intake [39]. Thus, it can be assumed
that BCAA supplemention is ineffective in increasing
muscle mass during weight training with adequate di-
etary protein intake.

On the other hand, loss of muscle mass can be
minimized by using BCAAs during physical train-
ing against a calorie-restricted diet. S. Mettler et al.
(2010) believe that increased consumption of pro-
tein supplements leads to the maintenance of mus-
cle mass during weight training and calorie-restricted
diet [41]. However, this study was conducted with ath-
letes and the results should be interpreted on older
adults with caution.

In addition, according to D.L. Plotkin et al. (2021),
it is questionable whether BCAA supplementation
will enhance muscle growth against energy restriction.
Whole high-quality protein is superior to BCAAs in per-
formance, so there is no logical justification for taking
BCAAs in place of a more complete protein source, re-
gardless of energy status [3].

BCAAS AND SARCOPENIA
IN GERIATRIC PATIENTS

Sarcopenia is often associated with malnutrition
whether itis related to low food intake (starvation, in-
ability to eat), reduced nutrient bioavailability (diar-
rhea, vomiting) or high nutrient requirements (chronic
inflammatory disease, oncopathology or organ failure
with cachexia) [1]. Therefore, optimal nutrition is es-
sential for geriatric patients with sarcopenia because
the availability of the building components necessary
for muscle recovery is crucial [42]. To halt and possibly
reverse the loss of muscle mass and function with age,
several authors recommend weight training, optimiz-
ing protein intake, and correcting vitamin D deficien-
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cy [1, 43, 44]. Nutritional recommendations for old-
er adults (> 65 years) suggest increasing daily pro-
tein intake (1-1.2 g/kg/day; 1.2-1.5 g/kg/day for in-
flammatory diseases), preferably high-quality protein
(e.g. whey protein) high in essential amino acids such
as leucine [43, 44].

A number of authors have reported positive ef-
fects of BCAA supplementation on preservation of mus-
cle strength, mass, and function in geriatric patients.
There is evidence for the potential benefit of BCAAs, par-
ticularly leucine, for older adults in the treatment of sar-
copenia [45-48].

I.F. Kramer et al. (2017) conducted a study to assess
whether muscle tissue protein synthesis differs between
elderly men with and without sarcopenia. 15 healthy
men (mean age - 69 years) and 15 men with sarcopenia
(mean age - 81 years) received a single leucine-enriched
whey protein supplement (21 g protein). Basal and post-
prandial muscle protein concentrations were measured
using stable isotopes and collection of blood and mus-
cle biopsy samples. After leucine-enriched whey protein
supplementation, muscle protein synthesis increased sig-
nificantly in both the sarcopenia group and the control
group without statistically significant intergroup differ-
ences [45].

A meta-analysis published by B. Komar et al. (2015)
studied the effect of leucine supplementation on an-
thropometric and body composition parameters in el-
derly and sarcopenia-prone individuals. Leucine sup-
plementation significantly increased body weight gain
(1.02 kg; 95% confidence interval (95% Cl): 0.19-1.85;
p = 0.02), lean body mass (0.99 kg; 95% Cl: 0.43-1.55;
p = 0.0005) and body mass index (0.33 kg/m?; 95% Cl:
0.13-0.53; p = 0.001) compared to the respective con-
trol groups. In terms of total body weight and lean mass,
leucine supplementation was more effective in the sub-
group of study participants with severe sarcopenia.
However, the addition of leucine to the diet did not af-
fect all other body composition parameters investigat-
ed. The authors concluded that intake of various pro-
tein products containing at least 2 g of leucine per day,
regardless of exercise, had a beneficial effect on body
composition indices among individuals prone to sar-
copenia [46].

M.K. Park et al. (2022) showed a positive effect
of BCAA supplementation on the treatment of sar-
copenia after stroke. It is known that after stroke,
brain damage activates the systemic catabolic path-
way and structural changes in muscle lead to a rap-
id decrease in muscle mass. In addition, hypodynamia
due to weakness and poor nutrition caused by dys-
phagia accelerates the loss of muscle mass. The au-
thors assessed stroke-related functional status us-
ing the Korean version of Modified Barthel Index
(K-MBI), Berg Balance Scale (BBS), Functional Ambulation
Categories (FAC) assessment test, and Manual Function
Test (MFT), which are well established in stroke patients.



Swallowing function was assessed using the Function-
al Dysphagia Scale (FDS) and the Penetration-Aspira-
tion Scale (PAS) based on the results of the Videofluor-
oscopic Swallow Study (VFSS). As a result, the group
of patients with BCAA supplementation in their diet
showed an increase in hand grip strength and skeletal
muscle mass index. Mobility, activities of daily living
and swallowing function improved. The authors suggest
that there is a potential benefit of BCAA supplementa-
tion in providing functional improvement by increasing
skeletal muscle mass index. The results of this study sug-
gest that a comprehensive rehabilitation intervention
combined with BCAA supplementation may be a use-
ful option during the critical period of post-stroke neu-
rological recovery [47].

Proper dosage of BCAA supplementation in the die-
tary intake of geriatric patients is also important. For ex-
ample, C.S. Katsanos et al. (2006) noted that supplementa-
tion of 1.7 g of leucine to the dietary intake of older adults
did not result in activation of muscle protein synthesis.
However, daily supplementation of 2.8 g leucine has been
shown to be sufficient for this purpose [48]. Similar con-
clusions were reached by L. Breen, S.M. Phillips (2011).
The authors believe that due to the effects of age-relat-
ed anabolic resistance, older adults require higher dos-
es of leucine than younger adults to maximize the mus-
cle protein synthesis response. Moreover, even with ag-
ing, anabolic resistance in the elderly may be reduced
by exercise and consumption of higher doses of protein
and/or leucine [30].

Although the exact etiology of age-related anabolic
resistance during aging has not yet been fully elucidated,
it is probably the result of the interaction of many factors
at the level of muscular, nervous, cardiovascular, and oth-
er body systems [1, 49]. Decreases in motoneurons, ana-
bolic hormones, and increased chronic inflammation like-
ly contribute to the decreased sensitivity to anabolic stim-
uli with aging [3].

Several authors believe that older adults can increase
muscle protein synthesis by consuming an additional ~3 g
of leucine per day or ~30-35 g of high-quality protein
in the diet [44, 50-52].

J.E. Morley et al. (2010) advise that to overcome an-
abolic resistance of aging muscles and increase skele-
tal muscle protein synthesis, 25-30 g of high-quality
protein and up to 2.8-3 g of leucine (the minimum rec-
ommended dose of leucine is 78.5 mg/kg of the body
mass per day) should be consumed at each meal and at
least twice a day [44]. The recommended daily amount
of protein can be effectively achieved by combined sup-
plementation of high-quality protein, BCAA (including
leucine) and vitamin D [43]. According to R.W. Morton
etal.(2017), if total protein intake requirements are met,
there is no apparent benefit of supplemental BCAA in-
take because muscle mass growth requires the full com-
plement of essential amino acids [33].

CONCLUSIONS

The possibility of using BCAAs in elderly and old
patients to prevent and treat sarcopenia is a hot top-
ic that continues to be actively studied. The effective-
ness of BCAA supplementation in the diet is debatable
as long as sufficient protein is consumed daily. On the oth-
er hand, BCAA supplementation may be justified in cas-
es where it is not possible to consume enough high-qual-
ity protein in the diet. However, more research is needed
on this topic in older and aged adults.

Financing
The study was not sponsored.

Conflict of interest
The authors of this article declare the absence of a con-
flict of interest.

REFERENCES

1. Cruz-Jentoft AJ, Guelistan B, Bauer J, Boirie Y, Bru-
yere Cederholm T, Cooper C, et al. Sarcopenia: Revised Eu-
ropean consensus on definition and diagnosis. Age Ageing.
2019; 48: 16-31. doi: 10.1093/ageing/afy 169

2. Tipton KD, Hamilton DL, Gallagher IJ. Assessing
the role of muscle protein breakdown in response to nutri-
tion and exercise in humans. Sports Med. 2018; 48(Suppl 1):
53-64. doi: 10.1007/s40279-017-0845-5

3. Plotkin DL, Delcastillo K, Van Every DW, Tipton KD,
Aragon AA, Schoenfeld BJ. Isolated leucine and branched-
chain amino acid supplementation for enhancing muscular
strength and hypertrophy: A narrative review. Int J Sport
Nutr Exerc Metab. 2021; 31(3): 292-301. doi: 10.1123/ijs-
nem.2020-0356

4. Neinast M, Murashige D, Arany Z. Branched
chain amino acids. Annu Rev Physiol. 2019; 81: 139-164.
doi: 10.1146/annurev-physiol-020518-114455

5. Doestzada M, Zhernakova DV, van den Munck-
hof I, Wang D, Kurilshikov A, Chen L, et al. Systematic
analysis of relationships between plasma branched-
chain amino acid concentrations and cardiometabolic
parameters: An association and Mendelian randomi-
zation study. BMC Med. 2022; 20(1): 485. doi: 10.1186/
s12916-022-02688-4

6. Ko CH,Wu SJ,Wang ST, Chang YF, Chang CS, KuanTs,
et al. Effects of enriched branched-chain amino acid supple-
mentation on sarcopenia. Aging (Albany NY). 2020; 12(14):
15091-15103. doi: 10.18632/aging.103576

7. Lackey DE, Lynch CJ, Olson KC, Mostaedi R, Ali M,
Smith WH, et al. Regulation of adipose branched-chain
amino acid catabolism enzyme expression and cross-
adipose amino acid flux in human obesity. Am J Physiol
Endocrinol Metab.2013;304(11):E1175-E1187.doi: 10.1152/
ajpendo.00630.2012



8. Gancheva S, Jelenik T, Alvarez-Hernandez E, Ro-
den M. Interorgan metabolic crosstalk in human insulin
resistance. Physiol Rev. 2018; 98: 1371-1415. doi: 10.1152/
physrev.00015.2017

9. VanweertF, Schrauwen P, Phielix E. Role of branched-
chain amino acid metabolism in the pathogenesis of obesity
and type 2 diabetes-related metabolic disturbances BCAA
metabolism in type 2 diabetes. Nutr Diabetes. 2022; 12(1):
35.doi: 10.1038/541387-022-00213-3

10. Buse MG. In vivo effects of branched chain amino
acids on muscle protein synthesis in fasted rats. Horm Metab
Res. 1981; 13(9): 502-505. doi: 10.1055/5-2007-1019316

11. Garlick PJ, Grant I. Amino acid infusion increases
the sensitivity of muscle protein synthesis in vivo to insu-
lin. Effect of branched-chain amino acids. Biochem J. 1988;
254(2): 579-584. doi: 10.1042/bj2540579

12. Turtikova OV, Lysenko EA, Nemirovskaya TL, Shen-
kman BS. Effect of branched-chain amino acids mixture
on repair of atrophied rats’ skeletal muscles. Aerospace
and Environmental Medicine. 2014; 48(6): 53-58. (In Russ.).
[Typtukosa O.B., JibiceHko E.A., Hemnposckaa T.J1., LeHk-
MaH b.C. BinAaHne cmec aMMHOKMCIOT C pa3BeTB/IEHHON
6OKOBOW LieMNbio Ha BOCCTaHOBJIEHNE aTPOPUPOBAHHbIX
CKeJIeTHbIX MbILLL, KpbIC. ABUAKOCMUYECKAs U 3Ko02uye-
ckasa meduyuHa. 2014; 48(6): 53-58].

13. Wolfe RR. Branched-chain amino acids and muscle
protein synthesis in humans: Myth or reality? J Int Soc Sports
Nutr. 2017; 14: 30. doi: 10.1186/512970-017-0184-9

14. Brosnan JT, Brosnan ME. Branched-chain amino
acids: enzyme and substrate regulation. J Nutr. 2006;
136(Suppl 1): 2075-211S. doi: 10.1093/jn/136.1.207S

15. Nie C, He T, Zhang W, Zhang G, Ma X. Branched
chain amino acids: beyond nutrition metabolism. Int J Mol
Sci.2018; 19: 954. doi: 10.3390/ijms 19040954

16. Dam G, Ott P, Aagaard NK, Vilstrup H. Branched-
chain amino acids and muscle ammonia detoxifica-
tion in cirrhosis. Metab Brain Dis. 2013; 28(2): 217-220.
doi: 10.1007/s11011-013-9377-3

17. Ott P, Clemmesen O, Larsen FS. Cerebral meta-
bolic disturbances in the brain during acute liver failure:
From hyperammonemia to energy failure and proteolysis.
Neurochem Int. 2005; 47(1-2): 13-18. doi: 10.1016/j.neu-
int.2005.04.002

18. Joanisse S, Lim C, McKendry J, Mcleod JC, Stokes T,
Phillips SM. Recent advances in understanding resistance
exercise training-induced skeletal muscle hypertrophy
in humans. F1000Res. 2020; 9: F1000 Faculty Rev-141.
doi: 10.12688/f1000research.21588.1

19. Glynn EL, Fry CS, Drummond MJ, Dreyer HC,
Dhanani S, Volpi E, et al. Muscle protein breakdown
has a minor role in the protein anabolic response to es-
sential amino acid and carbohydrate intake following re-
sistance exercise. Am J Physiol Regul Integr Comp Physiol.
2010;299(2): R533-540. doi: 10.1152/ajpregu.00077.2010

20. Biolo G, Tipton KD, Klein S, Wolfe RR. An abundant
supply of amino acids enhances the metabolic effect of ex-
ercise on muscle protein. Am J Physiol. 1997; 273(1 Pt 1):
E122-E129. doi: 10.1152/ajpendo0.1997.273.1.E122

112

21. Rieu |, Balage M, Sornet C, Giraudet C, Pujos E,
Grizard J, et al. Leucine supplementation improves muscle
protein synthesis in elderly men independently of hy-
peraminoacidaemia. J Physiol. 2006; 575(Pt 1): 305-315.
doi: 10.1113/jphysiol.2006.110742

22. CaronE, Ghosh S, Matsuoka Y, Ashton-Beaucage D,
Therrien M, Lemieux S, et al. A comprehensive map
of the mTOR signaling network. Mol Syst Biol. 2010; 6: 453.
doi: 10.1038/msb.2010.108

23. Laplante M, Sabatini DM. mTOR signaling in growth
control and disease. Cell.2012; 149(2): 274-293. doi: 10.1016/
j.cell.2012.03.017

24. Blomstrand E, Eliasson J, Karlsson HK, Kbhnke R.
Branched-chain amino acids activate key enzymes in protein
synthesis after physical exercise. J Nutr. 2006; 136(Suppl 1):
2695-273S. doi: 10.1093/jn/136.1.269S

25. Kimball SR, Jefferson LS. Signaling pathways and
molecular mechanisms through which branched-chain
amino acids mediate translational control of protein syn-
thesis. J Nutr. 2006; 136(Suppl 1): 2275-231S. doi: 10.1093/
jn/136.1.227S

26. Hole¢ek M. Muscle amino acid and adenine
nucleotide metabolism during exercise and in liver cir-
rhosis: Speculations on how to reduce the harmful effects
of ammonia. Metabolites. 2022; 12(10): 971. doi: 10.3390/
metabo12100971

27. Burd NA, Beals JW, Martinez IG, Salvador AF, Skin-
ner SK. Food-first approach to enhance the regulation
of post-exercise skeletal muscle protein synthesis and re-
modeling. Sports Med. 2019; 49(Suppl 1): 59-68. doi: 10.1007/
s40279-018-1009-y

28. Wolfe RR, Goodenough RD, Wolfe MH, Royle GT,
Nadel ER. Isotopic analysis of leucine and urea me-
tabolism in exercising humans. J Appl Physiol Respir En-
viron Exerc Physiol. 1982; 52: 458-466. doi: 10.1152/jappl.
1982.52.2.458

29. Yoon MS. The emerging role of branched-chain
amino acids in insulin resistance and metabolism. Nutrients.
2016; 8(7): 405. doi: 10.3390/nu8070405

30. Breen L, Phillips SM. Nutrient interaction for op-
timal protein anabolism in resistance exercise. Curr Opin
Clin Nutr Metab Care. 2012; 15(3): 226-232. doi: 10.1097/
MCO.0b013e3283516850

31. Witard OC, Wardle SL, Macnaughton LS, Hodg-
son AB, Tipton KD. Protein considerations for optimising
skeletal muscle mass in healthy young and older adults.
Nutrients. 2016; 8(4): 181. doi: 10.3390/nu8040181

32. GiezenaarC,Chapman|, Luscombe-Marsh N, Feinle-
Bisset C, Horowitz M, Soenen S. Ageing is associated with
decreases in appetite and energy intake — A meta-analysis
in healthy adults. Nutrients. 2016; 8(1): 28. doi: 10.3390/
nu8010028

33. Morton RW, Murphy KT, McKellar SR, Schoen-
feld BJ, Henselmans M, Helms E, et al. A systematic review,
meta-analysis and meta-regression of the effect of protein
supplementation on resistance training-induced gains in
muscle mass and strength in healthy adults. Br J Sports Med.
2018; 52(6): 376-384. doi: 10.1136/bjsports-2017-097608



34. Churchward-VenneTA, Breen L, Di Donato DM, Hec-
tor AJ, Mitchell CJ, Moore DR, et al. Leucine supplementation
of a low-protein mixed macronutrient beverage enhances
myofibrillar protein synthesis in young men: A double-
blind, randomized trial. Am J Clin Nutr.2014; 99(2): 276-286.
doi: 10.3945/ajcn.113.068775

35. Schoenfeld BJ, Aragon AA. How much protein
can the body use in a single meal for muscle-building? Im-
plications for daily protein distribution. J Int Soc Sports Nutr.
2018; 15: 10. doi: 10.1186/512970-018-0215-1

36. Macnaughton LS, Wardle SL, Witard OC, McGlory C,
Hamilton DL, Jeromson S, et al. The response of muscle pro-
tein synthesis following whole-body resistance exercise is
greater following 40 g than 20 g of ingested whey protein.
Physiol Rep. 2016; 4(15): €12893. doi: 10.14814/phy2.12893

37. Bouillanne O, Neveux N, Nicolis |, Curis E, Cynober L,
Aussel C. Long-lasting improved amino acid bioavailability
associated with protein pulse feeding in hospitalized elderly
patients: A randomized controlled trial. Nutrition. 2014; 30(5):
544-550. doi: 10.1016/j.nut.2013.10.006

38. Aguiar AF, Grala AP, da Silva RA, Soares-Caldeira LF,
Pacagnelli FL, Ribeiro AS, et al. Free leucine supplementa-
tion during an 8-week resistance training program does not
increase muscle mass and strength in untrained young adult
subjects. Amino Acids.2017;49(7): 1255-1262. doi: 10.1007/
s00726-017-2427-0

39. De Andrade IT, Gualano B, Hevia-Larrain V, Neves-
Junior J, Cajueiro M, Jardim F, et al. Leucine supplemen-
tation has no further effect on training-induced muscle
adaptations. Med Sci Sports Exerc. 2020; 52(8): 1809-1814.
doi: 10.1249/MSS.0000000000002307

40. Mobley CB, Mumford PW, McCarthy JJ, Miller ME,
Young KC, Martin JS, et al. Whey protein-derived exosomes
increase protein synthesis and hypertrophy in C2-C12 myo-
tubes.JDairy Sci.2017;100(1): 48-64. doi: 10.3168/jds.2016-
11341

41. Mettler S, Mitchell N, Tipton KD. Increased protein
intake reduces lean body mass loss during weight loss in ath-
letes. Med Sci Sports Exerc.2010;42(2): 326-337.doi: 10.1249/
MSS.0b013e3181b2ef8e

42. Bauer J, Biolo G, Cederholm T, Cesari M, Cruz-
Jentoft AJ, Morley JE, et al. Evidence-based recommenda-
tions for optimal dietary protein intake in older people:
a position paper from the PROT-AGE Study Group. J Am
Med Dir Assoc. 2013; 14(8): 542-559. doi: 10.1016/j.jam-
da.2013.05.021

43. CeredakE, Pisati R, Rondanelli M, Caccialanza R. Whey
protein, leucine- and vitamin-D-enriched oral nutritional

Information about the authors

supplementation for the treatment of sarcopenia. Nutrients.
2022; 14(7): 1524. doi: 10.3390/nu14071524

44. Morley JE, Argiles JM, Evans WJ, Bhasin S, Cella D,
Deutz NE, et al. Nutritional recommendations for the man-
agement of sarcopenia. J Am Med Dir Assoc. 2010; 11(6):
391-396. doi: 10.1016/j.jamda.2010.04.014

45. Kramer IF, Verdijk LB, Hamer HM, Verlaan S, Luik-
ing YC, Kouw IWK, et al. Both basal and post-prandial
muscle protein synthesis rates, following the ingestion of
aleucine-enriched whey protein supplement, are not im-
paired in sarcopenic older males. Clin Nutr. 2017; 36(5):
1440-1449. doi: 10.1016/j.clnu.2016.09.023

46. Komar B, Schwingshackl L, Hoffmann G. Effects
of leucine-rich protein supplements on anthropometric
parameter and muscle strength in the elderly: A systematic
review and meta-analysis. J Nutr Health Aging. 2015; 19(4):
437-446. doi: 10.1007/512603-014-0559-4

47. Park MK, Lee SJ, Choi E, Lee S, Lee J. The effect
of branched chain amino acid supplementation on
stroke-related sarcopenia. Front Neurol. 2022; 13: 744945,
doi: 10.3389/fneur.2022.744945

48. Katsanos CS, Kobayashi H, Sheffield-Moore M, Aars-
land A, Wolfe RR. A high proportion of leucine is required
for optimal stimulation of the rate of muscle protein syn-
thesis by essential amino acids in the elderly. Am J Physiol
Endocrinol Metab. 2006; 291(2): E381-E387. doi: 10.1152/
ajpendo.00488.2005

49. Wilkinson DJ, Piasecki M, Atherton PJ. The age-
related loss of skeletal muscle mass and function: Measure-
ment and physiology of muscle fibre atrophy and muscle
fibre loss in humans. Ageing Res Rev. 2018; 47: 123-132.
doi: 10.1016/j.arr.2018.07.005

50. Koopman R, Walrand S, Beelen M, Gijsen AP, Kies AK,
Boirie, et al. Dietary protein digestion and absorption rates
and the subsequent postprandial muscle protein synthetic
response do not differ between young and elderly men.
JNutr.2009; 139(9): 1707-1713.doi: 10.3945/jn.109.109173

51. Pennings B, Groen B, de Lange A, Gijsen AP,
Zorenc AH, Senden JM, et al. Amino acid absorption and sub-
sequent muscle protein accretion following graded intakes of
whey protein in elderly men. Am J Physiol Endocrinol Metab.
2012; 302(8): E992-E999. doi: 10.1152/ajpend0.00517.2011

52. Symons TB, Sheffield-Moore M, Wolfe RR,
Paddon-Jones D. A moderate serving of high-quali-
ty protein maximally stimulates skeletal muscle pro-
tein synthesis in young and elderly subjects. J Am
Diet Assoc. 2009; 109(9): 1582-1586. doi: 10.1016/
j.jada.2009.06.369

Dmitry P. Kurmayev — Cand. Sc. (Med.), Teaching Assistant at the Department of Endocrinology and Geriatrics, Samara State Medical University, e-mail: geriatry@mail.ru, https://orcid.org/0000-

0003-4114-5233

Svetlana V. Bulgakova — Dr. Sc. (Med.) Docent, Head of the Department of Endocrinology and Geriatrics, Samara State Medical University, e-mail: osteoporosis63@gmail.com,

https://orcid.org/0000-0003-0027-1786

Ekaterina V. Treneva— Cand. Sc. (Med.), Associate Professor at the Department of Endocrinology and Geriatrics, Samara State Medical University, e-mail: eka1006@yandex.ru, https://orcid.org/0000-

0003-0097-7252

113



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, N3

Irina S. Chetverikova — Postgraduate at the Department of Endocrinology and Geriatrics, Samara State Medical University, e-mail: chetverikova_irina@list.ru, https://orcid.org/0000-0001-
7519-7360

Olga V. Kosareva — Cand. Sc. (Med.), Associate Professor at the Department of Endocrinology and Geriatrics, Samara State Medical University, e-mail: 0.v.kosareva@samsmu.ru,
https://orcid.org/0000-0002-5754-1057

Lyudmila A. Sharonova — Cand. Sc. (Med.), Associate Professor at the Department of Endocrinology and Geriatrics, Samara State Medical University, e-mail: .a.sharonova@samsmu.ru,
https://orcid.org/0000-0001-8827-4919

Yulia A. Dolgikh — Cand. Sc. (Med.), Teaching Assistant at the Department of Endocrinology and Geriatrics, Samara State Medical University, e-mail: yu.a.dolgikh@samsmu.ru, https://orcid.org/0000-
0001-6678-6411

114
Morphology, physiology and pathophysiology



NEUROLOGY AND NEUROSURGERY

Memetov S.S. 12,
Safronenko V.A. 2,
Zakharchenko Yu.l. 3,
Danilenko L.P. %4,
KimV.V. 12,
Makarenko A.S. 2,
Grishin D.V. 2

' Hospital for Military Veterans

(26ya Liniya str. 27, Rostov-on-Don 344037,
Russian Federation)

2 Rostov State Medical University
(Nakhichevanskiy lane 29, Rostov-on-Don
344022, Russian Federation)

3 Kuban State Medical University
(Mitrofana Sedina str. 4, Krasnodar 350063,
Russian Federation)

4 Rostov Clinical Hospital,

Southern District Medical Center

of the Federal Medical and Biological
Agency (Peshkova str. 34, Rostov-on-Don
344023, Russian Federation)

Corresponding author:
Vyacheslav V. Kim,
e-mail: livfan1347@gmail.com

Received: 15.11.2022
Accepted: 26.05.2023
Published: 11.07.2023

ABSTRACT

Background. Acute cerebrovascular disorders are one of the main causes of severe
disability in modern society.

Russian and foreign researchers register the emerging trend towards rejuvenation
of the patients with stroke, which, in turn, significantly increases the relevance
of the treatment and rehabilitation of these patients at various stages.

The aim. To study the social and hygienic characteristics of the stroke patients
and to determine their need for medical rehabilitation in the early recovery period.
Materials and methods. We studied the social and hygienic characteristics
of 109 patients who had stroke in 2020 and 2021 and underwent rehabilitation
in the specialized rehabilitation department of the Southern District Medical Center
of the Federal Medical and Biological Agency, and determined their need for medi-
cal rehabilitation using the analytical method, the method of expert assessments
and questionnaires.

Results. The average portrait of a patient with a stroke in the early recovery period
is as follows: this is aman aged 61 to 70 years with a higher or secondary specialized
education, unemployed, living in the city. Up to 30 % of stroke survivors were recog-
nized as disabled; among which, the persons with more severe disability (groups |
and Il) predominate - up to 90 %. Implementation of rehabilitation measures
in the acute period in the hospital and in the early recovery period in the outpatient
clinic is carried out at a fairly low level. The percentage of patients being examined
by a multidisciplinary rehabilitation team ranges from 17.4 to 10.1 %.

Conclusion. The availability of medical rehabilitation measures in a specialized
rehabilitation center is quite limited; more than half of the surveyed contingent
(52.3 %) experienced problems in obtaining a referral to treatment, about half
of the respondents (46.8 %) waited up to 6 months for a referral, which indicates
the need to expand the network of such institutions at the regional level.

Key words: stroke, disability, rehabilitation, medical rehabilitation, rehabilitation
department, hospital, out-patient clinic

For citation: Memetov S.S., Safronenko V.A., Zakharchenko Yu.l.,, Danilenko L.P, Kim V.V.,
Makarenko A.S., Grishin D.V. Some problematic issues of rehabilitation of patients
with the stroke consequences at the present stage. Acta biomedica scientifica. 2023; 8(3):
115-120. doi: 10.29413/ABS.2023-8.3.12
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PE3IOME

O6ocHosaHue. Ocmpeble HapyuleHUs M03208020 KpOBOOOpAWeHUA A8/IAIMCA
00HOU U3 OCHOBHbIX NPUYUH MAXENOU UHBAIUOHOCMU 8 COBpeMeHHOM obujecmee.
OmeyecmaeHHble U 3apybexHble uccsie0osamesnu OMMmMedam Hamemuswyncs
MmeHOeHYUIO K OMOJIOXeHUI0 KOHMUH2eHMA 60J1bHbIX UHCY/IbMOM, Ymo 8 C80t0
ouepedb 3HAYUMesIbHO NOBbILIAEM AKMYAIbHOCMb JledeHus u peabunumayuu
3mol Kamez20puu Uy HA PA3/IUYHbIX SMANAXx.

Lene uccnedosaHus. Vizyuums coyuanbHO-2U2UEHUYECKYIO Xapakmepucmuky
KOHMUH2eHMa Uy, hepeHécwux UHCybm, U onpedesiums ux nompebHoCMeb
8 MeponpuAMUAX N0 MEOUYUHCKOU peabunumayuu 8 paHHeM 80CCMAaHo8UMesb-
HOM nepuoode.

MamepuasnelumemoOdel. V3yyeHa coyuanbHO-2U2UEHUYECKas XapaKkmepucmuka
109 nayueHmos, nepeHécuiux uHcysibm 8 2020 u 2021 22. u npoxoduswux peabu-
JIUMayuio 8 yc108UsX cneyuanu3uposaHHo20 omoeneHus peabunumayuu Orby3
«tOxHbIl OKpyXHOU MeduyuHcKul yeHmp MedepanbHo20 MEOUKO-OU0102U4eCcK020
dazeHmMcmea», U onpedesieHa ux NnompebHoCMb 8 MEPONPUAMUSAX NO MEOUYUHCKOU
peabusumayuu C UCnob308aHUeM AHAIUMUYeCK020 Memood, Memoodd 3Kchepm-
HbIX OYEeHOK U AHKeMUPOBAHUS.

Pesynemamel. CpeOHecmamucmuyeckuli nopmpem nayueHma c NepeHecéHHbIM
UHCYJIbmMOM 8 paHHeM 80CCMAHO8UMEIbHOM nepuode 8b6l12/190Um C/1edyrwum
006pazom: 3mo Myx4uHa 8 8o3pacme om 61 0o 70 siem ¢ 8bICLUUM USIU CPEOHUM
cneyuasbHeIM 06paszosaHuem, Hepabomarouwudi, npoxugaroujuli 8 20pooe. [jo 30 %
J1uy, nepeHEcUX UHCYIbm, NPU3HAIOMCA UHBAIUOAMU, Cpedu KOmOopbIX Npesa-
nupyrom nuya ¢ 6onee maxénou uneanuoHocmeto (I u Il 2pynnsi) — 0o 90 %. lpo-
sedeHue peabuiumayuoHHbIX Meponpusmuti 8 0CMpPOM nepuode 8 cMayuoHape
U paHHeM 80CCMAHOBUMeEIbHOM nepuode 8 amby1amopHO-NOTUKIUHUYECKOM
yupexo0eHUU ocywecmassasemcsa Ha 00CMAamoYHO HU3KOM ypoeHe. [IpoueHm
ocMompa nayueHmos MmysimuoucyuniuHapHol peabunumayuoHHOU KOMaHoou
konebnemcaom 17,400 10,1 %.

3aknwyeHue. [JocmynHocme meponpusmul no MeduyuHcKoU peabusiumayuu
8 yCJ108USX CNEYUATU3UPOBAHHO20 peabuiumayuoHHO20 UeHmpa 0ocmamoyHoO
02paHudeHa; 6os1ee Nos108UHbI UCC/IE0yeM020 KOHMuUHzeHMad (52,3 %) ucneimelganu
npob6iemMbl NPU NOJTyYeHUU HanPpasJsieHUs, OKOJ10 NOJI08UHbI pecNoHOeHMo8 (46,8 %)
0Xu0asu HanpasneHue 0o 6 Mecsayes, Ymo caudemesibcmayem o Heobxo0uMocmu
pacwupeHus cemu no0o6HbIX yupexoeHull Ha pe2uoHAIbHOM YpOBHe.

Knroueeole ciosa: uHcy1bm, mpyoocnocobHOCMs, UHBAIUOHOCMb, peabunuma-
Yus, MeOUYUHCKas peabunumauus, peabuiumayuoHHoe omoesieHue, CmayuoHap,
NOTUKAUHUKA

Onauntnposanusa: Memetos C.C.,, CadpoHeHKo B.A., 3axapueHko t0.W., JaHnneHko J1.1.,
Kunm B.B., MakapeHrko A.C., lpuwuiH [1.B. HekoTopble npobnemHble BOMPOCh peabunmtaumn
NaLMeHTOB C NOC/eCTBMAMM UHCYSbTa Ha COBpeMeHHOM 3Tane. Acta biomedica scientifica.
2023; 8(3): 115-120. doi: 10.29413/ABS.2023-8.3.12
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INTRODUCTION

Objectives

The priority national tasks in the field of health care
at the present stage are: promotion of public health; devel-
opment of disease prevention; reduction and prevention
of disability; introduction of highly effective medical tech-
nologies; development of rehabilitation [1-3].

In order to improve the situation with the preservation
of citizens’ health, it is necessary to ensure a qualitative break-
through in the health care system through the development
ofinnovative technologies in the field of prevention, diagno-
sis and treatment of diseases, including rehabilitation [4-6].

Stroke remains the most urgent medical and social
problem at the present stage. The incidence of stroke in Rus-
sia is 3-4 cases per 1,000 population per year. The mor-
tality rate from this disease in the acute period reaches
35 %. Within the first 5 years after a stroke, 44 % of patients
die. The number of people who have suffered a stroke
is more than 1 million annually in Russia, 80 % of whom
are disabled. Only up to 25 % of patients return to work af-
ter a stroke, and the same number of patients remain disa-
bled for the rest of their lives [7, 8].

Acute cerebrovascular diseases are one of the main
causes of severe disability in modern society [9].

At the present stage, a number of Russian and foreign
researchers register the emerging trend toward rejuvena-
tion of the patients with stroke, which, in turn, significant-
ly increases the relevance of the treatment and rehabilita-
tion of these patients at various stages [10, 11].

THE AIM OF THE STUDY

To study the social and hygienic characteristics
of the stroke patients and to determine their need for med-
ical rehabilitation in the early recovery period.

MATERIALS AND METHODS

We studied the social and hygienic characteristics
of 109 patients who had stroke in 2020 and 2021 and under-
went rehabilitation in the specialized rehabilitation depart-
ment of the Southern District Medical Center of the Federal
Medical and Biological Agency, and determined their need
for medical rehabilitation using the analytical method,
the method of expert assessments and questionnaires.
By means of analytical method the social and hygienic char-
acteristics of the studied patients were described. The avail-
ability of rehabilitation measures for these patients was
studied and assessed by the method of expert assessments
and questionnaires.

RESULTS AND DISCUSSION

Patients are admitted to the medical rehabilita-
tion department of the Southern District Medical Cent-
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er of the Federal Medical and Biological Agency (Russia)
in the early recovery period.

The majority of patients in the acute phase of the dis-
ease — 77 (70.6 %) people — were residents of the city,
treated in vascular departments of Rostov-on-Don
(N.A. Semashko City Hospital No. 1 in Rostov-on-Don,
City Emergency Hospital in Rostov-on-Don, City Hos-
pital No. 20 in Rostov-on-Don) 32 (29.4 %) people,
who were villagers, were hospitalized in central dis-
trict hospitals at their place of residence, and in some
cases, depending on the severity of the state of health
and the presence of appropriate indications, were trans-
ported by air ambulance to the Regional Vascular Cent-
er, Rostov Regional Clinical Hospital.

Upon completion of inpatient treatment, pa-
tients with the consequences of acute cerebrovascu-
lar accidents (ACVA) were discharged for further out-
patient treatment by specialists of the appropriate pro-
file with recommendations for rehabilitation measures
in specialized institutions. Local practitioners, in accord-
ance with their available quotas, referred patients to spe-
cialized rehabilitation centers, where a set of rehabilita-
tion measures developed by a multidisciplinary rehabil-
itation team (MDRT) was carried out, followed by assess-
ment of the measures taken at the second stage of re-
habilitation and development of a rehabilitation plan
for the third outpatient stage.

The patients studied were distributed by sex
as follows: men - 75 (68.8 %), women - 34 (31.2 %).
There were 14 (12.9 %) between 31 and 40 years of age,
8 (7.3 %) between 41 and 50 years, 28 (25.7 %) between
51 and 60 years, 41 (37.6 %) between 61 and 70 years,
and 18 (16.5 %) above 70 years. In terms of education level,
the following gradation is observed: patients with second-
ary education - 25 (22.9 %) people, with specialized sec-
ondary education -39 (35.8 %) people, with higher educa-
tion —45 (41.3 %) people. At the same time, more than half
of the respondents - 66 (60.5 %) people — did not work an-
ywhere; 26 (23.9 %) people were engaged in mental work
and 17 (15.6 %) in physical work.

The following concomitant diseases were registered
in the patients: carotid artery atherosclerosis (stenosis
from 15 to 40-50 %); dyslipidemia, arterial hyperten-
sion (stage Il or lll, more often stage Il) - 95 (87,2 %) pa-
tients; type 2 diabetes mellitus - 23 (21,12 %) pa-
tients; atrial fibrillation — 5 (4,6 %) patients. Hemophilia
in 9 (8.3 %) and aneurysm rupture in 4 (3.7 %) were re-
corded in young age (31-40 years) individuals who un-
derwent ACVA.

According to the NIHSS (National Institutes
of Health Stroke Scale), the respondents were distribut-
ed according to the severity of their stroke as follows:
more than one-third of patients — 37 (33.9 %) people -
scored from 3 to 8 points, which corresponds to a mild de-
gree of disease severity; more than half - 56 (51.4 %) peo-
ple - scored from 9 to 12 points, which corresponds
to a moderate degree of severity; 16 (14.7 %) people
scored from 13 to 15 points, which indicates a severe de-
gree of the disease.



The terms of temporary incapacity to work at all
stages of treatment and rehabilitation, including
the outpatient stage, in the studied population ranged
from 1to 10 months depending on the severity of the dis-
ease and the severity of functional disorders of organs
and systems. Up to 1 month incapacity to work was ex-
perienced by 14 (12.8 %) individuals, 2 to 4 months -
by 56 (51.4 %), 5 to 10 months — by 39 (35.8 %).
Due to the lack of adequate effect from the conduct-
ed treatment and rehabilitation measures and the pres-
ence of persistent marked impairment of body func-
tions, 30 (27.5 %) patients were referred for examination
to the Bureau of Medical and Social Expertise to deter-
mine the disability group and the need for social protec-
tion measures, including rehabilitation.

Of the total number of patients recognized as dis-
abled (30 individuals), there were 3 (10.0 %) patients
aged 31-40 years, 3 (10.0 %) patients aged 41-50 years,
16 (53.3 %) patients aged 51-60 years, 6 (20 %) patients
in the age group 61-70 years, and 2 (6.7 %) patients
over 70 years. Most of them — 14 (46.7 %) patients — were di-
agnosed with disability group |, 13 (43.3 %) — with disabil-
ity group ll, 3 (10 %) — with disability group Ill, i. e. the pa-
tients under study are characterized by more severe disa-
bility groups (I and Il), which emphasizes the social signif-
icance of the problem. It should be noted that 6 (20.0 %)
of those recognized as disabled continued to work,
24 (80.0 %) individuals did not work.

Among the patients admitted for rehabilitation
in the specialized rehabilitation department in the ear-
ly recovery period, the following disorders of body func-
tions were determined according to the results of re-
habilitation diagnostics performed by the MDRT: paral-
ysis — in 26 (23.9 %) patients, paresis — in 108 (99.1 %),
walking disorders - in 91 (83.5 %), cognitive disorders
—in 79 (72.5 %), epilepsy - in 8 (7.3 %), sensory disor-
ders —in 6 (5.5 %), disorders of higher cerebral function
(speech, gnosis, praxis) —in 51 (46.8 %). It should be not-
ed that, as a rule, one patient had a combination of sev-
eral disorders of the above-mentioned functions of vary-
ing severity, requiring appropriate correction.

In the course of MDRT rehabilitation diagnostics,
a questionnaire survey of the study population was con-
ducted in order to investigate the possible implemen-
tation of rehabilitation measures in the acute peri-
od at the first stage and in the early recovery period
atthe second stage. It should be noted that close relatives
and direct caregivers took part in the patient question-
naire. In particular, only 33 (30.3 %) people answered pos-
itively to question No. 1 “Did you undergo rehabilitation
measures during your stay in hospital?”, 39 (35.8 %) peo-
ple answered negatively, and 37 (33.9 %) people found
it difficult to answer this question. Only 19 (17.4 %) peo-
ple answered positively to question No. 2 “Have you
been examined by the MDRT in hospital?”; the majority
of respondents — 51 (46.8 %) people - answered it neg-
atively; 39 (35.8 %) people found it difficult to answer.
35(32.1 %) people answered positively, 38 (34.9 %) people
answered negatively, and 36 (33.0 %) people found it dif-

ficult to answer question No. 3 “Were you subjected to re-
habilitation measures in outpatient conditions?”. Regard-
ing question No. 4 “Have you been examined by the MDRT
in the polyclinic?” only 11 (10.1 %) people answered pos-
itively, 68 (63.4 %) answered negatively and 30 (27.5 %)
found it difficult to answer this question.

The fifth question of the questionnaire concerned
the problem of getting a referral to the specialized reha-
bilitation department. Of note, more than half of the re-
spondents, 57 (52.3 %) people, experienced various
problems in obtaining this referral; 31 (28.4 %) peo-
ple responded negatively and 21 (19.3 %) people found
it difficult to answer this question. At the same time,
the majority of respondents - 51 (46.8 %) people - not-
ed that they had to wait for a referral for rehabilita-
tion to the specialized department for up to 6 months,
32(29.4 %) - up to 3 months, 26 (23.8 %) people received
a referral within 1 month.

Based on the results of MDRT examination, a set
of rehabilitation measures is determined for each pa-
tient, taking into account their individual characteris-
tics and rehabilitation diagnosis, including drug ther-
apy (nootropics, botulinum toxin for severe spasticity,
hypotensive drugs, statins), physiotherapy (magneto-
therapy, correction of motor disorder, robotic mecha-
notherapy, low-frequency pulsed electromagnetic field
exposure, including massage of the affected limbs), re-
habilitation exercises for diseases of the central nerv-
ous system and brain, the method of functional pro-
grammed electrical muscle stimulation, mechanother-
apy of the lower limbs, active-passive mechanothera-
py of the upper and lower limbs, correction of walking
and balance. Along with the use of the above-men-
tioned technologies, a clinical psychologist worked
with each patient individually. The duration of patients’
stay in the specialized rehabilitation department var-
ies from 9 to 14 bed-days depending on the severity
of the patient’s health condition. No doubt, it is diffi-
cult to achieve significant improvement in health sta-
tus in post-stroke patients in the early recovery peri-
od in such a short period of time. At the same time,
the complex of rehabilitation measures allows stabi-
lizing the patient’s state of health, preventing further
progression of movement disorders and, most im-
portantly, developing a plan of further rehabilitation
measures on the basis of objective assessment and de-
termining their scope. There is a high need for medi-
cal rehabilitation activities among the study popula-
tion. In particular, 82 (75.2 %) subjects need rehabilita-
tion therapy in outpatient conditions, 93 (85.3 %) sub-
jects needed regular medical check-ups at the mo-
ment of discharge from the rehabilitation department;
for the remaining 16 (14.7 %) subjects the issue of reg-
ular medical check-ups will be decided after the course
of rehabilitation treatment in a 24-hour hospital. A to-
tal of 108 (99.1 %) patients needed drug treatment,
1 person categorically refused drug therapy, having
made an informed voluntary refusal. 100 (91.7 %) peo-
ple need treatment in the conditions of a 24-hour hos-
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pital: it should be noted that the majority of respond-
ents needed planned hospitalization in a specialized
department. As a rule, the terms of planned hospitali-
zation ranged from 1 to 2 months. 16 (14.7 %) subjects
needed emergency medical care, and the issue of their
hospitalization was resolved within 1-2 days, in connec-
tion with which the issue of regular medical check-ups
was also postponed. 105 (96.3 %) people need phys-
iotherapy, 103 (94.5 %) people need exercise thera-
py, 61 (56.0 %) people need psychotherapeutic help,
51 (46.8 %) people need restoration of speech func-
tions (classes with a speech therapist), 21 (19.3 %) peo-
ple need health resort treatment. The high demand
for rehabilitation treatment in specialized rehabilita-
tion centers — 105 (96.3 %) people - also draws atten-
tion. At the same time, it should be noted that the avail-
ability of this type of rehabilitation services, taking
into account the data we obtained from the results
of the questionnaire, is very limited, which, of course,
has a negative impact on achieving the maximum effect
of measures for comprehensive rehabilitation of pa-
tients with stroke consequences and requires its reso-
lution at the regional level.

Based on the above, the following conclusions
can be drawn:

1. The average portrait of a patient with a stroke
in the early recovery period is as follows: this is a man aged
61 to 70 years with a higher or secondary specialized ed-
ucation, unemployed, living in the city.

2. Up to 30 % of stroke survivors were recognized
as disabled; among which, the persons with more severe
disability (groups | and Il) predominate — up to 90 %.

3. Implementation of rehabilitation measures
in the acute period in the hospital and in the early recov-
ery period in the outpatient clinic is carried out at a fair-
ly low level. The percentage of patients being exam-
ined by a multidisciplinary rehabilitation team ranges
from 17.4 to 10.1 % in inpatient and outpatient condi-
tions, respectively.

4. The availability of medical rehabilitation meas-
ures in a specialized rehabilitation center is quite limited;
more than half of the surveyed contingent (52.3 %) experi-
enced problems in obtaining a referral to treatment, about
half of the respondents (46.8 %) waited up to 6 months
for areferral, which indicates the need to expand the net-
work of such institutions at the regional level.
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ABSTRACT

Background. An increase in the number of older people with cognitive disorders,
including dementtia, is expected.

The aim. To study the risk factors for vascular dementia.

Material and methods. 39 patients with vascular dementia (ICD-10 diagnosis
code FO1) were examined. The comparison group consisted of 167 people. According
to the MMSE (Mini Mental State Examination) scale, moderate dementia was de-
tected in 56.4 % of cases, severe —in 43.6 %; in the comparison group, 94 % had mild
and 6 % — moderate cognitive impairment.

Results. In the vascular dementia group, the following risk factors were registered
significantly more often: ischemic heart disease - at the age of 70-79 years (57.1 %;
p = 0.000) and in the group as a whole (56.4 %, p = 0.000); diabetes mellitus —
at the age of 60-69 years (100 %; p = 0.005); arterial hypertension — at the age
of 70-79 years (100 %;, p = 0.000) and in the group as a whole (87.2 %; p = 0.000).
In the comparison group, the frequency of body mass index over 25 was signifi-
cantly higher at the age of 70-79 years (60 %; p = 0.000), 80 years and older (64.3 %;
p =0.037) and in the group as a whole (68.9 %; p = 0.000). Among people with mod-
erate cognitive impairment, the following risk factors were significantly more com-
mon: coronary heart disease — at the age of 60-69 years (10 %, p = 0.001); diabetes
mellitus — at the age of 70-79 years (40 %; p = 0.025) and in the group as a whole
(50 %; p = 0.033), the frequency of body mass index over 25 — at the age of 80 years
and older (70 %; p = 0.000) and in the group as a whole (100 %; p = 0.000).
Conclusion. Riskfactors for the development of cognitive disorders (coronary heart
disease, hypertension, diabetes mellitus, overweight) are potentially reversible; their
timely detection can reduce the development of cognitive disorders and dementia.

Key words: cognitive impairment, vascular dementia, risk factors, prevention
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PE3IOME

O6ocHosaHue. [IpozHo3upyemcs ygenudeHue Koaudyecmaa jooeli NoXui020
803pdcma ¢ KO2HUMUBHbIMU paccmpolicmaamu, 8 mom yucsie ¢ oeMeHyued.
Lenb uccnedosanus. VizyuyeHue pakmopos pucka pazgumus cocyoucmou
demMeHuuu.

Memoodesi. O6cnedosaHsl 39 nayueHmos ¢ cocyoucmou demeHyuel (FO1
no MKB-10); cpedoHuti so3pacm — 75,2 + 9,9 200a. [pynny cpasHeHus cocmasuniu
167 uenogek, nocewaroujue WKoJIbl NaMAamu, y KOmopbix 8blS8/1eHO CHUXEHUE KO2-
HUmMueHbIx pyHKYuUU (cpedHuli so3pacm - 70,01 + 3,03 200a. 1o wikane MMSE (Mini
Mental State Examination) ymepeHHas cmeneHs 0eMeHyuU 8bidesieHd 8 56,4 %
csyqaes, maxénas — 6 43,6 %; 6 2pynne cpasHeHuA 8 94 % ciy4aes ommeyeHol
J1é2Kue U 8 6 % — ymepeHHble KO2HUMUBHbIe HapyuleHUs.

Pesynemamel. B 2pynne cocyoucmol demeHyuu cmamucmuyecku 3Ha4umo
yauje 8blg8/189/1UCh: Uwemuydeckas 6ose3Hb cepoya (MbC) e so3pacme 70-79 nem
(57,1 %; p =0,000) u 8 2pynne 8 yesom (56,4 %, p = 0,000); caxapHsili ouabem 8 803-
pacme 60-69 nem (100 %; p = 0,005); apmepuansHas czunepmen3us (Al') 8 go3pac-
me 70-79 nem (100 %; p = 0,000) u 8 2pynne 8 yesom (87,2 %; p = 0,000). B epynne
CpagHeHUs Yyacmoma uHoekca maccol mesna (MMT) 6onee 25 6bina cmamucmuyecku
3Ha4umo soiwe 8 gospacme 70-79 nem (60 %, p = 0,000), 80 nem u cmapuwie (64,3 %;
p =0,037) uge2pynne e yenom (68,9 %; p = 0,000). Cpedu uy C ymepeHHbIMU KO2HU-
MmueHbIMU paccmpoulcmaamu Cmamucmuyecku 3Ha4yumo Yawe scmpeyanuce: I6C
8803pacme 60-69.1em (10 %; p=0,001), caxapHsili ouabem e 8o3pacme 70-79 niem
(40 %; p = 0,025) u 8 2pynne 8 yenom (50 %; p = 0,033), UMT 6onee 25 8 so3pacme
80 nem u cmapuwie (70 %; p = 0,000) u 8 2pynne 8 yesiom (100 %; p = 0,000). Obwum
hakmopom pucka Kak 0718 nayueHmos ¢ cocyoucmot demeHyuel, mak u 0s1s 2pyn-
NbI C yMepeHHbIMU KO2HUMUBHbIMU paccmpoticmeamu okazasca 8o3pacm 80 1em
ucmapuwe (20,5 % (p =0,027) u 70 % (p = 0,005) coomesemcmeaeHHO).
3aknoveHue. Dakmopel pucka pazsumus KocHUMU8BHbIX HapyuleHul — VbC,
Al, caxapHbili duabem, u3bbIMoO4YHA" Macca mena — A8/180Mcs NOMeHYUAIbHO
06pamuMbIMU; UX CBOe8peMeHHOe 8blsig/IeHUe N0380/IUM yMeHbWUMb pd3sumue
KO2HUMUBHbIX paccmpoticme u 0eMeHyuu.

Knioyesoble cnoea: KozHUMUBHbIe HAPYWeHUS, COCyoucmas 0emeHUus, (hakmopel
pucKa, npounakmuka

Ona yntuposaHuA: VeaHosa J1.A. OakTopbl prcKa pa3BUTUA COCYAMNCTON AeMEHLNN.
Acta biomedica scientifica. 2023; 8(3): 121-129. doi: 10.29413/ABS.2023-8.3.13
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Memory impairment is very common in elderly peo-
ple; preservation of intellectual functioning is a current
problem. The number of elderly people is predicted to in-
crease as well as cognitive impairment, including demen-
tia [1-4]. Changes in higher functions due to cerebropa-
thy affect all spheres of life (social, professional, domes-
tic) and can cause maladaptation [5-8]. However, even
with pronounced cognitive impairment, the possibili-
ty of helping patients is limited due to the irreversibility
of pathological processes [9, 10].

Cerebrovascular and neurodegenerative diseases
hold the leading position among the causes of cogni-
tive impairment, with vascular dementia being the sec-
ond most frequent cause of mental deficiency, behind
Alzheimer’s disease [11, 12]. Due to the scale of preva-
lence, the difficulty of dementia therapy, correction of risk
factors will reduce the prevalence of dementia by 8.5 %
by 2050 [13].

Modifiable risk factors for dementia formation are arte-
rial hypertension, alcohol abuse, smoking, depression, di-
abetes mellitus, heart disease, and excessive body weight
[13]. Elevation in blood pressure in middle age increases
the risk of developing dementia during the 18-year fol-
low-up period by 60 % [14]. If arterial hypertension per-
sists past the age of 60, the risk of developing dementia in-
creases by up to 100 %. Blood pressure control medications
are recommended for the prevention of dementia [15].

Patients having diabetes mellitus are 2 times more like-
ly to develop dementia; the risk of dementia is related to
the duration and severity of diabetes [16-18]. It is believed
that patients with type 2 diabetes mellitus may have ele-
vated amyloid levels [19, 20].

Obesity is associated with a 30 % increased risk of de-
veloping dementia in advanced age [21]. Cerebral at-
rophy is more likely to form in the case of obesity [22].
Metabolic syndrome also contributes to cognitive im-
pairment [23].

Education, professional activities, and active leisure
time contribute to the preservation of cognitive abilities
[24]. A low level of education achieved in youth increas-
es the risk of dementia formation by 1.72 times; the pro-
tective role of a high level of education will reduce the
possibility of dementia development by 4 % [25]. The risk
of dementia is 40 % higher in the elderly and 20 % higher
in the widowed compared to the married; in contrast, so-
cial contact, especially in old age, increases cognitive re-
serve [26, 271.

Increased awareness of modifiable risk factor preven-
tion has a positive impact on the prevalence of cognitive
decline. For example, information about risk factors for de-
mentia formation obtained through the Internet motivat-
ed 55.6 % of users to change their lifestyle and 27 % to vis-
it a doctor for treatment of existing diseases [28].

Thus, the provision of timely care to patients with vas-
cular dementia is closely related to early diagnosis, preven-
tion and treatment of cognitive and related disordersin old
age, awareness of risk factors for their formation [29, 30].

The aim of the study was to investigate risk factors
for the development of vascular dementia.
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MATERIALS AND METHODS

39 patients with vascular dementia (ICD-10 diagno-
sis code FO1) were studied: men - 18, women - 21; mean
age at the time of examination — 75.2 + 9.9 years. Patients
were examined and treated in general departments of the Ir-
kutsk Regional Clinical Psychiatric Hospital No. 1. Vascular
post-stroke dementia was diagnosed in 7 (17.9 %) patients
and vascular subcortical dementia in 32 (82.1 %) patients.
The vascular dementia diagnosis was confirmed by the di-
agnostic criteria for vascular cognitive impairment [31].
Neuropsychological study was performed using the scales
of the Mini Mental State Examination (MMSE), Montre-
al Cognitive Assessment (MoCA). Patients with moderate
(11-19 points as per the MMSE scale) and severe dementia
(10 orless) were included in the study. The frequency of risk
factors for the development of vascular dementia - arterial
hypertension, coronary heart disease, type 2 diabetes melli-
tus —was studied on the basis of patient history and clinical
examination results, and body mass index was calculated.

Patients with organicamnestic syndrome, delirium, par-
anoid hallucinatory syndrome, Alzheimer’s disease, epilep-
sy, toxic, drug, metabolic encephalopathy, somatic pathol-
ogy in decompensation stage, brain injuries were exclud-
ed from the study.

The comparison group consisted of seminar and school
attendees on the prevention of memory disorders as part
of the exhibition “Sibzdravookhranenie” and on the basis
of the Center for Preventive Medicine “Zdorovye” (Irkutsk),
in whom cognitive decline was detected (n = 167; men -
11, women - 156; mean age - 70.01 £ 3.03 years). The study
to identify cognitive impairment and risk factors was con-
ducted by interview method using a written questionnaire.
The questionnaire included complaints about memory de-
cline and other cognitive dysfunctions, socio-demograph-
ic characteristics, data on the presence of somatic pathol-
ogy (arterial hypertension, coronary heart disease, diabe-
tes mellitus); body mass index was calculated. In the neu-
ropsychological study, the MMSE, MoCA scales were used.
Patients with mild (24-27) and moderate (20-23) cognitive
impairment were included in the study.

This study was conducted in accordance with the provi-
sions of the World Medical Association Declaration of Helsin-
ki on Medical Ethics, respecting the rights, interests and per-
sonal dignity of the participants. A local ethics committee
approved the conduct of the study (Research Ethics Com-
mittee of Irkutsk State Medical Academy of Postgraduate Ed-
ucation — branch of the Russian Medical Academy of Con-
tinuous Professional Education of the Ministry of Healthcare
of the Russian Federation; extract from the protocol No. 1
of 24.01.2019). All subjects who underwent cognitive diag-
nosis at the School of Memory signed voluntary informed
consent for the reporting of their data. An informed con-
sent for data reporting was obtained from relatives of pa-
tients with vascular dementia.

Statistical analysis of the study results was performed
using Statistica 10.0 for Windows software package (Stat-
Soft Inc., USA). Pearson’s x? test, Fisher's test (in case n < 4)
were used for statistical calculations.



RESULTS

In the group of patients with vascular dementia
as per the MMSE scale, the severity of dementia corre-
sponded to a moderate degree of severity (11-19; mean -
14.5 £ 1.3) in 22 (56.4 %) people, severe (0-10; mean -
6.7 £ 2.5) —in 17 (43.6 %). All patients showed a de-
crease in scale score according to the MoCA scale (mean -
13.3+1.1).

Among patients having vascular dementia, arterial hy-
pertension stage lI-1ll was detected in 87.2 % of cases; cor-
onary heart disease (CHD) - in 56.4 %, including stable an-
gina ll-lll functional class (FC) - in 33.3 %, coronary artery
atherosclerosis —in 15.4 %; atrial fibrillation —in 7.7 %. CHD
was complicated by congestive heart failure (CHF) Il FC
in 41 % of cases, lll FC —in 15.4 %. Type 2 diabetes melli-
tus was detected in 15.4 % of cases. The mean duration
of follow-up for arterial hypertension was 16.3 + 2.4 years,
for coronary heart disease - 13.8 + 1.9 years, and for dia-
betes mellitus - 14.6 + 3.8 years. Body mass index (BMI)
> 25 was determined in 6 (15.4 %) patients having vas-
cular dementia.

Magnetic resonance imaging (MRI) studies of patients
with post-stroke vascular dementia revealed focal changes
in the frontoparietal localization of both hemispheres, tem-
poro-occipital region in the basal ganglia of the left hemi-
sphere, thalamus; subcortical foci of leukoareosis in the an-
terior parts of the brain, frontal lobe white matter, basal gan-
glia, thalamus (84.6 %). Patients with vascular subcortical
dementia had leukoaraiosis in the anterior, frontal and pos-
terior parts of the brain in 35.9 % of cases, with partially or to-
tal foci in the basal ganglia, frontal lobes, thalamus region
of the left hemisphere —in 25.6 %, in the thalamus region
with bilateral localization - in 20.5 %.

In the comparison group (n = 167), a neuropsycholog-
ical study, based on the MMSE scale, revealed mild cog-
nitive impairment (24-27 points) in 157 (94 %) people,
moderate cognitive impairment (23 points) — in 10 (6 %);
as per the MoCA scale, a decrease was noted in all attend-
ees, the mean value was 22.1 + 1.1 points. Stage II-Ill ar-
terial hypertension was detected in 44.3 % of cases, CHD
in 7.8 %, type 2 diabetes mellitus in 10.2 %, and body mass
index over 25 in 68.9 %.

As aresult of the comparative study, the mean age of pa-
tients with vascular dementia was higher than in the com-
parison group, but the differences were not statistically
significant (Table 1). Males were statistically significant-
ly more common in the vascular dementia group (46.2 %;
x2 = 40.9207; p = 0.000) and females in the comparison
group (93.4 %; x? = 40.9207; p = 0.000). Comparative anal-
ysis of age periods revealed a statistically significant high-
er number of subjects in schools of memory aged 60-69
years (46.7 %; x> = 20.1697; p = 0.000) compared with pa-
tients having vascular dementia (7.7 %). In contrast, ages
70-79 years (71.7 %; x*> = 9.1407; p = 0.003) and 80 years
and older (20.5 %; x? = 4.8764; p = 0.027) were statistical-
ly significantly more prevalent in the vascular dementia
group. Patients with vascular dementia were characterized
by higher values of secondary education than the compar-

ison group (51.3 % and 17.9 %, respectively; x? = 78.0598;
p =0.000). In contrast, there were statistically significantly
more people with vocational secondary education (67.1 %
and 28.2 %, respectively; x? = 19.8466; p = 0.000) and high-
er education (29.9 % and 20.5 %, respectively; no statisti-
cal difference) among those attending schools of memo-
ry than among patients with vascular dementia. Widows
and widowers were statistically significantly more common
in the group with vascular dementia (76.9 %; x*> = 60.1253;
p = 0.000). In contrast, people in the comparison group
were statistically significantly more likely to be married
(78.4 %; x*> = 52.3227; p = 0.000). Absence of disability
was statistically significantly more common in the memo-
ry school attendee group compared with the vascular de-
mentia group (89.8 % and 17.9 %, respectively; x*> = 90.088;
p =0.000). Among patients, 38.5 % had the first disability
group due to a diagnosis of vascular dementia, while 1 pa-
tient (0.6 %) in the comparison group; and it was formalized
due to a general disease (x*> = 63.2701; p = 0.000). The sec-
ond disability group was observed in 43.7 % of patients
with vascular dementia (x> = 47.6778; p = 0.000) and 4.2 %
in the comparison group; in both cases due to a general dis-
ease. The third disability group was formalized in 8 (4.8 %)
people attending the school of memory.

A comparative study of risk factors in patients with vas-
cular dementia and in persons of the comparison group
was carried out (Table 2). Among patients with vascu-
lar dementia, the incidence of CHD was statistically sig-
nificantly higher than in the comparison group at ages
70-79 years (57.1 % and 10.7 %, respectively; x? = 24.642;
p = 0.000) and in the overall group (56.4 % and 7.8 %, re-
spectively; x? = 53.005; p = 0.000). The incidence of diabe-
tes mellitus among patients having vascular dementia was
statistically significantly higher at ages 60-69 years (100 %
and 15.4 %, respectively; p = 0.005) and with no statistical
difference at ages 70-79 years (10.7 % and 6.7 %, respec-
tively). The incidence of BMI greater than 25 was statistically
significantly more frequent in the comparison group at ages
70-79 years (60 %; p = 0.000), 80 years and older (64.3 %;
p = 0.037), and in the overall group (68.9 %; x*> = 37.3068;
p = 0.000). The highest incidence of BMI greater than 25
was between the ages of 60-69 years in both groups - pa-
tients with vascular dementia (100 %) and the compari-
son group (78.2 %). Arterial hypertension in patients diag-
nosed with vascular dementia was statistically significant-
ly more frequent in the overall group (87.2 %; x? = 23.2547;
p=0.000) and in those aged 70-79 years (100 %; x> =42.377;
p =0.000) than in the comparison group (44.3 % and 28 %,
respectively).

The results of risk factors in patients with vascular de-
mentia and in the comparison group with moderate cog-
nitive impairment are given in Table 3.

A statistically significant higher proportion of patients
with vascular dementia were aged 70-79 years (71.7 %;
p = 0.004); in contrast, the group with moderate cognitive
impairment was aged 80 years or older (70 %; x> = 9.1764;
p = 0.002). Individuals having moderate cognitive impair-
ment were statistically significantly more likely to have vo-
cational secondary education (70 %; x* = 5.9823; p = 0.014).
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TABLE 1

SOCIO-DEMOGRAPHIC CHARACTERISTICS OF PATIENTS WITH VASCULAR DEMENTIA AND COMPARISON GROUP

Vascular dementia group (n =39

)

Comparison group (n = 167)

Indicators p
abs. % abs. %
Mean age 752+9.9 70.01 £3.03 0.617
Men 18 46.2 11 6.6 0.000 (x? =40.9207)
Women 21 53.8 156 93.4 0.000 (x? = 40.9207)
60-69 years 3 7.7 78 46.7 0.000 (x? = 20.1697)
70-79 years 28 717 75 44.9 0.003 (x?> =9.1407)
80 years and older 8 20.5 14 8.4 0.027 (x> = 4.8764)
Education
Secondary 20 513 3 17.9 0.000 (x? = 78.0598)
Vocational secondary 11 28.2 112 67.1 0.000 (x? = 19.8466)
Higher 8 20.5 50 29.9 0.239 (x* = 1.3890)
Incomplete higher - - 2 1.2 -
Family status
Married 7 17.9 131 78.4 0.000 (x? =52.3227)
Divorced 2 5.1 10 59 0.836 (x> = 0.0426)
Widowed 30 76.9 26 15.6 0.000 (x2 = 60.1253)
Disability

No 7 17.9 150 89.8 0.000 (x> = 90.088)
First disability group 15 385 1 0.6 0.000 (x?> =63.2701)
Second disability group 17 43.7 7 4.2 0.000 (x*> =47.6778)
Third disability group - - 8 4.8 -

Abody mass index greater than 25 was more frequently de-
tected at all ages studied in the group with moderate cog-
nitive impairment, including a statistically significant differ-
ence between those aged 80 years and older (70 %; p = 0.000)
and the overall group (100 %; x? = 25.9135; p = 0.000). Ar-
terial hypertension was statistically significantly more fre-
quently reported in patients having vascular dementia aged
70-79 years (71.8 %; p = 0.004), in the group with moder-
ate cognitive impairment — aged 80 years and older (70 %;
p =0.000). In the comparison group with moderate cogni-
tive impairment, CHD with a statistically significant differ-
ence was more frequently detected at ages 60-69 years
(10 %; p = 0.001), while in patients having vascular demen-
tiait was detected at ages 70-79 years (41 %). Diabetes mel-
litus among subjects with moderate cognitive impairment
was statistically significantly more common in those aged
70-79 years (40 %; p = 0.025) and in the overall group (50 %;
X* = 5.4780; p = 0.033).

All patients with vascular dementia had psychopath-
ological disorders including psychomotor retardation,
difficulty in refocusing, and impaired working memory.
Dysregulatory disorders in the form of difficulties in deci-
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sion-making and planning were found in 84.6 % of cases,
confabulations -in 43.6 %, elements of amnestic aphasia -
in 28.2 %. Depressive symptoms were detected in 43.6 %
of patients in the form of sad mood with a dreary tinge,
indifference, apathy. The clinic of vascular dementia
was characterized by flickering symptoms with intensifica-
tion of confused mental state in the evening and at night,
disturbance of temporal-spatial gnosis, psychopathy-like
behavioral disorders in the form of irritability and aggres-
sion. In 15.4 % of cases, psychotic symptomatology includ-
ed paranoid delusion of small range and episodes of visu-
al hallucinosis. All patients were non-critical of their con-
dition.

The therapy of patients diagnosed with vascular de-
mentia in a psychiatric hospital for symptomatic improve-
ment of cognitive functions and maintenance of their dai-
ly activity included the use of memantine. Among neuro-
protective drugs were used ethylmethylhydroxypyridine
succinate (79.5 %), deproteinized hemoderivative of calf
blood (69.2 %), vinpocetine (69.2 %), aminophenyl-butyr-
ic acid hydrochloride (48, 7 %), cerebrolysin concentrate
(41 %). The antipsychotic agents, such as chlorprotixen



TABLE 2

RISK FACTORS IN PATIENTS WITH VASCULAR DEMENTIA AND IN THE COMPARISON GROUP

Comparison group (n = 167)

Vascular dementia group (n = 39)

Age p
abs. % abs. %
CHD
60-69 years 5/78 6.4 1/3 333 0.209
70-79 years 8/75 10.7 16/28 571 0.000 (x? = 24.642)
80 years and older - - 5/8 62.5 -
Total 13/167 7.8 22/39 56.4 0.000 (x? = 53.005)
Diabetes mellitus
60-69 years 12/78 154 3/3 100 0.005
70-79 years 5/75 6.7 3/28 10.7 0.375
80 years and older - - - - -
Total 17/167 10.2 6/39 154 0.353
BMI > 25
60-69 years 61/78 78.2 3/3 100 0.488
70-79 years 45/75 60 2/28 7.1 0.000
80 years and older 9/14 64.3 1/8 125 0.037
Total 115/167 68.9 6/39 15.4 0.000 (x2 = 37.3068)
Arterial hypertension

60-69 years 43/78 55.1 3/3 100 0.254
70-79 years 21/75 28 28/28 100 0.000 (x?>=42.377)
80 years and older 10/14 714 3/8 375 0.1836
Total 74/167 443 34/39 87.2 0.000 (x? = 23.2547)

(28.2 %), quetiapine (15.4 %), risperidone (7.7 %), were used
for the treatment of behavioral and psychotic disorders.
Such antidepressants as pipofezine (28.2 %), agomela-
tine and escitalopram (7.7 % each) were used for the treat-
ment of affective disorders. Antiepileptic Drugs — valproic
acid (15.4 %), carbamazepine (12.8 %) — were used in agi-
tated patients.

CONCLUSION

Thus, risk factors for the formation of vascular demen-
tia have been investigated as a result of this study. Moder-
ate dementia was found in 56.4 % of patients with vascu-
lar dementia and severe dementia in 43.6 %; mild (94 %)
and moderate (6 %) cognitive impairment was diagnosed
in the comparison group.

Patients with vascular dementia were statistically sig-
nificantly more likely to be male (46.2 %; p = 0.000), age
ranges 70-79 years (71.7 %; p = 0.003) and 80 years and
older (20.5 %; p = 0.027), persons having secondary edu-
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cation (51.3 %; p = 0.000), widows and widowers (76.9 %;
p = 0.000). Patients had first and second disability groups
(38.5% (p =0.000) and 43.7 % (p = 0.000), respectively).

The comparison group had statistically significantly
more females (93.4 %; p = 0.000), individuals with vocation-
al secondary education (67.1 %; p = 0.000) and higher ed-
ucation (29.9 %; no statistical difference). Memory school
attendees were married 78.4 % of the time (p = 0.000)
and 89.8 % had no disability group (p = 0.0000).

Among risk factors, CHD was statistically significant-
ly more frequent in patients with vascular dementia com-
pared with memory school attendees at age 70-79 years
and in the overall group (p = 0.000, p = 0.000) and dia-
betes mellitus at age 60-69 years (p = 0.005); the inci-
dence of arterial hypertension was statistically significant-
ly higher at age 70-79 years (p = 0.000) and in the over-
all group (p = 0.000). In the comparison group, the inci-
dence of BMI greater than 25 was statistically significantly
higher at ages 70-79 years (p = 0.000), 80 years and older
(p=0.037), and in the overall group (p = 0.000) than in pa-
tients having vascular dementia.
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TABLE 3

RISK FACTORS IN PATIENTS WITH VASCULAR DEMENTIA AND IN THE COMPARISON GROUP WITH MODERATE COGNITIVE
IMPAIRMENT

752+99 783 +6.3 0.793

46.2 3 30 0.126
53.8 7 70 0.290
77 1 10 0.612
717 2 20 0.004
20.5 7 70 0.002 (x?=9.1764)
51.3 2 20 0.076
28.2 7 70 0.014 (x* =5.9823)
20.5 1 10 0.403
17.9 - - -
5.1 1 10 0.504
76.9 9 90 0.335
17.9 - - -
38.5 1 10 0.086
43.7 4 40 0.565
- 4 40 -
77 1 10 0.612
5.1 2 20 0.180
2.6 7 70 0.000
15.4 10 100 0.000 (x? = 25.9135)
7.7 1 10 0.612
718 2 20 0.004
7.7 7 70 0.000
87.2 10 100 0.302 (x? = 1.4277)
2.6 1 10 0.001
41.0 2 20 0.066
12.8 - - -
56.4 3 30 0.127
7.7 1 10 0.612
7.7 4 40 0.025
15.4 5 50 0.033 (x? = 5.4780)
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The group of persons with moderate cognitive impair-
ment in comparison with patients with vascular dementia
revealed a statistically significantly higher number of sub-
jects aged 80 years and older (p = 0.002), with vocational
secondary education (70 %; p = 0.014); there were also sta-
tistically significantly higher incidence of CHD at the age
of 60-69 years (p = 0.001), diabetes mellitus at the age
of 70-79 years (p = 0.025) and in the overall group
(p = 0.033), body mass index greater than 25 - at the age
of 80 years and older (p = 0.000) and in the overall group
(p=0.000). Acommon risk factor for both patients with vas-
cular dementia and the group with moderate cognitive im-
pairment was age 80 years or older (p =0.027 and p =0.005,
respectively).

Clinical features of patients diagnosed with vascular de-
mentia in a psychiatric hospital were characterized by se-
vere cognitive impairment, affective, psychotic and behav-
ioral disorders, which required prescription of combined
therapy (memantine, antipsychotic agent, antidepressant,
normothymic agent).

The organization of health schools for both pa-
tients with memory impairment and those with risk fac-
tors will increase the level of knowledge on preventing
the development of cognitive impairment. Risk factors
for cognitive decline (education level, marital status (so-
cial contacts), cardiovascular diseases (coronary heart
disease, arterial hypertension), diabetes mellitus, over-
weight) are potentially reversible, and their timely de-
tection will reduce the development of cognitive impair-
ment and dementia.
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ABSTRACT

Castleman disease is an extremely rare benign disease of the lymphatic system
with an estimated incidence of 1-9 cases per 1,000,000. Its etiology remains unknown;
interleukin 6 (IL-6) plays an important role in pathogenesis. Castleman disease
has two clinical forms: localized (up to 90 % of cases) with a favorable prognosis,
treated predominantly by surgical method; generalized (up to 10 % of cases) with less
favorable prognosis, treated by pharmacological therapy. The diagnosis is rarely
established at the preoperative stage.

The aim. To presenta clinical case of diagnosis and treatment of Castleman tumor
of a rare topical localization.

Results. A 66-year-old patient was admitted at the Abdominal Oncology De-
partment of the G.E. Ostroverkhov Kursk Oncology Scientific and Clinical Center.
Diagnosis: Retroperitoneal mass on the right found at the preventive examination;
no peripheral lymphadenopathy was detected on ultrasound and computed tomog-
raphy (CT). After the examination, a preliminary diagnosis was made: Gastrointestinal
stromal tumor (GIST) of the small intestine mesentery.

Based on the results of the case conference, the decision was taken to perform
a surgery — laparoscopic removal of the tumor under endotracheal anesthesia.
For surgical approach, a fan-shaped arrangement of ports was chosen. The surgery
had no complications. Intraoperative blood loss was 50.0 ml. The total operating
time was 98 minutes.

According to the results of the histological study, the following diagnosis was made:
Castleman disease, unicentric form, hyaline-vascular variant.

Enbloc surgery is the standard method for the treatment of localized forms of the Cas-
tleman disease. In all cases, long-term follow-up shows a long relapse-free period
in almost all patients.

During follow-up examinations (ultrasound of the abdominal cavity and retroperito-
neal space, CT of the abdominal cavity with contrast enhancement, CT of the chest),
no disease recurrence was detected during the year of observation.

Castleman disease is a rare non-clonal lymphoproliferative disease of unknown
etiology. A rare case of its retroperitoneal localization indicates that in cases
with an uncertain nature of the peritoneal mass, Castleman disease should be in-
cluded in the differential diagnostic search.

Key words: Castleman disease, retroperitoneal lymphadenopathy, immunodefi-
ciency, hyaline-vascular variant, interleukin 6, computed tomography, laparoscopy
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ease. A rare clinical case of retroperitoneal tumor localization in an elderly patient. Acta
biomedica scientifica. 2023; 8(3): 130-137. doi: 10.29413/ABS.2023-8.3.14
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PE3IOME

bonesHb KacmnemaHa omHocumcs K KpatiHe peOKum 00b6poKayecmeeHHbIM 3a60-
J1e8aHuAM TUMpamuyeckol cucmemel ¢ npubu3umesibHoU 3a601e8aeMoCcmMoio
1-9 cniyyaes Ha 1 000 000. Smuosnoausa 3a601e8aHus ocmaémcsa Heu3gecmHou;
8 NamozeHe3e 8axXHyt0 poJib uepaem UHmMepselKuH 6 (IL-6). 3abonesaHue umeem
08e KJIUHUYecKue (hopMbl: TOKAIU308aHHAsA (00 90 % ciy4daes) — umeem 651a20npu-
AMHbIU NPO2HO3, IeYeHUE NPeuMyUjeCmeeHHO Xupypaudeckoe; 2eHepaIu308aHHAA
(00 10 % cniy4daes) — npo2HO3 MeHee 671a2onpuAMHbIl, NPUMEHAIMCA MEOUKAMEH-
mo3Hble Memoobl iedeHus. [JuazHo3 pedko ycmaHasaueaemcs Ha 000nepayuoH-
HOM 3mane.

Lenw. [pedcmasums knuHu4Yeckul caydati OuazHOCMUKU U JledeHUs onyxosu
KacmnemaHa pedkoli monuyeckol 1okanusayuu.

Pe3synemamel. B omodeneHue aboomuHaneHol oHkonozuu ObY3 «Kypckuli oHKo-
J102udeckul Hay4YHo-KnuHuYeckut yeHmp um. I.E. Ocmposepxoga» nocmynuna
nayueHmka 66 iem ¢ ouazHozom: O6véEMHOe 06pazosaHue 3a6pIoUUHHO20 NPo-
CmpaHcmea cnpaed, 8biasieHHoe 8 Xxo0e NPoGUIAKMUYECK020 0CMOMpPd; NO OAH-
HbIM YIbmpassykKo8020 ucciedosarus (Y3M) u komnetomepHot momozpagpuu (KT)
nepecpupudeckol numgpadeHonamuu 8wisisieHo He bbiio. [ocne 06¢cnedosaHus
nayueHmke bbl1 8bIcmasJsieH npedsapumesibHbil OudeHo3: [acmpouHmecmuHaslb-
Has cmpomasneHas onyxoss (GIST) 6pbixeliku MOHKOU KUWKU.

[Mo pe3ynemamam KoHcuuyma 66710 NPUHAMO peweHue 8bIN0JIHUMb oNnepamus-
HOe 8MewamesibCMao —1anapocKkonuyecKoe yodaseHue onyxosiu noo 3Hoompaxe-
aJsIbHbIM HapKO30M. /1718 onepamueHo20 00cmyna 6bisia 8b16paHa 8eepoobpasHas
paccmaHoska nopmos. OnepamugHoe 8MewamesibCmao NPowsIo 6e3 0C/10XHe-
Hul. lHmpaonepayuoHHas Kkpogonomeps cocmasuna 50,0 ma. Obwee spems
onepayuu cocmasusio 98 MuHym.

Mo pe3ynsmamam 2ucmosioeu4ecko20 3akodeHus bl 8bicmassieH OUAzHO3:
bonesHe Kacmnemawa, yHuyeHmpu4Has opma, 2uanuHoso-cocyoucmsiti 6apuaHm.
Xupypeudeckoe emewiamernscmeo «en bloc» a815emcs cmaHoapmom sieueHus J1I0Ka-
J1U308aHHbIX (hopM 60s1e3HU, 8O BCEX C/1yuasax 00/120CPOYHO20 HABIOEHUS NOKA-
3bI8aem 01uMesibHbIl 6e3peyuouBHbIli Nepuod NPAaKmMuUYecKu y 8cex nayueHmos.
lMpu KoHMpobHbIX 06¢cnedosarusax (YU bpiowHol norocmu u 3a6prWUHHO20
npocmpaHcmaa, KT 6prowiHolU nosiocmu ¢ KOHmpacmHasim ycuneHuem, KT 2pyoHou
KJ1lemKu) 8 medyeHue 200a Habo0eHus peyuousa 3ab0os1e8aHUs He BblSIB/IEHO.
Takum obpazom, bonesHb KacmnemaHa npedcmasssiem coboli peOKoe HeK/10HA 1b-
Hoe numMgonpougpepamusHoe 3abonesaHue HeuzsecmHoli smuosio2uu. Peokud
cyqad 3a6poWUHHOU JI0KAaU3ayuu ykasslieaem Ha mo, Ymo 8 CJly4yadsx c Heonpe-
0e/1IéHHbIM Xapakmepom 06BEMHO20 NopaxeHUs bpowWUHOU nosocmu 8 dugge-
peHyuanbHo-0uazHoCmuYeckuli NoUucK 00/IXKHAs 8xo0ume 60s1e3Hb Kacmiemana.

Knioueeasie cnoea: 6one3Hb Kacmnemara, 3a6prowuHHAs aumepadeHonamus,
ummyHooeuyum, 2uaauHo8o-cocyoucmelli apuaHm, UHMepelKuH 6, KOMNbIO-
mepHas momozpagus, 1andpockonus

Ona yutupoBaHua: MonaHckuin M.B., 3Barun W.H., NeTpuk B.A., Temnpbynatos M.B.
BonesHb KactnemaHa. Pegkuin KnuHnyecknii cnyyaii 3a6pioliMHHON NoKanm3awmm ony-
XONV Y NaLUMeHTKN NoXunoro Bospacta. Acta biomedica scientifica. 2023; 8(3): 130-137.
doi: 10.29413/ABS.2023-8.3.14
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INTRODUCTION

Castleman disease (angiofollicular nodular hyperpla-
sia) is a rare benign lymphoproliferative disease. This pa-
thology was first described in 1954 by Benjamin Castle-
man as a localized enlargement of mediastinal lymph nodes
with a characteristic increase in the number of follicles, in-
volution of their central part, and a significant vascular net-
work with endothelial hyperplasia [1].

According to the literature, the incidence is 1-9 cases
per 1,000,000 population. There are no precise incidence
data; the average incidence is 1 case per 150,000 popula-
tion. The incidence among male and female population
is approximately the same, but precise data are not avail-
able. The age group of 40 years or less is more common
among patients diagnosed with Castleman disease [2]. Pre-
cise data on the incidence of the disease in the Russian Fed-
eration are not available.

Three main morphological variants of the tumor were
described: hyaline-vascular, plasma cell and mixed [3]. Cur-
rently, a 4th yariant, HHV-8-associated, is distinguished. Hy-
aline-vascular variant is characterized by disorder of lymph
node architectonics due to hyperplasia of lymphatic follicles,
reduction of their size, atrophy and hyalinization of the cen-
tral zones, wide mantle part, interfollicular hypervasculariza-
tion; externally, this variant resembles an «onion skinning.
Mitoses, as a rule, are absent. A vessel runs to the center
of the hyalinized follicle, increased vascularization is noted
in the interfollicular zones (the most frequent type of vessel
is a postcapillary venule with hyperplastic endotheliocytes),
single or grouped lymphocytes, plasmacytes, plasmacytic
monocytes are found between the vessels [4]. In the plas-
ma cell variant, the structure of lymph nodes is disturbed
due to hyperplastic follicles with a narrow mantle zone
of lymphocytes. In the interfollicular zones and cerebral
layer there are wide areas of mature and immature plasma
cells, sinuses are dilated [5].

Thus, the occurrence of hyaline-vascular variant is 80—
90 %, of plasma cell variant — 8-10 % [6]. The literature
also identifies a mixed variant (about 5 % of cases). Re-
cently, the HHV-8-associated variant has been identified
as new data on the influence of human herpesvirus type 8
on the development of Castleman disease have been ob-
tained [7].

The clinical classification is based on the number of af-
fected lymph nodes or groups of lymph nodes. Thus, two
forms of the disease are distinguished: localized (unicen-
tric) (one region or lymph node is affected) and generalized
(multicentric) (several regions are affected) [8]. The unicen-
tricformis the most common one (80-90 %). Thoracic lymph
nodes are most commonly affected (about 70 %), particu-
larly in the mediastinum. Abdominal and retroperitoneal
lymph nodes are the next most frequently affected (approx-
imately 10 %). The rarest localizations are the tonsils, orbit,
lymphatic tissue of the nasopharynx and tongue (no more
than 8 %). The generalized form has a more significant clin-
ical picture and a less favorable prognosis. In the multicen-
tric form, most cases manifest in patients 50-60 years of age,
and some cases have secondary renal and pulmonary in-
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volvement, paraneoplastic vesicular disease, and peripher-
al neuropathy. Laboratory findings include anemia, throm-
bocytosis, hypergammaglobulinemia, and elevated C-reac-
tive protein [9-12].

There are no established risk factors for the localized var-
iant, and the disease is idiopathic. At the same time, the main
risk factor for multicentric variant of the lesion is an immu-
nodeficiency state of varying severity, and in some cases,
the presence of human herpes virus type 8 (HHV-8) [13].

Therefore, the presence of immunodeficiency caused
by HIV infection would be a predisposing factor for the oc-
currence of Castleman disease. In the vast majority of cas-
es, HIV-positive patients will be HHV-8-positive, whereas
the rate of HHV-8 detection among HIV-negative patients
ranges from 2 % to 50 %. Although HHV-8 status is directly
related to viral load in the population, patients in this group
have an increased risk of transformation into HHV-8-posi-
tive plasmablastic lymphoma and the occurrence of Kapo-
si's sarcoma [14-16].

Although the etiopathogenesis of Castleman disease
is still unclear, indolent chronic inflammation, immuno-
deficiency and/or autoimmune conditions are consid-
ered as likely factors. In 1993, S. Akira et al. first pointed out
the role of interleukin 6 (IL-6). The effect of IL-6 overproduc-
tion and dysregulation on stimulation of acute phase pro-
tein production by hepatocytes, stimulation of B-cells, mac-
rophages, fibroblasts, direct and indirect stimulation of neo-
angiogenesis and endothelial cell proliferation has been es-
tablished. Therefore, anti-IL6-immunotherapy is used as one
of the treatment options [17].

In the vast majority of cases, the localized form
of the disease is treated surgically. This report presents
a clinical case of a rare retroperitoneal paraduodenal local-
ization of Castleman disease, its diagnosis and treatment.

CASE HISTORY

A 66-year-old female patient was admitted at the Ab-
dominal Oncology Department of the G.E. Ostroverkhov
Kursk Oncology Scientific and Clinical Center. Diagnosis:
Retroperitoneal mass on the right. She had no complaints.
She was referred to the department by the medical and pre-
ventive institution at her place of residence due to a retrop-
eritoneal mass lesion detected during a preventive exami-
nation, which coincides with reports of a prolonged asymp-
tomatic course of the process [18, 19]. General condition
on admission was satisfactory, no bad habits, body mass
index - 31.24 kg/m?2. She reported that a preventive ultra-
sound of the abdominal cavity revealed a right-sided mass
lesion up to 6.0 cm. In 2012, she underwent a surgical in-
tervention - “open” appendectomy, without complications.
No plasma or hemotransfusions were performed. Labora-
tory tests are within reference values. The tests for Wasser-
mann reaction (WR), hepatitis B surface antigen (HBS Ag),
antibodies to hepatitis C virus (HCV), HIV were negative. As-
sociated disease: hypertension.

The patient was examined at our center. Chron-
ic atrophic gastritis was detected during fibrogastrodu-



odenoscopy. Fibrocolonoscopy revealed no organic pa-
thology. No thrombosis or reflux on ultrasound examina-
tion of the lower limb veins. Mammography: fibrotic breast
changes (BIRADS-2). No gynecological pathology was de-
tected during the examination. No coronavirus COVID-19
RNA was detected.

Ultrasound of peripheral, abdominal, retroperito-
neal lymph nodes showed no lymphadenopathy. Chang-
es on pelvic ultrasound are within the age-related normal
range.

Abdominal ultrasound: in the area of the head
of the pancreas there is a round-shaped hyperechogenic
mass lesion with a clear even contour, 5.2 X 3.7 X 4.4 cm
in size, well vascularized. Computed tomography (CT)
of the chest organs revealed fibrotic changes. Subsequent
computed tomography of the abdominal cavity organs
with intravenous contrast (Ultravist 100 ml): in the root
of the mesentery on the right side, in front of the low-
er horizontal part of the duodenum, a space-occupying
mass with a rather clear contour (5.4 x 3.7 X 4.6 cm), soft
tissue density, contrast-accumulating, with a vascular
network along the contour, without clear organ affilia-
tion was detected (Fig. 1). The findings may be consistent
with gastrointestinal stromal tumor (GIST) of the small in-
testine mesentery. The differential diagnosis of abdom-
inal and retroperitoneal localizations of Castleman dis-
ease is most often made with GIST or neuroendocrine
tumors [18].

FIG. 1.

CT scan of the abdominal cavity with intravenous contrast, axi-
al projection, arterial phase: round-shaped mass lesion, adjacent
to the duodenum

The CT scan revealed precise topical localization
of the tumor, no signs of invasion of surrounding structures,
and vascular anatomy - both anatomical landmarks and ves-
sels of the tumor (Fig. 2). There were no signs of dissemina-
tion during the study, in particular, there were no focal liver
mass lesions, which was confirmed by CT scans in different
projections (Fig. 3). However, CT findings for Castleman dis-
ease are nonspecific, and due to the rare occurrence of re-
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troperitoneal localization, GIST is most commonly identi-
fied. The mesenteric unicentric form of the disease, usually
appears on CT as a mass lesion of soft tissue density, with-
out satellite nodes [20, 21].

FIG. 2.

CT scan of the abdominal cavity with intravenous contrast, cor-
onary projection, arterial phase: no proved invasion of the du-
odenum, pancreas, vessels of the small intestine mesentery de-
tected

FIG. 3.

CT scan of the abdominal cavity with intravenous contrast, sagittal
projection, arterial phase: an arterial vessel along the lateral con-
tour enters the mass lesion in the upper contour

Pancreaticoduodenal endosonography data were con-
cordant with abdominal CT data. After examination, the pa-
tient was given a provisional diagnosis of GIST of the small
intestine mesentery.

After a consilium, it was decided to perform surgical in-
tervention - laparoscopic tumor removal under endotra-
cheal anesthesia.



Afan-shaped port arrangement was chosen for surgical
approach: 10 mm optical port was located parumbilically
below the umbilicus; 10 mm port in the right lateral region
along the midclavicular line; 5 mm port - in the right sub-
costal region; 5 mm port - in the left lateral region along
the midclavicular line.

Revision of the abdominal cavity revealed no signs
of dissemination, including visual metastatic foci in the liv-
er, pelvic organs without pathology (Fig. 4).

FIG. 4.

Intraoperative photo. Laparoscopic picture: a tumor was found;
no carcinomatosis, no ascites; no signs of invasive growth. The le-
sion is located retroperitoneally, without involving small intestine
loops

The classic fan-shaped port arrangement allows dis-
section in various planes. After mobilization of the mass
lesion, clipping and vessel crossing, tumor removal
was performed (Fig. 5, 6). Revision of the abdominal cav-
ity and bed was performed, and hemostasis was con-
trolled (Fig. 7).

FIG. 5.

Intraoperative photo. The peritoneum was opened along the pe-
riphery of the tumor; the tumor is floating; mobilization was per-
formed along the lower contour of the tumor

FIG. 6.

Intraoperative photo. A vessel from the superior mesenteric artery
system is isolated in the area of upper pole of the tumor, being visu-
alized by CT of the abdominal cavity

FIG. 7.
Intraoperative photo. Final view: the bed of the removed tumor;
clips are put on the vessels (artery, vein)

DISCUSSION

The surgery had no complications. Intraoperative blood
loss was 50.0 ml. The total operating time was 98 min-
utes. Due to the absence of bleeding and signs of connec-
tion with the pancreas, abdominal drainage was not per-
formed. The container with the gross specimen was extract-
ed through a minilaparotomy incision in the right iliac re-
gion with excision of the scar after appendectomy.

Despite the previously established diagnosis (GIST
of the small intestine mesentery), our preoperative diag-
nosis was consistent with M. Ohta et al. who indicated
that the preoperative diagnosis never included Castleman
disease [22]. The en bloc surgery performed is the standard
of treatment for localized forms of the disease. In all cases,
long-term follow-up shows a long relapse-free period in al-
most all patients [23, 24].
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Based on the results of the histological study, the fol-
lowing diagnosis was made: Castleman disease, unicentric
form, hyaline-vascular variant.

There is increased vascularization of interfollicular
zones, mainly due to postcapillary venules, with altered en-
dothelial cells (Fig. 8). Scattered or grouped plasmacytes,
small lymphocytes and monocytes are located among
the vessels, sometimes eosinophils are included in the inter-
follicular infiltrate. The histological data obtained were full
compliance with those of many investigators [25-29].

FIG. 8.

Micrograph. Alteration of the histologic structure of the lymph
nodes due to an increase in the number of lymphatic follicles

and interfollicular zones hypervascularization. The follicles are re-
duced and have a transformed, atrophic, hyalinized germinal cent-
er. Hematoxylin and eosin staining; magnification x20

The germinal centers are significantly cell-depleted,
consisting of single lymphocytes, follicular dendritic cells,
and hyaline deposits (Fig. 9, 10). Immunohistochemical
study: cells of interfollicular space consist of CD68* plas-
ma cells, dendritic cells, endotheliocytes of blood vessels;
cells of germinal centre consist of CD3*, CD21%, CD23* [30].

FIG. 9.

Micrograph. Lymphatic follicle. A wide, concentric mantle zone
formed by small lymphocytes — “onion skinning”. No mitoses de-
tected. Hematoxylin and eosin staining; magnification X100
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FIG. 10.

Micrograph. Lymphatic follicle. A hyalinized capillary-type vessel
passes through the center of the atrophic follicle, the structure re-
sembles a lollipop. Hematoxylin and eosin staining; magnification
X100

RESULTS

After the histological report, the patient under-
went PCR test to detect HHV-8. The result was negative,
which was in compliance with literature data and labora-
tory and instrumental findings. The patient was discharged
from the ward on the 8th day after surgery, referred for con-
sultation to a hematologist: the diagnosis was confirmed,
no additional therapy was indicated.

During follow-up examinations (ultrasound of the ab-
dominal cavity and retroperitoneal space, CT of the abdom-
inal cavity with contrast enhancement, CT of the chest),
no disease recurrence was detected during the year of ob-
servation.

CONCLUSION

Therefore, Castleman disease is a rare lymphoprolifer-
ative disease of unknown etiology pathogenetically asso-
ciated with IL-6 hyperexpression. It has characteristic his-
tological variants. The diagnosis is often established af-
ter morphological examination of the removed surgical
specimen. It has a favorable prognosis, especially in the lo-
calized form.

The presented case is unusual due to the location
of the tumorin the paraduodenal, retroperitoneal, and para-
pancreatic areas. Laparoscopic removal of the tumor
was performed due to the obvious advantages of this sur-
gical approach [31]. Despite the short follow-up time
(18 months), there were no signs of disease recurrence,
but further dynamic follow-up is necessary due to the rare
localization in this case [32].

In cases with indeterminate abdominal and retroperi-
toneal mass lesions, laparoscopic approach is considered
as the last stage of diagnosis and the first stage of treatment.

There is a need to develop CT criteria to suspect Cas-
tleman disease in order to include it in the differential di-



agnostic series for abdominal and retroperitoneal mass le-
sions. Further study of the etiopathogenesis of the disease
will make it possible to develop an optimal therapeutic and
diagnostic algorithm.
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ABSTRSACT

Background. The relevance of the treatment of hepatocellular cancer (HCC) is deter-
mined by a significant increase in the incidence rate and its high prevalence among
primary malignant hepatic tumors.

The aim of the study. To summarize the experience of providing specialized medical
care to patients with hepatocellular cancer.

Methods. We studied the direct results of treatment of patients with primary he-
patic cancer treated at the Kuzbass Regional Hepatological Center for the period
from January 2015 to August 2022. The materials for the study were medical records
of patients with an established diagnosis of primary hepatic cancer, surgical records,
results of pathohistologic examination. The exclusion criterion was diagnosed chol-
angiocellular carcinoma.

Results. During the period from 2015 to 2022, 59 patients with primary hepatic
cancer were treated at the Kuzbass Regional Hepatological Center. Among them,
hepatocellular cancer was diagnosed in 48 cases, cholangiocellular cancer-in 11 ca-
ses; radical surgery was performed in 12 patients with hepatocellular cancer; fatal
outcome was noted in 1 (2.1 %) patient, complications in the postoperative period
developed in 5 (41.7 %) cases and were ranked as I-3, lllb-1 and IVb-1 according
to Clavien - Dindo classification.

Conclusion. The degree of risk of severe post-resection hepatic failure should
be considered one of the main criteria in choosing a strategy for radical surgical treat-
ment. New surgical approaches (laparoscopic vascular isolation of the portal blood
flow, using temporary hemostasis in laparoscopic hepatic resections and the device
for its implementation) in resection surgery of primary hepatic cancer can improve
the immediate results of treatment.

Key words: hepatocellular carcinoma, two-staged hepatic resection, post-resection
hepatic failure, methods of hemostasis

For citation: PeltsV.A, Tropin V.E., Shatalin V.A. Resection interventions in the treatment
of hepatocellular cancer in a specialized surgery center. Acta biomedica scientifica. 2023;
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PE3IOME

O6ocHoBaHue. AKmyasbHOCMb 8ONPOCA JieYeHUs 2eNamouessIiIAPHO20 PaKka
(T4K) onpedengemcs 3Ha4uMbiM npupoCMom nokdsamesia 3abosesaemocmu
UM U €20 8bICOKOU Yacmomou 8cmpedaemMocmu cpeou NepeuYHbIX 3/10Ka4ecmeeH-
HblX onyxosiel neyeHu.

Lenb uccnedosaHua. ObobuweHue onbiIma oKkasdHuUs cneyuadau3upo8aHHoU
nomowu 60s1bHbIM 2eNAMOUETIONAPHBIM PAKOM.

Memooel. V3ydeHbl HenocpedcmaeHHble pe3ysibmamel siedyeHus 60/1bHbIX nep-
BUYHbBIM PAKOM NeYeHU, nposievyeHHbIx 8 Ky3bacckom 06s1acmHom 2enamosozuye-
ckom yeHmpe (KOl'L) 3a nepuod c aHeapsa 2015 no agaycm 2022 2. Mamepuanamu
0715 ucc1e008aHUsA OblIU MEOUYUHCKUE Kapmbl 60/1bHbIX C yCMAaHO8/1eHHbIM 0ud-
2HO30M Nepe8uUYHO20 PAka nedeHuU, NPOMOKOJIbl XUpypaUudecKux 8Meuwdmesbcms,
pe3ysibmamel NAMOJ/1020-2UCMOJI02UYeCK020 UcciedosaHus. Kpumepul uckio-
YeHus — 0UAzHOCMUPOBAHHbIU XO/1AH2UOUESTIOAPHBbIU PaK.

Pe3ynemamel. 3a nepuod c 2015 no 2022 2. 8 KO nponedeHo 59 nayueHmos
C NepBUYHbIM PAKOM NeYeHU, U3 HUX 2eNamOoUyesionApHbIU pak 0udzHOCMUpo8aH
8 48 cny4asx, xonaHauoyesnnonapHell pak — 8 11; padukanbHoe xupypaudeckoe
neyeHue nposedeHo 12 6onbHbIM L|K; nemaneHebil ucxod ommeyery 1(2,1 %) nayu-
eHmd, OC/IOXHeHUS 8 NOC/IeoNepayUuoHHOM nepuode paszeusnucs 8 5 (41,7 %) ciy-
yasx u umesnu epadayuro msxecmu no Clavien — Dindo I-3, lllb-1, IVb-1.
3aknodyeHue. CmeneHb pUCKa passumusa maxenol nocmpe3eKkyuoHHoU neyé-
HOYHOU He00CMAamMOoYHOCMU C/1edyem cHumame OOHUM U3 OCHOBHbIX Kpumepues
8 8bI60pe cMpame2uu paouKkabHO20 XUpypau4eckozo edeHus. Hosble xupypeu-
yeckue no0xo0bl (1TanapocKoNUYecKas cocyoucmas u3oaayus 80POMHO20 KPOBO-
MOKd, UCNO/Ib308AHUE CNOCOOA 8BpEMeHHO20 2eMOCMasa npu IandpocKoNUYeCcKUX
pe3eKkyusax neyeHU u ycmpoucmaea 0718 e20 0CyujecmasieHus) 8 pe3eKyuoHHoOU
XUpypauu nepsuYHO20 paKa nevyeHU NO3BOIAM yJlyHlUMb HeNOCPeOCMBeHHbIe
pe3ysibmamel jie4eHus.

Kniouesoble cnoea: 2enamouyesioniapHoll pak, 08yXamanHds pe3ekyusi nedeHu,
Nnocmpe3ekyuoHHAs NeYEHOYHAs HeDOCMAMOYHOCMb, CNOCOBLI 2eMOCMA3za

Ona uyntupoBaHua: Nenbu B.A., TponuH B.E., laTtanuH B.A. Pe3eKUynoHHble BMeLlaTesb-
CTBa B JIeYEHUN renaToLeNIoNIAPHOro paka B CreLunann3mpoBaHHOM LIeHTPe XUpypriu.
Acta biomedica scientifica. 2023; 8(3): 138-144. doi: 10.29413/ABS.2023-8.3.15
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a liver disease of tu-
morigenic nature, the prognosis of which is unfavorable,
the five-year survival rate does not exceed 15 % [1, 2].
There is a correlation between the number of viral hepa-
titis B cases in a population and the incidence of prima-
ry hepatic cancer, with rates in Asian and central African
countries higher than the global average of 150-500 per
100,000 population [3, 4]. Our country has primary hepat-
ic cancer incidence rates of 4-5 cases per 100,000 pop-
ulation, which is 13th in the structure of cancer morbid-
ity and 11th among causes of death. Every year in Rus-
sia more than 6 thousand new cases of primary hepat-
ic cancer are detected, usually at a stage that is not sub-
ject to special types of medical care. The number of early
(first and second) stages is detected in less than 10 %
of cases; approximately 58 % of diagnoses correspond
to stage 4 of the disease [5-7]. Morphologic verification
with the diagnosis of primary hepatic cancer was per-
formed in only 48.9-56.4 % of cases [6, 7]. Thus, the rel-
evance of the treatment of hepatocellular cancer (HCC)
is determined by a significant increase in the incidence
rate, its high prevalence among primary malignant hepat-
ic tumors, aggressive course of the disease and low fig-
ures of 5-year survival. Late disease diagnosis determines
insufficient coverage of this group of patients with spe-
cialized treatment [8].

MATERIAL AND METHODS

To analyze the immediate results of treatment, med-
ical records of patients diagnosed with primary hepat-
ic cancer, protocols of surgical interventions, and the re-
sults of pathohistological examination were studied.
From 2015 to 2022, 48 patients with HCC were treated
at the Kuzbass Regional Hepatological Centre (KRHC).
There were 32 males (66.7 %) and 16 females (33.3 %);
the mean age was 59.9 + 2.6 years. HCC was diagnosed
by pathohistological examination. Thus, males were pre-
dominant among those who suffered from HCC.

All the patients admitted to the KRHC were examined
according to the clinical guidelines of the Russian Min-
istry of Health and the standard of care, which includ-
ed both “routine” methods of blood examination (Com-
plete Blood Count and Biochemical Blood Test) and spe-
cial methods, which were considered to be the main ones
in diagnostics — an alpha-fetoprotein (AFP) test, radio-
logical methods (abdominal ultrasound, multislice-CT
of the abdomen, MRI of the abdomen). Liver fibroelas-
tometry was also performed in all cases. In all patients
diagnosed with cirrhosis, the functional class of hepat-
ic function according to Child - Pugh was determined,
the MELD model (Model for End-Stage Liver Disease)
was investigated, and liver fibroelastometry was per-
formed. Patients with diagnosed liver neoplasms less
than 1 cm, unavailable for biopsy under ultrasound con-
trol, were subjected to dynamic follow-up with subse-
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quent monthly follow-up examinations and ultrasound
(U/S); in case of growth, they were subjected to histo-
logical verification by a fine needle aspiration (FNA)
of the liver under U/S. In all other cases, histological ver-
ification was performed by needle biopsy under ultra-
sound control or by diagnostic laparoscopy. 39 patients
underwent FNA of the liver under U/S; 9 patients under-
went diagnostic laparoscopy and biopsy.

In the course of diagnostics, we used clarifying
methods and rating scales of the patient’s functional
state, the state of liver function, studied the correlation
of the actual liver volume with the criteria for the appli-
cation of resection method and transplantation technol-
ogies, which allowed us to choose the most rational me-
thod of treatment.

HCC patients were staged according to the Barcelo-
na classification of HCC (BCLC, Barcelona - Clinic Liver
Cancer), which is the most frequently used classification,
taking into account the prevalence of the tumor process,
functional state of the liver, objective condition of the
patient and the expected effectiveness of treatment.
However, BCLC has certain disadvantages associated
with difficulties in the allocation of patients to stage B:
only transarterial chemoembolization (TACE) is recom-
mended in case of ambiguous criteria and recommend-
ed disease management [1].

ECOG status (Eastern Cooperative Oncology Group),
assessment of liver function in patients with liver cirrho-
sis combined with HCC according to the following crite-
ria: Child-Pugh classification, MELD, Milan criteria; TNM
(Tumor, Nodus, Metastasis) staging was also performed
when planning surgical treatment.

Such approach allowed to differentiate the strategy
of surgical treatment according to the degree of pos-
sible risk of post-resection hepatic failure develop-
ment, and where it was estimated as statistically signif-
icant, we applied stage surgical treatment, the essence
of which consists in the formation of vicarious hypertro-
phy of the planned liver remnant after resection by re-
duction of portal blood flow of the resected liver lobe.

As a result of staging according to the Barcelo-
na classification of HCC, the patients were distributed
as follows: BCLC 0/A - 8 patients, BCLC B - 7, BCLC C -
32,BCLCD-1.

As a result of TNM staging, the patients were dis-
tributed as follows: TTbONOMO - 2 patients, T2ZNOMO -
5, T2N1M1 - 2, T2NxM1 - 4, T3NOMO - 5, T3N1M1 - 16,
T4ANTM1 - 14.

Liver resections: Atypical (3 liver resections — by lapa-
roscopic method) - 5; anatomical (right-sided hemihepa-
tectomy) - 3; ALLPS (Associated Liver Partition and Por-
tal vein ligation for staged hepatectomy) - 1; laparo-
scopic vascular isolation of portal vein - 2; staged ex-
tended right-sided hemihepatectomy - 2; liver trans-
plantation - 1.

In 3 cases the operation was performed in the vol-
ume of atypical liver resection by laparoscopic meth-
od, the method of instrumental liver clamping was used
for parenchyma separation. Blood loss during surgery



ranged from 50 to 250 ml, with an average of 150 = 58 ml
(Fig. 1-3).

FIG. 1.
Tumor of the right lobe of the liver with gallbladder invasion

FIG. 2.
Stage of laparoscopic atypical resection of a liver area with a tumor

FIG. 3.
The stage of final hemostasis after laparoscopic atypical liver resection
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During laparoscopic liver resection the ports were in-
serted in standard points for the resection method; in or-
der to reduce surgical blood loss, we used the method
of laparoscopic hemostasis and a device for its imple-
mentation (patent for an invention No.2772189) (Fig. 4),
which allowed to minimize blood loss and thus to achieve
optimal immediate results of surgical treatment - ab-
sence of general and local complications in this group
of patients.

In all cases of the resection method, surgical ultra-
sound was performed during the intervention in order
to accurately localize the focal liver lesion, which allowed
for precision liver resection.

FIG. 4.
Device for temporary hemostasis in laparoscopic liver resections

In 2 cases due to technical impossibility to perform
laparoscopic liver resection the intervention was per-
formed through laparatomy access. The liver digitocla-
sia method was used to separate the parenchyma; blood
loss during surgery ranged from 50 to 300 ml, averag-
ing 175+ 125 ml.

In 3 cases, right-sided hemihepatectomy was per-
formed, when the risk of post-resection hepatic fail-
ure in case of extensive liver resections was estimated
as minimal; blood loss during surgery ranged from 300
to 1,500 ml, with an average of 766 + 371 ml (Fig. 5).

The necessary conditions for this were functional
class A of concomitant cirrhosis (Child - Pugh) and suf-
ficient volume of liver parenchyma remaining after re-
section.

In 2 cases radical surgical treatment of HCC
was performed by a stage method, the essence
of which was the formation of vicarious hypertrophy
of the remaining left lobe of the liver by laparoscopic
vascular isolation of the portal vein of the liver. Sub-
sequently, after a compensatory pause and formation
of vicarious hypertrophy confirmed by CT with liver



volumetry, we performed a radical stage of surgical
treatment — extended right-sided hemihepatectomy.
Blood loss during surgery ranged from 500 to 1,000 ml,
with an average of 750 £ 250 ml (Fig. 6).

FIG. 5.
The final view of the surgical field after right-sided hemihepatecto-
my

FIG. 6.

The 15t stage of liver resection was performed
in one of the patients in order to clarify the clinical site
for ALLPS technique and early formation of vicarious hy-
pertrophy of the remaining liver stump; subsequently,
the development of the Multiple Organ Dysfunction Syn-
drome (MODS) in the patient and his death from the de-
veloped complication were noted. Blood loss during sur-
gery amounted to 500 ml.

In case of impossibility to use the resection method
in HCC (invasion of the hepatic vein confluence area), ortho-
topic liver transplantation was performed in one case, un-
complicated course of the postoperative period was stated,
and the patient was discharged on the 12th day of the post-
operative period.

IMMEDIATE RESULTS

Twelve patients underwent radical surgery. Postop-
erative mortality was 1 (8.3 %) case and total mortality
was 1 (2.1 %) case.

Complications developedin 5 (41.7 %) cases and had Cla-
vien - Dindo I-3, lllb-1 and IVb-1 grading of severity.

DISCUSSION

As a result of generalization of the 7-year experience
of rendering specialized medical care in the profile sec-
tion to the patients with hepatocellular cancer it is neces-
sary to state the shortcomings of early disease diagnostics,
which is evidenced by a relatively small number of performed
radical surgical interventions due to the diagnosis of pre-
dominantly advanced forms of the disease in 36 (75 %) cases.

The selection of patients for surgery should be consid-
ered problematic due to significant risks of hepatic failure
after liver resection, taking into account the fact that HCC

Stages of laparoscopic vascular isolation of portal blood flow in the right hepatic vein
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relatively rarely develops in an intact organ, and more of-
ten - on the background of pre-existing cirrhosis. To solve
the problem of post-resection hepatic failure, a group of pa-
tients with indications for a staged method of surgical treat-
ment should be singled out.

Laparoscopic liver resections with the use of blood-
saving techniques, as well as methods of staged surgical
treatment, allowing to effectively prevent the develop-
ment of severe forms of post-resection hepatic failure,
should be considered promising in the treatment of HCC.

CONCLUSION

The degree of risk of severe post-resection hepatic fail-
ure should be considered one of the main criteria in choos-
ing a strategy for radical surgical treatment.

A new surgical approach (laparoscopic vascular iso-
lation of portal blood flow) in operations to create vi-
carious hypertrophy of the group of two-stage surgical
treatment in resection surgery of primary hepatic cancer,
as well as the use of new methods of precision hemosta-
sis during laparoscopic liver resections (method of tem-
porary hemostasis during laparoscopic liver resections
and a device for its implementation) allow to improve
the immediate results of treatment of patients by reduc-
ing the number of severe forms of post-resection hepat-
ic cancer, as well as the use of new methods of hemo-
stasis during laparoscopic liver resections.

Resection techniques for HCC patients should be per-
formed in a timely manner; laparoscopic liver resections
should be considered a priority where possible [9].

Staged surgical treatment of HCC allows to perform ex-
tensive liver resections, bypassing the development of se-
vere post-resection hepatic failure [10].

The use of ALPPS in the treatment of HCC is limited
by the risks of unfavorable outcomes due to the develop-
ment of severe postoperative complications [11].

Unsatisfactory results of HCC treatment require im-
provement of early diagnosis approaches.
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OPHTALMOLOGY

ABSTRACT

Background. Sclerochoroidal calcification is an idiopathic rare benign lesion
of the sclera or choroid characterized by histological deposition of calcium pyroph-
osphate. Taking into consideration its similar clinical manifestations with other dis-
eases of the sclera, the most dangerous of which are malignant, timely verification
of the diagnosis with the appointment of a further observation period is important.
Theaim. Thedescription ofa clinical case of sclerochoroidal calcification to improve
the efficiency of disease detection through the use of multimodal diagnostics.
Material and methods. A 62-year-old patient with complaints of “bright flashes”
in her left eye for the past few months, who underwent a standard complex of oph-
thalmological examinations, supplemented according to indications by optical coher-
ence tomography of peripapillary nerve fibers, macular zone, B-scan, Dopplerogra-
phy in color Doppler mapping mode. Auxiliary diagnostic methods were magnetic
resonance imaging of the orbits and extraocular muscles, computed tomography
of the orbits and a biochemical blood test.

Results. Considering the anamnesis, the absence of progression of complaints,
the data of instrumental diagnostic methods, the absence of pathological blood flow
in the area of both eyes formations, the correct diagnosis is most likely to be sclero-
choroidal calcification of both eyes, despite the difficulties of the diagnostic process,
which consisted in the absence of visualization of foci during ophthalmoscopy.
Conclusion. Sclerochoroidal calcification is of interest to practicing ophthalmolo-
gists due to the difficulties of diagnostic search and differential diagnosis with malig-
nant neoplasms. Modern medicine has a sufficient set of instrumental and laboratory
research methods for making an accurate diagnosis.

Key words: sclerochoroidal calcification, mineral metabolism, computed tomog-
raphy
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PE3IOME

O6ocHoeaHue. CKiepoxopuoudabHAs KaabyupuKkayus —3mo uduonamuyeckoe
pedkoe 0obpokadecmeeHHOe 06pa3osaHue cKaepbl Uu cocyoucmou 060/104KU,
Xapakmepusytoujeecs 2uCmoJs102u4eckuM omJsioxeHuUem nupogpochama kaneyus.
Yqumesigas cxoxue KiuHUYecKue nposs ieHus ¢ 0py2umu 3a60/1e8aHUAMU CKi1epbl,
60/1bLWYI0 ONACHOCMb U3 KOMOPbIX NPEOCMAs/IAiom 3/10KayecmeeHHble, umeem
3HA4YeHue ceoespeMeHHas eepupukayus 0uazHoO3da c HazHa4eHuem odsibHeliuie2o
nepuoda Habo0eHus.

Lens. OnucaHue KIUHUYECKO20 C/1y4as cKiiepoxopuoudadnsHol kaneyugukayuu
0715 N08bIWEHUSA 3¢hheKmUBHOCMU 8biA8JIEHUS 3a60/1€8aHUA NYMEM NPUMEHEHUs
MysbMuMo0asnbHOU OUAzZHOCMUKU.

Mamepuan u memooel. [layueHMka 62 iem ¢ Xanob6amu Ha «spKue 8CNbILIKU»
nepeo s1e8biM 2/1a30M NOC/IeOHUE HECKOJIbKO Mecsaues, Komopol 6bis1 nposedéH
CMAaHoapmHeIli KOMNJIeKc 0hmasibMos102u4ecKko20 06¢/1e008aHUS, 00NOTHEHHbIU
No NOKA3aHUAM onmuy4eckol KoeepeHmMHoU momozpaghueli nepunanusisiapHsix
HepBHbIX B80JIOKOH, MAKY/IAPHOU 30HbI, B-ckaHuposaHuem, donnnepozpacgueti
8 pexume YysemHo20 00NepPOBCKO20 KapmuposaHus. BcnomozamensHbimu
mMemooamu OUd2HOCMUKU A8J/1SAUCL MAZHUMHO-Pe30HAHCHAA momozpdgus
opbUM U 3KCMPAOKYAPHBIX MbIUU, KOMNbIOMepPHAs momozpagus opbum u 6uo-
Xumuyeckuli aHau3 Kposu.

Pe3synomamel. Yuumelgeas aHamHes, omcymcmaue npozpeccuu xanob, 0aHHble
UHCMPYyMeHMasnbHbix Memoodos OUd2HOCMUKU, OMCymcmeaue Namosio2u4eckozo
Kposomoka 8 obsiacmu obpazosaHuli 06oux 271a3 NpagomMepHbiM OUA2HO30M,
8eposimHee 8ce20, byoem CK/1iepoxopuoudasibHAs KanbyuguKkayus /a3, HecMomps
Ha mpyoOHoCcmu 0uazHOCMu4ecKo20 npoyeccd, Komopsle 3aK14anucs 8 omcym-
cmeuu 8u3yanu3ayuu o4dazo8 npu oghmanbMocKonuu.

Bb1800bl. CkyiepoxopuoudasibHAs Kaabyugpukayus npedcmassigem uHmepec
071 NPAKMUKyUUX 0pmasnbmMosi0208 88udy mpyoHocmel 0udzHOCMUYeCcKo20
noucka u ougepeHyuUanbHOU OUd2HOCMUKU CO 3/10Ka4eCmeeHHbIMU HO8000-
pazosaHuamu. CospemeHHas MeOUYUHA pacnosidzaem 00CmMamoyHbIiM Habopom
UHCMPYMeHMAsibHbIX U 1a60pamopHbix Memooos Ucc/1e008aHUS 0718 NOCMAHOBKU
MoYHO20 OudzHOo3a.

Knioyesoie cnoea: ckiepoxopuoudadsibHas Kaabyu@dukayus, MUHepaabHoll
06MeH, KoMnbloMepHAs Momozpagus
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OBJECTIVES

Sclerochoroidal calcification (SCC) is an idiopathic rare
benign lesion of the sclera or choroid characterized by his-
tological deposition of calcium pyrophosphate. Morpholog-
ically, SCC is visualized as whitish-yellow foci in the thick-
ness of the sclera, usually located at the medial periph-
ery in the superior temporal and superior nasal quadrants,
with a symmetrical location in both eyes. Often, diagnostic
difficulties lie in the similar clinical manifestations of diseas-
es such as choroidal osteoma, choroidal nevus, metastatic
choroidal lesion, choroidal hemangioma, and retinal astro-
cytoma [1-4]. According to a study by C.L. Shields, the aver-
age age at the time of diagnosis was 69 years. It was most
common in Caucasian women, with unilateral and bilater-
al eye lesions occurring in almost equal percentages of cas-
es (48 and 52 % respectively). Patients usually had no com-
plaints, and the detected calcium deposition did not lead
to a decrease or loss of vision acuity, changes in the size
of the focus, decalcification and associated subretinal fluid,
and neovascularization for 4 years of follow-up [1, 3-6]. Ac-
cording to the results of foreign studies, optical coherence
tomography (OCT) with an extended depth imaging module
showed that the lesion foci are located in the sclera rather
than being of scleral and choroidal origin, as previously be-
lieved [7-9]. Among Russian scientists, A.S. Stoyukhina con-
firms the fact of scleral origin of SCC in the course of stud-
ies on high-resolution OCT data with the study of deep tis-
sues using the scan averaging function [2, 10]. In rare unique
cases described by foreign scientists, SCC is accompanied
by neovascular membrane formation with subsequent need
for treatment with angiogenesis inhibitors [11-13]. A case
of SCC with detected metabolic disorders in a 70-year-
old patient with chronic renal failure and a follow-up pe-
riod of 7 months is described. The results of the follow-up
showed no growth of visualized foci [14].

a
FIG. 1.
Ophthalmoscopic picture of the fundus: a - right eye; b — left eye
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THE AIM

Description of a case report of SCC to improve the de-
tection of sclerochoroidal calcification by using multimod-
al diagnosis.

MATERIALS AND METHODS

A 62-year-old female patient came to the Orenburg
Branch of the Eye Microsurgery Institution in October
2021 with complaints of “bright flashes” in her left eye
that had been bothering her for several months.

Medical history: she was registered with iris ne-
vus of the left eye at the place of residence. At her fol-
low-up examination in April 2021, the patient under-
went ultrasound of the orbit and duplex ultrasound
of the ophthalmic artery territory using the GE Logiq e
machine. Along the posterior contour of the left eyeball
at the edge of the optic nerve a focal choroideal lesion
was detected with a length of 4.2 mm and a prominence
of 2.1 mm of hyperechogenic homogeneous structure,
with clear and irregular contours. Within the focal area
there were single arterial and venous vessels with linear
blood flow velocity (LBFV) in arteries 3.1 cm/s, Rl - 0.50,
in veins — up to 8.3 cm/s. The patient underwent the con-
trol examination in October 2021. The results with re-
gard to the foci in the left eye showed no negative dy-
namics. When performing duplex ultrasound of the right
eye in the right orbit, a focus of similar characteristics
was found, 4.6 x 1.5 mm in size, with LBFV in arteries
upto 16.1 cm/s, in veins — up to 7.9 cm/s. The ophthalmic
artery (OA) hemodynamics was asymmetric, with some
hemodynamic predominance in the central retinal artery
(CRA) in the right orbit, in OA - in the left orbit - sufficient
with markedly increased tone.



When the patient came to the Orenburg Branch
of the Eye Microsurgery Institution, the visual acuity
of the right eye was 0.8 with hyperopic complex correction
of best corrected visual acuity (BCVA) to 1.0, and the left eye
was 0.7 with hyperopic complex correction to 1.0.

Ophthalmoscopy: right eye without features, left eye
- flat iris nevus at 8 o’clock position, pseudoexfoliative

FIG. 2.
OCT of peripapillary nerve fibers: a - right eye; b - left eye
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syndrome, vitreous degeneration by the type of aster-
oid hyalopathy (Fig. 1). Examination with the Goldmann
three-mirror lens in the right eye from 7 to 9 o’clock pos-
titions, retinoschisis with the necessity for retinal la-
ser photocoagulation was detected in the extreme pe-
riphery; the extreme periphery of the left eye was un-
remarkable.



The patient underwent OCT of peripapillary nerve fibres
(Topcon DRIOCT Triton), macular zone (Spectralis HRA + OCT
(Heidelberg), B-scan (Accutome B-scan Plus) and Doppler ul-
trasound (GE Logiq e) in colour Dopplerimaging (CDI) mode.

According to OCT data of peripapillary nerve fibres,
the thickness of peripapillary nerve fibres of the right eye
is within normal limits (Fig. 2a), thickened in the upper seg-
ment of the left eye (Fig. 2b).

According to OCT data of the macular zone of both
eyes, the retinal thickness is within normal limits, the pig-
ment epithelium is preserved (Fig. 3).

The B-scan of the right eye (Fig. 4a) revealed single
threads of low echogenicity in the vitreous body. A high
echogenicity inclusion with Hmax = 0.81 mm, 2.17 mm
in length is scanned in the middle periphery in the mem-
brane thickness at 12 o’clock meridian. According
to the B-scan of the left eye (Fig. 4b), there are many clumps
of high echoicity in the vitreous body (the “golden rain”
type of degeneration). At 12-1:30 meridian in the mem-
brane thickness at the middle periphery a high echoicity

FIG. 3.
OCT of the macula: a - right eye; 6 - left eye

inclusion giving a shadow with Hmax = 0.92 mm, extent
2.33 mm, is scanned.

According to the Doppler ultrasound of both eyes
(Fig. 5), a high echogenicity lesion with acoustic shadow
(3.9% 1.9mm -right eye, 3.9 x 1.1 mm —left eye) with no signs
of blood flow in the CDI mode was scanned in the upper an-
terior segment in the membrane thickness (Fig. 6).

At the follow-up examination in January 2022 (4 months
later), the size of the lesion in the right eye had increased
t0 4.3 x 2.1 mm, in the left eye - no negative dynamics, still
without signs of blood flow.

The patient was recommended to consult an endo-
crinologist and a biochemical blood test was scheduled
to search for mineral metabolism disorders (Table 1).

According to the examination results, no mineral me-
tabolism disorders were found, and no endocrinological pa-
thology was detected.

In January 2022, the patient underwent focal retinal la-
ser photocoagulation of the retinoschisis zone at 7-9 o'clock
of the right eye at the Orenburg Branch of the Eye Micro-
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FIG. 4.
B-scan: a - right eye; 6 - left eye

a
FIG. 5.
Dopplerography: a - right eye; 6 - left eye

a
FIG. 6.

Dopplerography in the color duplex mapping mode: a - right eye; 6 - left eye

surgery Institution. She was also recommended to under-
go computed tomography (CT) of the orbits at her place
of residence.

The patient returned for a follow-up examination
in May 2022. She presented no complaints. At the time
of examination, the BCVA of the right eye was 1.0, the BCVA
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of the left eye was 0.7 with previous correction to 1.0.
Due to the impossibility to perform the prescribed CT ex-
amination at her place of residence, the patient provid-
ed magnetic resonance imaging (MRI) data of the orbits
and extraocular muscles on a Siemens Magnetom Essenza
1.5TinT1 Vibe Fs Ttra mode with a slice thickness of 1 mm.



TABLE 1

THE RESULTS OF A BIOCHEMICAL ANALYSIS OF THE BLOOD OF THE EXAMINED PATIENT, INDICATING THE REFERENCE

VALUES
Study Result

Calcium 2.37
Potassium 4.1
Sodium 141
Chlorine 106
Magnesium 0.88
Organic phosphorus 1.16
Parathyroid hormone 6.8
Glomerular filtration CKD-EPI Creatinine 95
25-OH vitamin D 32

FIG.7.
MRI of thickening of the sclera

MRI revealed MR signs of uneven thickness of the
sclera of both eyeballs, inhomogeneous structure (Fig. 7)
with point-like inclusions (Fig. 8).

As afinal method of examination for the most accurate
visualization of calcification foci in the sclera, CT of the or-
bits on a Philips Mx-16 device in bone and brain modes
with a slice thickness of 1 mm in sagittal, frontal and verti-
cal planes was chosen.

According to the CT findings, almost symmetrical areas
of calcification located at 11 o’clock, at a distance of about 6
mm from the optic disc (OD) of the right eye are determined
in the posterior hemispheres of the orbits and the sclera struc-
ture (Fig. 9) the size of the calcificates is 2.3 X 4 X 1.6 mm.

A focus measuring 3.8 X 3.7 X 1.5 mm was detected
at a distance of 6.5 mm from the OD of the left eye during
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Unit Reference values
mmol/L 2.20-2.55
mmol/L 3.5-5.1
mmol/L 136-145
mmol/L 101-110
mmol/L 0.66-1.07
mmol/L 0.74-1.52
pmol/L 1.45-10.41

ml/min/1.7 m? > 60

< 10 ng/ml - severe deficiency;
< 20 ng/ml - deficiency;
20-30 ng/ml - insufficiency;
30-100 ng/ml - adequate level;
> 150 ng/ml - possible toxic effect

ng/ml

12 o'clock CT in the posterior hemispheres of the orbits
of the left eye (Fig. 10).

These calcificates have a maximum density of about
+200 HU, repeat the course of the sclera, without bulg-
ing beyond its outer contour, with minimal bulging to-
wards the chorioidea on both sides, their contours
are clear, slightly irregular on the left side. A question-
able, but not excluded, forming small clumpy calcifi-
cate about 1 mm in diameter was found at the border
of the anterior and posterior OS hemispheres at 3 o’clock.
There were no signs of other areas of pathological den-
sity in the sclerae.

On the next Doppler ultrasound in May 2022, the size
of the lesion in the right eye was negative, and in the left
eye it was 4.3 X 5 mm with no signs of blood flow.
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FIG. 8.
MRI of inclusions suspicious of calcifications

FIG. 9.
CT of calcifications in the structure of the sclera of the right eye

FIG. 10.
CT of calcifications in the structure of the sclera of the left eye
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RESULTS AND DISCUSSION

Considering the anamnesis, the absence of progression
of complaints, the data of instrumental diagnostic methods,
the absence of pathological blood flow in lesion areas of both
eyes according to Doppler ultrasound in CDI mode, the cor-
rect diagnosis is most likely to be sclerochoroidal calcification
of both eyes, despite the difficulties of the diagnostic process,
which consisted in the absence of visualization of foci during
ophthalmoscopy. Taking into account the follow-up period
of 9 months and the growth of the lesions by 0.4 x 0.2 mm
and 0.4 X 3.9 mm according to Doppler ultrasound, the pa-
tient was recommended dynamic follow-upin 3 and 6 months
with control biochemical blood test. Thanks to the above-de-
scribed algorithms of diagnostic search of Russian and foreign
colleagues, today the diagnosis of SCC for ophthalmologists
together with CT-diagnosticians is a feasible task, which is con-
firmed by the result of the work done.

CONCLUSION

SCC is an idiopathic benign disease of the sclera
that is difficult to diagnose. Diagnosis is made on the basis
of patient’s medical history, instrumental and laboratory
tests. Given the uniqueness of the disease, as well as the dif-
ficulties in diagnosis due to its similarity to other malignant
diseases of the sclera and vasculature, the correct diagnosis,
determination of management methods, prescription of ap-
propriate treatment and establishment of a follow-up pe-
riod are of great importance. Modern medicine has a suffi-
cient set of instrumental and laboratory methods of exam-
ination to make an accurate diagnosis of patients with SCC.
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DENTISTRY

ABSTRACT

Chronic periodontitis as an osteoimmune disease of the oral cavity is accompanied
by a change in the functional activity of endotheliocytes. Moreover, abnormal vascu-
larization exacerbates periodontal inflammation, as it promotes the transmigration
ofalarger number ofimmunocompetent cells, the influx of inflammatory mediators
and cytokines.

The aim of our work was to study the functional activity of the endothelium
of the vessels of the oral cavity in persons suffering from chronic periodontitis
in the treatment of plasmolifting.

Materials and methods. Underobservation were 30 patients diagnosed with chron-
ic generalized periodontitis of moderate severity at the age of 35 (32.50; 40.00) years,
with no severe somatic pathology (main group). The comparison group included
20 people aged 38 (34.00; 45.00) years with no inflammatory diseases in the oral
cavity. All patients underwent local anti-inflammatory therapy and sanitation of peri-
odontal pockets, correction of occlusal contacts, curettage, plasma lifting. Oral fluid
concentration of soluble adhesion molecules ICAM-1 and VCAM-1, endothelin-1,
qualitative and quantitative composition of microflora were determined.

Results. After the treatment with plasmolifting, a noticeable relief of the activity
of the inflammatory process was observed. In patients with chronic periodontitis, Por-
phyromonas gingivalis was foundin 100 % of cases in a titer of 5.73 (4.9;6.7) Ig (gEq/sam-
ple), in 62.5 % — Prevotella intermedia in a titer of 4.5 (3.0; 5.5) Ig (gEq/sample).
Against the background of therapy, decrease of the occurrence of the microorganism
and of the number of microorganisms was observed. The concentration of the solu-
ble form of VCAM-1 in the oral fluid of patients with chronic periodontitis exceeded
the values of the control group by 38.3 times (p = 0.000001), and ICAM-1-by 18.1 times
(p=0.00001). Against the background of plasmolifting therapy, the level of the studied
substances decreased, but exceeded the control values by 25.2 and 6.4 times, respec-
tively. The content of endothelin in the oral fluid in patients with periodontitis exceeded
the values of healthy individuals by 40.7 % (p = 0.003), during therapy its values de-
creased, but did not reach the level of healthy volunteers (p = 0.04).

Key words: endothelial dysfunction, chronic periodontitis, plasmolifting, cell adhe-
sion molecules, endothelin-1

For citation: Fefelov A.A., Tsybikov N.N., Sholokhov L.F., Fefelova E.V. Functional activity
of the oral endothelium in persons, with chronic periodontitis during treatment with plas-
molifting. Acta biomedical scientifica. 2023; 8(3): 154-160. doi: 10.29413/ABS.2023-8.3.17
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PE3IOME

XpoHuueckuli napodoHMuUmM Kak ocmeoummyHHoe 3abosiesaHue nosocmu pma
conpogoxoaemcs usmeHeHUeM (pyHKUUOHAIbHOU aKmu8HOCmu 3H0omeuoyu-
moe. [lpu4ém aHomanbHas 8ackynapu3ayus ycyzybnsem gocnasieHue napoooHma,
mak Kak cnocobcmayem mpaHcmuzpayuu 60s1b6We2o Kosau4ecmaa UMMYHOKOMNe-
MeHMHbIX KJIeMOK, NPUMOKY Meouamopo8 80CNAaeHUs U YUUMOKUHOS.

Ljenoto Haweli pa6omel A8U10Ch U3yyeHUE (PyHKYUOHAIbHOU akmusHocmu
3HOOMes1usA cocy0os NosI0CMU pma y uy, CMpacaruiux XpOHUYECKUM NAapOOOH-
mumom, npu JieyeHUU MemoooM NJIA3MosIUpMuUH2a.

Mamepuansi u memooel. [100 HabodeHuem Haxoous1ocb 30 nayueHMos ¢ oua-
2HOCMUPOBAHHBIM XPOHUYECKUM 2eHepaau308aHHbIM NAPOOOHMUMOM CpedHel
cmeneHu maxecmu (15 my>4uH u 15 xeHwuH) 8 so3pacme 35 (32,50; 40,00) nem,
¢ omcymcmaytrouwjeli maxénol comamuydeckol namoJsozueli (0CHO8HAA 2pynna.
B 2pynny cpasHeHus 6biiu gkodeHsl 20 Yyesosek, Conocmasumeie ¢ OCHOBHOU
2pynnoli no nosy u 8o3pacmy, c omcymcmauem 80cnaaumesibHsix 3a6onegaHuli
8 noslocmu pma. Bcem 60/16HbIM NPOBOOUIACL MECMHAA NPOMUB0BOCNASIUMESTb-
Hasa mepanus u caHayus napooOoHMAsIbHbIX KAPMAHO8, KOPPeKYUs OKKTHO3UOHHbIX
KOHMAkmos, Klopemax, naasmosugpmuHe. B pomosou xudkocmu onpeoensnu
KOHUeHmpauyuto pacmeopumbix mosekysn adze3uu ICAM-1u VCAM-1, 3H0omenukr-1,
KayecmeeHHbIU U KosluyecmeeHHbIl cocmas MUKpogiopsl.

Pe3ynemamel. [1oc/ie npo8eOEHHO20 jiedeHUs NSIa3MoaUGMUH2OM Hab/1l00an0Ch
3amemHoe KynuposaHue akmugHOCMu 80CNAiUMesibHo20 npoyecca. Y nayueHmos
€ XpoHuU4eckum napodoHmumom 8 100 % cryuyaes obHapyxeHa Porphyromonas
gingivalis e mumpe 5,73 (4,9; 6,7) Ig (F3/06paseu), y 62,5 % - Prevotella intermedia
emumpe4,5(3,0;5,5) g (F'3/06pazey). Ha poHe mepanuu Hab1o00an0Cb CHUXeHUE
KaK cmpe4aemocmu MUKpoOp2aHu3md, mak U KoJiuyecmed MUKpoopeaHUu3Mos.
KonueHmpayus pacmeopumoti popmol VCAM-1 8 pomosoli Xuokocmu 60/1bHbIX
XPOHUYeCKUM NapoO0OHMUMOM Npesbiluana yposeHb KOHMPObHOU 2pynnel
838,3 paza (p=0,000001),alCAM-1-6 18,1 pa3za (p =0,00001). Ha poHe mepanuu
Naa3MoauGpmMuUH2OM KOHUeHMpayus usyydembix 8elyecms CHUXAadacs, Ho npe-
8bILLAJIA 3HAYEHUS KOHMPosid 8 25,2 u 6,4 pasa coomsemcmeaeHHo. CooepxaHue
3HOOMesIUHA 8 POMOBOU XUOKOCMU y 60/1bHbIX NAPOOOHMUMOM y8es1u4UBanoCh
Ha 40,7 % (p = 0,003), a Ha hoHe Mmepanuu CHUXAI0Cb, HO He 00CMU2as10 YPOBHs
300posbix 006pososbues (p = 0,04).

Knrouessbie cnoea: ouceyHkyus 3HOomenus, XpoHu4deckuli napoo0oHmum, nias-
MOIUMUHe, MOJIeKy 1l KilemoYHoU adze3uu, 3SHOomesnuH-1

Ona untnposanua: Oedenos A.A,, Lbibrkos H.H., LLionoxos J1.0., ®edenosa E.B. DyHk-
LMOHaNbHas aKTUBHOCTb SHAOTENWA MOMOCTU PTa Y UL, CTPAAAIOLMX XPOHNUECKUM
NMapoL4OHTUTOM, NPW IeYeH MeTooM NMnasmonndTuHra. Acta biomedica scientifica. 2023;
8(3): 154-160. doi: 10.29413/ABS.2023-8.3.17
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Chronic periodontitis is an osteoimmune oral dis-
ease affecting the periodontal apparatus, caused
by a disruption of the symbiotic relationship between
the oral flora and the immune system of the host, charac-
terized by successive periods of exacerbation followed
by periods of remission, causing progressive tooth de-
struction and loss [1].

Leukocytes recruited into the focus of inflamma-
tion cause the development of secondary alteration
and modulate the functional activity of endothelio-
cytes [2, 3].

The physiological function of the vascular endothe-
lium is the dynamic secretion of thrombotic substances,
anticoagulants and fibrinolysis factors, vasoactive sub-
stances, growth factors, etc., as well as leukocyte che-
moattractants, inflammatory cell adhesion molecules,
cytokines and reactive oxygen species [4, 5].

Periodontal disease begins with the invasion of oral
bacteriainto the gingival tissue. Bacterial peptidoglycans
in oral biofilms, lipoteichoic acid, and lipopolysaccha-
rides penetrate into deeper tissues due to both a num-
ber of destructive proteases of microbial origin and oral
cells destroying the epithelial surface and periodon-
tal ligament. These enzymes contribute to deepening
of the periodontal pocket and damage to the endothe-
lium of the subepithelial vascular network [6].

For example, Porphyromonas gingivalis, by binding
to endothelial cells, increases gene expression of vari-
ous chemokines (e. g., CXCL8, CCL2), adhesion molecules
(CD54, CD62E, PECAM-1), ICAM-1/CD54, VCAM-1/CD106,
and activates the kallikrein-kinin system [7, 8].

Increased vascularization with neoangiogenesis
in healthy tissues gives an advantage in pathogen elim-
ination. However, in presence of chronic periodontitis,
abnormal vascularization is likely to exacerbate perio-
dontal inflammation as it promotes the transmigration
of a larger number of immunocompetent cells, the in-
flux of inflammatory mediators and cytokines.

Plasmolifting as a method of therapy for oral dis-
eases was first used in 1997 [9]. The therapeutic effect
of platelet-rich plasma injected into the area of dental
papillae is primarily due to the degranulation of plate-
let a-granules containing b-thromboglobulin and plate-
let-nonspecific proteins (fibronectin, fibrinogen), blood
clotting factors, fibrinolysin, immunoglobulins and syn-
thesized growth factors [10].

The aim of our work was to assess the functional ac-
tivity of the endothelium of the vessels of the oral cavi-
ty in persons with chronic periodontitis in the treatment
of plasmolifting.

MATERIALS AND METHODS

The study was conducted from February 2021 to Feb-
ruary 2022 on the basis of the Chita State Medical Acad-
emy of the Ministry of Health of Russia (Chita). Under
observation were 30 patients (15 men and 15 wom-
en) diagnosed with chronic generalized periodontitis
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of moderate severity at the age of 35 (32.50; 40.00) years,
with no severe somatic pathology (main group).
The comparison group included 20 people, compara-
ble to the main group by gender and age, with no in-
flammatory diseases in the oral cavity. All study partic-
ipants signed a voluntary informed consent to partici-
pate in the study (Approval No. 107 of the Local Ethics
Committee of the Chita State Medical Academy dated
27.01.2021).

The dental status of the subjects was assessed in ac-
cordance with the clinical recommendations (treatment
protocols) approved by the Russian Dental Associa-
tion (2013), as amended and supplemented [11] using
standard methods: interview, examination, determina-
tion of index indicators of the state of hard dental tis-
sues and periodontal tissues, and X-ray. All patients un-
derwent local anti-inflammatory therapy and sanitation
of periodontal pockets, correction of occlusal contacts,
curettage, plasma lifting.

For plasmolifting, platelet-rich autoplasm was ob-
tained: blood was collected into specialized Plas-
molifting™ tubes, centrifuged at 1300 rpm for 10 min.
The supernatant was injected with an insulin needle
into the area of the dento-gingival papillae 0.1-0.2 ml
and the area of the muco-gingival junction 0.3-0.5 ml.
Each patient underwent the procedure 5 times: the
first visit — injections were performed in two segments
of the upper jaw (in the 1st and 2nd segments); the sec-
ond - 3 days later in the lower jaw (in the 3rd and 4th
segments); the third — after 7 days; the fourth - after
30 days and in the fifth visit, after 6 months, injections
were performed in all four segments.

Oral fluid was collected from healthy human volun-
teers (n =20) and patients with generalized moderate per-
iodontitis (n = 30) after an overnight fast. The collected
saliva was centrifuged at 400 g and 4 °C for 10 min to re-
move cells. The cell-free supernatant was then collect-
ed and centrifuged again at 1500 g and 4 °C for 20 min
to remove the remaining cells and cellular detritus. Cell-
free saliva samples were stored on ice until use. Saliva
sampling in patients with chronic periodontitis was per-
formed twice: before the therapy and after achieving re-
mission of the disease.

The concentration of soluble adhesion molecules
ICAM-1 and VCAM-1 was determined in oral fluid using
Human Vascular Inflammation Panel 1 multiplex assay
kits (Biolegend, USA). Endothelin-1 levels were performed
by ELISA using the Endotelin kit (1-21) (Biomedica, Aus-
tria). Oral fluid was analyzed without dilution. All stages
of the study were performed according to the instruc-
tion of the kits.

The qualitative and quantitative composition of oral
fluid microflora was studied by PCR using the Parodon-
toScreen kit.

Non-parametric criteria were used in statistical analy-
sis: the Mann-Whitney U test for comparing two independ-
ent subgroups, the Wilcoxon test for comparing depend-
ent subgroups, the Spearman’s rank correlation coefficient
(R) for analysing the correlation between different indica-



tors. Descriptive statistics are represented by median and
interquartile range (25, 75t percentiles).

Statistical processing of the data was performed
using the IBM SPSS software package. Differences
were considered statistically significant at p < 0.05.

RESULTS

The incidence of periodontal inflammatory dis-
eases at outpatient appointments was more than
75 %, of which the prevalence of chronic periodontitis
was 63.2 = 2.5 % of cases. It occurred with equal frequen-
cy inindividuals of both genders and different social sta-
tuses, but its prevalence increased with age.

As reported by the patients, the duration of the disease
was 5.2 (4.2; 6.2) years. Oral hygiene was assessed using
the OHI-S index. It was revealed that patients of the main
group pay insufficient attention to oral hygiene: the index
value at the initial examination was 3.02 (2.86; 3.30) points,
against 0.38 (0.15; 0.51) in the comparison group. The in-
dex decreased after therapy but did not reach control val-
ues and was 1.40 (0.90; 1.90).

TABLE 1

The results of the study of periodontal tissue con-
dition of the subjects are presented in Table 1. Objec-
tive examination of patients with chronic periodontitis
revealed gingival hyperemia and swelling, periodontal
pockets and bleeding on probing, soft dental plaque
and mineralized dental deposits. Tooth mobility in all in-
cluded in the study was within the physiological range.
Resorption of interalveolar septa up to 1/3 was deter-
mined radiologically in the main group. After the treat-
ment with plasmolifting there was a noticeable relief
of the activity of the inflammatory process, which was ex-
pressed in the reduction of PMA, bleeding index, gingi-
val recession, depth of periodontal pocket.

Tannerella forsythia (2.9 (1.6; 4.1) lg (gEg/sample))
and Treponema denticola (3.0 (1.1; 4.0) Ig (gEg/sample))
were most common in control group. The titre of these mi-
croorganisms was 4.73 (4.2; 5.1) and 4.26 (3.8; 5.2)
lg (gEg/sample) among patients with chronic periodon-
titis. In addition, Porphyromonas gingivalis was detect-
ed in 100 % of cases at a titre of 5.73 (4.9; 6.7) and Prevo-
tella intermedia was found in 62.5 % of patients at a titre
of 4.5 (3.0; 5.5) Ig (gEg/sample). Against the background
of therapy, both a decrease in the occurrence and num-

INDICATORS OF THE STUDY OF THE STATE OF THE ORAL CAVITY IN PATIENTS OF THE MAIN GROUP,

ME (25th; 75th PERCENTILES)

Control group

Indicators (n=20)

Bleeding index 0.00 (0.00; 0.00)

PMA 0.00 (0.00; 0.00)

Gingival recession, mm 0.00 (0.00; 0.00)

Plaque index 0.00 (0.00; 0.00)

Periodontal pocket depth, mm 2.00 (2.00; 3.00)

initial examination

40.6 (30.85; 50.00)

Patients with periodontitis (n = 30)

after plasmolifting

0.68 (0.62; 0.73)
p, = 0.0001
p,=0.0001

230 (2.10; 2.80)
p, = 0.00001

12.89 (10.21; 13.99)
p, =0.00001

p, =0.00001 p,=0.0001

0.75 (0.63; 0.88)
p, =0.00001
p,=0.361

1.39 (1.26; 1.53)
p, =0.00001

3.50 (1.98; 3.85) 2:42(2.30;2.50)

¢ p, =0.00001
p, =0.00001 p,=0.0001
6.10 (4.40; 6.60) > 9626352)

p, =0.00001 iy
p,=0.0001

Note. p. —level of statistical significance of differences compared to the control group; p, — compared to the group of patients receiving plasmolifting.
i )
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ber of microorganisms was observed. For example, Por-
phyromonas gingivalis was found only in 30 % of the sub-
jects, and its number decreased by 2.5 times (p = 0.003).

The level of soluble adhesion molecules and endothe-
lin-1 was determined in order to confirm the involvement
of vascular endothelium in the pathological process.

Cell adhesion molecules (CAMs) are cell surface pro-
teins involved in the binding of cells to each other, to en-
dothelial cells or to the extracellular matrix. VCAM-1
(CD106) is predominantly expressed on the membrane
of endothelial cells. However, in case of severe or chronic
inflammation itis also expressed on the surface of other
cellsincluding tissue macrophages, dendritic cells, bone
marrow fibroblasts, myoblasts, oocytes, Kupffer cells,
Sertoli cells and cancer cells [12]. This protein is a major
regulator of leukocyte adhesion and transendothelial
migration through interaction with a431 integrin [13].

Soluble intercellular adhesion molecule-1 (sICAM-1)
is a circulating form of ICAM-1 that is constitutively ex-
pressed or induced on the cell surface of various tissues.
It serves as a counter-receptor for lymphocyte function-
associated antigen (LFA-1). The interaction between
ICAM-1 present on endothelial cells promotes leukocyte
adhesion and their migration across the endothelium,
while its soluble form blocks this process [14].

Two mechanisms for the formation of soluble forms
of adhesion molecules have been suggested: proteo-
lytic cleavage of the molecule [15], which characterizes
ICAM-1 expression on cells, and transcription of the ma-
trix RNA encoding their formation [16].

We found a 38.3-fold increase in the concentration
of the soluble form of VCAM-1 in oral fluid and an 18.1-fold
increase was noted in the concentration of ICAM-1 (Ta-
ble 2). Against the background of plasmolifting therapy,

TABLE 2

the level of the studied substances decreased, but exceed-
ed the control values by 25.2 and 6.4 times, respectively.

High levels of soluble forms of adhesion molecules
indicate an actively ongoing inflammatory process de-
spite a clinically achievable state of remission.

The next stage of the work was to assess the level of de-
veloped endothelial dysfunction by endothelin-1 concen-
tration. It is synthesized mainly by endotheliocytes in re-
sponse to damaging stimuli and is immediately secreted
into the external environment [17]. Endothelin-1 is classi-
cally considered a potent vasoconstrictor peptide. Howev-
er, in addition to its effects on vascular smooth muscle cells,
this substance is increasingly recognized as a pro-inflamma-
tory cytokine. Endothelin-1 causes platelet aggregation and
is involved in increased expression of leukocyte adhesion
molecules, synthesis of inflammatory mediators, and mech-
anisms contributing to vascular dysfunction [18]. We found
an increase of endothelin content in oral fluid among pa-
tients with periodontitis by 40.7 % (p = 0.003), a decrease
in its concentration in treated patients to 16.55 % (p = 0.04).

The homeostatic dynamics of the oral cavity
are constantly changing depending on the composi-
tion of the microflora. The oral dissemination of path-
ogens is hindered by the immune system, which, in ad-
dition to destroying pathogens, is responsible for re-
pairing damaged tissues. Tissue alteration and vascular
changes become the determining factors in the focus
of the host-pathogen relationship. We have determined
that even when clinical remission is achieved, an active
inflammatory process continues in the periodontal tis-
sues. This is confirmed by the presence of correlations.
Thus, papillary-marginal-alveolar index has a high posi-
tive correlation with soluble form of ICAM-1 (r = 0.764),
VCAM-1 (r = 0.825) and endothelin-1 (r = 0.729).

THE LEVEL OF SOLUBLE FORMS OF INTERCELLULAR ADHESION MOLECULES IN PATIENTS WITH CHRONIC

PERIODONTITIS, ME (25th; 75th PERCENTILES)

Control grou
Parameters group

Patients with periodontitis (n = 30)

(n =20)
initial examination after plasmolifting
. 6.34 (2.36; 10.82)
ICAM-1, pg/ml 0.99 (0.45; 1.34) 17.89(14.99,22.97) p, = 0.00001
p, =0.000001 _
p,=0.01
‘ 7.56 (5.36; 9.54)
VCAM-1, pg/ml 0.30 (0.20; 0.40) B '4{(3'32’010%;3 ) p, =0.000001
Py =0 p, = 0.000001

Note. p, - level of statistical significance of differences compared to the control group; p, — compared to the group of patients receiving plasmolifting.



Autoplasm contains a large number of activated plate-
lets, which, adhering to the exposed collagen of the dam-
aged vessel, improve its barrier function, reduce thrombo-
genicity and enhance the growth of smooth muscle cells
surrounding the endothelium [19]. All this leads to nor-
malization of endotheliocyte function and is manifested
by a decrease in the levels of both adhesion molecules
and endothelin-1.

Based on the above, it can be concluded that the use
of plasmolifting in chronic periodontitis is a pathogenet-
ically justified method of therapy.

Thus, patients suffering from chronic periodontitis have
increased levels of soluble forms of adhesion molecules
and endothelin-1, which reflects the ongoing inflamma-
tory process in periodontal tissues. In this case, the course
of chronic periodontitis is accompanied by the develop-
ment of endothelial dysfunction, manifested by an increase
in the concentration of endothelin-1. The use of plasmolif-
ting method leads to a decrease in the levels of adhesive
and vasoactive molecules, reduction of bacterial load,
and promotes clinical remission of the pathological pro-
cess, which may be promising for further research in per-
iodontology.
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ABSTRACT

Background. Furanocoumarin-based drugs are used for photochemotherapy
of various diseases. Sosnovsky’s hogweed can be an available source of furanocou-
marins for the development of drugs.

The aim of the study. To obtain stable emulsions containing furanocoumarins
from Sosnowski’s hogweed and to evaluate their photocytotoxicity.

Materials and methods. To obtain the emulsions, furanocoumarins were ex-
tracted with chloroform from the sap of the aerial part of the Sosnowski’s hogweed.
The chloroform extract was clarified by silica gel gradient column chromatography.
The extractive fraction containing furanocoumarins was analyzed by high perfor-
mance liquid chromatography with ultraviolet (UV) detection.

An extract with a high content of 8-methoxypsoralen was used to prepare two
types of emulsions. The extract was dissolved in peach oil and emulsified in water
with tween-80 (emulsion No. 1) and in an aqueous glycerin solution with lecithin
(emulsion No. 2).

The emulsions were tested for dark and photo-induced toxicity for human lung
fibroblasts. The dose of UV radiation for the photoactivation of furanocoumarins
was 9 J/cm?. A solution of chlorine e6 was used as a comparison photosensitizer.
Results. The obtained emulsions contained 1T mg/ml 8-methoxypsoralen. Both
emulsions were homogeneous at macro- and microscopic visualization, remained
stable when stored under various temperature conditions for 14 days. Emulsion
No. 2 did not show dark toxicity and caused a statistically significant inhibition
of cell viability under UV irradiation at a concentration of 12.5-31.3 ug/mL. Emul-
sion No. 1 had a toxic effect on cells regardless of UV irradiation due to the content
of tween-80. According to fluorescent microscopy, the phototoxic effect of emulsion
No. 2 was manifested mainly due to apoptosis, in contrast to the effect of chlorine e6,
in which there were more pronounced signs of cell necrosis.

Conclusion. The developed experimental emulsions of furanocoumarins from Sos-
novski’s hogweed are an example of promising medicinal photosensitizers of plant
origin for phototherapy of various dermatological and oncological diseases.

Key words: emulsion, furanocoumarins, Sosnowski's hogweed, UV radiation,
tween-80, lecithin, apoptosis
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PE3IOME

O6ocHoBaHue. [na hpomoxumuomepanuu pasauyHelx 3abonesaHuli ucnosp-
3ylomcsa cpedcmea Ha OCHOBe ypaHOKyMapuHo8. JJocmynHeiM UCMOYHUKOM
hypaHoKymMapuHo8 071 CO30aHUS JleKapCmeeHHbIX Npenapamos Moxem 6bimob
6opuwesux COCHOBCKO20.

Lens uccnedoeanus. [onydyums cmabusibHele SMyIbcul, cooepxaujue ypaHo-
KymapuHsl, u3 6opujesuxa COCHOBCKO20 U OYeHUMb UX homoyumomoKCcU4HOCMb.
Mamepuanel u memodsl. OypaHoKyMapuHel 0718 NOJYHeHUsA SMY/IbCcull SKempa-
2Uupo8asu xa0po@opMomM U3 CoKa HadzemHou yacmu 6opujesuka COCHOBCKOZ0.
X1opoghopMHbIl SKCMPAKm o4yuwaau ¢ NOMoWbko 2padueHmHoOU KO/TOHOYHOU
Xpomamozpaghuu Ha cunukazese. JKCMpakmueHy ppaxkyuto, cooepxxawiyto gypa-
HOKYMApUHbI, AHAU3upo8asu C NOMOWbIO 8bICOKOI(HEKMUBHOU XUOKOCMHOU
Xpomamozpadgpuu c ynempagpuonemossim (YP) demekmuposaHuem.

SKCcmpakm ¢ 8bICOKUM COOepXaHuem 8-MemoKCcUuNcopasaeHa uchosse308asau
0714 noJly4yeHuUs 08yX 8UO08 dIMYJ/IbCUl. IKCMPAKM pacmeopsiu 8 NepCUKOBOM
macse u 3mMysb2upo8sasnu 8 800e meuHom-80 (3mysbcus NO 1) u 8 B00HO-2/1UUEpU-
HOBOM pacmeope neyumuHom (3mysbcusa N° 2).

SMynbcuu mecmuposasnu Ha MemMHo8YH U homouHOYyYUPOBAHHY MOKCUYHOCMb
0715 pubpobacmos nézkux yesnoseka. [joza YO-uznyueHus 0ns pomoakmusayuu
yparokymapuHoe cocmasuna 9 [x/cm?. B kauecmse ghomoceHcubunu3amopa
CpasHeHUs UCN0oJ163084J1U pACMBOP X/I0PUHA €6.

Pe3ynemameol. [losydeHHble 3Mynbcuu cooepxanu 1 me/mn 8-memokcuncoparie-
Ha. O6e amynbcuu bbl/IU 20MO2eHHbIMU NPU MAKPO- U MUKpOCKonuYeckoU 8u3yasu-
3ayuu, COXpaHaAIu cmabusibHOCMb NPU XPAHEHUU 8 PA3/IUYHbIX MeMNepamypHbixX
ycrosusx 8 meyeHue 14 oHel. Imynscus NO 2 He NpoAsaAna meMHO80U MOKCUY-
HOCMU U 8bI3b18aJ10 CMAMUCMUYECKU 3Ha4YUMOe y2HemeHue XXU3HecnocobHocmu
knemok npu Y®-obsyyeHuu u KoHyeHmpayuu 12,5-31,3 mke/mn. Imynecus N 1
0Ka3b18a/10 MoKcuYeckoe delicmaue Ha Kiemku Hezagucumo om YO-obnyyeHus
u3-3a codepxaHus 8 cocmase meuHa-80. [1o 0aHHbIM ¢1yopecyeHMHOU MUKpPO-
ckonuu, gomomokcuyeckoe delicmgue dMysbcuu N° 2 NposA8sIAnOCh 2/1A8HbIM
06pasom 3a cuém anonmosd, 8 omsu4ue om 0elicmaus XJI0pUHa e6, NpU KOMOpPOM
umesnucb bosiee 8bIpaXxeHHble NPU3HAKU HEKPO3d K/IeMOK.

3aknroyeHue. PazpabomarHsie 3KCNepUMEHMAsbHble SMYIbCUOHHbIE (hOpMbI
¢ypaHokymapuHos 6opujesuka COCHOBCKO20 A8/1A0mM cobol npumep nepcnek-
MUBHbIX JIeKAPCMBEHHbIX (hOMOCEeHCUbUIU3AMOpPO8 pacmMumesibHo20 NPouUc-
X0ox0eHus 0715 (hpomomepanuu pasudHelx 3a6o1esaHull 8 cghepe depmamosioauu
U OHKOJ102UU.

Knrouesoble cnoesa: smynbcus, pypaHokymapuHsl, 6opujesuk CocHosckozo, YO-
u3Jsly4eHue, meuH-80, 1eyumuH, anonmos

OnauuntnpoBanusn: LUnankuHa B.WN., Kynukos O.A., Bpoposckas E.NM., Anb-xagx Ato6 A.M.,
AreesB.I., MaTaes H.A. MonyuyeHne s3MynbCcMoHHbIX GopM dypaHOKYMaprHOB HoplLiyeBMKa
COCHOBCKOrO 11 OLieHKa 1X GOTOTOKCMYECKOro AeNCTBUSA in vitro. Acta biomedica scientifica.
2023;8(3): 161-171. doi: 10.29413/ABS.2023-8.3.18
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OBJECTIVES

One of the substances widely used in medicine
for photochemotherapy are furanocoumarins, among
which psoralen derivatives (5-methoxypsoralen (5-MOP),
8-methoxypsoralen (8-MOP), etc.) have clinically prov-
en effect [1]. Sosnowsky’s hogweed stands out among
the plants containing high concentrations of psoralen
and its derivatives [2]. In some regions of the globe, in-
cluding Russia, Sosnowsky’s hogweed, as well as other spe-
cies of giant hogweeds, is recognized as a dangerous phy-
toinvasive species and is widely eradicated [3]. As Sosnow-
sky’s hogweed is widespread and rapidly growing phyto-
mass, its plant raw material is very accessible for harvest-
ing and pharmaceutical use.

Currently, the plant Ammi majus is the source
of furanocoumarins for the production of Ammifurin,
photosensitizing drug. Its fruits contain about 2 %
furanocoumarins. Ammi preparations are used as an-
tipsoriatic agents for PUVA (psoralen and ultraviolet A)
therapy [4].

Ammi majus is inferior to Sosnowsky’s hogweed
in phytomass for the production of furanocoumarins.
Ammi furanocoumarins are localized predominantly
in the fruits of the plant and are mixed with a large num-
ber of hydrophobic related substances [4]. Ammi majus
can be found wild only in warm climatic conditions [5, 6]
and in other regions it requires special cultivation con-
ditions.

Furanocoumarins are very lipophilic substances,
but they must be in an aqueous environment to real-
ize their photobiological potential [7]. In various studies,
furanocoumarins are tested as alcoholic solutions or di-
methyl sulfoxide (DMSO) solutions [8, 9], where furano-
coumarins remain stable at high concentrations (more
than 1 mg/ml) provided at least 80 % DMSO is present
in the solvent. The problem of solubility of furanocou-
marins in water can be solved by creating an emulsion
form [10]. Obtaining an emulsion form of furanocoumarins
may alter or disappear the native photosensitizing effect
induced by the plantitself [11]. Until now, furanocoumarin
emulsions based on medicinal plant raw materials have
not been developed and used. In this regard, it becomes
relevant to control the specific activity of active substanc-
es, in our case furanocoumarins.

An effective dosage form of furanocoumarins
with available raw materials for its manufacture
can be widely used as an agent for PUVA therapy
or as an antineoplastic agent against skin neoplasia:
for example, microemulsion for transcutaneous delivery
of furanocoumarins containing various emulsifiers (isopro-
pyl myristate, tween-80, span-80, octanediol) [10]. Micro-
emulsions of 8-methoxypsoralen are intended for PUVA
therapy as topical photosensitizers. However, the corre-
lation between dark and photoinduced toxicity is unfair-
ly little considered in such studies.

There is a view that a simple photosensitizer emul-
sion is not suitable for emulsion droplets without poly-
mer coatings, and the photosensitizing effect of simple
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and polymer-associated emulsions has not been com-
pared [11].

The use of nanoemulsions of furanocoumarins, where
essential oil is used as the oil phase, has been proposed
for local administration. It has been found that despite
the finely dispersed composition (about 30 nm) of the re-
sulting emulsion, it is also well retained in the skin [12].
However, we cannot, for example, talk about the paren-
teral administration in case of such emulsions.

Researchers offering emulsion formulations for skin
application have a fairly wide choice of solvents, as furano-
coumarins can dissolve in many essential and fatty oils.
However, if the photosensitizer is to be administered par-
enterally, the range of oils available for use is sharply nar-
rowed. The need to administer the photosensitizer intra-
vascularly may be motivated by a more significant effect,
as opposed to superficial application, which has been re-
peatedly shown by various researchers [13, 14]. Paren-
teral formulation of the photosensitizer is also necessary
for intratumoral administration during therapy of unre-
sectable tumors [15, 16] or delivery of activating radiation
via optical fiber into the tumor tissue [17].

The aim of this study was to obtain stable emulsions
containing furanocoumarins isolated from Sosnowsky’s
hogweed and to evaluate their photocytotoxicity.

MATERIALS AND METHODS

The source of plant raw material was the aerial part
of Heracleum sosnowskyi Manden. The plant was defined
according to The Giant Hogweed Best Practice Manual. Guide-
lines for the Management and Control of an Invasive Weed
in Europe (2005). The furanocoumarins fraction was extract-
ed from the sap of the aerial part. The extraction, purifica-
tion and high-performance liquid chromatography (HPLC)
process was carried out according to the previously de-
scribed methodology [18], the scheme of which is shown
in Figure 1.

Two emulsions with different emulsifying agents
were prepared from the extractive fraction containing
furanocoumarins. For the manufacturing of emulsions,
the dried extract containing 100 mg of 8-MOP was dis-
solved on heating in 10 ml of peach oil (Mirrolla, Russia).
Further work was carried out with the heated oil extract
solution for emulsion manufacturing.

An aqueous 2.5 % solution of polysorbate 80
(Tween-80) (Sigma-Aldrich, USA) was used as a stabi-
lizer for the first method of furanocoumarins emulsion
(emulsion No. 1) manufacturing. Under vigorous stirring
and constant temperature of 25 °C, 1 ml (0.916 g) of an oil
solution of furanocoumarins of Sosnowsky’s hogweed
with a concentration of 8-MOP 6.125 mg/ml was added
dropwise to 5 ml of polysorbate solution. The prepared
mixture was stirred for 10 minutes and then exposed
to ultrasound (50 W) for 10 minutes. A total of 3 repet-
itive emulsification cycles were performed. The quality
of the prepared emulsion was controlled by light micros-
copy in three stages: 1) immediately after preparation;



2) after storage in a refrigerator for 96 h at 4 °C; 3) after
storage at 20-22 °C for 14 days.

The second variant of furanocoumarins emulsion
(emulsion No. 2). The aqueous phase was made by adding
0.1315 g of glycerol (Sigma-Aldrich, USA) to 5 ml of deion-
ized water; the mixture was stirred on a magnetic stirrer
at 70-75 °C. At the same time, an oil phase was prepared
from 0.1 g of lecithin (phosphatidylcholine, EPCS 10 8018-
1/130, Lipoid, Germany) and 0.916 g of an oil solution
of hogweed furanocoumarins obtained according to the
method described above. The mixture was stirred at 90 °C
untila homogeneous consistency is obtained. The oil phase
was slowly added to the aqueous phase at a temperature
of 70-75 °C while stirring vigorously. The resulting emul-
sion was stirred at 70-75 °C for 10 minutes. The mixture
was then homogenized using ultrasound (200 W - 1 min;
25/2 s cycle) until emulsion globules were formed.

The study of emulsion cytotoxicity was carried
out on cell culture of human lung fibroblasts (HLF)
in the National Research Center for Epidemiology and Mi-
crobiology named after Honorary Academician N.F. Ga-
maleya of the Ministry of Health of Russia. During the ex-
ponential growth phase, cells were dispersed into a 96-
well plate at a concentration of 5,000 cells/well and in-
cubated for 24 h under standard conditions on DMEM
medium supplemented with 10 % FBS (fetal bovine se-
rum) and antibiotics (penicillin-streptomycin) at 5 %
CO, and 37 °C.

e

Phototoxic reactions of furanocoumarins were in-
duced using an ultraviolet (UV) lamp (365 nm, 40 W; Came-
lion LH26-FS/BLB/E27, China), which was placed at a fixed
distance of 20 cm from the target cells to obtain a con-
stant radiation intensity of 35 mW/cm?. Radiation inten-
sity was measured using a ThorLabs PM100D radiometer
(Germany). The photocytotoxic effects of the emulsions
were determined at concentrations of 8-MOP in the well
of the plate: 125, 62.5, 31.3, 15.6, 7.8, 3.9, 2 and 1 pg/ml.
Cells were irradiated with UV light four hours [19] after
emulsions were applied.

Chlorin e6, a photosensitizer from the group of por-
phyrins, was used to control photodynamic stress.
Chlorin e6 solution (50 pg/ml) was prepared in DMSO
(50 mg/ml) and stored in a dark place at 4 °C. For the in-
duction of photodynamic action with chlorin e6, concen-
trations in the well of the plate were used: 6.3-0.05 pg/ml
[20, 21]. The cells were irradiated with 660 nm LED lamp
irradiation.

The radiation dose was selected empirically based
on the results of a control experiment without appli-
cation of the test agents. 1 hours after irradiation, cells
were trypsinized and transferred to a 96-well plate
with medium. After 24 hours of incubation, cell viabil-
ity was assessed using the MTT assay [22]. Tween-80
and lecithin were administered separately to assess their
contribution to cytotoxic effects. The phototoxic effect
of each photosensitizer was monitored in relation to cells

Heracleum sosnowskyi

Chloroform
extraction

Gradient column chromatography
Benzene — Benzene : ethyl acetate (3:1) — (1:1) — (1: 3) — methanol

- — 1

T~

[ Fraction 1 ] [ Fraction 2 ] [ Fraction 3 ]

Fraction 6

[ Fraction 4 ] [ Fraction 5 ]

Vacuum drying,
dissolution in acetonitrile

v
[ Cooling to +2 °C ]

[ HPLC H
FIG. 1.

Scheme for isolating the furanocoumarin fraction from the Sosnowsky’s hogweed sap. High-efficiency liquid chromatography of extractive
fractions was carried out in isocratic mode (chromatography system by Gilson (France); Kromasil C18 column 4.5 mm X 5 um x 250 mm).
Mobile phase: water/acetonitrile (1:1). Flow rate 0.8 ml/min. Detection at wavelength 250 nm. Software “Millichrome” (Russia). Analytical
standards: 5-methoxypsoralen, 8-methoxypsoralen (Sigma-Aldrich, USA)

Cold filtration
at+2 °C
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that were placed in a dark place after administration
of the test substances. Cell viability in all experimental
groups was evaluated relative to a control series of wells
(negative control) in which no test component was placed
and no irradiation was performed.

After 24 hours of incubation, the medium was replaced
with 5 % MTT solution (3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyl). MTT was reduced to formazan crystals, which was
evaluated using an inverted microscope (Micromed, Rus-
sia). The medium was then removed and 150 pl of DMSO
was added and stirred for 20 min at 37 °C. Optical density
was measured on Varioskan Lux Reader (Thermo Fisher Sci-
entific, USA) at a wavelength of 570 nm versus 650 nm ref-
erence wavelength. Optical density (OD) results were dis-
played in % OD (sample) / OD (control).

Data are presented as mean * standard error of mean
(SEM) for > 3 independent experiments or half maxi-
mal inhibitory concentration (ICs,) values and their 95 %
confidence intervals obtained by nonlinear regression.
Differences between experimental groups were com-
pared by statistical data processing using Student’s
t-test and ANOVA test. The critical level of statistical sig-
nificance of the differences was 5 % (p < 0.05). All statis-
tical analyses were performed using SPSS Statistics 10.0
software (IBM Corp., USA).

RESULTS

A fraction with high content of furanocoumarins (8-
and 5-methoxypsoralen) was found using HPLC of the
extract. The appearance of the chromatograms is shown
in Figure 2.

The retention time of the substances of the Sosnow-
sky’s hogweed extract corresponded to the retention
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FIG. 2.

time of the analytical standards 8- and 5-MOP. Accord-
ing to the calibration curve (peak area versus concentra-
tion) constructed using a solution of 5- and 8-MOP in ace-
tonitrile, the concentration of 8-MOP in the original sap
was 506 mg/l, and that of 5-MOP was 23 mg/I.

Based on the predominance of 8-MOP in the sap
of Sosnowsky’s hogweed, this furanocoumarin was taken
as the dosage active substance in the emulsions.

When the concentration of 8-MOP in peach oil
was 6.125 mg/ml at room temperature (20 °C), no needle
crystals of furanocoumarins were formed and a stable
oil solution was obtained. However, when the solution
was placed in a refrigerator at 4 °C, needle crystal pre-
cipitation occurred. The concentration in the 8-MOP oil
solution that did not result in crystals at 20 °C and 4 °C
was 3 mg/ml. The experimentally obtained solubili-
ty limit of extractive furanocoumarins in oil is similar
to that obtained by B. Baroli et al. for chemical sub-
stances [10].

The quantities of emulsion ingredients are listed in Ta-
ble 1. Both emulsions contained 8-MOP at a concentration
of T mg/ml.

The obtained emulsions were homogeneous visu-
ally and under microscopy. The emulsion samples re-
mained stable during a storage period of 14 days or more
with the temperature range of 4-20 °C.

UV radiation had a statistically significant inhibito-
ry effect on HLF cell development at a dose of 22 J/cm?2.
Thus, the ultimate safe dose of this radiation was 18 J/cm?
(Fig. 3a). However, this dose had a large error in the mean,
and we adopted a UV dose of 9 J/cm? as an indifferent
dose for this cell type. LED wavelength radiation (660 nm)
did not cause a statistically significant decrease in cell
viability up to a dose of 30 J/cm? (Fig. 3a) and was used
at this power to photoactivate chlorin e6.
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Chromatograms of a solution of furanocoumarins (8- and 5-methoxypsoralen) in acetonitrile (a) and of the extract of Sosnowsky’s hog-
weed sap containing high concentrations of the same furanocoumarins (b)
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TABLE 1

COMPOSITION OF OBTAINED EMULSIONS OF FURANOCOUMARIN FROM SOSNOWSKY’S HOGWEED

Composition of emulsion sample No. 1 (w/w %)

Water Peach oil 8-MOP Tween-80
82.7 15.15 0.1 2.05
Composition of emulsion sample No. 2 (w/w %)
Water Glycerin Peach oil 8-MOP Lecithin
81.3 2.12 14.89 0.1 1.63
120 - 120 - Chlorin e6
mUV m660 nm ® Chlorin e6 + 660 nm -[ T
i T
100 100 + -l- . f_
R T ¥ % -
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a b
FIG. 3.

Change in viability of HLF cells under different doses of UV (365 nm) and red (660 nm) radiation (a); photodynamic effect of chlorin e6
on HLF cells (b): + - statistically significant differences with values of the control group, without application of test substances and irradia-
tion; * - statistically significant differences with values without irradiation at the same concentration of chlorin e6

MTT assay in the group using the photodynamic photo-
sensitizer chlorin e6 showed statistically significant chang-
es in HLF cell viability due to the photosensitizing effect.
At concentrations of 1.6-6.3 ug/ml, chlorin e6 had a signif-
icant toxicity against HLF cells, as at these concentrations
cell viability was statistically significantly reduced relative
to the negative control group in both cultivation regimes
(Fig. 3b). Starting from chlorin concentration e6 1.6 ug/ml,
the photosensitizing effect of chlorin began to appear,
as in this case cell viability was statistically significantly low-
er(p <0.01) than in the dark regime (Fig. 3b). At lower con-
centrations of chlorin e6, its phototoxicity was still present
at all dilutions (0.05-0.8 ug/ml), as evidenced by the low
cell viability (at 68-75 %), which had statistically signif-
icant differences from that in the group of cells that re-
ceived chlorin at the same concentrations but were not ex-
posed to LED irradiation (Fig. 3b). At a chlorin e6 concen-
tration of 0.4 ug/ml and irradiation, no statistically signif-
icant differences with the dark regime were noted. How-
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ever, relative to intact cells, lower viability was noted
at p <0.001 (Fig. 3b).

Figure 4a shows that emulsion No. 1 has a cytotoxic
effect on cells at fairly low concentrations. It is shown
that there is no significant difference in cell survival
without and after UV irradiation. Up to a concentration
of 2 ug/ml in 8-MOP medium, emulsion No. 1 shows
statistically significant cytotoxicity. However, if the in-
trinsic toxicity of tween-80 is considered (Fig. 4b),
it can be seen that it repeats in general the toxicity
of emulsion No.1.

Emulsion No. 2 without UV irradiation had no toxic ef-
fect on cells. In contrast to emulsion No. 1, lecithin was used
as an emulsifier in emulsion No. 2, which did not show
its own cytotoxicity at the concentrations studied. Leci-
thin, examined in isolation from other emulsion compo-
nents, did not cause statistically significant changes in HLF
culture viability under both dark and UV irradiation condi-
tions (Fig. 4b).
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When emulsion No. 2 is used in combination with UV,
a clear phototoxic effect can be observed against cells
at 8-MOP concentrations of 125, 62.5 and 31.3 pg/ml.
At these concentrations, emulsion No. 2 reduced cell vi-
ability to 38 + 9, 25 + 6 and 41 + 3 %, respectively, ver-
sus 86+ 6% (p<0.01),110%x 1% (p <0.001) and 87 £3 %
(p<0.001) at the same concentrations but under dark con-
ditions (Fig. 4b).

Relative to intact cells of the negative control, cells
that received emulsion No. 2 in photomode also had sta-
tistically significantly lower viability values. Thus, at 8-MOP
concentrations of 31.3,62.5 and 125 pg/ml and UV irradia-
tion, cell viability was statistically significantly lower than
in the control at the statistical significance level of 0.017,
0.0048 and 0.018, respectively (Fig. 4a).

At lower concentrations (1-15.6 pg/ml), emulsion
No. 2 did not inhibit cell viability under both dark and UV
conditions. Therefore, it can be concluded that the con-
centration of 8-MOP 31.3 pg/ml for this type of cells ap-

peared to be the limit for realization of phototoxic action
of emulsion No. 2.
Fluorescence microscopy showed that in a large per-
centage of cases, cells lost viability due to apoptosis (Fig. 5).
Apoptotic cells at early and late stages were detected in all
test groups. Without cell culture intervention, the percent-
age of cells in apoptosis was 7 + 3 %. After UV irradiation
(9 J/cm?) it increased to 15 * 3.5 %, which was not statis-
tically significant. A distinctive feature of cells with signs
of apoptosis in the group with emulsion No. 2 and chlo-
rin e6 after photoactivation was the presence of vesicles
on the cell membrane. Almost all cells in these groups
had this trait after irradiation (Fig. 5). The highest number
of apoptotic cells could be noted in the group with emul-
sion No. 2 after UV irradiation, where 84 + 6 % of all cells
showed signs of apoptosis. Necrotic cells with karyorrhex-
is and monotonous red and brown cytoplasm were found
most extensively in the groups with emulsion No. 1
and tween-80 in 25 % and 28 % of cases, respectively.
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Viability of HLF cells according to the MTT test under the influence of emulsion furanocoumarins from Sosnowsky’s hogweed (a)
and of used emulsifiers (b) (dark and photo-induced toxicity): + — statistically significant differences from the values in the control group,
without the test substances introduction and irradiation; * - statistically significant differences from the values without UV irradiation

and at the same concentration of test substances
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TABLE 2

RATIO OF DARK AND PHOTOINDUCED CONCENTRATION (MG/ML) OF HALF MAXIMAL INHIBITION (ICy,  n/1Cs ,/660)

FOR 8-MOP IN EMULSIONS, EMULSIFIERS AND CHLORIN E6

Emulsion No. 1 (8-MOP) Tween-80

1.2/10.5 51/69.5

At the same time, the number of cells with signs of ap-
optosis and necrosis did not statistically significantly increase
under UV irradiation (Fig. 5). The increase in cells show-
ing signs of apoptosis and necrosis when exposed to UV
irradiation on cells treated with emulsion No. 2 was sim-
ilar to that of chlorin e6, where after red light irradiation
an average of 55 + 2 % of cells were in a state of apoptosis
and 14 + 1 % were in a state of necrosis. In the group treat-
ed with lecithin at a concentration of 2.5 mg/ml, vesicles
on the cell membrane were extremely rare, and the mor-
phological pattern of this group did not change after UV ir-
radiation.

Injection of lecithin into the medium with cells result-
ed in 24 £ 2 % of cells showing signs of apoptosis (Fig. 5).
However, UV irradiation did little to change cell morpholo-
gy upon lecithin application with 40 + 8% of cells in a state
of apoptosis.

The concentration of half-maximal inhibition of 8-MOP
in emulsion No. 1 did not decrease but increased upon
UV irradiation of cells (Table 2), which was apparently due
to the prevailing toxicity of tween-80 for this emulsion,
which prevented the detection of the photosensitizing ef-
fect of 8-MOP in vitro.

Emulsion No. 2 was responsive to UV irradiation
and markedly reduced cell viability. In the absence
of UV, emulsion No. 2 was found to be non-toxic to cells
and IC,; in a dark place was not reached for this emul-
sion (Table 2).

DISCUSSION

Therefore, emulsion No. 2 has a photocytotoxic effect
due to the furanocoumarins of Sosnowky’s hogweed con-
tained in it and is not toxic to human cells in the absence
of UV radiation. Emulsion No. 1 has its own cytotoxicity
due to its tween-80 content. Tween-80 has previously been
shown to have membranotoxic properties [23]. Howev-
er, the toxicity of tween-80 does not negate the presence
of photoinduced toxicity in emulsion No. 1, as the in vit-
ro toxicity of tween-80 may override it. The development
of a stable emulsion dosage form in our study was aimed
at the prospective use of furanocoumarins in vivo to cre-
ate an affordable and easy to manufacture dosage form
for photochemotherapy [24]. The emulsion form studied
overcomes the difficulties associated with the hydropho-

Emulsion No. 2 (8-MOP)

Lecithin Chlorin e6

-/36.8 4/2

bicity of furanocoumarin molecules and effectively stabi-
lizes them as a liquid heterogeneous system [25]. Lecithin
used to create emulsion No. 2 showed itself as a photo-in-
dependent component, which is consistent with the liter-
ature [26], and therefore did not interfere with the photo-
toxic effect of furanocoumarins.

Despite the fact that Sosnowsky’s hogweed is a danger-
ous invasive plant growing in many regions of the world.
Nevertheless, its physiological features and chemical com-
position make it a unique and accessible source of raw
materials for the production of highly active photosensi-
tizers, which may become an alternative to phthalocya-
nines against various diseases, including neoplasms, re-
quiring the use of photoactive materials [16]. As our study
showed, furanocoumarins of Sosnowsky’s hogweed have
a phototoxic effect on isolated cells, unlike the stand-
ard photosensitizer chlorin e6 — mainly due to the activa-
tion of apoptosis (Fig. 5). A characteristic morphological
sign of cell apoptosis under the influence of furanocou-
marins of Sosnowsky’s hogweed was the presence of ves-
icles on the cytoplasmic membrane. This probably com-
plements the mechanism of photocytotoxicity of the hog-
weed furanocoumarins and suggests their membrano-
toxic action [27]. The same mechanism of phototoxicity
is characteristic of photosensitizers, porphyrin derivatives,
which require oxygen and the activator, light, for acti-
vation [28]. However, the mechanism of photosensitiz-
ing action of furanocoumarins is related to the formation
of A-covalent monoadducts and interchain cross-links
in DNA between pyrimidine bases under UV radiation [29].
This mechanism is not the classical photodynamic mecha-
nism characteristic of chlorin e6 and other porphyrin-type
photosensitizers.

CONCLUSION

The developed experimental emulsions of furano-
coumarins from Sosnowsky’s hogweed are an example
of promising medicinal photosensitizers of plant origin
for phototherapy of various dermatological and oncolog-
ical diseases.
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Morphology and quantitative evaluation of HLF cells with signs of apoptosis and necrosis under the influence of photosensitizers
in the dark and upon photoactivation (explanation in the text)
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SURGERY

ABSTRACT

The article presents data on variant X-ray anatomy of the superior rectal artery
and types of arterial architectonics of the rectum. The causes of recurrent hemor-
rhoidal disease after traditional transanal surgical interventions are highlighted.
The possibilities of endovascular occlusion of rectal arteries in the treatment of re-
lapses of chronic hemorrhoids are shown. Its technical variants are given depend-
ing on the number of hemorrhoidal arteries and types of arterial architectonics
of the rectum.

Over a 2-year period, clinical results of endovascular occlusion of hemorrhoidal arter-
ies were evaluated in 11 patients with relapse of the disease after various transanal
interventions: after latex ligation of internal hemorrhoids — in 5, transanal desar-
terization of internal hemorrhoids with mucopexia - in 4, hemorrhoidectomy — in 2.
The average age of patients was 44.2 + 12.5 years. Men - 5, women — 6. Superselective
occlusion of the target hemorrhoidal branches of the upper rectal artery was per-
formed with EmboGold (Merit Medical) micropatrticles, 500-700/300-500 mkm
in size. Inmediate results: cessation of bleeding on the first day - in 4 patients,
after 3 days - in 5, after 7 days — in 2. Terms of hospitalization - 1 day, disability —
4.3+ 0.7 days. Long-term results (from 1 to 2 years) were observed in all 11 patients.
The course is relapse-free.

As an illustration, a clinical case is presented - successful treatment of a patient
with recurrent hemorrhoidal disease by endovascular occlusion of hemorrhoidal
arteries after five traditional transanal surgical interventions: sclerosing, ligation,
dearterization of internal hemorrhoids, dearterization of internal hemorrhoids
with mucopexia, removal of external hemorrhoids. Within 3 months after endo-
vascular occlusion — complete regression of all symptoms of hemorrhoidal disease.
According to the questionnaire (after 1 and 2 years) there is no relapse of the disease,
the patient is subjectively satisfied with the endovascular treatment.

Keywords: hemorrhoidal disease, chronic hemorrhoids, recurrence of hemorrhoidal
disease, endovascular treatment of hemorrhoids, occlusion of hemorrhoidal arteries,
embolization of the superior rectal artery

For citation: Zakharchenko A.A., Litvinyuk N.V., Polezhaev L.A., Protopopov A.V., Vin-
nik Yu.S., Danilova A.V. Occlusion of rectal arteries in the treatment of recurrent hemor-
rhoidal disease after transanal surgical interventions. Acta biomedica scientifica. 2023; 8(3):
172-178. doi: 10.29413/ABS.2023-8.3.19

172



3axapueHko A.A. 1,
JinteuHiok H.B. 7,
MNonexaes J1.A. 2,
MpoTtononos A.B.,
BuHHuk 10.C. 7,
JaHunosa A.B. 2

T ®OrbOY BO «KpacHoapckuii
rocyfapCTBEHHbIN MeANLIMHCKINN
YHUBEPCUTET MeHN Npodeccopa

B.®. BoiHo-AceHeuKkoro»

MwuH3gpasa Poccum

(660022, r. KpacHospcK,

yn. NMapTtusaHa XenesHska, 1, Poccua)

2 HayuHO-MCCNeA0BaTeNbCKNM MHCTUTYT
MefunUUHCKKX npobnem Cesepa CO PAH
(660022, KpacHosapck,

yn. NMapTtunsaHa XenesHska, 3r, Poccna)

ABTOP, OTBETCTBEHHbIV 33 Nepenncky:

3axapueHKo AneKkcaHap
AnekcaHgpoBuuy,
e-mail: proctomed@mail.ru

(ratba nonyyeHa: 01.02.2023
(ratba npunaTa: 30.05.2023
(raTba ony6nukosaHa: 11.07.2023

PE3IOME

Bcmamee npedcmassieHbl daHHbIe 0 8apuaHMHoU peHmaeHoaHamomuu sepxHel
pekmansHoU apmepuu U munax apmepuasibHol adpxumeKmOoHUKU NPAMOU KUWKU.
OceseleHbl NpUYUHbI peyuou8o8 2eMoppouUddsibHOU 60/1e3HU Noc/ie MPaouyuoH-
HbIX MPAHCAHAbHbIX XUPYpeUYecKux gMewamesnbcma. [TokazaHsl 603MOXHOCMU
3HO08ACKYIAPHOU OKKJTI03UU pekmasibHblx apmepul 8 siedeHuuU peyudusos xpo-
HUYecko20 2emMoppos. [pusedeHsbl eé mexHuUYeckue 8apuaHmMel 8 3a8UCUMOCMU
om KoJsiudecmaa 2eMoppoudasibHbix apmepuli U munos apmepuasnsHoOU apxu-
MeKMOHUKU NpAMOU KUWKU.

3a 0syxnemHuti nepuod oyeHeHbl KITUHUYecKue pe3ysibmamel 3HO08ACKYIAPHOU
OKKJII03UU 2emoppoudassHelx apmepuli y 11 nayueHmos ¢ peyuousom 3abore-
8aHUSA NOC/IE PA3/IUYHbIX MPAHCAHAIbHBIX BMeWamesibCma: Nocsie IAMeKCHO20
JU2UPOBAHUA BHYMPEHHUX 2eMOPPOUOAsIbHbIX Y3/108 -y 5, MpaHcaHaabHoU dezap-
mepu3ayuu 8HympeHHUX 2eMoppouUOasIbHbIX Y3108 C Mykonekcuel — y 4, 2emop-
poudakmomuu -y 2. CpedHuli 8o3pacm nayueHmos cocmasus 44,2 + 12,5 z2o0a.
Myx4uH - 5, xeHwuH — 6. CynepcesieKmugHYI0 OKKJTH03UIO Uesiesblix 2eMOppou-
0asnbHblx semael sepxHell pekmasbHoU apmepuu 8bINOJIHAIU MUKpoYacmuyamu
EmboGold (Merit Medical), pazmepamu 500-700/300-500 mkm. HenocpedcmaeHHble
pe3ysibmamel: npekpaujeHue KposomedeHul 8 nepeble Cymku — y 4 nayueHmos,
yepes 3 cymok -y 5, yepe3 7 cymok -y 2. Cpoku eocnumanusayuu — 1 cymku,
HempydocnocobHocmu — 4,3 + 0,7 0HA. Om0oanéHHsie pe3ysnbmamel (om 1 200a
00 2 iem) npocriexxeHsl y 8cex 11 60/1bHbIX. TeueHue — 6e3peyudusHoe.

B kayecmee unnrocmpayuu npugedéH KauHuYeckul csiyyall ycneuwHo20 jedeHus
nayueHma ¢ peyuousom 2eMoppoudasabHoU 601e3HU NYMEM 3HO08ACKYIApHOU
OKKJII03UU 2eMOppoudasibHeix apmepuli nocse NAmMu mpaouyuoHHbIX MPAHC-
AHAJIbHBIX ONEepamuBHbIX BMeWamebCma: CK/1epo3upo8aHus, TU2UPOBAHUS,
desapmepu3ayuu 8HympeHHUX 2eMOoppoudasIbHbIX Y3108, 0ezapmepusayuu
B8HYMPEHHUX 2eMOppPOUOdIbHbIX Y3/108 C MyKoneKkcuel, yodaaeHUs HapyXHbiX
2eMOoppouOasbHbIX y3/108. B meyeHue 3 mecayes nocsie 3H008ACKYAPHOU OKKITHO-
3UU - NOJIHBIU pezpecc 8cex CUMNMOMO8 2eMOppouUddsbHOU 60/1e3HU. [1o OaHHbIM
aHkemuposarus (depe3 1 u 2 200a) - peyuousa 3abonegaHus Hem, CybveKmugHoe
yodossiemeopeHue NPosedEHHbIM SHO0BACKY/TAPHbIM JledeHUeM.

Knrouesonie cnosa: 2emoppoudasnsHas 601e3Hb, XpoHuUYeckul 2emoppod, peyu-
ous 2eMoppoudasnbHol 60/1e3HU, 3HO0BACKY/IAPHOE JledeHuUe 2eMOPPOS, OKKJTHO3UsA
2eMoppoudasbHbix apmeputl, 3Mbos1u3ayus sepxHeli pekmasbHol dpmepuu

OnauyntupoBaHua: 3axapuyeHko A.A., JnteuHiok H.B., Monexaes J1.A., Mpotononos A.B.,
BuHHuK 10.C., JaHunoBa A.B. OKKN031A peKTanbHbIX apTEPUN B NIeYEHUN peLngnBoB
remoppounganbHon 60ne3HY Nocse TpaHCaHanbHbIX XMPYPrMyeckux BMeLlaTenbCTB. Acta
biomedica scientifica. 2023; 8(3): 172-178. doi: 10.29413/ABS.2023-8.3.19
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INTRODUCTION

The choice of hemorrhoid treatment method depends
on the form (acute/chronic), stage of the disease (I-1V)
and individual clinical picture. By now, coloproctologists
have conservative therapy and various surgical interven-
tions (minimally invasive/hemorrhoidectomy) in their ar-
senal.

If conservative therapy is ineffective in stage I-lll
hemorrhoidal disease (HD) without clinically apparent
external component, preference is given to minimally
invasive surgical treatment methods: sclerotherapy; li-
gation of internal hemorrhoids with latex rings; transa-
nal desarterization of internal hemorrhoids (IH) under
the control of ultrasound navigation + mucopexia; la-
ser vaporization. In stage IV, the gold standard is hem-
orrhoidectomy [1].

All known minimally invasive treatments for HD
can be categorized as symptomatic and pathogenetic.
The latter includes Doppler-guided transanal IH desarter-
ization £ mucopexia. Another pathogenetically substan-
tiated method is endovascular occlusion of hemorrhoidal
arteries (HA), which allows to eliminate arterial-venous im-
balance [2-4].

There is no doubt that any surgical method of HD
treatment, even pathogenetic, is fraught with recur-
rences in a certain percentage of cases [1, 4]. This rais-
es a number of questions: 1. What underlies HD recur-
rences after any surgical interventions? 2. How can
the risk of recurrence after transanal minimally inva-
sive interventions and hemorrhoidectomy (where re-
peated invasions through the anus significantly increase
the risk of anal canal stenosis/anorectal incontinence)
be leveled? 3. Is it reasonable to use endovascular oc-
clusion of rectal arteries for recurrences as the opera-
tion of choice?

To date, there is little evidence in the literature to an-
swer the questions posed above. This prompted us to pre-
sent a vision of the problem of disease recurrence based
on our own scientific and clinical studies [4, 5].

THE AIM

To determine the role and place of rectal artery oc-
clusion in recurrent hemorrhoidal disease after traditional
transanal surgical interventions.

MATERIALS AND METHODS

In the period from 2020 to 2022, 11 patients with dis-
ease recurrence were treated by the method of endovas-
cular occlusion of hemorrhoidal arteries: after latex liga-
tion of internal hemorrhoids - 5, transanal disarterization
of hemorrhoidal arteries with mucopexia — 4, hemorrhoid-
ectomy - 2. The recurrences were recorded: within the first
year —in 3, from 1 to 2 years - in 8 patients. The patients’
mean age was 44.2 = 12.5 years. Men - 5, women - 6.

Informed consent for this method of hemorrhoidal
disease treatment was taken from all patients enrolled
in the study.

The technology of endovascular treatment of hemor-
rhoidal disease was considered and approved by the Eth-
ics Committee of the Prof. V.F. Voino-Yasenetsky Krasno-
yarsk State Medical University in 2000 (Minutes No. 7 dat-
ed 13.05.2000).

Endovascular intervention was performed through
afemoral access on theright by Seldinger. We used: femoral
sheath introducer, 5F (Merit Medical, USA), Simmons/Cobra
4, 5F catheters (Boston Scientific, USA), Maestro microcath-
eter (Merit Medical, USA) - 2.0-2.8F, hydrophilic microwire
(Boston Scientific, USA) — 0.035/0.014», contrast - Omnipak.
During the diagnostic stage we determined: the number
of hemorrhoidal arteries (target vessels), absence/presence
of collateral connection of the SRA branches with the mid-
dle rectal arteries (MRA). Further, we performed superselec-
tive occlusion of all target vessels depending on the X-ray
and anatomical variant of SRA division and type of arteri-
al architectonics of the rectum: with EmboGold micropar-
ticles, 300-500/500-700 um (Merit Medical, USA). Immedi-
ate results were evaluated in all patients at up to 1 year and
long-term results at 1 to 2 years.

RESULTS AND DISCUSSION

The results of our angiographic studies in HD showed
that the blood supply of internal hemorrhoids is car-
ried out predominantly by branches of the superior rec-
tal artery (73.1 %). Increased arterial inflow to the hemor-
rhoids on the background of triggering factors is caused,
among other things, by the expansion of the SRA diam-
eter, its distal (hemorrhoidal) branches, predominance
of the trifurcation type of branching (69.2 %). A collat-
eral connection of the distal branches of the superior
rectal artery (SRA) with the middle rectal arteries (MRA)
was detected in 28.3 % of cases [4]. The SRA distal branch-
es were traced in the number of three to the distal rec-
tum (IH localization zone) only in 13.5 % of cases. Four
branches were identified in 17.7 % of patients, 5 branch-
es —in 42.2 %, 6 branches — in 16.4 %, and 7 branch-
es —in 10.2 %. Angiographic findings about the variant
number of hemorrhoidal arteries are in full agreement
with the known anatomical data [1] and ultrasound nav-
igation (Dopplerometry) results [1, 4].

As per angiography data, two variants of SRA branching
were found: main type (89.8 % of cases) (Fig. 1a, b) and loose
type (10.2 %) (Fig. 1c). Along with that, there was either
no collateral connection of distal SRA branches with middle
rectal arteries (71.7 %) or its presence: left-sided - in 21.4 %
of cases (Fig. 1d), right-sided - in 3.1 % (Fig. 1e), bilateral -
in 3.8 % (Fig. 1f).

Based on our identified features of arterial architec-
tonics of the rectum [4] and on our own observations,
in 2018, V. Vidal offered a new angiologic classification
of arterial architectonics of the rectum, in which two types
were distinguished. Type | - absence of collaterals be-
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FIG. 1.

e

Variants of arterial architectonics of the rectum according to angiography. a, b - the main type of SRA branching. Absence of collateral
connection of hemorrhoidal branches of the SRA with the MRA; ¢ — loose type of SRA branching without a collateral connection with MRA;
d - collateral connection of hemorrhoidal branches of the SRA with the MRA (left); e - collateral connection of hemorrhoidal branches

of SRA with MRA (right); f— collateral connection of hemorrhoidal branches of SRA with MRA (bilateral)

tween branches of the superior rectal artery and the mid-
dle rectal arteries. Type Il — presence of collateral con-
nection [5].

As follows from the above, underestimation of the data
on the variant number of hemorrhoidal branches
of the SRA and collateral blood supply of the internal
hemorrhoids through the middle rectal arteries deter-
mines the risk of HD recurrence and may worsen the re-
sults of both known transanal minimally invasive inter-
ventions and hemorrhoidectomy, as well as endovascu-
lar treatment.

Based on these features of blood supply to inter-
nal hemorrhoids, different variants of hemorrhoidal ar-
tery occlusion are currently used clinically using two
main types of microemboli: metal spirals and synthet-
ic particles. In type | arterial architectonics of the rectum
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only superselective occlusion of hemorrhoidal branches
of the SRA with metal spirals is used [6]. In type Il, the mid-
dle rectal arteries are occluded with metallic spirals si-
multaneously [6].

Due to the high cost of spirals (in Russia), impossibil-
ity of their reinstallation during dislocation, risk of non-
target embolization, we use synthetic microemboli Em-
boGold, 300-500/500-700 um (Merit Medical, USA),
both for primary treatment of bleeding hemorrhoids
and in case of disease recurrence after traditional transa-
nal interventions depending on the X-ray and anatomi-
cal variant of SRA division and type of arterial architec-
tonics of the rectum.

In case of disease recurrence after traditional transa-
nal interventions and type | architectonics, superse-
lective occlusion of all target hemorrhoidal arteries



in the SRA basin with EmboGold microparticles (500-
700 um) was performed in 8 patients. In type Il - simi-
larly microemboli were used, only of smaller size (300-
500 um) —in 3 patients. They were also injected superse-
lectively into all hemorrhoidal branches of the SRA, but
maximally distally - below the collateral anastomoses
with the MRA. This technical solution did not require ad-
ditional endovascular manipulations in the middle rec-
tal artery basin and technically simplified the endovas-
cular intervention.

The mean intervention time was 40.2 = 9.7 min.
Systemic and local complications have not been re-
ported. Pelvic pain syndrome was absent in 8 patients
with type | and in 1 patient with type Il, both during
and after HA occlusion. No pharmacologic therapy was re-
quired. In type Il (2 patients), there were registered un-
expressed pains (2-3 points as per the VAS) in the anus
area for up to 3 days. They were effectively treated with
oral analgesics.

Immediate results: cessation of bleeding on the first
day - in 4 patients, after 3 days - in 5, after 7 days - in 2.
Terms of hospitalization - 1 day, disability - 4.3 + 0.7 days.
Long-term results (from 1 to 2 years) were observed
in all 11 patients. The course is relapse-free [7].

As an illustration, we present a clinical case of a pa-
tient with HD recurrence after repeated transanal surgi-
cal interventions.

Patient S., 35 years old. He came to our clinic in Au-
gust 2020 with complaints of fullness sensation, for-
eign body sensation in the anus, enlargement of residu-
al hemorrhoids in the upright position, systematic mod-
erate pain in the anus, occasional traces of scarlet blood
on toilet paper.

The duration of hemorrhoidal disease is ~10 years.
The patient underwent 5 surgical interventions (be-
tween 2012-2017) (all by transanal access): 1 - scleros-
ing, 2 - ligation, 3 - disarterization (HAL), 4 - disarteri-
zation with mucopexy of internal hemorrhoidal nodes
(HAL-RAR), 5 - removal of external hemorrhoids. Persis-
tent therapeutic effect was not achieved - clinical re-
lapse of the disease. Inability to lead an active lifestyle,
predominantly bed rest, job loss, depression. Medical
report of the coloproctologist at the place of residence
- the whole range of surgical methods of HD treatment
is exhausted, conservative therapy is indicated (De-
tralex 1000 mg 1 time/day, 2-month courses, with inter-
vals of half a year). Conservative therapy is ineffective.

At the time of hospitalization - the condition is sat-
isfactory. General physical status - no abnormalities. Lo-
cally (Fig. 2a, b): on examination of the anus area - post-
operative deformation of the anal canal, external hemor-
rhoids are not defined, there are hypertrophied residu-
al internal hemorrhoids with dimensions of 0.6 x 0.9 cm
(at 7, 9 and 10 o’clock). At 3 o’clock, the dimensions
are1.2x 1.5cm.

Endoscopy (anal canal, rectum, up to 18 cm) showed
no organic changes in the rectum mucosa. Dilated hemor-
rhoidal arteries (up to 0.15-0.2 cm) at 3,7, 9 and 10 o’clock
(4 hemorrhoidal collectors) are visualized in the submucosal
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layer of the inferior ampullary rectum, and residual hemor-
rhoidal tissue is visualized accordingly.

DS: Hemorrhoidal disease. Recurrent chronic internal
hemorrhoids, stage I-Il. Condition after surgical treatment
(5 transanal interventions, 2012-2017). Hypertrophied re-
sidual internal hemorrhoids (at 3, 7, 9 and 10 o’clock).

The decision of a consilium consisting of a coloproc-
tologist and an endovascular surgeon: endovascular treat-
ment of disease recurrence is indicated.

Surgery (27.08.2020): endovascular occlusion of hem-
orrhoidal arteries in the SRA basin with EmboGold micro-
particles (500-700 um). Without colon preparation, under
local anesthesia (Lidocaine, 2 ml) by transfemoral Seld-
inger access on the right side, using a 5F femoral sheath
introducer (Merit Medical, USA), a Simmons 4F catheter
(Boston Scientific, USA), a 0.014” hydrophilic microwire
(Boston Scientific, USA), a Maestro 2.0F microcatheter
(Merit Medical, USA), contrast (Omnipak), the diagnos-
ticangiographic stage of the intervention was performed
(Fig. 2c). The main type of SRA branching, significant ex-
pansion of its diameter, absence of collateral connec-
tion with middle rectal arteries (type | of angioarchitec-
tonics of the rectum), 4 hemorrhoidal arteries (also sig-
nificantly increased in diameter), contrasting of residual
IH at 3, 7, 9 and 10 o’'clock were established. Complete
concordance of clinical data with angiographic findings
was confirmed.

Next, superselective occlusion of all (4) hemorrhoidal
arteries with EmboGold microparticles, 500-700 um (Merit
Medical, USA) was performed sequentially. The interven-
tion was completed in the absence of contrast of the distal
segments of hemorrhoidal arteries and IH (Fig. 2d). The in-
tervention time — 35 min. The patient’s well-being during
the intervention - satisfactory. No systemic vascular reac-
tions, pelvic and anal pain syndrome, local complications
(at the site of femoral artery puncture) were registered.
No pharmacologic therapy was required after the inter-
vention. The patient was discharged the next day under
the supervision of a coloproctologist at the place of resi-
dence. On the 3rd day - 5-hour flight to the place of res-
idence, tolerated well. During the next 3 months - com-
plete regression of all symptoms of hemorrhoidal dis-
ease. The patient returned to an active lifestyle and work
life. According to the questionnaire (after 1 and 2 years)
thereis norelapse of the disease, the patient is subjective-
ly satisfied with the endovascular treatment.

CONCLUSION

In recurrences of hemorrhoidal disease after transa-
nal minimally invasive interventions (sclerotherapy, latex
ligation, transanal disarterization) and hemorrhoidectomy
(when repeated invasions through the anus significantly in-
crease the risk of late complications), it is reasonable to use
endovascular occlusion of hemorrhoidal arteries as the op-
eration of choice.

Underestimation of data on the number of hemorrhoi-
dal arteries and the presence of collateral blood supply of in-
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FIG. 2.
Patient S., 35 years. Recurrent chronic hemorrhoids, stages |-l (after 5 transanal minimally invasive interventions). a — angiography (di-
agnostic stage). The main branch type is a SRA. Absence of collateral connection with MRA. Four hemorrhoidal arteries. IH contrast
at3,7,9and 10 o’clock; b - external visual inspection of the anus. Postoperative deformity of the anal canal. Hypertrophied IH at 3, 7, 9

and 10 o’clock; ¢ — anoscopy. Hypertrophied IH at 3, 7, 9 and 10 o’clock; d - angiography (therapeutic stage). The immediate result of occlu-
sion of hemorrhoidal arteries (lack of contrast of the IH)
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ternal hemorrhoids through the middle rectal arteries can
worsen long-term results (cause recurrences of the disease),
both after traditional transanal interventions and after en-
dovascular treatment.
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ABSTRACT

Cardiac complications of non-cardiac surgeries are an actual and unresolved interdis-
ciplinary problem of clinical medicine today. The incidence of cardiovascular events
after non-cardiac surgery is higher than in the general population and does not tend
to decrease. The risk of cardiac complications in cancer surgery is the highest.
Evidence-based approaches to risk assessment and prevention of cardiovascular
events in surgical patients with malignant neoplasms have not been developed.
In current clinical guidelines on the prevention, prognosis and treatment of cardiac
complications of non-cardiac surgeries, the aspects of this problem in surgical oncol-
ogy are not considered separately.

The aim of this review was to analyze the current sources of literature on the pre-
diction of cardiovascular complications in surgical treatment of cancer patients.
The distinctive features of cancer surgery and additional factors causing an increased
risk of adverse cardiac outcomes in patients with malignant neoplasms are described.
The article presents the results of large cohort studies on the search for reliable pre-
dictors of cardiac complications in non-cardiac surgery and on the development
of stratification scales and algorithms for preoperative risk assessment. Particular
attention is paid to the possibilities and prospects of using these predictive tools
in the surgical treatment of cancer. The surgical risks of interventions for malignant
neoplasms are described, as well as methods for calculating cardiac risk and func-
tional status assessment that have been validated in oncological patients cohorts.
The data of recent studies on the role of serum biomarkers of myocardial damage
and increased cardiovascular risk (cardiac troponins and brain natriuretic peptide)
in predicting postoperative cardiac events in non-cardiac surgery are presented. Fur-
ther prospects for the inclusion of biomarkers in risk stratification systems in patients
with malignant neoplasms are discussed.

Key words: neoplasms, surgical oncology, myocardial infarction, postoperative
complications, risk assessment, natriuretic peptides, troponin
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PE3IOME

KapouaneHsie ocioxHeHuUs 8HecepOeyHbix onepayuli —akmyanbHas u HepewéHHas
HA ce200HAWHUU OeHb MexX0UCYUNIUHAPHAA Npob/1emMd KTUHUYeCKoU MeoUuyUHbl.
Yacmoma paszsumus cepoedHO-cocyoucmeolx cobbimutli nocsie 8HecepoeyHbIX
Xupypau4eckux smewamesbCma gbiuie, Yem 8 obwjeli nonyisayuu, u He umeem
meHOeHYUU K CHUXxeHU. K Haubosiee 8bICOKOMY OMHOCUMCA PUCK KapouasibHbIX
0C/I0XKHEeHUU 8 OHKOXUpypauu. Hay4yHo 060CHOBAHHbIe NOOXO0bI K OUeHKe pUucKa
U npogunakmuke Kapouo8acKyIApHbIX cobbimull y Xupypeudyeckux nayueHmos
CO 3/10KaYecmeeHHbIMU HO8006PA308AHUAMU He pa3pabomatel. B akmyaneHbix
KIUHUYECKUX pyKOBOOCMBAx no NpoguiaKkmuke, Npo2Ho3UposaHuio U Jie4eHUo
KapOuasibHbIX 0C/I0XKHEHUU 8HecepOeYHbix onepayull acnekmel 0aHHoOU npobriemMel
8 Xupypauueckoli OHKOJI02UU OMOesIbHO He pacCMampuearomcs.

Llenvto 0aHHO20 0630pa 58UJICS AHAIU3 COBPEMeHHOU lumepamypsi No meme
NPO2HO3UPOBAHUS CepPOeYHO-COCYOUCMBbIX OC/IOXHEHUU XUpypeuyecKo2o JieyeHuUs
OHKoOJ102uYeCcKUX 60/1bHbIX. ONUCAHBI OMIUYUMesbHble 0C06eHHOCMU OHKOXUPYP-
2uyYecKux eMewamesnibcma u 0oNoJIHUMesIbHble hakmopel, obyciosnusaroujue
nosbluweHue pucka HebazonpusMHbLIX KapoUaIbHbIX UCX0008 y 60/1bHbIX 3/10KaYe-
CMmeeHHbIMU H08006pA308aHUAMU. B pabome npugedeHsl pe3ysimamal KpynHbix
KO20pMHbIX UCC/1e008aHUU NO NOUCKY HAOEXHbIX NpeOUKMOopo8 KapoudibHbiX
0C/10XHeHUU 80 8HecepOe4YHOU Xupypauu, pazpabomke WKaa cmpamuguxkayuu
u anzopummos npedonepayuoHHoU oyeHKU pucka. Ocoboe sHUMAaHue yoeseHo
803MOXHOCMAM U NepCneKmMueam Uchos1b308aHUS OdHHbIX UHCMPYMeHmMo8
NpO2HO3UPOBAHUSA NPU XUPypau4eckoM JiedeHuu pakd. OnucaHsl xupypaude-
CKUE pucKU 8MewamesibCma No N080o0OY 3/10KaYyecmeeHHbIX H08006pa308aHuUU,
80/1UOUPOBAHHbIE 8 KO20PMAX OHKOI02UYeCKUX NayueHmos Memoosbl pdcyéma
KapouasnbHO20 PUCKA U OUEHKU (pYHKYUOHAIbHO020 cmamyca. [lpedcmassieHsl
O0aHHble pabom nocie0HUX Jiem O poJiu CbIBOPOMOYHbIX BUOMApPKEPO8 NOBpPeX-
O0eHus MUOKapoa u NoswlleHHO20 cepOeyHO-COCyOUCMOo20 pucka (npexaoe 8cezo
cepOeyHbIX MPONOHUHOB U M03208020 HaAMpulypemuyeckozo nenmuod) 8 npo-
2HO3UPOBAHUU NOC/1IE0NEPAYUOHHbIX KapoudsibHbiX cObbIMuli 80 8HecepOeyHoU
xupypauu. Obcyx0aromca 0ansHeliwiue nepcnekmuasl 8K/ItYeHUs bUOMapKepos
8 cuCmMeMbl CMPamupuKayuu puckay nayueHmoe co 3/10Ka4yecmeeHHbIMU HO80-
06paso8aHuaMU.

Knioyeable cnioea: 3/10kayecmeeHHble HOB00OPA308dHUS, OHKOXUPYpP2US, UH-
hapkm Muokapdd, NocseonepayUOHHbIE OC/IOXHEHUS, OUEHKA pucKd, Hampuu-
ypemuueckue nenmuobl, MpoNoHUH

Ona untuposaHua: [potacos K.B., bapaxteHko O.A. OueHKa pucka cepgeyHo-cocy-
ANCTbIX OCNIOXKHEHUI B OHKOXMpyprun. Acta biomedica scientifica. 2023; 8(3): 179-189.
doi: 10.29413/ABS.2023-8.3.20
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The incidence of cardiovascular complications (CVD)
of non-cardiac surgery reaches 5 % [1, 2]. Of the 300 mil-
lion major non-cardiac surgeries performed annual-
ly worldwide, more than one million are complicated
by postoperative myocardial infarction (Ml), and 750,000
are fatal from cardiac causes within one month of the in-
tervention [3, 4].

Malignant neoplasms significantly increase the risk
of perioperative CVD. For example, in surgical treat-
ment of lung cancer, the incidence of all events in high-
risk groups reaches 11.9 % [5], and the incidence of Ml
reaches 9.8 % [6]. In a large cohort of 280,000 cancer
patients, any arterial thrombosis developed in lung,
gastric, and pancreatic cancer patients — 8.3 %, 6.5 %,
and 5.9 % of cases, respectively — over 6 months of fol-
low-up. The relative risk of events was 2.2 times high-
er than in patients without malignant neoplasms [7].
This is due to a variety of factors: large surgical volume,
low functional status of patients due to predominantly
elderly age, “frailty”, cancer cachexia, sarcopenia, nutri-
tional status disorders and anemia; comorbidity with car-
diovascular diseases and chronic obstructive pulmonary
disease (COPD); combination with other high cardiovas-
cular risk factors (arterial hypertension, smoking, diabe-
tes mellitus, dyslipidemia); increased thrombogenic risk
and systemic pro-inflammatory response characteristic
for malignant neoplasms; exposure to neoadjuvant radi-
ation and drug anticancer therapy [8-11]. In advanced
cancer stages, the risks of cardiovascular events increase
significantly, from 2.3 % for stage 0 to 7.7 % for stage IV
[7]. In this regard, disseminated cancer is one of the cri-
teria for the ACS NSQIP (American College of Surgeons’
National Surgical Quality Improvement Program) perio-
perative risk assessment [12].

Implementation of clinical guidelines and algo-
rithms, risk stratification systems in clinical practice al-
lows to improve the quality of medical care, includ-
ing in non-cardiac surgery [13, 14]. Current guidelines
on the prevention, prognosis, and treatment of CVD
of non-cardiac surgery lack recommendations with
class and level of evidence for cardiovascular risk as-
sessment in oncosurgery [15-17]. Despite the growing
interest in this topic, the scale of the problem of cardi-
ac complications and their prognosis is still underesti-
mated by clinicians.

THE AIM OF THIS REVIEW

To analyze the data of current literature on prediction
of cardiovascular complications during surgical treatment
of cancer patients.

The review was performed using the Russian Sci-
ence Citation Index, PubMed, and ClinicalTrials databas-
es for the period from 2007 to 2022. The search was per-
formed using the following keywords: neoplasms; surgical
oncology; myocardial infarction; heart diseases; postoper-
ative complications; risk assessment; biomarkers; natriuret-
ic peptides; troponin.
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SURGICAL RISK ASSESSMENT

The risk magnitude of cardiovascular complications
in non-cardiac surgery is determined by three interrelat-
ed groups of factors: 1) factors related to the type and vol-
ume of surgical intervention (surgical risk); 2) predictors
of cardiovascular risk (concomitant heart disease, cardi-
ovascular risk factors, biomarkers); 3) functional status
of the patient (Fig. 1).

Predictors
of cardiac risk:
comorbidities
cardiovascular risk factors, biomarkers

Perioperative
risk
of cardiovascular events

Surgical Functional
factors: status
type, surgical volume, urgency

FIG. 1.
Risk factors for perioperative cardiovascular complications of non-
cardiac surgery

This is the stepwise approach to perioperative cardi-
ovascular risk assessment proposed in the current clinical
guidelines. According to the 2014 ACC/AHA (American Col-
lege of Cardiology/American Heart Association) Guideline
on Perioperative Cardiovascular Evaluation and Manage-
ment of Patients Undergoing Non-cardiac Surgery, the di-
agnostic and therapeutic management of a patient is de-
termined by the following sequentially assessed factors:
urgency of surgery; presence of signs of acute coronary
syndrome; estimated risk of serious adverse cardiovascu-
lar events calculated using risk scales/calculators; and func-
tional capacity of the body. The highest risk of CVD is pre-
dicted when the calculated risk of serious adverse car-
diovascular events and low functional status are elevat-
ed, which requires an in-depth cardiologic examination
and/or a change in surgical approach [16].

The above-mentioned algorithm is designed
to assess the cardiac risk of any non-cardiac surgery.
Due to the lack of specialized algorithms validated on co-
horts of cancer patients, this approach has been applied
in oncosurgery.

When assessing surgical factors in patients with malig-
nant neoplasmes, it should be borne in mind that interven-
tions for the most common tumors are classified as high
surgical risk due to their extensiveness and are associat-
ed with a maximum probability of 30-day cardiovascular
mortality or myocardial infarction (MI) (> 5 %) regardless



of cardiovascular factors and functional status of the pa-
tient. These include open esophageal and gastric surger-
ies, pneumonectomies, pancreatoduodenal resections,
liver resections, cystectomies, and adrenalectomies [17].
In the 2018 GRICS Il (The Goal-Directed Resuscitation
in Cancer Surgery) randomized clinical trial to optimize
postoperative management of cancer patients, addition-
al criteria for high surgical risk were duration of interven-
tion > 90 min and patient’s postoperative stay in the inten-
sive care unit [18]. Medium surgical risk (1-5 %) is associ-
ated with interventions on the head and neck, pelvic or-
gans, and minor thoracic surgeries. In such interventions,
the outcome of surgery depends largely on the circulato-
ry system and comorbid conditions. Low risk (< 1 %) is as-
sociated with surgeries, including oncosurgeries, on skin
and subcutaneous tissue, breast, thyroid, minor gyneco-
logic, and urologic (transurethral resection of the pros-
tate).

Surgical risk will increase when the scope of sur-
gery is expanded, such as total resection of the affect-
ed organ, anastomosis, and lymph node dissection
[19]. In patients with lung cancer, right-sided pneumo-
nectomy had a threefold higher risk of CVD than left-
sided pneumonectomy (odds ratio (OR) of develop-
ing Ml or acute myocardial ischemia was 3.2 with 95 %
confidence interval (95% Cl): 1.6-6.3) [20]. Converse-
ly, the use of minimally invasive approaches in onco-
surgery, such as video-assisted thoracoscopic surgery
or robot-assisted surgery, can reduce the incidence
of postoperative complications without worsening on-
cologic outcomes [21, 22].

Surgical risk factors, such as the specific type of sur-
gery and urgency of intervention, are included in mod-
ern integral perioperative risk assessment systems,
such as the ACS NSQIP Calculator [12]. The presence of high
surgical risk procedure is also considered in the calculation
of the Revised Cardiac Risk Index (RCRI) [23].

CARDIOVASCULAR RISK ASSESSMENT

Specific scales for assessing the risk of perioper-
ative cardiovascular complications in oncosurgery
have not been developed. At the same time, the prognos-
tic significance of previously known risk stratification sys-
tems was studied in cohorts of cancer patients. In gener-
al non-cardiac surgery, the most widely used index today
is the RCRI or “Lee index”, which is a revised and simplified
version of the first CRI (Cardiac Risk Index) or L. Goldman
index created for this purpose. The RCRIl index was devel-
oped from a single-center cohort study (4,315 patients,
92 events) and determines the risk of MI, pulmonary ede-
ma, ventricular fibrillation, cardiac arrest or complete atri-
oventricular block, and mortality within 30 days after non-
cardiac interventions. It includes 6 predictors: high-risk
surgery (for abdominal aortic aneurysm, on peripheral
vessels, thoracotomy, major abdominal surgery); conges-
tive heart failure; coronary heart disease (CHD); pre-exist-
ing acute cerebrovascular accident (CVA); insulin-depend-
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ent diabetes mellitus; chronic kidney disease (serum cre-
atinine > 2.0 mg/dL (177 umol/L) or glomerular filtration
rate < 50 ml/min/1.73 m?), — each of which is assigned one
point. With a total score of 0 points, the risk corresponds
to 0.4 %, 1 point to 0.9 %, 2 points to 7 %, and 3 points
ormoreto 11 % [23].

However, the prognostic accuracy of the RCRI scale
in oncosurgery has proven to be insufficient. In a study
by R. Wotton et al. (2013), the RCRI index was calculat-
ed in 703 patients (including 640 patients with lung can-
cer) who underwent lung resection. Cardiac complica-
tions in the form of MI, pulmonary edema, cardiac ar-
rest and atrial fibrillation within 30 days after surgery
were detected in 34 (4.8 %) patients. According to the re-
sults of ROC analysis, the ability of RCRI to correctly pre-
dict postoperative cardiac complications was low (area
under ROC curve (AUC, area under curve) — 0.59) [24].
In a retrospective case-control study including 163 pa-
tients with non-small cell lung cancer (NSCLC) (of whom
33 had postoperative MI, 130 without cardiac complica-
tions), RCRI index was not associated with the develop-
ment of postoperative Ml (OR = 1.0 with 95% Cl: 0.5-2.2)
[25]. In a prospective observational study of 82 patients
undergoing pneumonectomy for lung cancer, the asso-
ciations of RCRI with 6-month overall postoperative mor-
tality were examined. According to univariate regression
analysis, the relative risk of mortality increased 2.8-fold
with a 95% ClI [1.2-6.4] for each point increase in RCRI.
However, in multivariate regression, this relationship be-
came statistically insignificant [26].

After 15 years of using the RCRI index in clinical
practice, in 2014, European and American experts rec-
ommended a new risk stratification system developed
by P.K. Gupta et al. (2011) [27]. The new scoring sys-
tem, NSQIP MICA (The National Surgical Quality Im-
provement Program Myocardial Infarction & Cardiac Ar-
rest), was created as part of the U.S. National Surgical
Quality Improvement Program based on data analysis
of more than 450,000 surgical patients from 250 centers
and 2,772 events. Five major risk predictors were iden-
tified: type of surgery; functional status of the patient;
blood creatinine level > 130 umol/L; ASA (American
Society of Anesthesiologists) class; and age. The risk
of a predicted event - cardiac arrest or acute Ml with-
in 30 days after surgery - is expressed as %. If the in-
dex value is < 1 %, the risk is considered low; if the value
is > 1%, therisk is considered elevated. Despite its wide-
spread use in clinical practice, the NSQIP MICA Calculator
has not been comprehensively tested outside of the NS-
QIP registry. No external validation was performed on co-
horts of cancer patients.

The idea of creating a universal calculator to calculate
the risk of any complications of non-cardiac surgery, in-
cluding cardiac complications, was realized in 2013. A set
of 21 predictors including all major components of peri-
operative risk was determined: characteristics of surgical
intervention, cardiovascular and other clinical factors,
and functional status of the patient. Thirteen adverse
outcomes were predicted within 30 days of the interven-



tion, including death from any cause and cardiac compli-
cations (cardiac arrest or MI) with a high degree of con-
cordance between predicted and occurred events (c-sta-
tistic for cardiac outcomes 0.895) [12].

It should be noted that the ACS NSQIP Calculator
includes disseminated cancer as one of the predictors
for the first time, suggesting that the index can be used
in cancer surgery. However, its external validation in sev-
eral areas of oncosurgery has demonstrated mixed re-
sults. In particular, for gynecologic oncologic laparoto-
my, the scale predicted cardiac complications, deaths,
and renal failure well, but failed to accurately predict
most other complications [28]. After surgery for gastro-
intestinal neuroendocrine tumors (Gl NETs), the calcula-
tor estimated the risks of cardiac complications, pneumo-
nia, and urinary tract infection with acceptable accuracy
(AUC > 0.70), but poorly predicted other complications,
such as surgical site infection, reintervention, and hospi-
talization [29]. The ACS NSQIP index, in contrast to RCRI,
was an independent predictor of postoperative Mlin lung
cancer patients undergoing thoracotomy. In this case-
control study, 33 patients with Ml and 130 patients with-
out cardiac complications were included in the control
group. Based on the results of univariate regression anal-
ysis, the OR for the development of Ml for cardiac risk
by ACS NSQIP was 2.2 [1.6-3.2] and for total risk by ACS

TABLE 1

NSQIP was 1.1 [1.06-1.2]. When the ACS NSQIP cardiac
risk was included in multivariate regression, the predic-
tive value of the odds ratio score increased to 3.86 [1.36—
10.9] [25].

The Oncology NSQIP National Cancer Center Col-
laborative attempted to increase the predictive accura-
cy of the NSQIP ACS by adding oncology-related varia-
bles (prior surgery, XRT, or chemotherapy in the same
area later and earlier than 90 from the time of index
procedure). The sample size was 8,425, 3,166 (37.6 %)
of whom underwent colon resection, 2,269 (26.9 %)
underwent pancreatectomy, and 1,529 (18.2 %) un-
derwent hepatectomy. The probability of developing
a death or serious complication was calculated; cardi-
ovascular outcomes were not counted separately. Uni-
variate analysis showed a 34 % increase in the unad-
justed odds ratio for the development of the endpoint
in patients with more than 90 days of prior chemothera-
py and a 44 % increase in patients with prior X-ray ther-
apy. However, the added variables were not included
in the predictive models in the multivariate regression
analysis [30].

Attempts are being made to create specialized risk
scales for specific tumor localizations, primarily lung can-
cer. The EuroLung1 and EuroLung?2 scales and their sim-
plified versions were developed to assess the risk of car-

THE RISK ASSESSMENT OF CARDIAC COMPLICATIONS IN THORACIC SURGERY ACCORDING TO THE THRCRI SCALE

Criteria

Prior CHD

Prior cerebrovascular disease

Serum creatinine > 2 mg/dL (177 umol/L)

Pneumenectomy

Class A: 0 points. Risk of cardiac complications — 1.5 % (low)

Points

1.5

1.5

1.5

Class B: 1-1.5 points. Risk of cardiac complications - 5.8 % (moderate)

Class C: 2-2.5 points. Risk of cardiac complications — 19 % (high)

Class D: > 2.5 points. Risk of cardiac complications — 23 % (very high)

183



diopulmonary complications (EuroLung1) and 30-day
mortality (EuroLung2) after lung resections by analy-
zing the outcomes of 47,960 operations from the Eu-
ropean Society of Thoracic Surgeons (ESTS) Database.
They include spirometry, type and volume of surgical in-
tervention, in addition to regular general cardiovascu-
lar risk factors (age, male gender, CHD and cerebrovas-
cular disease, chronic kidney disease). Patients are strat-
ified into 6 risk categories based on expected mortality
or incidence of cardiopulmonary complications [31, 32].
However, external validation of the original and modi-
fied EuroLung2 scale on a sample of 6,600 patients did
not confirm its ability to correctly predict 30- and 90-day
mortality after lung resection [33]. No external validation
of the EuroLung1 scale was performed.

The Thoracic Revised Cardiac Risk Index (ThRCRI)
scale was developed based on the RCRI scale in a cohort
of 1,629 patients with non-small cell lung cancer, 1,426
of whom underwent lobectomy and 270 of whom under-
went pneumonectomy. This model has a reduced num-
ber of predictors compared to the RCRI scale. The scale
ranks the risk of cardiac complications in thoracic pa-
tients from 1.5 % (at 0 points) to 23 % (at > 2.5 points)
(Table 1) [34].

The ThRCRI is further validated on two external
samples. The first consisted of 2,621 patients, 2,431
of whom underwent lobectomy and 190 underwent
pneumonectomy. The incidence of major cardiac
events was 0.9 %, 4.2 %, 8 %, and 18 % (p < 0.0001)
inrisk classes A, B, C, and D, respectively [35]. The sec-
ond sampleincluded 1,255 patients, 85 % of whom un-
derwent lobectomy and 15 % of whom underwent
pneumonectomy. The observed event rate was 2.4 %
(n = 30). The calculated risk in both the test sample
as awhole and in each of the risk categories was close
to the observed [36]. Later, the ability of the ThRCRI
scale to correctly predict not only the risk of periop-
erative cardiac complications, but also the long-term
survival of patients, as well as mortality from cardiac
causes [37] was proved. An algorithm for preoperative
examination of patients with non-small cell lung can-
cer using this index has been developed [38]. Accord-
ing to the algorithm, it is necessary to calculate ThRCRI
in the first step. If ThRCRI < 2, no further cardiovascular
examination is required. A ThRCRI value > 2 indicates
increased risk and suggests examination by a cardiol-
ogist with additional non-invasive diagnostic tests ac-
cording to the 2014 ACC/AHA general algorithm de-
scribed above. [16]. All lung cancer patients sched-
uled for lung resection, irrespective of ThRCRI value,
should have tests to assess external respiratory func-
tion and functional pulmonary reserve. Some attempts
to validate the ThRCRI were unsuccessful: in a sample
of 703 patients undergoing lung resection, the ThRCRI,
as well as the RCRI, showed poor predictive efficacy
as assessed by ROC analysis (AUC = 0.57) [24]. How-
ever, itis the only one of the cardiac risk stratification
systems included in the current guidelines for perio-
perative risk assessment in lung cancer patients [39].

THE ROLE OF BIOMARKERS
OF MYOCARDIAL INJURY IN RISK ASSESSMENT
OF PERIOPERATIVE CARDIAC COMPLICATIONS

The biomarker concept of risk assessment is a prom-
ising and rapidly developing field in cardiology. In recent
years, robust evidence has been obtained for the predic-
tive value of preoperative levels of brain natriuretic pep-
tide (BNP) or the N-terminal fragment of its precursor
(NT-proBNP) and postoperative cardiac troponin levels
in assessing the risk of overall mortality and cardiac com-
plications in a general population of patients undergo-
ing non-cardiac surgery [40, 41]. In a cohort of 4,632 can-
cer patients at long-term (up to 22 years) prospective fol-
low-up, the biomarkers of myocardial injury troponin T
and NT-proBNP were statistically significantly directly cor-
related with the incidence of cardiac events and mortali-
ty. Elevation of NT-proBNP > 900 pg/mL increased the rel-
ative risk (RR) of mortality by 2.95-fold (95% Cl: 2.28-
3.82; p < 0.001), and elevation of troponin T > 0.05 pg/L
by 2.08-fold (95% Cl: 1.83-2.34; p < 0.001) [42]. In the work
of .M. Shestopalova et al. (2008) an independent prog-
nostic value of preoperative NT-proBNP in the develop-
ment of fatal outcomes in cancer patients with different
volumes of thoracoabdominal surgeries was revealed
[43]. Among 82 patients with non-small cell lung can-
cer who underwent pneumonectomy, preoperative NT-
proBNP level was an independent predictor of 6-month
overall mortality after pneumonectomy (OR = 1.2 with
95% Cl: 1.08-1.22 for every 100 pg/mL increase). Tro-
ponin | increment above the 99t percentile 24-48 hours
after surgery was also associated with endpoint devel-
opment in univariate regression (OR = 3.68 with 95% CI:
1.99-13.58), but lost its predictive value in multivariate
regression analysis [26].

According to the 2017 Canadian Cardiovascular So-
ciety Guidelines on Perioperative Cardiac Risk Assess-
ment and Management for Patients Who Undergo Non-
cardiac Surgery, it is recommended that BNP or NT-proB-
NP be measured before surgery in patients aged > 65
or > 45 years with cardiovascular disease or RCRI > 1.
When BNP =92 mg/L or NT-proBNP = 300 mg/L, troponin
levels should be measured daily for 48-72 hours post-
operatively to screen for asymptomatic myocardial inju-
ry (strong recommendation, medium-quality evidence)
[17]. The 2022 ESC Guidelines on cardiovascular assess-
ment and management of patients undergoing non-cardi-
acsurgery require that individuals with cardiovascular dis-
ease orits risk factors (including age of 65 years and older)
or symptoms should have high-sensitivity troponin T or |
measured in the blood before high- and intermediate-risk
non-cardiac surgery and 24 and 48 hours afterward (I B).
In addition, assessment of BNP or NT-proBNP levels before
surgery is envisioned (lia B) [15].

Thus, the determination of biomarkers of myocar-
dial injury may be an independent criterion for cardio-
vascular risk assessment of non-cardiac surgery. Accord-
ing to a Cochrane meta-analysis of 51 studies, the in-
clusion of NT-proBNP, troponin and their combination
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in the RCRI scale as an additional predictor improved the
prediction accuracy of cardiac complications of non-car-
diac surgery (c-statistic increase of 0.08, 0.14 and 0.12, re-
spectively) [44]. It remains unclear whether the inclusion
of biomarkers in risk stratification systems for patients
with malignant neoplasms improves prediction accura-
cy, which determines the need for specifically designed
studies on this issue.

FUNCTIONAL STATUS ASSESSMENT

General approaches to assessing functional sta-
tus in patients with malignant neoplasms do not dif-
fer from those in surgical patients without neoplasms.
For this purpose, the Duke Activity Status Index (DASI)
questionnaire is most commonly used in oncosurgery
[19, 45]. After assessment of functional status expressed
in metabolic equivalents (MET), further patient manage-
ment is determined according to the ACC/AHA 2014 gen-
eral algorithm. [16].

Cardiopulmonary exercise testing (CPET) provides
the most accurate assessment of functional status.
This technique allows to determine not only tolerance
to physical exercise, but also a number of important ad-
ditional parameters: peak oxygen consumption (VO,max),
anaerobic threshold, ventilatory equivalent for carbon
dioxide (VE/VCO,). A number of small-sample studies
have confirmed the significance of these CPET param-
eters in predicting postoperative mortality and cardi-
ac events in patients with gastroesophageal cancer [46],
colorectal cancer [47], and liver and pancreatic cancer
[48]. At the same time, a large multicenter cohort study
evaluating the predictive value of various functional indi-
ces and biomarkers (n = 1,404, including 43 % of patients
with malignant neoplasms) showed that neither VO, max
nor anaerobic threshold was associated with the develop-
ment of postoperative MI, myocardial damage, or death
[49]. Similar results were obtained in a large prospective
study of 1,725 patients, including cancer patients, under-
going major thoracic and abdominal surgery [50]. An im-
portant factor limiting the use of CPET in real clinical prac-
tice is the high cost of the method and its unavailability
in most Russian surgical and oncology clinics. The 2022
European Society of Cardiology (ESC) and 2017 Canadian
Cardiovascular Society Guidelines on Cardiovascular As-
sessment and Management of Patients Undergoing Non-
Cardiac Surgery do not include CPET for risk stratification
of postoperative complications and mortality. Accord-
ing to the 2014 ACC/AHA guidelines, performing CPET
may be considered (llb B) in patients undergoing high
surgical risk procedure in whom functional status is un-
known [16].

Increased use of CPET may be considered in pa-
tients with lung cancer when assessing the risk of car-
diac events and mortality after lung resections or pneu-
monectomy. This is due to the fact that CPET indices re-
flect not only coronary but also pulmonary functional re-
serve and are associated with the prognosis of both car-
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diac and pulmonary postoperative complications [51].
There is now substantial evidence for the significance
of VO,maxand VE/VCO, in the prognosis of cardiopulmo-
nary complications of lung surgery. The prognostic val-
ue of CPET increases as pulmonary function deteriorates
postoperatively [52, 53]. Therefore, the test appropriate-
ness is established based on an assessment of the prog-
nosis of pulmonary function after lung resection. The cur-
rent American College of Chest Physicians guidelines
“Physiologic evaluation of the patient with lung cancer
being considered for resectional surgery” (2013) [39] rec-
ommend CPET with VO,max determination for patients
with lung cancer and predicted postoperative forced ex-
piratory volumein 1s (ppFEV1) < 30 % or predicted post-
operative diffusing capacity of the lungs for carbon mon-
oxide (DLCO) < 30 % (1 B).

Per the algorithm of M. Salati (2016) concern-
ing preoperative examination of patients with non-
small cell lung cancer, the indication for CPET is pp-
FEV1 < 60 % or predicted postoperative diffusing ca-
pacity of the lungs for carbon monoxide < 60 %. Next,
VO,max and VE/VCO, are estimated based on the CPET
results. When VO,max < 10 ml/kg/min or VE/VCO, > 35,
the risk of cardiopulmonary complications after surgery
and death is considered high, therefore minimally invasive
surgery should be used or other therapies should be con-
sidered. If VO,max is between 10-20 ml/kg/min, risk is as-
sessed by VE/VCO,,. The risk is considered low when pp-
FEV1 > 60 % or VO,max > 20 ml/kg/min [38].

“Low-tech” function tests (stair climbing test, 6-mi-
nute walk test (6-MWT), incremental shuttle walk test
(ISWT)) can be used as a first screening test with ex-
ercise. In oncosurgery, their appropriateness is dis-
cussed primarily in lung cancer. In a stair climbing
test in patients with impending lung resection, climb-
ing less than 12 m (< 3 flights of stairs) was associat-
ed with a 2-fold and 13-fold increase in the incidence
of postoperative complications and mortality, respec-
tively, compared with climbing more than 22 m (< 1 %
mortality) [54]. The 6-minute walk test is widely rec-
ognized, well reproducible, and the easiest to per-
form. The published data demonstrate the clear bene-
fit of the test in perioperative risk stratification of lung
resection. Preoperative 6-MWT distance > 400 m was as-
sociated with a lower complication rate after lobecto-
my for lung cancer [55]. Conversely, 6-MWT distance
< 525 m was associated with decreased overall pa-
tient survival [56]. The incremental shuttle walk test
can also be used, especially in patients with concomi-
tant chronic obstructive pulmonary disease. ISWT dis-
tance < 400 m correlates with VO,max < 15 ml/kg/min
and a 10% incidence of cardiopulmonary complications.
Distance < 250 m in higher-risk patients was associat-
ed with a 2.5-fold increase in the rate of serious cardio-
pulmonary complications (44 % vs. 18 %; p = 0.04) [571].
Patients with ISWT distance <250 m were 3 times more
likely to develop complications after colorectal surger-
ies (specificity was 0.88, sensitivity — 0.58) [58]. Accord-
ing to a meta-analysis of 7 studies including 1,418 pa-



tients with colorectal cancer, walking distance < 250 m
was associated with longer hospital stay after surgery,
and no prognostic value could be identified [47]. Ac-
cording to the 2013 ACCP guidelines “Physiologic Eval-
uation of the Patient with Lung Cancer Being Consid-
ered for Resectional Surgery”, patients with lung cancer
are indicated to perform a stair climbing test or an incre-
mental shuttle walk test when the PpFEV1 or predicted
postoperative lung diffusing capacity for carbon mon-
oxide (DLCO) is between 30 % and 60 % (1 C). If the test
results show ISWT distance < 400 m or stair climbing
height < 22 m, CPET is indicated [39]. Thus, “low-tech”
functional tests can be used as an alternative to CPET
in patients with a small decline in pulmonary function
assessed previously by respiratory tests. Later pub-
lished algorithms for perioperative evaluation of pa-
tients with lung cancer and other malignant neoplasms
do not include these functional tests [45, 59].

CONCLUSION

Most cavitary surgeries for malignant neoplasms
are categorized as high surgical risk with a probability
of 30-day cardiovascular mortality or Ml > 5 %.

No specialized guidelines have been developed
to assess the risk of cardiac complications in oncosur-
gery. Preoperative evaluation of cancer patients follows
step-by-step algorithms outlined in current guidelines
for cardiac risk assessment of non-cardiac surgeries (e. g.,
the 2014 ACC/AHA Guidelines). The use of the universal
ACS NSQIP Surgical Risk Calculator, which has been vali-
dated on cohorts of cancer patients, is preferred for quan-
tifying the risk of CVD in patients with malignant neo-
plasms. In surgical treatment of lung cancer, the ThRCRI
scale specifically designed for this category of patients
should be used. ThRCRI values > 2 indicate an increased
cardiac risk and the need to expand the examination
scope. The RCRIindex in cancer patients has lower prog-
nostic accuracy. The NSQIP MICA index has not been val-
idated on cancer cohorts.

The significance of preoperative brain natriuretic pep-
tide levels and postoperative cardiac troponins in pre-
dicting cardiac complications has been confirmed in can-
cer patients. If these biomarkers are increased (e. g., NT-
proBNP > 300 mg/I preoperatively), careful postoperative
screening for acute myocardial injury is required accord-
ing to the CCS Heart Failure Comprehensive Guidelines
(2017).

The Duke Activity Status Index (DASI) questionnaire
is used to assess preoperative functional status in onco-
logic surgery. Low functional status (< 4 METs) suggests
a pharmacological stress testing. In high-risk lung can-
cer patients (ThRCRI = 2 or cardiovascular disease requir-
ing drug therapy or newly diagnosed or inability to climb
two flights of stairs), the use of cardiopulmonary exercise
testing is being considered to determine functional status
and further management. Values of ventilatory equivalent
for carbon dioxide > 35 and/or peak oxygen consumption
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< 10 ml/kg/min indicate a high risk of cardiopulmonary
complications, necessitating a change in treatment policy.

In asymptomatic patients with lung cancer with risk
factors and a slight decrease in pulmonary function
as a screening test, the diagnostic efficacy of “low-tech”
functional tests (stair climbing test, 6-minute walk test,
Incremental shuttle walk test) has been proved. A car-
diopulmonary exercise testing is indicated if ISWT dis-
tance < 400 m or stair climbing height <22 m.
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ABSTRACT

Background. Reliable data on the efficacy and safety of fistulectomy with primary
sphincter repair for the treatment of high transsphincteric anal fistulas are deficient.
The aim. To compare the efficacy and safety of fistulectomy with advancement
muco-muscular flap (F) and fistulectomy with primary sphincter reconstruction (SR)
for the treatment of high anorectal fistulas.

Methods. A cohortof 92 consecutive patients with transsphincteric anal fistula in-
volving 1/3 to 2/3 of the sphincteric complex were included in prospective randomized
study. The primary endpoint was the recurrence rate. The duration of surgery, blood
loss, pain intensity, postoperative complications, the duration of wound healing,
incontinence, quality of life were registered.

Results. Forty-six patients were randomized in each group. A statistically significant
difference was obtained for operative time (Group “F” — 45 (20-160) min, Group
“SR” - 33 (10-55) min). The blood loss was 3 (1-20) and 2 (1-10) ml in Groups “F”
and “SR’, respectively (p = 0.482). The return to work in Groups “SR” and “F” occurred
after 7 (2-14) and 8 (4-20) days, respectively (p = 0.005). The pain syndrome was sig-
nificantly greater in Group “F” (p < 0.05) ondays 1 and 7. Recurrence rate was in 23.9 %
(11 cases) in Group “F” and in 6.5 % (3 cases) in Group “SR” (p = 0.042). Incontinence
wasin7(15.2 %) people in Group “F’,in 10 patients (21.7 %) —in Group “SR” (p = 0.591).
There was no statistically significant difference in postoperative complications.
Conclusion. Findings can expand the indications for the treatment of high trans-
sphincteric anorectal fistulas involving from 1/3 to 2/3 of the sphincter complex
without statistically significant risk for functional results.

Key words: fecal incontinence, fistula, surgical flaps, recurrence, magnetic reso-
nance imaging
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of surgery for high transsphincteric anal fistulas: prospective randomized trial. Acta bio-
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PE3IOME

O6ocHosaHue. Cyuwecmayem HedoCcmamok y6edumesibHbix 0aHHbIX 06 hpex-
mugHocmu u 6e30nacHOCMu uccevyeHUs C8UWA 8 NPOC8eM C yuusaHuem cuH-
Kmepa 0718 1eYeHUs 8bICOKUX MPAHCCGHUHKMeEPHbIX AHOPeKmMasbHbix cauujed.
Ljens uccnedosarnusn. CpasHeHue 3¢hheKmusHOCMU 08yX MEMOOUK — UCCedeHue
ceuwWa ¢ naacmukol cau3uCmMo-moluledHoIM 1ockymom (/) u ucceveHue cauwia
8 npocgem c ywusaHuem 0ehekma cpuHkmepHo20 komnsiekca (YC) — 0ns nedeHus
8bICOKUX AHOPeKMarsbHelx cauwjed.

Memoodel. B npocnekmusHoe paHO0OMU3UpOBAHHOE UCCe008aHue nociedo-
8amesibHO 6bIIU BKIIOYEHbI 92 nayueHmMa ¢ MpaHCcCUHKMePHbIM C8UUOM
npu sogiedeHuu om 1/3 0o 2/3 3anupamenbHo2o annapama. [lepsuyHol KoHeY-
HoU mouyKoU A8/19/1aCb 4acmoma peyuousos 3abos1esaHus. B xoo0e uccie0osaHus
NpoaHanu3uposaHsl 0sUmMesbHOCMb onepayuu, 06sém Kposonomepu, 60s1e8ol
CUHOPOM, 4acmoma u xapakmep noceonepayUOHHbIX OC/IOXHeHUU, 0numers-
HOCMb 3aKUBJIeHUSA PAHbl, UHKOHMUHEHYUS, Ka4eCmao XU3HU.

Pe3synemamel. Konuyecmeo nayueHmos 8 kaxoou 2pynne cocmasusio 46 yeno-
sek. Cmamucmuyecku 3Ha4yumas pasHuyad nosyyeHa 014 071umesibHocmu onepa-
yuu (2pynna «/1»—45 (20-160) muH; 2pynna «YC»— 33 (10-55) MuH), npu 3mom 06sém
Kposonomepu ouyeHugasncsa 8 3 (1-20) u 2 (1-10) mn 8 epynnax «JI» u «YC» coom-
semcmaeHHo (p = 0,482). BozspauwjeHue k mpyody 8 2pynnax «YC» u «J/I» Hacmynuso
yepes 7 (2-14) u 8 (4-20) oHeli coomsemcmeeHHo (p = 0,005). bonesoul cuHOpom
6b171cMamucmuyecku 3Ha4yumo 6ossuie 8 2pynne «/1» (p < 0,05) Ha 1-e u 7-e cymku.
B 2pynne «/1» peyuoussi 8bisignieHbl 8 11 (23,9 %), 8 epynne «YC» — 8 3 (6,5 %) cryua-
Ax (p = 0,042). inkoHmMuHeHyus 6 epynne «JI» Habnodanace y 7 (15,2 %) uenosex,
gepynne«YC» -y 10(21,7 %) nayueHmos (p = 0,591). He nonyyeHo cmamucmuyecku
3Ha4yuMoU pazHUYbl 8 OMHOWEHUU NOC/IEONEPAYUOHHbIX OC/IOXHEHUU.
3aknroyeHue. [lonyyeHHble pe3y1bmamsi MO2ym pacliupumes NOKA3aHuUsA 01
JledeHUs 8bICOKUX AHOPeKmMasibHbix cauwyeli npu sosedeHuu om 1/3 0o 2/3 cpuH-
KmepHO20 KomnJsiekca 6e3 3Ha4yuMo20 pucka 0718 )y HKUUOHA IbHbIX Pe3y/ibmamos.

Knioueesle cnoea: aHanbHAs UHKOHMUHEHUUS, CBUW, hepemMewéHHbIl T0CKym,
peuuous, MazHUMHO-Pe30HAHCHAA MoMo2pagus
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OBJECTIVES

The goal of surgical treatment of anorectal fistulas
of any complexity is to prevent recurrence of the disease
while preserving fecal continence [1]. Excision of the fistu-
lous passage through the sphincter complex (transsphinc-
teric fistula), its external and internal opening and resto-
ration of sphincter integrity are characterized by the low-
est recurrence rates [2, 3]. The higher the level of the lo-
cation of the internal opening of the fistula, the larger
the part of the sphincter that must be crossed and re-
paired. There is a direct correlation between the vol-
ume of the transected part of the rectal closing appara-
tus and the probability and severity of subsequent in-
continence. In this case, the lower third of the anal canal
is the boundary beyond which the risk of developing in-
continence becomes real.

For higher fistulas, various sphincter-preserving pro-
cedures are currently performed. They can be divided
into excisional and obliterative procedures. Excisional
procedure is aimed at excision of the fistulous passage
and its branches with closure of the internal opening us-
ing various flaps. Obliteration procedure is aimed at sutur-
ing the internal opening of the fistula, which is accompa-
nied by physical, chemical and biological methods aimed
at its healing and closure without excision [4-7]. The ad-
vantage of the sphincter-preserving surgery is a low rate
of incontinence (0-10 %) [8]; the disadvantage is a high
rate of recurrence, which varies depending on the pro-
cedure, frequency, duration of follow-up and can range
from 25 to 100 % [4].

This prospective trial compared two excisional treat-
ments of high transsphincteric anorectal fistulas.

HYPOTHESIS OF THE TRIAL

The hypothesis of the trial was the assumption that fis-
tulectomy with sphincter reconstruction (SR), when 1/3to 2/3
of the closing apparatusisinvolved, is accompanied by a low-
er number of recurrences and does not increase the incon-
tinence rate compared to fistulectomy without sphincter
transection and repair of the internal opening using a mu-
co-muscular flap (F).

MATERIALS AND METHODS

The trial was conducted at the I.M. Sechenov First
Moscow State Medical University (Sechenov University)
and was approved by the local ethics committee (Record
No. 18-01 dated 30.09.2017).

Inclusion criteria:

1) transsphincteric rectal fistula, involving 1/3 to 2/3
of the rectal closing apparatus according to magnetic res-
onance imaging (MRI) of the pelvic organs (Fig. 1);

2) the age of the trial participant is older than 18 years
of age;
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3) signed informed voluntary consent to participate
in the trial.

Exclusion criteria:

1) transsphincteric, involving less than 1/3 and more
than 2/3 of the sphincter complex; intersphincteric; extras-
phincteric rectal fistula;

2) recurrent fistula (recurrence of the disease after pre-
vious surgical treatment for a rectal fistula with an internal
opening of the same localization);

3) incontinence 1-20 points (according to the CCFFIS
(Cleveland Clinic Florida Fecal Incontinence Score) scale)
[9];

4) inflammatory bowel diseases confirmed by en-
doscopic and morphological methods (ulcerative colitis,
Crohn’s disease);

5) anterior anorectal fistula in women;

6) acute purulent paraproctitis;

7) inability to perform MRI of the pelvic organs (pres-
ence of metal implants, claustrophobia, etc.);

8) patient’s refusal to participate in the trial.

Placement of drainage ligature was not an obligatory
stage of treatment, but its presence did not serve as a con-
traindication to the inclusion of patients in the trial. In case
of ligature placement, surgery was performed 8 weeks af-
ter that.

g

1/3-2/3

-8
FIG. 1.

Schematic drawing of rectal obturator in patients included
in the trial

The primary endpoint of the trial was the recurrence
rate of the disease.

One condition or a combination of several conditions
was considered recurrence:

1) recurrence of clinical picture not earlier than 2 months
after surgical intervention in the form of development
of acute inflammation and/or discharge from the wound
after its complete healing;

2) chronic non-healing wound (absence of complete
epithelialization for more than 3 months);
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3) fistulous passage and/or residual cavities accord-
ing to control MRI of the pelvic organs with intravenous
contrast.

The secondary endpoints chosen were:
1) duration of the surgery;
2) volume of blood loss;
3) pain syndrome;
4) frequency and nature of postoperative complica-
tions;
5) duration of wound healing;
6) Incontinence from 1 to 20 points (CCFFIS scale);
7) quality of life (SF-36 (Short Form 36) scale) [10].
The following postoperative complications
were evaluated: bleeding, flap retraction, postopera-
tive wound pyogenesis, and suture failure on the mus-
cle complex.
The design of the randomized single-center trial
is shown in Figure 2.

Single-center
randomized trial

Inclusion
criteria

Preliminary treatment
results

Fistulectomy
with sphincter
reconstruction

Fistulectomy
with flap repair

Analysis of the final results

Reaching the endpoint,
premature termination of the study

FIG. 2.
Design of a single-center prospective randomized trial

Sample size calculation

The number of patients required to compare the re-
sults of fistulectomy with primary sphincter suturing
and the use of a mobilized muco-muscle flap was de-
termined using Lehr’s formula. The value of a mini-
mum clinically significant difference in recurrence rate
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of 15 % is based on available data from the literature
and our own retrospective experience. Therefore, con-
sidering a given power of the trial of 80 % and a type 1
error of 5 %, and to achieve the expected difference,
the minimum sample size was 158 patients (79 pa-
tients in each group). Interim data analyses were per-
formed when 50 % of the planned number of subjects
were enrolled.

Randomization

After meeting the inclusion/non-inclusion criteria,
patients were randomly allocated to groups by clus-
ter randomization using Random Allocation Software.
Therefore, a sample of 158 units including 2 groups
of patients was formed. Patients of Group 1 underwent
fistulectomy with sphincter reconstruction, and Group 2
underwent fistulectomy with repair of the internal
opening using a muco-muscular flap of the rectal wall.
The probability of a patient being placed in one group
or another was 50 %.

Given the hypothesis testing nature of the trial, an in-
terim analysis of the results was conducted when 50 %
of the planned sample was reached.

In an interim analysis of 92 patients, a statistically sig-
nificant difference in the number of disease recurrences
was obtained, reaching the expected primary endpoint
of the trial prematurely and stopping the trial for ethi-
cal reasons.

Statistical data processing

The data were analyzed using the SPSS Statistics
software package version 22.0 (IBM Corp., USA) after
testing for normality of distribution using the Kolmog-
orov-Smirnov test. The following parameters were used
in the analysis: Student’s t-test, Mann - Whitney U test,
Pearson’s chi-squared test, Fisher’s exact test. A p value
< 0.05 was considered statistically significant.

Preoperative examination

Visual inspection of the perianal area and digital rec-
tal examination were performed. All patients underwent
full colonoscopy.

It was also mandatory to perform pelvic MRI
with IV contrast on a tomograph with a 3 Tesla mag-
netic field.

All studies included the following sequence: T1-
weighted image (WI), T2-WI with short- and long-axis
to the anal canal, T2-WI with suppression of signal from ad-
ipose tissue to anal canal, T1-WI with suppression of signal
from adipose tissue with intravenous injection of contrast
agentinto the cubital vein. The record included the follow-
ing characteristics: localization of the internal and external
fistula openings, extent, topographic-anatomical charac-
teristics (direction of the passage, location of the passage
in relation to the external sphincter, leakage), assessment
of inflammatory changes (infiltrate, abscesses, sphincter
involvement).

Continence function was also assessed using
the CCFFIS scale and patient’s quality of life using
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the SF-36 Questionnaire (MH (Mental Health) — mental
health assessment; PH (Physical Health) - physical health
assessment).

Postoperative patient management

During the postoperative period, antibacterial thera-
py with broad-spectrum drugs (ciprofloxacin, metronida-
zole) was performed.

Pain syndrome correction was carried out depend-
ing on its severity according to the Visual Analogue Scale
(VAS). Monotherapy with non-steroidal anti-inflammatory
drugs or combination with narcotic analgesics was used
in case of pain intensity more than 6 points. The inten-
sity of pain syndrome was recorded 1, 7 and 28 days af-
ter surgery.

There was no stool retention, and the first defecation
was performed after the urge to defecate using microcl-
ysis. Wound care consisted of daily dressings with treat-
ment with aqueous antiseptic solution, followed by appli-
cation of hydrophilic ointments.

Quiality of life was assessed 14, 28 days and 12 months
after surgery using the SF-36 Questionnaire. The level of in-
continence was assessed using the CCFFIS scale 28 days
and then 12 months after surgery.

d
FIG. 3.

Surgical technique

Preoperative preparation

The surgical intervention was performed in a modi-
fied lithotomy position using subarachnoid anesthesia.

During intraoperative revision, the fistulous pas-
sage was stained through the external fistulous opening
with a dye solution in order to identify the internal fis-
tulous opening. A bulbous-end probe was inserted into
the fistulous passage to further assess the nature of the
passage, the degree of involvement of the sphincter com-
plex, and secondary leakage. If inclusion criteria were met,
the patient was randomized to one of the groups.

Fistulectomy with repair of the internal opening using
a muco-muscular flap (F)

The external fistulous opening was grasped with an Al-
lisclamp and an electrocoagulator was used to make a skin
incision in its projection. The fistulous passage was then se-
guentially isolated in a single block without dissecting
the tissues overlying the fistula.

The next step was mobilization of a lip-shaped muco-
muscular flap of the rectal wall (the ratio of the flap width
to its length was at least 2:1). The flap was formed accord-
ing to the size of the sphincter defect after previously per-
formed fistulectomy.

e

Steps of surgery in Group “F”: a - fistulectomy; b — excision of the internal opening; ¢ — mobilization of the muco-muscular flap; d - suturing

of the sphincteric defect; e - fixation of the flap to the anoderm
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The flap was fixed to the distal edge of the defect
without tension with separate knotted sutures using
Vicryl/Polysorb 3/0. The muscle skeleton defect was su-
tured with separate knotted sutures on the wound
side (Vicryl/Polysorb 2/0). The external perianal wound
was not sutured (Fig. 3).

Technique of fistulectomy with sphincter reconstruction
(SR)

The external fistulous opening was grasped with an Al-
lis clamp and an electrocoagulator was used to make
a skin incision in its projection. The incision was then con-
tinued along the course of the main fistulous tract to-
wards the anal canal lumen. The passage was isolated
from the surrounding tissues while preserving the integ-

FIG. 4.

rity of its lumen to remove it en bloc and prevent frag-
mentation.

After complete removal of the passage, the inter-
sphincteric space, the bed of the affected gland, becomes
accessible for visual inspection.

In the projection of the anal canal mucosa, excision
was performed with grasping the internal opening.

Sequential suturing of the sphincter defect was per-
formed using individual knotted sutures (Vicryl/Poly-
sorb 2/0). The edges of the sphincter and subcutaneous
adipose tissue were aligned with each other to form a flat
wound surface without recesses. Suturing of the anal canal
mucosa, anoderm and skin over the wound was not per-
formed (Fig. 4).

Steps of surgery in Group “SR”: a - visualization of the posterior wall of the fistula during excision with en-block; b - intersphincter space
after fistulectomy (indicated by arrows); ¢ — the border of internal opening excision (highlighted with a dotted line), the internal opening
is painted; d - final appearance (separate sutures on the muscle complex)
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RESULTS

The clinical characteristics of the patients are summa-
rized in Table 1.

The groups were comparable in terms of sex, age
and duration of ligature placement. In Group “F”, drain-
age ligature was placed statistically significantly more fre-
quently than in Group “SR” (p = 0.036). This difference
was probably a result of the small sample size.

TABLE 1
CHARACTERISTICS OF PATIENTS

According to the MRI data, the number and nature
of leakage in Groups “F” and “SR" are not statistically sig-
nificantly different.

When patients’ quality of life was assessed using
the SF-36 preoperative questionnaire, no statistically signif-
icant differences were found in both groups, neither in PH
(SF-36) nor in MH values (SF-36).

The duration of surgical intervention in Groups “F”
and “SR” was 45 (20-160) and 33 (10-55) min, respective-

Characteristics Group “F” (n = 46) Group “SR” (n = 46) P
Age, years 40£10 40+ 11 0.884
Male, n (%) 32 (69.6 %) 34 (73.9 %)
0.817
Female, n (%) 14 (30.4 %) 12 (26.1 %)
Presence of ligature, n (%) 26 (56.2 %) 15 (32.6 %) 0.036
Duration of ligature placement before surgery, days 62 (24-397) 81 (18-545) 0.117
Localization of the internal fistulous opening:
posterior, n (%) 27 (58.7 %) 25 (54.4 %)
0.785
anterior, n (%) 16 (34.8 %) 17 (37 %)
lateral, n (%) 3 (6.5 %) 4 (8.6 %)
Presence of leakage
yes, n (%) 11(23.9 %) 5(10.9 %) 0.170
no, n (%) 35(76.1 %) 41 (89.1 %)
Leakage localization
ischiorectal 3(6.5%) 4 (8.7 %)
0.209
intersphincteric 3(6.5 %) 2 (43 %)
subleavatory 4 (8.7 %) 0
SF-36 (MH) 53.1(53.1-54.0) 53.1 (46.2-54.0) 0.151
SF-36 (PH) 54.2 (53.5-57.6) 54.8 (535.-57.6) 0.914
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ly, and statistically significant differences between groups
were obtained (p = 0.004).

The volume of blood loss was 3 (1-20) and 2 (1-10) ml
in the “F” and “SR” groups, respectively (p = 0.482).

At statistical analysis of VAS 1 and 7 days after the op-
eration there is a statistically significantly greater pain syn-
drome in the group with repair of the rectal wall using
a mucous-muscular flap in comparison with primary fis-
tulectomy with sphincter reconstruction (p < 0,05), but af-
ter 28 days this difference ceases to be significantly statis-
tically significant (p = 0,733).

The following complications were recorded in the early
postoperative period: bleeding from the wound, which re-
quired re-hospitalization of one patient in the group. One
patient in this group was found to have wound infection,
which required additional drainage and debridement
with antiseptic solutions. In addition, there were two cases
of flap retraction that did not require repeated surgical in-
tervention, and conservative treatment consisted of transa-
nal irrigation of the failure area with antiseptic solutions.
Two cases of partial suture line disruption on the muscle
complex with subsequent wound healing by secondary
tension were noted in Group “SR".

The groups were comparable in terms of the number
and nature of complications.

The healing time of the external perianal wound
in Group “F” was 30.10 + 1.99 days and in Group “SR”
was 26.73 + 2.55 days and had no statistically significant
differences (p = 0.311).

During the postoperative period, impaired conti-
nence function was noted among 7 (15.2 %) patients
in Group “F” and in 10 (21.7 %) patients in Group “SR”
(p =0.591) (Fig. 5).

45
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30 1

25 A

20 H

Number of patients

15 A

CCFFIS scores

FIG. 5.
Assessment of postoperative incontinence with CCFFl scores

No statistically significant differences were obtained
when patients’ quality of life was assessed 14, 28 days
and 12 months after surgery. A statistically significant dif-
ference was obtained only for the physical health assess-
ment (SF-36 (PH)) at day 14 (p = 0.009), as shown in Fig-
ure 6.

The number of disease recurrences in Group “F”
was 11 (23.9 %) cases, in Group “SR” - 3 (65 %), and statis-
tically significant difference in the studied groups is deter-
mined (p = 0.042).
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FIG. 6.

Postoperative quality of life. SF-36 (MH) — mental status, SF-36 (PH) —
than those in Group “F” (7 (2-14) and 8 (4-20) days, respectively (p =

physical status. Patients in Group “SR” recovered faster
0.005)).
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RESULTS DISCUSSION

Finding the optimal treatment for transsphincter-
ic rectal fistula is a challenge for colorectal surgeons due
to a number of aspects, the main ones being preservation
of the continence function and prevention of recurrence
in the postoperative period.

The position regarding rectal fistulas occupying
up to 1/3 of the sphincter complex is now well established,
in which fistula dissection or fistulectomy into the intes-
tinal lumen is recommended. The incidence of impaired
continence function after such interventions is 0-45 % [11]
with a high success rate of 92 % to 97 %.

Various sphincter-preserving techniques have
been recommended for transsphincteric fistulas occu-
pying more than 1/3 of the sphincter complex [12, 13].
The advantage of this approach is the low rate of inconti-
nence, the disadvantage is the high recurrence rate even
with a highly skilled reference center surgeon [7, 13]. How-
ever, the efficacy of the procedure in relation to healing
ranges from 65.6 % to 83.7 % [14] for cryptoglandular fis-
tulas.

The absence of a clear position for such a difficult cat-
egory of patients, when we are talking about the involve-
ment in the pathological process of the area of the sphinc-
ter complex (1/3-2/3) provides conditions for further
search for an appropriate method of treatment.

In practice, digital and probe examinations were more
often used to determine the involvement of the closing
apparatus, which was rather subjective. The emergence
of more accurate methods for determining the height
of the fistula location (transrectal ultrasound (TRUS), MRI
of the pelvic organs) has raised the question of the possi-
bility of a continence-safe change in the scope of the use
of fistulectomy with sphincter reconstruction.

The experience of the clinic and reports in the litera-
ture indicated that the formation of a «safe» scope of fis-
tulectomy with subsequent reconstruction of the clos-
ing apparatus took place in an era when it was impos-
sible to confidently determine the height of the pas-
sage location and the volume of the sphincter part be-
low this level.

Nevertheless, fistulectomy with primary sphincter re-
construction is now routinely used by surgeons to treat
simple low-grade anorectal fistulas with a high recovery
rate and without significant comprometation of sphincter
function [2, 15, 16]. Fistulectomy in different modifications
for high-level fistulas is used only by a number of authors
with satisfactory functional results and a relatively low re-
currence rate of 12 % [17].

In order to improve functional results, it was proposed
in the middle of the 20th century to combine the excision
stage with subsequent suturing of the sphincter or sutur-
ing of the wound edges to the fundus. However, a num-
ber of authors have argued against any kind of plastic
surgery in fistulectomy because of the risk of wound in-
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fection, sphincter edge dehiscence and subsequent in-
continence.

Our trial compared two excisional treatments for high
transsphincteric anorectal fistulas.

During the course of the work, a statistically signifi-
cant difference in disease recurrence between Group “F”
and Group “SR” was obtained when assessing the interme-
diate outcomes, thus confirming the hypothesis and stop-
ping the trial prematurely for ethical reasons. It was pos-
sible to prove the safety of fistulectomy with sphincter
reconstruction from the point of view of functional re-
sults, which expands the indications for use in patients
with involvement of the closing apparatus more than 1/3
(less than 2/3).

When analyzing the results, it was found that the du-
ration of surgery was statistically significantly longer in pa-
tients with muco-muscular flap formation. This fact is prob-
ably due to the fact that fistulectomy without separation
of the sphincter fibers is technically more difficult. In ad-
dition, the duration of the intervention is also increased
by shaping the flap according to certain requirements (suf-
ficient mobility, adequate blood supply).

There are also statistically significant differences
in the intensity of pain syndrome: patients in Group “F”
have statistically significantly higher VAS scores on day
1and day 7.

The determined difference in quality of life in pa-
tients on day 14 is noted only when analyzing physical
health. Statistically significant differences in the form
of lower SF-36 (PH) indicators in patients in Group “F”
may be due to pain syndrome, size of the wound defect
and reduced ability to work.

Incontinence was diagnosed in patients of both groups,
but without statistically significant difference (p = 0.59).
The degree of incontinence, according to the CCFFIS scale,
did not exceed 3 points in all patients, which corresponds
to minimally severe manifestations of incontinence. Ac-
cording to the meta-analysis by I. Balciscueta et al., the in-
cidence of incontinence increases with increasing flap
thickness [16].

However, we did not obtain a statistically significant
difference in functional results in the compared groups,
but the rate of disease recurrence was statistically signifi-
cantly higher in the group with flap repair surgery.

The main limitation of this trial is its single-cent-
er nature. The surgeries were performed in a reference
center with participation of highly qualified surgeons.
The presented methods performed by coloproctologists
at other clinics may lead to worse results due to their po-
sition on a learning curve. Further multicenter stud-
ies involving surgeons specializing in treating fistulas
are essential.

Also, the trial did not include patients with recurrent
fistulas and incontinence, so for this category of patients,
fistulectomy with sphincter reconstruction should be rec-
ommended with caution.



Another limitation is the fact that after preliminary anal-
yses of patient data, due to a statistically significant dif-
ference in recurrence rates, the trial was stopped for eth-
ical reasons.

CONCLUSIONS

Fistulectomy with primary reconstruction
of the sphincter complex for the treatment of high
transsphincteric fistulas is safe from the point of view
of the development of incontinence, accompanied
by a lower number of recurrences in comparison
with flap repair surgery. The findings may expand the in-
dications for the treatment of high anorectal fistulas
when 1/3 to 2/3 of the sphincter complex is involved
without significant risk to functional outcomes. Preop-
erative diagnostics of high accuracy, in particular pelvic
MRI with IV contrast, is required to plan surgical treat-
ment from the point of view of the involvement of clos-
ing apparatus in the pathological process and the pres-
ence of secondary retractions.
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EXPERIMENTAL RESEARCHES

ABSTRACT

Background. Overweight and obesity are key factors for the occurrence of many
morphofunctional disorders in organs and tissues, including bronchopulmonary
system.

The aim. To study the influence of metabolic disorders that occur against the back-
ground of obesity on the state of the airways tone in rats.

Materials and methods. Obesity in male Wistar rats was induced using a high-fat
and high-carbohydrate diet. In animals, body weight and fat mass were measured,
and the heart-lung complex was extracted. In blood serum, the levels of glucose, insu-
lin, leptin, triglycerides, and cholesterol were assessed. Bronchoalveolar lavage fluid
was obtained by an open method, in which the concentration of protein, interleukin
(IL) 6 and IL-10 was determined. The contractile activity of the isolated bronchial
smooth muscle segments was studied using mechanographic method. The effect
of acetylcholine (10~7-10~* M), indomethacin (10~ M), and forskolin (107-10~> M)
on the changes in the tone of airway smooth muscles was assessed.

Results. High-fat and high-carbohydrate diet caused an increase in body weight,
visceral obesity, hyperglycemia, insulin resistance, leptinemia, dyslipidemia in rats
of the experimental group. In the bronchoalveolar lavage fluid of experimental
animals, an increase in the content of protein and IL-6 was found, which positively
correlated with the level of leptin and the fat mass. In obese rats, the contractile
responses of bronchial smooth muscle segments increased in response to the effect
of the cholinergic agent acetylcholine. The bronchoconstrictor effect of acetylcholine
was reduced by the cyclooxygenase inhibitor indomethacin. In turn, the adenylate
cyclase activator forskolin caused relaxation of the airway segments smooth mus-
cles in rats of both groups, which was more pronounced in the experimental group.
Conclusion. Theobtained resultsindicate thatthe change in the reactivity of the res-
piratory tract can be the cause of bronchospastic conditions in obesity and of the in-
flammatory reaction in the respiratory system induced by obesity.
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PE3IOME

O6ocHoBaHue. VI36bImoYHas Macca meJsa u OXXupeHue A8J/AMCs K/lo4esbiMu
hakmopamu 0715 B03HUKHOBEHUA MHOXeCm8ad MoppOopyHKUUOHAIbHbIX Hapyie-
HUll 8 pas/IuUYHbIX OP2aHAX U MKAHAX, 8 MOM YucJsie 8 BpOHX01E204HOU cucmeme.

Lens uccnedoeanus. V3ydyums snusHue memabonudeckux HapyuleHut, 803HU-
Kaouwux Ha hoHe OXXupeHUs, Ha COCMOAHUE MOHYCa 8030yXOHOCHbIX NymeU Kpbic.
Mamepuanel u memoodsl. OxupeHue y kpeic-camyos Wistar uHoyyuposanu
C UCNOJ1b308AHUEM 8bICOKOXUPOBOU U 8bICOKOY2/1e800HOU Ouemol (BXKBY/]).
Y XuBomHbIX U3MepAIU MACCy meJsid U XUpo8oU MKAHU, U38J1eKanu KOMNJ1eKc
cepoue-nézkue. B cblsopomke Kposu oyeHUBaIU COOePXKaHUE 2J1I0K03bl, UHCY/TUHA,
JslenmuHa, mpuaauyepudos, xonecmeposad. OmkpseimelM cnocobom nosay4yanu
6POHX0AsbBEOSIAPHYIO IABAXKHYI0 KUOKOCMb, 8 KOMOPOU 0Npedesisiu KOHYeHmpa-
yuto besnika, uHmepnelikura (IL) 6 u IL-10. CokpamumesibHyto akmugHOCMb U30/1U-
POBAHHbIX 2/TA0KOMbIUEYHbIX Ce2MEHMO08 OPOHX08 U3y4asiu MexaHo2pagpuyeckum
memodom. OyeHusanu enusHue auemusaxonura (107-10~4 M), uHdomemayuHa
(107° M), popckonura (107107 M) Ha usmeHeHue MOHyca 21adKuUX MblUY 803-
OYXOHOCHbIX nymed.

Pesynomamel. B)KBY/] npusoousna Kk ygenudeHuUto Maccsl mesa, 8UcyepasbHoMy
OXUpeHUIo, 2unep2IuKeMul, UHCYSIUHOpe3UCMeHmMHOCMU, ienmuHeMuu, OUuc/1u-
nudemuu y KpbiC 0nblMHOU 2pynnsl. B 6poHxoanbeeonsapHol 1a8axxHoU Xuokocmu
3KCNepuUMeHMasnbHbIX XUBOMHbIX O6HAPYXeHO NosblueHUe co0epXaHusa beska
u IL-6, komopoe nonoxumesIbHO KOppeauposaso C ypo8HEM IENMUHA U Maccou
XKUPOBOU MKAHU. Y KpbIC C OXXUpEHUEM NpouCXoousI0 ycuieHue CoKpamumersibHbIX
0maeemoa 2/1a0KOMbILWEYHbIX Ce2MeHMo8 6pOHX08 8 0maem Ha Oelicmaue XOUHO-
MUMemuKa ayemuJsixoauHd. bpoHXokoHCMpuUKMopHoe delicmaue ayuemusixosuHa
CHUXAocb npu 8030elicmauu UH2UbUMopa YUK100KCU2eHAa3bl UHOOMeMAuuHa.
B cgoto o4epeds, akmusamop adeHUIamuyuK/1assl (hopCKOIUH 8bi3bl8as pacc/ia-
6s1eHUe 2/1a0KUX MblWY ce2MeHmo8 8030yXOHOCHbIX nymel Kpbic 0beux 2pynn,
6os1ee 8bipaxkeHHoe 8 ONbIMHoU 2pynne.

3akmoueHue. [losyyeHHble pe3ybmamel ceudemebCmayom o mom, 4mo usme-
HeHue peakmugHOCMU OblXxamesibHblx Nymeti Moxem A8/19mbCA NPU4UHoOU 6pOHXO-
cnacmuyeckux cocmosHUU Npu oXupeHuU U UHOyyupyemoU um socnaiumessHol
peakyuu 8 pecnupamopHou cucmenme.

Knroueasble cnosa: 6poHxu, 2/iadkue Mulliybl, OXXUpeHue, 80cnanaeHue, UHCYu-
Hope3UucmeHMHoOCMb

Ona untuposanuna: bupynuHa tO.I, iBaHoB B.B., byiko E.E., BopoHkoBa O.B., XacaHo-
Ba PP, BonbxnHa M.O., Hocapes A.B., [ycakosa C.B. BnusaHue oxunpeHna Ha TOHyC rnag-
KMX MblLWL, 6pOHXO0B KpbiC. Acta biomedica scientifica. 2023; 8(3): 201-208. doi: 10.29413/
ABS.2023-8.3.22
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INTRODUCTION

Chronic non-communicable respiratory diseas-
es represent an urgent medical and social problem
due to high morbidity and early disability of patients
[1,2]. Overweight and diet-induced obesity are consid-
ered by researchers as risk factors for the development
of bronchopulmonary pathology [3, 4]. Current evidence
suggests a close relationship between chronic systemic
inflammation induced by nutrients, metabolites, and bi-
oactive substances of adipose tissue cellular elements
and the development of increased airway reactivity [1,
5]. Several clinical studies have reported that patients
with bronchial asthma and obesity have higher exacer-
bation rates, impaired response to corticosteroid treat-
ment, and poor quality of life [6, 7].

The regulatory mechanisms underlying such abnor-
malities are a matter of debate, but have been shown
to be directly related to dysfunction of contractile activ-
ity of smooth muscle cells of the airway wall [8, 9]. A re-
cent study has demonstrated that airway smooth muscle
cells in obesity are characterized not only by increased
generation of contractions due to calcium-mediated
mechanism, but also by a change in their bioenergetic
profile accompanied by an increase in the rate of glyco-
lysis [10]. Along with this, it has been noted that exces-
sive adipose tissue accumulation and associated meta-
bolic disorders can alter cellular composition and con-
tribute to airway remodeling through various molecu-
lar mechanisms that form the basis of systemic inflam-
mation [11, 12].

Since the pathological processes in the bronchopul-
monary system is formed slowly, and clinical manifes-
tations of respiratory failure are significantly delayed,
it is difficult to study the pathogenesis of respiratory dys-
function in obese patients. Therefore, it is of particularin-
terest to use biological models to evaluate the role of di-
et-induced obesity in the development and progression
of the pathological process in the organs of the respira-
tory system [12, 13].

In this regard, the aim of the work was to study
the influence of metabolic disorders that occur against
the background of obesity on the state of the airways
tone in rats.

MATERIALS AND METHODS

The experiment was performed on 18-week-old male
Wistar rats (n = 18) that were on a high-fat and high-car-
bohydrate diet for 3 months [14]. Animals of the control
group (n = 15) received standard laboratory diet dur-
ing this period. When working with experimental ani-
mals, we adhered to the principles of humanity set forth
in the European Community Directive (86/609/EEC)
and the Declaration of Helsinki; the study was approved
by the Ethics Committee of the Siberian State Medical Uni-
versity (protocol No. 8201 dated 27.03.2020).
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At the end of the experiment, the animals were CO,-
euthanized. Blood was drawn from the heart,
which was then centrifuged for 10 min at 2,000 g to obtain
serum. Visceral adipose tissue, heart-lung complex were ex-
tracted. To determine the specific gravity of adipose tis-
sue, samples were weighed on analytical balance (Pioneer
PX224; OHAUS, PRQ).

Bronchoalveolar lavage was performed by the open
method on the isolated heart-lung complex [15]. Pro-
tein concentration in lavage fluid was determined spec-
trophotometrically (BCA Protein Assay Kit; Sigma-Al-
drich, USA) and cytokines interleukin (IL) 6 and IL-10
by ELISA (Bender MedSystems GmbH kits, Austria).
The concentration of glucose (Glucose-TR; Chronolab,
Spain), triglycerides, cholesterol (Triglycerides, Choles-
terol kits, respectively; Chronolab, Spain) was determined
in serum by a colorimetric method, insulin (Insulin Rat
ELISA Kit; Thermo Fisher Scientific, USA) and leptin (Rat
Leptin ELISA Kit; ELK Biotechnology, PRC) - by ELISA.
The HOMA-IR (Homeostasis Model Assessment of Insulin
Resistance) index was calculated as serum insulin X se-
rum glucose / 22.5.

The mechanical tension of isolated smooth muscle
segments of rat airways (up to the 2nd order) was record-
ed using a mechanographic method (Myobath II; WPI, Ger-
many). The resulting preparations were incubated in aer-
ated chambers (95 % 0,,5% C0,) filled with Krebs phys-
iological solution (37 °C, pH = 7.35-7.40). Segment con-
tracture was induced with potassium chloride (30 mM)
or acetylcholine (107> M), the amplitude of contractile re-
sponses to which was taken as 100 %. The effects of ace-
tylcholine (1077-107* M), indomethacin (10~> M), and for-
skolin (107-10~> M) (all Sigma-Aldrich, USA) on contrac-
tile responses of airway segments were studied.

Data analysis of the study results was performed
in SPSS Statistics 23 program (IBM Corp., USA). The ob-
tained data are presented as mean (M) and standard
deviation (+ SD), median (Me) and 25t™ and 75t per-
centiles (Q,s: Q,0). Student’s t-test or Mann — Whitney
U test was used to analyze differences between sam-
ples. Differences were considered statistically signifi-
cant at p < 0.05. The Spearman’s Rank Correlation Co-
efficient was determined to assess the relationship be-
tween the indicators.

RESULTS

Animals administrated for 12 weeks on a special
high-fat and high-carbohydrate diet had an increase
in body weight, specific gravity of visceral adipose tis-
sue. This high-fat and high-carbohydrate diet promoted
the increase of glucose, insulin and leptin levels in the se-
rum of rats belonging to the experimental group (Table 1).
The value of insulin resistance index HOMA-IR in animals
receiving high-fat and high-carbohydrate diets was sta-
tistically significantly higher than in the control group
(Table 1). The rats of the experimental group also showed



TABLE 1

PHYSIOLOGICAL AND BIOCHEMICAL PARAMETERS IN RATS FROM CONTROL AND EXPERIMENTAL GROUPS (M + SD)

Parameters

Control group (n=15)

Experimental group (n = 18)

Body weight, g 4333+394 489.1 +47.9 (p=0.01)
Specific gravity of visceral adipose tissue, g 22+0.2 4.3+0.6 (p <0.001)
Fasting glucose, mM 4.7+0.5 6.6 +0.4 (p <0.001)
Insulin, pM 112408 242 +56 (p=0.001)
HOMA-IR 04£0.1 1.3+ 0.4 (p =0.004)
Leptin, ng/ml 31+£03 45+0.1 (p=0.01)
Cholesterol, mM 1.7+0.2 23+£0.3(p=0.001)
Triglycerides, mM 0.7+0.2 1.7+ 0.5 (p=0.001)

Note. p — statistically significant differences with the control group.

a statistically significant increase in the blood content
of triglycerides and cholesterol compared to control an-
imals (Table 1).

The study of bronchoalveolar lavage fluid revealed
a 1.5-fold increase in protein concentration in rats
of the experimental group compared to the control group
(1.1 £ 0.3 g/l in the experimental group vs. 0.7 = 0.2 g/I
in the control group; p = 0.037). Also, a statistically sig-
nificant increase in the concentration of IL-6 in lavage
fluid (9.7 (9.4; 15.7) pg/ml in the experimental group
vs. 5.3 (4.7; 9.2) pg/ml in the control group; p = 0.007)
was found in animals of the experimental group, where-
as the level of IL-10 did not differ between the investigat-
ed groups. There was a positive correlation between se-
rum leptin levels and protein (r=0.355; p=0.020) and IL-6
(r=0.573; p = 0.005) concentrations, as well as adipose
tissue mass and IL-6 levels (r = 0.486; p = 0.005) in lav-
age fluid.

As a result of studying the constrictor reactions
of airway smooth muscles, it was found that the action
of the non-selective cholinergic receptor agonist acetyl-
choline (107-10"% M) caused a dose-dependent increase
in the mechanical stress of bronchial segments of rats be-
longing to the control and experimental groups (Fig. 1).
At the same time, the amplitude of contractile responses
of ring segments in animals belonging to the experimen-
tal group was higher than in the control group in the con-
centration range from 5 x 107 to 5 x 10°* M (p < 0.05).
Airway segment pretreatment with the cyclooxygenase
inhibitor indomethacin ((10~> M) for 40 min caused a de-
crease in acetylcholine-induced contraction of segments

in both control and experimental groups (Fig. 1). Statis-
tically significant differences were found with the ac-
tion of acetylcholine at concentrations of 5 x 107%-
10* M (p < 0.05). The effect of indomethacin caused
a greater inhibition of mechanical stress in the segments
of the control group. Activation of adenylyl cyclase by ad-
dition of forskolin (10710~ M) against the background
of pre-contraction of bronchial segments with acetyl-
choline caused a dose-dependent decrease in the ampli-
tude of the contractile response of segments obtained
from animals of both study groups (Fig. 2). Moreover,
a more pronounced drop in mechanical stress was ob-
served in the segments of rats belonging to the experi-
mental group.

DISCUSSION

Visceral obesity is a trigger for multiple metabolic
disorders mediating neuroimmunoendocrine dysfunc-
tion at the systemic level [1, 3]. Current studies show
that chronic inflammation associated with adipocyte
hypertrophy and impaired secretory status is strong-
ly associated with the development of airway hyper-
responsiveness and may be a cause of respiratory pa-
thology [3, 5, 91.

A key linkin the pathogenesis of bronchopulmonary
pathology is inflammation and remodeling of the air-
ways, which are regulated by various cell types includ-
ing immune, epithelial, smooth muscle and fibroblast
cells. In obesity, immunocompetent cells of the airways
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FIG. 1.

The effect of acetylcholine on the contractile responses of bronchial
smooth muscles in rats of control and experimental groups: * — sta-

tistically significant differences with the control group at p < 0.05;

# — statistically significant differences with the control group + indo-
methacin (10~° M) at p < 0.05; * - statistically significant differences
with experimental group at p < 0,05

can change their functional phenotype with a predom-
inance of proinflammatory differentiation, which leads
to hypersecretion of inflammatory cytokines, thickening
of the bronchial wall, subepithelial fibrosis, neovascu-
larization and increased proliferation and hypertrophy
of smooth muscle cells [11, 12]. In the studies of A. Kurok-
awa et al. [8], K. Watanabe et al. [16] showed that the lep-
tin is secreted almost exclusively by adipocytes, can en-
hance airway hyperresponsiveness by increasing the pro-
duction of inflammatory mediators and accelerating the
differentiation of myofibroblasts. Along with this, leptin
increases the expression of intercellular adhesion mole-
cules ICAM-1 in epithelial cells, which promotes the pen-
etration of eosinophils and blood neutrophils into the
airway mucosa [17], and various proinflammatory cy-
tokines (IL-6, IL-8, IL-12, IL-12p40, IL-25, IL-33, CCL, etc.)
produced by epithelial cells aggravate the inflammatory
response of the airways and their hyperresponsiveness
[11]. Activated epithelial cells can also enhance airway
remodeling by promoting migration of airway smooth
muscle cells into the epithelial layer [18]. Smooth mus-
cle cells, in turn, can also maintain a pro-inflammatory
status by secreting cytokines such as IL-1, IL-5, IL-6 and
IL-8, TGF-B1 and VEGF [19]. The study of A. Matoba et al.
[20] showed that an increase in the level of free long
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The effect of forskolin on the contractile responses of bronchial
smooth muscles in rats of control and experimental groups: * — sta-
tistically significant differences with the control group at p < 0,05

chain fatty acids (oleic and linoleic) through the MEK/
ERK and PI3K/AKT signaling cascade induces prolifera-
tion and hyperplasia of smooth muscle cells of the air-
ways in vitro.

To study the airway hyperresponsiveness devel-
opment mechanisms and inflammation in obesity,
the use of animal models is appropriate. We performed
experiments on rats maintained for 12 weeks on a high-
fat and high-carbohydrate diet. It was found that a high-
fat and high-carbohydrate diet leads to changes in phys-
iological and biochemical parameters, which are ex-
pressed in the development of diet-induced obesity,
hyperglycemia, insulinemia, insulin resistance, leptine-
mia, dyslipidemia in animals of the experimental group.
The obtained results correlate with the data of literature
sources, which confirms the effectiveness of a high-fat
and high-carbohydrate diet for modeling metabolic dis-
orders, including those caused by increased accumula-
tion of adipose tissue [8, 12]. Thus, biochemical and im-
munological analysis of bronchoalveolar lavage fluid
of experimental animals showed active development
of pathological process in the respiratory system. Rats
of the experimental group showed an increase in protein
and IL-6 concentration, which correlated with leptin lev-
els and adipose tissue mass. In a similar study, mice treat-



ed with a high-fat diet showed increased levels of IL-5,
IL-10, and tumor necrosis factor alphain lavage fluid com-
pared to those of control mice [21]. Thus, it can be con-
cluded that obesity is accompanied by the development
of inflammatory response in the bronchopulmonary sys-
tem of experimental animals.

As it was noted earlier, the processes of airway re-
modeling are closely related to changes in the func-
tional activity of respiratory epithelial cells and smooth
muscles. The epithelium plays a significant role in reg-
ulating the contractile activity of airway smooth mus-
cle by secreting various relaxant and constrictor fac-
tors, including NO, prostaglandin E,, and EpDHF [13,
22]. The results of our study suggest that there is an in-
crease in the contractile responses of bronchial smooth
muscle cells in response to acetylcholine action during
obesity. According to the literature, such cholinomimet-
ic effects may be due to increased release of intracellu-
lar calcium from the sarcoplasmic reticulum and sub-
sequent phosphorylation of myosin light chains [9]
and/or overexpression of M-cholinergic receptors [23].
There is also evidence that bronchial hyperresponsive-
ness during obesity and diabetes is due to epithelial
damage and impaired prostaglandin production [13,
24]. Pretreatment of airway segments with the cycloox-
ygenase inhibitor indomethacin leveled the acetylcho-
line-evoked contraction, but to a lesser extent in rats be-
longing to the experimental group. The decrease in me-
chanical tension of smooth muscles of segments against
the background of indomethacin supports the hypothe-
sis that it can have an inhibitory effect on phosphodies-
terase [25] and thus increase the intracellular concentra-
tion of cyclic adenosine monophosphate. In turn, the ef-
fect of the adenylate cyclase activator forskolin caused
dose-dependent relaxation of smooth muscles of air-
way segments in rats of both groups, more pronounced
- in the experimental group. The obtained results indi-
cate that the change in the reactivity of the respirato-
ry tract can be the cause of bronchospastic conditions
in obesity and of the inflammatory reaction in the res-
piratory system induced by obesity.

CONCLUSION

Overweight and obesity are key factors for a varie-
ty of morphofunctional abnormalities in various organs
and tissues, including the bronchopulmonary system.
This paper shows that high-fat and high-carbohydrate
diet-induced obesity promotes the formation of a lo-
cal inflammatory response and increased airway reac-
tivity in experimental animals. Given the close relation-
ship between obesity and bronchopulmonary dysfunc-
tion, an in-depth study of its pathogenesis is necessary
in order to improve the methods of prevention and
treatment of bronchial obstruction diseases in obese
individuals.
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ABSTRACT

The aim of the study. In recent years, non-alcoholic fatty liver disease (NAFLD)
has been considered a hepatic manifestation of the metabolic syndrome. The main
consequence of NAFLD is chronic hepatic inflammation, which leads to dyslipidemia,
inflammation, increased oxidative stress, and endothelial dysfunction. Inmune
activation in response to interaction with agents of a metabolic nature induces
the release of pro-inflammatory cytokines in the liver, which subsequently cause iron
homeostasis disorder. This leads to a frequent association of NAFLD with anemia
of various etiology. In this regard, we considered it important to assess the severity
of the systemic inflammatory response in NAFLD in the experiment in order to diag-
nose anemia of chronic inflammation.

Materials and methods. The study was carried out on 26 male Wistar rats,
which were divided into control and experimental groups. In animals of the experi-
mental group, NAFLD was modeled according to the generally accepted method.
In order to assess metabolic disorders, we determined the main biochemical param-
eters, a complete blood count with the calculation of erythrocyte indices, the concen-
tration of the main pro-inflammatory cytokines — interleukin (IL) 1, IL-6.

Results. In laboratory rats with NAFLD, a statistically significant increase of intra-
hepatic enzymes in blood serum was found. The state of the erythrocyte lineage
of hematopoiesis in the experimental group progressively worsened and caused
the development of anemic syndrome. Synchronously, a statistically significant
increase in serum levels of IL-1, IL.-6 was recorded, which confirms the correlation
of NAFLD with anemia of chronic inflammation.

Conclusions. A high concentration of IL-1, IL-6 cytokines in NAFLD inhibits iron
absorption in the duodenum, leads to the activation of macrophages, blocking
the release of iron processed from aging erythrocytes into plasma.

Further study of the mechanisms of anemia in NAFLD provides important therapeutic
targets in the treatment of both NAFLD and its comorbidities.

Key words: non-alcoholic fatty liver disease, anemia of chronic inflammation, rats
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PE3IOME

Lenb uccnedoeaHusa. B nocnedHue 200bl Heds1K020/1bHASA XUpo8ds 60s1e3Hb
nedyeHu (HAXBI1) cuumaemcs ne4éHoYHbIM nposeeHUeM Memabosiuyecko2o
cuHopoma. OcHosHbiM nociedcmeuem HAXKBIT sengaemcs xpoHu4eckoe 8ocna-
JleHue neveHu, KOmopoe npugooum K ouc/IuNUGemMuu, 80CNAIeHUIO, YCUIEHUIO
OKUC/IUMEIbHO20 cmpecca u oucyHKYuu SHOomenus. IMmyHHas akmusayus
8 omeem Ha e3aumodelicmgue ¢ aeeHMamu memabosudeckoli NpupoObl UHOY-
yupyem 8 neyeHu 8bIC8060XX0eHUE NPOBOCNAIUMESIbHBIX YUMOKUHO8, KOmopble
8nocsedcmauu NpusodsaM K HapyweHU 20Meocmasa xesesd. 5mo npugooum
K yacmou accoyuayuu HAXKBI ¢ aHemuamu pasnuyHol smuosoauu. B ceasu
C 3MUM Mbl NOCYUMAJIU BAXXHbIM OUEHUMb 8bIPAXEHHOCMb CUCMeMHO20 80C-
nanumenvbHo2o omeema npu HAXKBIT 8 s3kchepumeHme ¢ yesiblo OUd2HOCMUKU
aHeMUuU XpOHUYeCK020 80CNAIeHUH.

Mamepuanei umemoosl. ViccriedosaHue nposedeHo HA 26 KpblCcax-CamyaxiuHuU
Wistar, komopele 6bl1u pasoesieHbl HA KOHMPOJIbHYIO U 3KCNepuMeHmMasbHyo
2pynnel. Y XusomHbix 3KcnepumeHmasneHol epynnsi modenuposanace HAXKBI1
no obwenpuHamot memooduke. C yesbio oyeHKU Memaboaudeckux HapyueHul
onpedesia/iu 0OCHOBHble bUOXUMUYECKUe nokazamesiu, obuwuli aHaaus Kpoeu
€ NOOCYEMOM 3pUMPOUUMAPHBLIX UHOEKCO8, KOHUEHMPAYU OCHOBHbIX NPOBOC-
nanumesnbHbIx YUMOKUHO8 — uHmepnetkuHa (UJ1) 1, NJ1-6.

Pesynemamel. Y nabopamopHsix Kpeic ¢ HAXKBI pecucmpuposanoce cma-
mucmuy4ecku 3Ha4umMoe nogbluieHUe 8 CbiIBOPOMKe KpO8U 8HYMPUNEYEHOYHbIX
epmeHmos. CocmosHue 3pumpoyumapHoO20 poCmKa 2eMono33a y XUBOMHbIX
3KCnepuMeHMasnbHOU 2pynnbl NPOPEeCccUsHO yXyowanock, Npusoos K pazgumuto
aHemuyecko2o cuHopomad. CUHXPOHHO pe2ucmpuposaaocs cmamucmuyecku
3Ha4yumoe nosbiuwieHue 8 cbisopomke yposHel WJi-1, U/1-6, ymo noomeepxdoaem
koppenayuto HAXKBI c aHemuel XxpoOHUYeCK020 80CNAJIEHUS.

Bb1800bI. Bbicokas KoHUeHmpayus yumokuHos W/1-1, WJ1-6 npu HAXKBIM uHaubupy-
em 8cacvi8aHue xesesd 8 08eHaoyamunepcmHoU KulliKe, npugooum K akmugayuu
Makpoazos, 6710Kupys 8bIcCBOOOXOEHUE Xene3d, nepepadbomaHHo20 U3 cmapero-
Wux 3pumpoyumos 8 nyiasmy.

HanvHeliwee usyyeHue mexaHuamos pazgumus aHemuu npu HAXKbIM npedocmas-
Jiem 8axkHble mepanesmuuyeckue MmuweHu 8 1e4eHuu kak HAXKBI1, mak u conym-
cmeyrowux 3a6o1esaHull.

Knroyessie cnosa: HeaJ1Ko20J/1bHaA xupoeas 60/1e3Hb NeYeHU, aHeMUusA XpoHu4ye-
CKO20 80CNaAJl1eHUA, KpblCbl

Ona yutuposaHus: bpyc T.B., Bacunbes AT, Miopsees C.C., Kpasuosa A.A., Bebep I.C.
HeankoronbHas XunpoBasa 60/1e3Hb NeyeHn Kak GakTop puUcka aHEMUN XPOHNYECKOrO
BOCMNaneHus (3KcnepumeHTanbHoe nccnefgoBanune). Acta biomedica scientifica. 2023; 8(3):
209-215. doi: 10.29413/ABS.2023-8.3.23
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Excessive consumption of foods containing fast-di-
gesting carbohydrates, such as fructose and sucrose, leads
to the development of metabolic disorders in the liver. Non-
alcoholic fatty liver disease (NAFLD) is a striking example
of such a disease [1, 2].

A 2016 meta-analysis withasamplesize of 8,515,431 peo-
ple from 22 countries found that 25 % of the world’s adult
population suffers from NAFLD. Thus, currently, NAFLD
is the most common liver disease and one of the main caus-
es of metabolic syndrome [1].

Theincreasing incidence of NAFLD leads to an increased
risk of mortality from associated cardiovascular disease,
obesity, type 2 diabetes mellitus and hepatocellular carci-
noma [1-3].

The increasing prevalence, especially in recent dec-
ades, has made NAFLD the second most common cause
of liver transplantation in the United States. The hall-
mark of NAFLD is primary hepatic steatosis, subsequent-
ly exacerbated by non-alcoholic steatohepatitis (NASH),
which is characterized by liver inflammation, hepatocyte
damage and fibrosis, highlighting the potentially pro-
gressive nature of the disease [4-6]. The severity of cir-
rhosis is the most reliable predictor of long-term clin-
ical outcomes, with marked fibrosis indicating a high
risk of hepatocellular carcinoma and death [2, 6]. Met-
abolic dysfunctions, such as insulin resistance, dyslipi-
demia, and cardiovascular disease, are directly correlat-
ed with hepatic steatosis and appear to be more relat-
ed to hepatic fat accumulation and NAFLD than to obe-
sity per se [4-6].

The first stage of NAFLD, hepatic steatosis, is the ear-
liest and most common response to excessive ethanol
consumption and/or high-calorie and high-carbohydrate
diet [4-6]. It is characterized by the accumulation of fat
(more than 5 %), mainly triglycerides (TG), in the liver.
Excessive lipid accumulation results in multiple paral-
lel blows to the liver: pro-inflammatory action of leptin,
release of inflammatory mediators, endoplasmic reticu-
lum stress, Kupffer cell activation, etc. Progressive fatty
dystrophy leads, among other things, to mitochondri-
al dysfunction due to disruption of mitochondrial mem-
brane integrity. The release of free oxygen radicals ex-
acerbates lipid peroxidation, activates liver cell inflam-
mation and apoptosis, which eventually progresses from
steatosis to NASH [4-71].

Thus, in addition to lipogenic effects, excessive con-
sumption of fast-digesting fructose triggers inflammatory
processes in hepatocytes due to mitochondrial dysfunc-
tion and oxidative stress [7].

According to many authors, chronic liver disease is of-
ten associated with hematologic abnormalities. Anemias
of diverse etiologies occur in approximately 75 % of pa-
tients with chronic liver disease [8, 9]. The frequent asso-
ciation of anemia with chronic liver disease provides a ra-
tionale for investigating the role of the liver in red blood
cell formation and destruction [2, 10], to find out wheth-
er the liver itself may indeed be involved in many differ-
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ent mechanisms that contribute to anemia in patients
with NAFLD [10].

In this regard, we considered it important to as-
sess the severity of the systemic inflammatory response
in NAFLD in the experiment in order to diagnose anemia
of chronic inflammation. The study results will provide
more information on the pathogenesis and therapeutic
strategies for NAFLD.

MATERIALS AND METHODS

The study was conducted on 26 male Wistar rats
with body weight of 250-300 g at the time of inclusion
in the study in the research laboratory of the Department
of Pathological Physiology with a Course of Immunopa-
thology, St. Petersburg State Pediatric Medical Universi-
ty. The animals were obtained from the Nursery for Labo-
ratory Animals of the Branch of the Institute of Biological
Chemistry of the Russian Academy of Sciences (IBCh RAS),
Pushchino (Moscow Region). Before starting the study,
animals were isolated in a special box to undergo
a 14-day quarantine.

The study design, standardized operating procedures,
and accompanying documentation underwent ethical re-
view by the Local Ethics Committee of the St. Petersburg
State Pediatric Medical University (Minutes No. 09/04 dat-
ed 11.02.2022).

A total of 2 groups of laboratory animals were formed:

1. “Control” (n = 13) — healthy intact rats in which meta-
bolic parameters were investigated to calculate background
reference values (“normal values”).

2. “NAFLD" (n = 13) - rats, which throughout the ex-
periment for 30 days as feed received briquettes contain-
ing food components in the following ratios (by weight):
26 % — protein, 10 % - animal fat, 50 % - fructose, 8 % -
cellulose, 5 % — minerals, 1 % — vitamins. This diet is stand-
ard for experimental modeling of NAFLD [11] and allows
to obtain morphological and metabolic changes in hepat-
ocytes of laboratory animals characteristic of this pathol-
ogy in a fairly short period of time.

Drinking restrictions, hypodynamic conditions
were not imposed. The duration of the experiment
was 30 days.

Blood was collected from the animals on the 30th day
of the experiment by percutaneous puncture of the rat
heart into 6 ml Monovette vacuum system (Germa-
ny). In the control group, blood collection from all rats
was performed on the first day of the experiment.

In order to assess metabolic disorders in experimen-
tal animals, the following biochemical parameters were
evaluated: biochemical parameters - activity of enzymes
alkaline phosphatase (ALP), aspartate aminotransferase
(AST), alanine aminotransferase (ALT).

To detect signs of an impaired red hematopoietic lin-
eage, the hematocrit (HCT), red blood count (RBCQ), retic-
ulocytes (RTC), hemoglobin level (HGB) were determined



in rats of the tested groups using an Automatic Abbott
| Stat Blood Analyzer (Abbott Laboratories, USA) and i-
STAT CG8+ cartridges.

The content of the main pro-inflammatory cytokines:
interleukin (IL) 1, IL-6 was determined in the blood serum
of experimental animals by enzyme immunoassay (EIA) us-
ing ELISA diagnostic kits (Cloud-Clone Corp., USA).

To assess morphologic changes and make a final
diagnosis, animals were decapitated to collect autop-
sy material for histologic verification of liver damage
in the studied groups of animals. Histologic exami-
nation was performed using hematoxylin and eosin
staining by light microscopy at x20 and x40 magnifi-
cation.

Statistical processing of the study results was per-
formed using Prism 8 software (GraphPad, USA)
and MS Excel 2016 (Microsoft Office Corp., USA). Results
are reported as arithmetic mean + arithmetic mean error
(M £ SE). The Kolmogorov — Smirnov test was used to de-
termine the nature of data distribution. The Mann — Whit-
ney U test was used to compare the mean data of in-
dependent sample populations (in case of variant dis-
tribution other than normal). A statistically significant
level of difference was taken as p < 0.05 (probability
not less than 95 %), which is standard for biomedical
experiments.

RESULTS

In the group of animals with NAFLD, the results
of biochemical markers of liver damage revealed a sta-
tistically significant increase in ALT (46.23 + 1.19 U/L)
and AST (123.3 £ 7.691 U/L) compared to the con-
trol (30.96 + 1.16 U/L, p = 0.005 and 101.5 + 2.404 U/L,
p = 0.005, respectively). Increased AST and ALT are con-
sidered the two most important indicators of liver hepat-
ocyte damage characterizing the development of cytolyt-
ic syndrome (Fig. 1).

a
FIG. 2.

There was also a statistically significant difference
in the level of alkaline phosphorus (p = 0.005) in the exper-
imental (22.99 + 1.092 U/L) and control (14.51 + 0.81 U/L)
groups (Fig. 1).
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aminotransferase aminotransferase  phosphorase
FIG. 1.

Change in the concentration of hepatic biochemical markers

in the blood serum of rats with experimental NAFLD and in control
group: * - p < 0.05; *** - p < 0.0003 in comparison with the intact
control group

The histological study of liver autoptates from animals
of control and experimental groups revealed morpholog-
ical changes of various severity degrees. In rats of the ex-
perimental group, marked hyperemia of sinusoids, viola-
tion of the beam structure and infiltration by mononu-
clear cells were registered (Fig. 2a, b).

b

Non-alcoholic fatty liver disease (liver autopsy, hematoxylin and eosin staining): lobular lymphocytic infiltration, small droplet fatty degen-

eration of hepatocytes. Magnification x40 (a), x20 (b)
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In rats’ liver autoptates with reproduced NAFLD,
large droplet fatty degeneration of hepatocytes was
observed: large lipid droplets in the cytoplasm, the nu-
cleus was displaced to the periphery of the cell. Fibrosis
of different localization and degree is observed: in some
loci — pericellular, pericentral and even in some places
bridging portal veins with central veins. All these struc-
tural changes indicate a powerful inflammatory pro-
cess, which may lead to activation of various extrahepat-
ic functions of hepatocytes, such as synthesis of acute
phase inflammatory proteins such as ferritin, C-reactive
protein, and hepcidin.

Assessment results of erythrocytic hematopoietic lin-
eage in animals with NAFLD confirm the development
of anemic syndrome of mild severity by the end of the ex-
periment. A statistically significant decrease in hematocrit
(p = 0.016), RBC (p = 0.021) and reticulocytes (p = 0.038)
as well as hemoglobin concentration (p = 0.041) per unit
of blood volume was registered compared to the control
group (Table 1).

TABLE 1

THE STATE OF THE ERYTHROCYTE LINEAGE
OF HEMATOPOIESIS IN RATS WITH EXPERIMENTAL NAFLD
AND IN THE CONTROL GROUP

Test item Control group Experimental group
HCT, % 47.3+£0.94 39.1+1.08*
RBC, x 10'%/L 7.8+0.18 6,7 £0,20*

RTC, %/RBC 15.5+0.85 11.1 £1.02%
HGB, g/L 1273 £1.31 95.6 +4.77*

Note. *—p < 0.05in comparison with the intact control group

During EIA of concentrations of pro-inflammatory cy-
tokines IL-1 and IL-6 in blood serum of animals belong-
ing to the control and experimental groups, statistically
significant differences between these groups were ob-
served, which confirms the important role of cytokines
in the response of the liver to pathological effects.

For example, the IL-1 content on the 30th day
of the experiment in the group of animals with NAFLD
(5.27 £0.20 pg/ml) significantly exceeded the initial con-
trol (0.84 + 0.06 pg/ml) (p = 0.011); even more significant
differences on the 30th day of the study were observed
in the dynamics of IL-6 (12.04 + 0.4 pg/ml) compared
to the animals of the control group (1.54 £+ 0.07 pg/ml;
p =0.012) (Fig. 3).
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FIG. 3.

Change in the concentration of pro-inflammatory cytokines
in the blood serum of rats with experimental NAFLD and in control
group: **** — p < 0.0001 compared with intact control

DISCUSSION

Chronicliver diseases are often associated with hema-
tologic abnormalities. Anemias of various etiologies occur
in approximately 75 % of these patients [12].

The underlying causes of anemia associated
with chronic liver disease are: gastrointestinal bleeding
due to portal hypertension; clotting factor deficiencies
[13]; immune-mediated aplasia of red bone marrow [14];
and pharmacological effects of drugs used to treat viral
hepatitis [15, 16].

It is well known that one of the leading functions
of the liver is protein-synthetic. All blood protein fractions,
acute phase proteins, clotting factors, transport proteins,
in particular proteins transporting and storing iron (ferri-
tin, transferrin) are formed in the liver [8, 17].

Based on the results of this study, the anemia de-
veloped by modeling of NAFLD is hyporegenera-
tive (RTC -= 11.1 = 1.02 % vs. control = 15.5 + 0.85 %
(p = 0.038)), hypochromic (HGB - 95.6 + 4.77 g/l vs. con-
trol - 127.3 £ 1.31 g/l (p = 0.041)), which confirms the fact
of iron deficiency development.

Immune activation in response to interaction
with agents of microbial, immune, tumor, and metabolic
nature induces the release of pro-inflammatory cytokines
that subsequently lead to disruption of iron homeostasis.
Although itisimpossible to fully disentangle the iron-reg-
ulatory influences of multiple cytokine networks, IL-6 ap-
pears to be the most important, at least in animal mod-
els [18]. One of the effects of IL-6 associated with iron me-
tabolism in laboratory animals and humans is its stimula-
tory effect on increased hepcidin production by hepat-



ocytes [19, 20]. Hepcidin, a major systemic regulatory
factor of iron metabolism, binds to the protein ferropor-
tin 1 and induces its lysosomal degradation. This reduces
circulating iron concentration by decreasing the release
of recycled iron from macrophages and deposited iron
in hepatocytes [8, 17, 19, 21].

It is known that most iron is deposited in hepatocytes
and macrophages of the reticuloendothelial system as part
of ferritin, while hepatocytes obtain iron mainly by ab-
sorption of transferrin. Hemosiderin, another iron-storage
protein, is formed when ferritin is depleted and is mainly
found in cells with iron overload and mobilizes iron irreg-
ularly and slowly [10, 18].

Iron sequestration in macrophages also plays a sig-
nificant role, as recycling of iron from aging erythrocytes
by macrophages accounts for > 90 % of the daily iron re-
quirement for hemoglobin synthesis and erythropoie-
sis [8, 22].

Liver disease is often associated with hematologic ab-
normalities. A large number of patients with NAFLD have
anemia of varying severity, and its pathogenesis is com-
plex. Timely diagnosis and therapy of anemic syndrome
in NAFLD can prevent complications of the underlying
disease.

CONCLUSIONS

Thus, there is reason to believe that the increased
concentration of pro-inflammatory cytokines IL-1, IL-6
in NAFLD inhibits iron absorption in the duodenum,
where ferroportin is required for absorption of dietary iron
into the bloodstream, and they also act on macrophages
to block the release of iron recycled from aging erythro-
cytes into plasma.

Further study of anemia development mechanisms
as one of the links in the pathogenesis of NAFLD may pro-
vide important therapeutic targets in the treatment of both
NAFLD and comorbidities.
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ABSTRACT

Rationale. An important task is to monitor the incidence of tularemia among
the population of Kazakhstan. Natural foci of this infection occupy large areas.
In some regions with large numbers of rodents and ectoparasites and low vaccina-
tion coverage, human cases of tularemia have been reported.

The aim of the study. To carry out retrospective analysis and to study modern
spatiotemporal characteristics of tularemia in the West Kazakhstan and North
Kazakhstan regions in order to improve the effectiveness of preventive measures.
Materials and methods. In our work, we used public records, the results of an epi-
zootological survey of tularemia natural foci and the official data from the De-
partments of Sanitary and Epidemiological Control of two regions on the human
cases of tularemia in 2000-2021. We used descriptive statistics methods, relative
and absolute indicators of the tularemia incidence in the population for the analysis.
The phenotypic and genetic properties of the strains isolated in 2000-2021 were stu-
died according to the guidelines.

Results. A retrospective analysis of the tularemia incidence among the popula-
tion of the North Kazakhstan and West Kazakhstan regions showed an improve-
ment in the epidemic situation. Over the past 20 years, 4 human cases of tularemia
have been registered in the West Kazakhstan region, while the epizootic potential
was quite high; more than 300 strains of the tularemia microbe were isolated during
the studied period. In the North Kazakhstan region from 2000 to 2021, 11 human
cases of tularemia were registered; when studying rodents, mammals and environ-
mental objects, single positive samples for specific tularemia antibodies and antigens
were detected; no strains of tularemia microbe were jsolated.

Conclusion. An analysis of long-term data on the epizootic and epidemic activity
of tularemia natural foci, processed using descriptive statistics and GIS technology,
made it possible to identify places of long-term persistence of the tularemia agent
inthe natural focus of the North Kazakhstan and West Kazakhstan regions and to cre-
ate an electronic map of the territories endemic for tularemia to determine the scope
of preventive measures.

Key words: tularemia, natural foci, incidence, ectoparasites, rodents

For citation: Izbanova U.A., Lukhnova L.Yu., Meka-Mechenko T.V., Maikanov N.S., Sadov-
skaya V.P,, Meka-Mechenko V.G., Yusupov A.A., Makulova A.B. Retrospective analysis
and modern spatiotemporal characteristics of tularemia in the territory of the West
Kazakhstan and North Kazakhstan regions. Acta biomedica scientifica. 2023; 8(3): 216-223.
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PE3IOME

O6ocHosaHue. BaxHol 3adayeli A8naemcs ciexeHue 3a 3a6071e8aeMoCMbio
HaceneHusa KazaxcmaHna mynapemued. [IpupooHsle odazu 3mol uHpekyuu 3aHu-
matom 6os1buILe Meppumopuu. B HeKomopeix pe2uoHax ¢ 8bICOKOU YUC/IEHHOCMbIO
2pbI3yHO8 U 3KMOoNapasumoes U HU3KUM 0X8amom 8akyuHayuel peaucmpupyrom
cnyqau 3a6onesaHus odeli mynspemued.

Ljeno uccnedosanusa. PempocnekmusHeil aHaau3 u usydeHue cospemMeHHoU
npocmpaHcmeeHHo-8pemMeHHOU Xxapakmepucmuku mynapemuu 8 3anadHo-Kazax-
cmaHrckoli u Cegepo-KazaxcmaHckol 06/1acmsix 015 No8blweHUs 3hgpeKkmusHocmu
npogunakmuydeckux meponpusmud.

Mamepuanel u memoosbl. B pabome ucnosb308aHbl apxugHele 00KyMeHMbl,
pe3ysibmamel 3nU300MoJsI02U4ecKk020 06C1e008aHUSA NPUPOOHbLIX 04A208 MYJis-
pemuu, ogpuyuasbHele ceedeHus JenapmameHmos CaHUMAapHo-3nuoemMuosio2u-
yecko20 KOHMposia 08yx obaacmed o cy4asx 3abonegaHus nodel mynapemuel
8 2000-2021 2. [lns aHanusa ucnosib308dHbl Memoobl onucamesibHoli cmamu-
CMUuKU, OmHocumesibHble U abcoslromHble nokasamesu 3a6osiegaemMocmu Hace-
neHusa mynapemuel. QeHomunu4eckue u eeHemu4eckue cgolicmaa WmamMmos,
sbioesieHHbIx 8 20002021 22., U3y4anu Co2/1acHO MEMOOUYECKUM peKOMeHOauUAaM.
Pe3ynemamel. PempocnekmusHebll aHanus 3abonegaemocmu itooel mysns-
pemueli 8 Cesepo-KazaxcmaHckol (CKO) u 3anaoHo-KazaxcmaHckol (3KO)
obnacmsx nokasas, Ymo 8 nepuod ¢ 2000 no 2021 2. Habooaemcs ysyduweHue
snudemuyeckol cumyayuu. B 3KO 3a nocnedHue 20 iem 6bis10 3ape2ucmpupo-
8aHO 4 cyiy4as 3abonesaHus nodel mynapemueti, Nnpu 3Mom 3nu3oomuyeckuli
nomeHyuas 0080J1bHO BbICOKUL — 8 paccMampueaemslli nepuoo 8vides1eHo bosiee
300 wmammos mynapemuliHo2o Mukpoba. B nepuod c 2000 no 2021 2. 8 CKO 3ape-
eucmpuposato 11 ciyyaes 3abonesaHus irodeli mynapemuel; Npu Ucc1e008aHuU
2pbI3yHO8 U Mylekonumaroujux, 06sekmos 8HelHel cpedbl 8biA8/AI0M eOUHUYHbIE
nosoxumeribHele Npobbl HA cheyuguyeckue mynsapemuliHble aHmumersia u aHmu-
2€Hbl, WMammsl mysispemMutiHo2zo MuKpoba He 8bl0eseHbl.

3aknoyeHue. AHanu3 MHO20/IEMHUX OAHHbIX NO 3NU300MUYecKoU U 3nudemuye-
CKOU akmugHOCMU NpUPOOHbIX 04A208 MyiapemMul, 06pabomaHHbil C NOMOWbIO
onucamesnbHol cmamucmuku u 'MIC-mexHo02uU, NO380J1UJT 8bIABUMb Mecma
0/1umesibHO20 COXpAaHeHUs 803b6youmesia mynspemMuu 8 NpupooHoM oyaze Cegepo-
KazaxcmaHckoU u 3anadHo-KasaxcmaHckol obnacmedi u co30ame 371eKMpPOHHYI0
Kapmy 3HOeMUYHbIX N0 MYJIApeMuUU meppumopuu HacesaéHHbIX NYHKMOo8 0715 onpe-
desleHUs 06BEMO8 NpoUIAKMUYECKUX Meponpusamud.

Kniouesole cnoea: mynsapemus, npupoOHbil o4ae, 3a60s1eeaemocms, 3Kmond-
pasumel, 2pbiyHbl

Ona untnposBaHua: I36aHoBa Y.A., JlyxHoBa J1.10., Meka-MeueHko T.B., MaiikaHos H.C.,
Caposckas B.IN., Meka-MeueHko B.I', lOcynos A.A., Makynosa A.b. PeTpocneKTunBHbI aHa-
JIN3 U COBPEeMeHHas NPOCTPaHCTBEHHO-BPeMeHHas XapaKTepucTrKa TyiaspeMmm Ha Tep-
putopun 3anagHo-KasaxctaHckon n CeBepo-KasaxcTtaHckon obnacteir. Acta biomedica
scientifica. 2023; 8(3): 216-223. doi: 10.29413/ABS.2023-8.3.24
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Tularemia has been reported among population
in many countries around the world [1]. The tularemia
microbe has taken root in Kazakhstan as a result of nat-
ural conditions favourable for carriers and vectors,
as well as the possibility of Francisella tularensis ex-
istence in their bodies. Mammals spread the infec-
tion widely by vectors. Cases of tularemia among peo-
ple are registered in almost all regions of the Republic
of Kazakhstan.

Focal tularemia territories occupy huge areas in Ka-
zakhstan — more than 550 thousand km?2. In the 1930s-
1950s, there was a high incidence of tularemia among
humans. Specific preventive measures contributed to the
improvement of the epizootic situation. Between 1999
and 2021, 86 cases of tularemia among humans were reg-
istered in Kazakhstan.

In Kazakhstan, the landscape complex of tularemia fo-
cality is represented by foothill brook, floodplain swamp,
tugai and steppe types of foci. Floodplain swamp foci
are located in Pavlodar, Kostanay Akmola, Aktobe, Al-
maty, Atyrau, East Kazakhstan, West Kazakhstan and Kara-
ganda regions. Foothill-brook foci are located on the ter-
ritory of Almaty and East Kazakhstan regions. Tugai foci
were registered in Jambyl (or Zhambyl) and Kyzylorda
regions. Steppe foci are present in the West Kazakhstan
and Pavlodar regions.

Different routes of transmission have been recorded
in floodplain swamp areas [2]. The highest percentage
of cases is recorded with vector-borne infection.

During a focus inspection in the West Kazakhstan
and North Kazakhstan regions we have found high infec-
tion rate among rodents and vectors. In Kostanay, Jamb-
yl, Karaganda, East Kazakhstan, Akmola, Aktobe and Pav-
lodar regions, focal tularemia territories are currently inac-
tive. There are no foci of tularemia on the territory of Man-
gystau and Turkistan regions [3].

THE AIM OF THE STUDY

To carry out retrospective analysis and to study
modern spatiotemporal characteristics of tularemia
in the West Kazakhstan and North Kazakhstan regions
in order to improve the effectiveness of preventive
measures.

MATERIALS AND METHODS

In our work, we used public records, the results
of an epizootological survey of tularemia natural foci
and the official data from the Departments of Sanitary
and Epidemiological Control of two regions on the human
cases of tularemia in 2000-2021. We used descriptive sta-
tistics methods, relative and absolute indicators of the tu-
laremiaincidence in the population for the analysis. Anal-
yses of human cases of tularemia included the study
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of sources, factors, routes of transmission of the F. tu-
larensis and clinical forms. The phenotypic and genetic
properties of the strains isolated in 2000-2021 were stud-
ied according to the methodological recommendations
“On approval of methodological recommendations
on strengthening measures to prevent human diseas-
es with tularemia in the Republic of Kazakhstan” (Order
of the Ministry of Health of the Republic of Kazakhstan
No. 88 dated 14.12.2005).

RESULTS AND DISCUSSION

The risk of human infection with tularemia varies in Ka-
zakhstan. This article presents a retrospective analysis and
modern characteristics of tularemia in the West Kazakh-
stan and North Kazakhstan regions.

In the West Kazakhstan region there are foci of flood-
plain swamp and steppe types, which are included
in zone A —active natural foci of tularemia [4]. The floodplain
swamp focus covers an area of more than 100,000 km?Z. F. tu-
larensis strains are detected annually in the foci, and spo-
radic infection cases among humans are registered [5]. The
floodplain swamp focus occupies 37881.8 km? and is lo-
cated in the floodplain of the Ural River with its tributar-
ies (Kaztalovsky, Zhangalinsky, Akzhaiksky, Terektinsky,
Burlinsky districts) [6]. The steppe focus occupies an area
of 91081.1 km? and covers the territories of seven districts
of the region (Akzhaiksky, Bokeyordinsky, Zhangalinsky, Ka-
ztalovsky, Baitereksky (formerly Zelenovsky), Taskalinsky,
Chingirlausky). In the steppe focus the causative agent cir-
culates among hamsters, hares, field and house mice, wa-
ter voles; its main vectors are ixodes ticks of the Derma-
centor genus.

The main carrier of the tularemia causative agent
in floodplain swamp foci is the water vole. In the West Ka-
zakhstan region, 22 species of wild mammals are carri-
ers of F. tularensis . The ecological and faunal list of mam-
mals susceptible to Francisella tularensis was expanded
by four species over the twenty years from 1994 to 2021
(stoat, grey dwarf hamster, isabelline wheatear and com-
mon shrew) and increased to 26 species. In the period
2015-2021, winter epizootics with involvement of all com-
mon rodent species were registered in eight districts of
the West Kazakhstan region. The main vectors are ixodes
ticks of the genera Dermacentor, Rhipicephalus, Ixodes.
In 2020, the tick population was 47.8 specimens per 1 flag-
km. The most active foci are located in the middle reach-
es of the Ural River, along the Bolshoy and Maly Uzen riv-
ers, and in the Ural-Kushum interfluve (Fig. 1).

High level of epidemic activity before mass tularemia
vaccination in the West Kazakhstan region was not-
ed in the early twentieth century. In 1928, the first hu-
man cases of tularemia were registered in the Ural River
floodplain, which were associated with mass harvesting
of water vole skins [7]. Prior to 1960, large epidemic out-
breaks associated with water vole hunting were recorded



FIG. 1.
Tularemia foci in the territory of the West Kazakhstan region

in the West Kazakhstan region [8]. In 2002, a case of hu-
man tularemia in Kaztalovsky district of the West Kazakh-
stan region was registered. In 2007, a 26-year-old Uralsk
resident fell ill with weakness, sweating, malaise, and a fe-
ver of up to 39 °C. A 4-fold increase of antibody titer in in-
direct hemagglutination reaction from 1:80 to 1:320, en-
largement of lymph nodes was revealed, and on 18 May,
2007 the patient was admitted to the City Clinical Hospital
of Infectious Diseases with the diagnosis: Tularemia, bu-
bonic form, moderate form. An epidemiological investiga-
tion determined that there may have been contact with
rodents that were in the house [9]. In 2018, 1 case of hu-
man tularemia was registered in the region, which result-
ed in recovery.

Analysis of human tularemia cases from 1928 to 1960
in the West Kazakhstan region showed that about
900 cases were registered in these years. 3 cases of tu-
laremia were detected between 2000 and 2001. Since
1960, in the following 37 years the epidemiological
situation in the region was favourable. The incidence
of human disease in the West Kazakhstan region has de-
creased 200 times in the last 20 years compared to 1928-
1960. At the same time, the epizootic potential is rather

high: more than 300 strains of F. tularensis were isolat-
ed during the period. The comparative study of molec-
ular biological properties of F. tularensis strains allowed
to conclude both intraspecific variability and interspe-
cific similarities. The range of genetic variability of tu-
laremia microbe strains was determined using 25 VNTR
markers; the strains were found to belong to the sec-
ond cluster. Outbreack of foodplain swamp foci most-
ly assosiated by hunting of wild animals and by vec-
tor-borne transmission. The source of human infection
was rodents, and the vectors were ticks of the Dermacen-
tor genus. The patients had a cutaneous bubonic form
of tularemia with moderate and mild severity of the in-
fection course [10]. The incubation period averaged
3-7 days. Diagnosis was confirmed on the basis of ep-
idemiological history, clinical manifestation and sero-
logical confirmation.

Thus, the study of the current spatial and temporal
characterization of tularemia from 2000 to 2021 in the West
Kazakhstan region showed that the epidemic potential
of tularemia has significantly decreased.

On the territory of the North Kazakhstan region there
are active natural foci of tularemia; endemic territories
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are Mamlyutsky, Kyzylzhar, Magzhan Zhumabaev, Gabit
Musrepov, Ayyrtau, Shal Akyn, Akkayynsky districts (Fig. 2).
Tularemia epizootics were registered in the floodplain
of the Ishim River, which crosses the region from south-
west to north-east, and its tributaries [11]. The main carri-
er of the tularemia microbe in the floodplain swamp foci
is the water vole (50 specimens per 1 km of coastline, 0.4-
2.8 % infection rate). The epizootic process involves ro-
dents and vectors - ticks of the Dermacentor genus. Peri-
ods of high water vole population were recorded in 1927-
1929, 1937-1939, 1947-1949, 1952-1953, 1957-1958.

For the first time in 1958, a culture of the F. tularensis
was isolated from a muskrat. In 1972, a spillover epizootic
was registered in Akkayynsky, Zhambyl, and Mamlyutsky
districts. In 1972, 12 strains of the tularemia agent were
isolated from a field mouse and a water vole; in 1973 a
strain was isolated from D. marginatus ticks. In the follow-
ing years, serological confirmation of the epizootic pro-
cess was obtained almost annually.

In 1945, 8 cases of human tularemia were registered
in the North Kazakhstan region for the first time. In 1949,
200 human cases were reported. In 1972, there was a ma-
jor outbreak of tularemia, affecting more than 40 people.

FIG. 2.
Tularemia foci in the North Kazakhstan region
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The outbreak was transmissible and occurred in the vi-
cinity of Petropavlovsk, Sokolovsky and Mamlyutsky
districts.

As a result of retrospective analysis, it was determined
that from 1945 to 1999 in the North Kazakhstan region
441 cases of tularemia among people were registered. Hu-
man infections were observed in summer, during the period
of activity of blood-sucking two-winged insects, and clini-
cally manifested in ulcerative and bubonic form [12].

Between 2000 and 2021, 11 human cases of tu-
laremia have been reported. Infection of people oc-
curred in the territory endemic for tularemia (Akkayyn-
sky, Kyzylzhar, Magzhan Zhumabaev districts). The source
was rodents, the transmission factors were arthropods,
and the routes of transmission were contact and vector-
borne.

A study of the contemporary spatial and temporal
characterization of tularemia showed that the intensi-
ty of epizootics from 1945 to 1999 was high. Fr. tula-
rensis strains were isolated during rodent and arthro-
pod surveys. In recent years (2000-2021), single positive
samples for specific tularemia antibodies and antigens
have been detected in rodents, mammals and environ-



TABLE 1

RELATIVE INCIDENCE RATE OF THE POPULATION FROM 2000 TO 2021 IN THE WEST KAZAKHSTAN AND NORTH

KAZAKHSTAN REGIONS

Years of human cases of tularemia (relative indicator)

Regions of Kazakhstan

2002 2003
West Kazakhstan Region 0.17 0
North Kazakhstan Region 0.15 0.59

mental objects; Fr. tularensis strains have not been iso-
lated.

A study of the current spatial and temporal charac-
terization of tularemia (2000-2021) in the North Kazakh-
stan region showed that the epidemic potential has signif-
icantly decreased. The incidence among humans between
2000 and 2021 decreased 39-fold compared to the peri-
od between 1945 and 1999. The relative incidence of hu-
man tularemia in the period 2000-2021 is shown in Ta-
ble 1, which presents the years when human tularemia
cases were registered.

Contact of the population with rodents infected
with tularemia, consumption of water and food con-
taminated with F. tularensis causative agent and tick
bites are the main causes of infection and disease
among humans. Before 2000, the source of infection
and factors of causative agent transmission were musk-
rat hunting, water and blood-sucking two-winged in-
sects; after 2000, the main type of transmission was al-
imentary.

CONCLUSION

An analysis of long-term data on the epizootic and ep-
idemic activity of tularemia natural foci, processed using
descriptive statistics and GIS technology, made it possi-
ble to identify places of long-term persistence of the tu-
laremia agentin the natural focus of the North Kazakhstan
and West Kazakhstan regions and to create an electronic
map of the territories endemic for tularemia to determine
the scope of preventive measures.

A study of the current spatial and temporal character-
ization of tularemia (2000-2021) in the West Kazakhstan
and North Kazakhstan regions showed that the epidemic
potential has significantly decreased.

Characteristic epidemiological features of this period
are single cases of the disease with infection in floodplain
swamp natural foci; predominantly alimentary route of in-
fection through consumption of food or water contaminat-
ed with tularemia.

2004 2006 2007 2016 2018
0 0 0.16 0.2 0.16
0 0.3 0 0.2 0.18
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In the West Kazakhstan and North Kazakhstan regions,
no significant changes in the epizootic situation are cur-
rently expected, but there is a risk of sporadic cases of mor-
bidity among the population. Under favorable conditions
for increasing numbers of rodents, ticks and blood-suck-
ing insects, the epizootic process may intensify to local
and spillover epizootics.

It is necessary to continue monitoring studies
and to carry out timely preventive measures, including
vaccination of the population.
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ABSTRACT

The article is dedicated to the 400th anniversary of the birth of the outstanding
French anatomist, physician and philosopher Jean Pecquet (1622-1674). Pecquet’s
biography is connected with the city of Dieppe, where the future scientist was born
and got his primary education, and with Paris, where he made his main discover-
ies in anatomy. Throughout his life, Pecquet collaborated with many prominent
scientists of that time (Jacques Mentel, Louis Gayant, Jean Riolan (the Younger)),
including not only physicians and anatomists, but also physicists such as Blaise
Pascal, Edme Mariotte, Marin Mersenne and Evangelista Torricelli. Pecquet’s most
famous discovery is the chyle cictern, or cisterna chyli. The structure was named
after of the scientist — “Pecquet’s reservoir (cistern)” But more revolutionary dis-
covery made by Pecquet is revealing and proving the fact that the lymphatic ducts
flow into the superior vena cava indirectly through the venous angles and refuting
the conventional opinion on the drainage of lymph into the liver. An important help
in Pecquet’s anatomical research and experiments was his passion for the physical
and mathematical sciences. In collaboration with Edme Marriott, Pecquet studied
the structure of the eyeball and turned out to be more foresighted, because, unlike
Marriott, he correctly understood the role of the retina in the functioning of the eye
as an organ of vision. Pecquet was one of William Harvey’s supporters regarding
his concept of blood circulation. He introduced cutting-edge at that moment tech-
nologies into the anatomy methodology, including animal experiments in vivo,
and made a fateful contribution to the progress of anatomical science.

Keywords: history of medicine, history of anatomy, Jean Pecquet, lymphatic system,
thoracic duct, blood circulation
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PE3IOME

Cmames nocsaweHa 400-1emuto co OHA pOXOeHUs 8bl0aoue2ocsa hpaHyy3cko20
aHamoma, 8paya u ¢punococpa Xaa leke (1622-1674). buoepacgpus Mexe cga3aHa
c 2. [lbenn, 20e 6yoywuli yuéHbll poOusICA U NOJTyHUsT HaYa/lbHOe 06pa3osaHue,
u ¢ Mapuxem, 20e OH cosepuwius1 OCHOBHble CBOU OMKpbIMus 8 aHamomuu. Ha npo-
msKeHUU XU3HU [leke compyOHUYAsT CO MHO2UMU 8bI0AOUWUMUCA y4EHBIMU MO20
spemeHu (Xak MeHmens, Jlyu [atiaH, XaH Puonax — maaowud), 8 mom yucse
He MOoJIbKO C 8pa4amu U aHaAMoMamu, HO U € hU3UKamu, makumu Kak bnes Mackane,
30m Mapuomm, MapeH MepcerH u 3eaHzenucma Toppuuesnnu. Camoe uzsecmHoe
omkpsimue lexke — MaeyHas yucmepHa, cisterna chyli, unu yucmepHa 2pyoHo20
npomoka. B yuecms yuyéHo20 0aHHAAs cMpyKkmypa Hocum e20 Ums — «pe3epsyap
(uucmepHa) lNeke». Ho 6osiee pesosiloUUOHHbIM omKpbimuem [leke sensemcs
mo, Ymo OH, onposepeas ycmosguieecss MHeHUe 0 OpeHadxe /UMbl 8 ne4eHs,
06Hapyxus u 0okasasn hakm snadeHus JUMGBamuyecKux NPOMoOKo8 8 8ePXHIO
noJsiyto 8eHy onocpe00B8AHHO Yepe3 8eHO3HbIE y2sibl. BaxHbIM nodcnopbem 8 aHa-
MoMUYecKUX Ucce008aHusax U 3kcnepumeHmax lleke A8UsI0Ck e20 ygreueHue
¢husuKko-mamemamuyeckuMU Haykamu. B coopyxecmee ¢ Mapuommom [leke
3aHUMAJICA U3yHdeHUeM CMpOoeHUs 2/1a3H020 A6710Ka U okasascs 6osee npo3op-
ugbiM, m. K., 8 omsu4ue om Mapuomma, npasusibHO NOHSA POJIb CeMYamku
8 (hYHKUUOHUPOBAHUU 2/1A3d KAK OpedHa 3peHus. [leke 6611 0OHUM U3 CMOPOHHUKO8
Yuneama [apees 8 omHoweHUU e20 KOHUenyuu Kpo8oobpaujeHus, BHEOPA/ hepe-
008ble HA MOM MOMeHM MexXHO102UU 8 Memod0/102U AHAMOMUU, 8 MOM Yucsie
3KCnepuMeHMbl HA XUBOMHBIX in Vivo, U 8 Yes1loM 8HEC CyObOOHOCHbIU 8K/1a0 8 NPo-
2pecc aHamomuy4eckoU HayKuU.

Knioueevie cnosa: ucmopus MeouyuHsl, ucmopus aHamomuu, KaH [Neke, num-
hamudeckas cucmema, 2pyOHOU NPOMOK, KposoobpaujeHue

Ona untuposaHua: GomuHbix T.A., Kyta C.A., 3axaposa A.H., Manos A.E. XaH lNeke
(1622-1674). K 400-netuio co aHA ero poxaeHus. Acta biomedica scientifica. 2023; 8(3):
224-231.doi: 10.29413/ABS.2023-8.3.25
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The year 2022 marks the 400t anniversary of the
birth of Jean Pecquet (9 May 1622, Dieppe (Normandy)
- 26 February 1674, Paris), a French scientist, anatomist,
physician and educator who made indisputable contribu-
tions to anatomy and physiology (Fig. 1). As a child, Pec-
quet attended a Catholic school in Dieppe, then studied
at the Jesuit College of Rouen. There he met Adrien Au-
zout and Blaise Pascal, with whom he shared interests
in mathematics and natural philosophy. After graduation,
the young man started looking for a job. His first employ-
er was a noblewoman who employed Pecquet as a prac-
ticing physicianin 1641. There is evidence that at that time
the future scientist performed autopsies, the information
about which he recorded (Memoirs of the Royal Academy
of Surgery). When the woman moved to Paris, she took
Pecquet with her. There, the elderly Marquise reported-
ly paid for anatomy lessons that Pecquet took from Louis
Gayant, a renowned anatomist and president of the Paris
Society of Surgeons. However, in 1646 the patient passed
away and so the doctor was forced to find a new employ-
er. According to history, the autopsy of his dead mistress
was performed by young Pecquet himself [1, 2].

FIG. 1.
The bust of Jean Pecquet [3]

In 1645, the rector of the Jesuit college in Clermont (to-
day, the Lycée Louis-le-Grand), which was part of the Uni-
versity of Paris, offered Pecquet a teaching (tutor) posi-
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tion, providing him with the financial means to further
his studies. There the future scientist received a Master
of Arts degree, necessary for admission to the Faculty
of Paris [1]. Pecquet met many interesting people during
that period, notably Marin Mersenne and Evangelista Torri-
celli, who were conducting research in acoustics, gravity
and vacuum fields. By the mid-1640s Pecquet, probably
through Pascal, had gained access to the circle of the fa-
mous physicist and mathematician Marin Mersenne,
and, judging from the evidence of their correspondence,
they became very close. Pecquet also met Mersenne’s
nephew Pierre, then a student at the University of Par-
is. Thanks to his acquaintance with Mersenne, Pecquet
attended the Bourdelot Academy, later called the “true
school” of medicine, and, according to some sources,
by the mid-1640s he was conducting anatomical dem-
onstrations (autopsies) there together with the surgeon
of Saint-Come Paul Emmerez[1].In 1648, Mersenne intro-
duced Pecquet to Francois Fouquet, physician to the fac-
ulty of Paris, Bishop of Agde, and his older brother Nico-
las Fouquet (1615-1680), an official who was rapidly ris-
ing through the ranks of Cardinal Mazarini’s administration
at the time. The influential nobleman Nicolas Fouquet (su-
perintendent of finance in France, 1653-1661) took Pec-
quet into his service and contributed to his further educa-
tion. For this purpose, Pecquet travelled to Rome and re-
turned to Paris in 1648. He was not only Fouquet's personal
physician but also his confidant and friend; they discussed
scientific, medical, and literary matters freely. In paral-
lel with his practical medical work, Pecquet continued
his medical research, which he had begun in Paris in 1646,
and in 1651 he began work on his thesis, which he con-
tinued in Montpellier, where he received his doctorate
in 1652 [2, 4].

Pecquet made extensive use of animal experimenta-
tionin his anatomical studies. When Jean Pecquet stepped
into the Paris Faculty of Medicine in 1647, at the age
of twenty-four, he already knew how to perform dis-
sections. Most historians view the faculty by the 1640s
as a dying institution steeped in the doctrines of Galen,
which, under the leadership of Jean Riolan the Young-
er, refused to accept William Harvey's (1578-1657) the-
ory of the blood circulation [1]. Between 1647 and 1650,
Pecquet, with the support of his Parisian teachers Mentel
and Mersenne, performed more than a hundred autopsies
on various animals (bulls, horses, pigs, etc.). Itis worth not-
ing that Jacques Mentel (1599-1671) concluded in 1629,
based on dissections of dogs, that mesenteric lymphat-
ic vessels flow into the thoracic duct before entering
the bloodstream [5].

Pecquet performed the majority of the autopsies
at Fouquet's residence in Paris. Pecquet dedicated the book
published as a result of these studies to Francois Fou-
quet as it was, in his words, “born in your house” [1, 6].
Thus, in 1647 (although A. Cunningham [7] believes that
it happened in 1642), opening the chest of a living dog,
he found a white fluid resembling milk, which he later in-
terpreted as lymphatic fluid. He found that the structures
conducting this “milky juice” end in the superior vena



cava and, on the other side, in a reservoir or lumbar cis-
tern (called cisterna de Pecquet in French-speaking coun-
tries) behind the stomach. This discovery was made by ac-
cident: the white fluid that Pecquet initially mistook for pus
after the removal of the dog’s heart, but further investiga-
tion showed that the fluid appeared as a result of damage
to a lymphatic vessel (thoracic duct) flowing into the ve-
nous angle [8, 9]. As a result, the scientist first described
the thoracic duct he discovered and the differences be-
tween a vein and a lymphatic vessel [7, 10-12].

Thus, as a student, Pecquet challenged the prevailing
notions of the time and took up not the “silent and frozen
science” of cadaver anatomy, but the anatomy of animals
- dogs, cattle, pigs and sheep. Using a living dog in the ex-
periment, he showed the following:

1. If the heart is removed, pressure on the mesenter-
ic root causes lymph to be released into the superior vena
cava.

2. Lymph is channeled to the subclavian veins by two
paravertebral channels, which swell when their distal ends
are ligated.

3. The origin of the ascending lymphatic ducts
is in the prevertebral and subdiaphragmatic ampullae -
“this the sought-after sanctuary of chyle, this hard to pal-
pate reservoir”.

4. The posterior part of the “pancreas of Azelli” con-
sists of lymph nodes.

5. The mesenteric lymphatic vessels do not go
to the liver (a fact confirmed by Glisson in 1654), and the in-
ferior vena cava, incised above the liver, shows no signs
of lymph [5, 6].

By the way, the English anatomist Francis Glis-
son (1597-1677), who was engaged with his pupil
George Joyliffe (1621-1658) in similar studies, claimed
that he was the first to prove that lacteals are not con-
nected to the liver. Glisson wrote that Joyliffe was “busy
with other practice” an was unable to publish his findings,
stating that the new knowledge of the course of the mam-
mary glands was obtained on behalf of his pupil [13, 14].

The discovery made by Pecquet as a result of experi-
ments on animals was soon confirmed by other scientists,
his contemporaries, but already on humans. Thus, Pec-
quet’s colleague and associate, surgeon and anatomist
Louis Gayant, soon repeated the study of the patterns
of lymphatic drainage during the autopsy of a soldier
killed in a fight with a comrade [14]. Nicholaes Tulp at Am-
sterdam described the thoracic duct and Pecquet’s res-
ervoir; Vesling (Padua) and Folli (Venice) made the same
observation. There is an important testimony of the fa-
mous physicist Gassendi, who was present when Pe-
yrac performed an autopsy on the corpse of a man
who had just been hanged. To see the vessels of the crim-
inal better, Peyrac fed him before the death sentence. Pec-
quet claims to have learnt this fact from Gassendi himself,
who told him about it when they met in Paris. Thomas Bar-
tholin, soon after the publication of Pecquet’s work, dem-
onstrated the human thoracic duct in Copenhagen; Jan
van Horn did the same in Leiden in 1651. But while Bar-
tholin gave Pecquet the praise he deserved, van Horn
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did the opposite. He officially appropriated the discov-
ery and made no mention of Pecquet. Although there
is a version that he was simply not familiar with Pecquet’s
work and thought he had made an independent discov-
ery. Coincidentally, van Horn performed ligature experi-
ments to prove that the chyle does not drain into the liv-
er, as did Pecquet [15-17].

In the fundamental work “Experimenta nova ana-
tomica, quibus incognitum hactenus chyli receptaculum,
et abeo per thoracem in ramos usque subclavios vasa lac-
tea deteguntur. Eiusdem dissertatio anatomica de circula-
tione sanguinis, et chyli motu” (“New anatomical experi-
ments, in which a hitherto unknown reservoir of milky juice
and milky vessels branching from it through the whole tho-
racic cavity up to the subclavian vein were discovered”)
(Fig. 2) Pecquet described the thoracic duct with its valves
and reservoir, the so-called cisterna chyli (receptaculum chy-
li), which was later named Pecquet’s cisterna in his honor.

FIG. 2.
Frontpage of Jean Pecquet’s “Experimenta nova anatomica” [21]

Importantly, he also definitively established that the in-
testinal duct containing milk-like fluid (lymph) flows into cis-
terna chyli, and then the lymph enters the thoracic duct,
and not into the liver, as Azelli and other anatomists be-
fore him mistakenly thought [4, 18, 19]. Despite its relative-
ly small volume and only one illustration, this work is con-
sidered the key point in research on the lymphatic system.



The scientist refutes Galen’s ideas of hepatocentrism and re-
fines Azelli’s discovery. Numerous anatomists (Valleus, Har-
vey, Conring, Bartholin, and also Riolan the Younger) have
argued on this point, stating that some of the lacteals scat-
tered in the mesentery converge in the pancreas, some
in the liver, some in the vena cava, and others in the por-
tal vein. Riolan the Younger in particular supported Azel-
li's view that the “milky glands” drain into the liver, and re-
buked Harvey for not thinking the same way. Pecquet dem-
onstrated that chyle does not collect in any of these loca-
tions (Fig. 3) [2, 15, 20].

FIG. 3.
Dog’s thoracic duct (from Jean Pecquet’s «Experimenta nova ana-
tomica», 1651) [21]

|n

In the same work, in the “physico-mathematical” sec-
tion, Pecquet describes experiments with vacuum con-
ducted by means of a Torricelli tube. Evangelista Torri-
celli (1608-1648), student of Galileo, proposed an exper-
iment in 1643 that investigated a phenomenon noted
by Galileo in his Discorsi: a suction pump could only lift
water to a certain height. Galileo argued that the internal
force of a vacuum allows a column of water to rise until,
stretched to its limit, it collapses under its own weight.
Torricelli filled tubes of different lengths with mercury
and inverted each over a bowl filled with the same liquid.
In each case, the mercury fell into the tube to the same
height, leaving an empty space at the top of the tube,
which Torricelli claimed must be a vacuum, despite long-
standing arguments that a vacuum could not exist in na-
ture [1]. Pecquet witnessed a modification of the exper-
iment belonging to the mathematician Gilles Personne
de Roberval. The experiment consists in placing a deflat-
ed fish bladder in a vacuumized torricelli tube: as soon
asitis in the empty space at the top of the tube, the blad-
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der, working like a tiny balloon, inflates due to the elastici-
ty of the air or “elatery” (the English translation of his work
of 1653 is “elastrum”). As the upper part of the tube is al-
most empty, the tiny amount of air remaining inside
the bladder expands and fills the bladder [22]. Pecquet
introduced the concept of air elasticity (“elatery”) as part
of these experiments.

Pecquet had a number of reasons for resorting to such
experiments: firstly, to explain the movement of chyle
or digested food in a mechanical way within the body,
without resorting to attraction solely as a result of elastic-
ity and pressure, such as from respiration. Thus, elasticity
is used here qualitatively rather than quantitatively in terms
of pressure and volume. Another process associated
with “elatery” is digestion, in which the fibres of the stom-
ach and intestines expand and contract, “as in elatery”. An-
other topical area concerns the “elatery” of blood vessels -
both arteries and veins. Pecquet believed that immediate-
ly after cardiac systole, the arteries swell; the same hap-
pens to the veins when blood enters them. At one time,
Harvey devoted attention to this issue, opposing Galen’s
views: Galen argued that arteries move because of the abil-
ity transmitted to them by the heart, and “ability” is called
by the term technicus associated with his philosophical
position. Harvey, on the other hand, argued that the ar-
teries fill up because of the blood flow. Pecquet’s analysis
modified this dichotomy, as he attributed a more active
role to the walls of arteries and veins: they were no long-
er purely passive vessels, but contributed to the move-
ment of blood, facilitating by their dilation and contrac-
tion the activity of the heart [22].

These experiments had a profound influence on Pec-
quet and his ideas about the correlation between blood
and lymph circulation. Pecquet later claimed that the knowl-
edge he gained from dissecting human cadavers was “si-
lent and cold” and that he gained “true knowledge” (ver-
am scientiam) only by dissecting living animals. This tech-
nique allowed Pecquet to realize the mentioned discover-
ies in anatomy [1].

Pecquet may have been the first to introduce the con-
cept of elasticity into anatomy, but he was not the last
in the seventeenth century: other scientists followed
his lead in various forms, some of which resonate with our
current views and some of which do not. In those days,
many researchers believed that physical and mathemati-
cal knowledge was necessary for a better understanding
of anatomy. “New (or mechanistic) anatomy”, of which Pec-
quet was also an adherent, refuted a number of statements
existing at that time in anatomy. For example, the dis-
covery of the thoracic lymphatic duct “deprived” the liv-
er of its ability to produce blood and required a rethink-
ing of its pathology [10, 11, 23]. Pecquet also formulat-
ed his reasoning on blood transfusion, capillary function
and vascular permeability, by his own studies of the cir-
culatory system confirming Harvey’s theory of blood cir-
culation. In his original work on blood circulation, William
Harvey argued that the primary engine of blood circula-
tion is the pulsation of the heart. Describing blood flow
in the veins, Harvey argued that the movement of the ven-



tricles of the heart “is sufficient to distribute the blood
throughout the body and to drain it from the vena cavae”.
Thus, for Harvey, a single heartbeat was enough to “draw”
blood from the vena cava, despite the fact that the vena
cava is the largest vein of the body, into which almost
all other veins drain blood, Harvey was virtually silent
about the patterns of blood circulation within it. One
of the first anatomists to specifically state venous blood
flow was the young scientist Jean Pecquet in his book “Ex-
perimenta nova anatomica...” (Paris, 1651). In this book,
Pecquet included a thesis on the problem of blood circu-
lation in veins. There he claimed that the initial impulse
of cardiac contraction was insufficient to explain the re-
turn of blood to the heart through the veins (what today
is called venous return). More importantly, in some parts
of the venous outflow, Pecquet noticed that the blood
moved in a direction opposite to the direction of its own
weight or, to put it in modern terms, against the law
of gravity. This opposite movement of blood is particu-
larly problematic in upright humans and animals because
more than half of the blood flows upward to the heart
through the inferior vena cava. How can such a large
amount of blood move upward without the initial impulse
of the heart? [23].

In his work, Pecquet shows the “circular movement
of blood throughout the animal’s body” by means of lig-
atures applied to arteries and veins. Similar experiments
have been carried out before him, but Pecquet shows
great originality in methodology and in the directness
of his conclusions. He starts with arteries and veins in gen-
eral. If a ligature is applied to the femoral, brachial, or ca-
rotid artery of a living animal, the vessel empties beyond
the ligature, but becomes swollen on the side towards
the heart; and if it is opened beyond the ligature there is
no hemorrhage, whereas a puncture on the side towards
the heart causes profuse bleeding. But a similar experi-
ence on the femoral or brachial vein gives the opposite re-
sult: the vein shrinks towards the heart and swells towards
the periphery; a puncture below the ligature is accompa-
nied by hemorrhage, and above it has no effect. To make
sure that the blood flowing from the wounded vein came
from the arteries, he applies a ligature to the appropriate
artery for the duration of the hemorrhage. When this lig-
ature is tightened, the bleeding from the vein first dimin-
ishes, and then ceases; but when it is relaxed, the bleed-
ing begins again with the same intensity. As part of these
experiments, Pecquet was able to disprove the idea of Ri-
olan the Younger that “portal vein blood does not pass
through the liver into the vena cava”. By studying blood
flow in the portal vein using ligatures, Pecquet proved
that blood entering the liver through the v. porta leaves
the organ through the hepatic veins flowing into the in-
ferior vena cava [24].

With the publication of “Experimenta nova anatom-
ica..” in 1651, Pecquet’s position on the Faculty of Paris
was no longer secure. Apparently, the author did not re-
ceive permission from the faculty to publish because
he was a student, which constituted a breach of etiquette
[1]. The publication created a great sensation in scien-

tific circles. Even Harvey questioned the importance
of Pecquet’s work. In writings dated 1652, Harvey stated
that he had observed these “milky glands” (perhaps even
before Aselli), but doubted their importance in the circu-
lation process. Ironically, he believed that the network
of mammary glands was “too extensive” to move all the nu-
trients from the digestive tract into the bloodstream. Har-
vey believed that while an embryo can receive nourish-
ment from the umbilical veins, an adult can receive nourish-
ment to the liver via the mesenteric veins [17, 20]. Pecquet’s
work also received harsh criticism from the influential Rio-
lan the Younger, causing Pecquet to retire to Montpellier,
where he completed his medical research and submitted
his finished thesis on 23 March 1652. Pecquet was famous
in Montpellier, where he gave public anatomical demon-
strations, and remained there, coming occasionally to Par-
is, until 1654. After receiving his doctorate, Pecquet prac-
ticed successfully in Paris and even became a physician
at the court of Louis XIV. In particular, he served as person-
al doctor to the Marquise de Sévigné and Jean de la Fon-
taine [1, 2, 12].

While the discoveries of Harvey and Azelli in the anat-
omy of the lymphatic system caused a burst of activity
in the scientific world of that time, the work of Jean Pec-
quet, first published in Paris in 1651, served as a stimu-
lus for subsequent studies by Thomas Bartholin and Olof
Rudbeck [9]. It is important to note that by the mid-sev-
enteenth century, comparative anatomy had become
not only a descriptive but also an experimental disci-
pline. Pecquet’s work combined dissection and mechani-
cal philosophy and paved the way for the mechanical the-
ories of bodily functions that dominated the second half
of the century [1].

In 1661, Nicolas Fouquet was arrested for abuse of of-
ficial position. Pecquet, as his personal physician, volun-
tarily followed his master to the Bastille until February
1665. Fouquet was then transferred to the prison of Pign-
erol (where he died in 1680), and Pecquet was ordered
to go to his sister in Dieppe. He was to remain there un-
til further notice. This stay lasted a year before King Lou-
is XIV and Secretary of State Jean-Baptiste Colbert conclud-
ed that Pecquet was not to blame for his master’s misde-
meanours. Colbert went even further by nominating Pec-
quet to the French Academy of Sciences as an anatomist
in 1666, enabling him to participate in the blood trans-
fusion experiments conducted at the Academy between
1666 and 1667. In the academy, the scientist had a diffi-
cult time: despite the fact that by that time Pecquet was al-
ready famous, he was a native of a provincial universi-
ty and he had to fight with representatives of the Fac-
ulty of Paris, who believed that only doctors who came
from this faculty could practice their art. Pecquet was one
of the doctors who founded the Royal Chamber of Phy-
sicians of Provincial Universities. A few years later, be-
tween 1666 and 1670, Jean Pecquet was appointed per-
sonal physician to the king, which provided him with a sol-
id career [2, 6].

Already a member of the Academy, Pecquet carried
out research on the eyeball with Edme Marriott, the dis-
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coverer of the blind spot, and published with him in 1668
the work “Nouvelle découverte touchant la vetie”. Unlike
Marriott, Pecquet believed that the retina, not the vascula-
ture of the eye, was the main formation responsible for vi-
sion. He also experimented with mercury tubes because
he suspected that atmospheric pressure affected blood
circulation [2].

Summarizing the above, it can be stated that the work
of Jean Pecquet has had a decisive influence on the for-
mation of the modern concept of body structure.
With his demonstration of the thoracic duct, Pecquet
launched one of the strongest attacks on Galenism:
“since blood does not flow into the liver, the liver can-
not carry out the cooking process of converting chyle
into blood”. As a consequence, the liver has lost its priv-
ileged role in the body. In addition, Pecquet proved
that the flow of chyle (lymph) is circulatory. In 1653,
the Danish anatomist and physician Thomas Bartho-
lin, in his work “Vasa lymphatica”, supported Pecquet’s
conclusions and showed that the vessels described be-
longed to a new vascular system called the “lymphatic
system”. Finally, Pecquet’s three-year experiments on liv-
ing animals raised the problem of assessing the impact
of dissection on the life sciences. Moreover, the attempt
to adapt physical research to medicine shows the impor-
tance of co-operation between physicians and mathe-
maticians in the foundation of “mechanistic anatomy”
and, more generally, in the development of late seven-
teenth-century medicine [10].
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