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OPUEHTUPOBAHHbIX Ha peLleHre aKTyanbHbIX Npobnem na-
60paTopHO MefMUMHBI: TPU U3 HUX NpeAcTaBfieHbl crne-
umnanuctamm us benapycu, e — us Poccuu, gse - 13 Y3be-
KUCTaHa, ofiHa — u3 AsepbaiigKaHa u yetbipe — 13 Mpaka.
OtpenbHble My6nMKauum HOCAT MO0 NPEUMYLLECTBEHHO
npriKnagHon, nn6o GyHaaMeHTanbHbI XapakTep.

MepBble TpW CTaTby NOCBALLEHbI BONPOCaM COBepLUEH-
CTBOBaHMA KIUHMYECKON NnabopaTopHOWN [MarHOCTUKM
coMaTuyeckmx 3abonesaHuin. Tak, cOTpyaHuKamu Asep-
6al>KaHCKOro MeJULMHCKOro yHMBepcuTeTa 060CHOBaHa
3HAUMMOCTb WCCNeAoBaHNA GONNMKYNOCTMYUPYIOLLErO
ropMoHa KpoBwu npu 6ecnnonnm y My>kuvH. B ctatbe npu-
BefieH 06CcToATeNbHbIN 0630p COBPEMEHHbIX CBeAeHUI 06
0COBGEHHOCTAX M3MEHEHUA TFOPMOHANbHOro CTaTtyca npu
HeoOCTPYKTVMBHOWM a300CNepmMuny, laHa UHTeprpeTaums xXa-
pakTepa M3MeHeHW MokasaTtesniell FoOpMOHasibHbIX TeCTOoB
npu pasnnyHbix ¢opmax becnnogus. YoeautenbHo no-
Ka3aHo, UTo Mpu BCeX NCCNeAoBaHHbIX GopmMax My>KCKOro
6ecnnoaua Hambonee BbICOKOWN AMArHOCTUYECKON UHOP-
MaTUBHOCTbIO 06N1afaeT TecT Ha onpefeneHne GonIMKyno-
CTUMYNMPYIOLLErO FOPMOHA B CbIBOPOTKE KPOBW.

YneneHo BHMMaHVe 1 pa3paboTKe HOBbIX HanpasieHui
KIMHUYecKon nabopaTopHoii gnarHocTmku. CoTpyaHMKamm
fomMenbcKoro rocyapCcTBeHHOIo MeMLMHCKOTO YHUBEPCU-
TeTa U fomMenbcKoro 06nacTHOro KNMHNYECKOTO OHKOMOI -
YecKoro AncnaHcepa nNpeasioxkeHa TEXHONOrMA nccieaoBa-
HUA «AOPBILKOBBIX OPraHN3aToOPOB» B MMMOLENIIIONAPHBIX
(T. €. 06eAHEHHBIX KNETKaMu) LMTONOrMYecKmx npenaparax
ocafika Mouu Npu oTaeNbHbIX GopMax NaTonorMm Mo4YeBoro
ny3blpa. MeTof oKasanca NpocT B UCMOSIHEHUN, He Tpeby-
eT 60MbLIMX MaTepuanbHbIX 3aTpaT U MOXeET ObITb NCNONb-
30BaH Kak afibTepHaTVBa CINOXHOMY W JOPOroctoAliemy
UMMYHOXMMUYECKOMY METOAY MCCNeAoBaHUA NPU OLeHKe
nponundepaTVBHON aKTVBHOCTU KIETOK.

Cneumnanuctamm HaumoHanbHOro mMeguLMHCKOro uc-
CNefOBaTENbCKOrO LeHTPa aKylepcTBa, FMHEeKonornu u
nepuHaTonornn nMmeHn akagemuka B./. Kynakosa n lMep-
BOro MOCKOBCKOrO rocyapCTBEHHOrO MeAULUHCKOro
yHuBepcuteta umeHn V.M. CeueHoBa CyLeCTBEHHO MOBbI-
weHa 3pPEeKTMBHOCTb MPOrHO3NPOBaHUS TPombo3a npu
6epeMeHHOCTV MyTeM COYETaHHOrO MCMONb30BaHUA ABYX
pasnuyaloLmxca MeToAoNorne nccnefoBaHna cnocob6os
BbIABMIEHNA BOMYAHOYHOIO aHTUKoarynaHTta. Mpennoxex-
Has TexHonorus NabopaTopHOro WCCNeAoBaHNUA UMeeT
nepcrnekTUBbI CTpaTidUKaLMy NALMEHTOB MO TPOMbBOTHYe-
CKOMY PUCKY.
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He moXeT He nprBieYb BHUMaHME 1 MPOAEMOHCTPU-
POBaHHbIN NHTErPUPOBAHHbIN MNOAXOA K ANArHOCTUKE re-
MOINTNYECKON 60Me3HN HOBOPOXAEHHOrO MO CuCTEME
ABO. CotpyaHukamu lfopoackoro ueHTpa TpaHcdysuono-
rMn 6-N FTOPOACKOM KINHUYECKON 60MbHUUbI . MUHCKa,
WNHcTTyTa noBbilweHna KBanudurKaumm n nepenosrotTos-
KW KappoB 3ApaBooxpaHeHuWa benopycckoro rocypap-
CTBEHHOIO MeAILIMHCKOrO yHMBepcuTeTa 1 KnnHuyeckoro
poaunbHoro gomMa MyHcKol o6nacTy NokasaHo, YTo KOM-
NNEKCHbIA aHann3 MMMYHONOIMYeCcKoro cratyca marepu
N HOBOPOXXAEHHOIO B COYETaHWM C KNIMHMKO-nabopaTop-
HbIM MCCNeAOBaHMEM HOBOPOXAEHHOIo CyLeCTBEHHO
rnomoraeTt B onpefesnieHnn reHesa, paHHel AMarHOCTUKe
remMosIMTUYECKON 6ONe3HN HOBOPOXAEHHOIO, a TaKxe
NPOrHO3MPOBaHNY BblPaXXeHHOCTV reMosn3a.

B oBYyx cTaTbAX, NpefAcTaBNeHHbIX B pybpurike «KnuHu-
yeckana MHGEKTONorna 1 napasuTonorunsay», B ouepeaHomn
pa3 NPoAEMOHCTPMPOBaHa 3HAYMMOCTb CneyranbHOCTU
«KJIMHMYECKasAs MUKPOOMONornsa» Kak BecbMa Ba)HOro
pasfena npefiMmeTa «KMHUYecKas NabopaTopHas Aua-
rHOCTMKa». [JOCTUrHyTble KX aBTOpamu pe3ynbTatbl Oa-
3UPYIOTCA Ha MPUMEHEHUN BbICOKMX NabopaTopHo-Aua-
FHOCTUYECKNX TEXHONIOTUI, COCTOALMX B UCMOb30BaHUM
MLP-aHanmza.

C nomolblo MEeTOAOB MOJNEKYNAPHO-TEHEeTUYECKOro
aHanm3a cotpyaHmkamn CamapKaHACKOro rocyfapCTBeH-
HOro yHuBepcuTeTta, MHCTUTYTa 300n0rnmM AKkagemnn Hayk
Pecnybnukn Y36ekuctaH u HayuHo-uccnefoBaTenbckoro
WHCTUTYTa BUPYCOSNOMMN YCTaHOBJIEHA PacnpOCTPaHeH-
HOCTb KnelyeBbiX TPaHCMUCMOHHbIX UHbeKLmnn B Pecny-
6nuKe Y36eKnCTaH; K ToMy e UMy naeHTUMLMPOBaHbI
WecCTb reHOBapPMAHTOB PUKKETCUIA Ha Mccnegyemon Tep-
putopun Y3beknctaHa. bonee Toro, nokasaHo, 4To Kre-
wwm popos Hyalomma u Rhipicephalus nrpatot ocHoBHyto
posib B Nepefaye pUKKETCMO30B.

HayuHbiM KonnektBom Pecny6nnkKaHCKOro HayuHo-
NPaKkTNYeCKOro LeHTpa AETCKON OHKONIOTM, FemMaTonorum
n ummyHonoruun (Benapycb) paspaboTaHa TexHonorus
mynbTunnekcHon MMUP B pexmme peanbHOro BpemeHu
ONA ANAarHOCTMKN MHBa3VBHbIX MMKO30B, KoTopas, 6yayun
BK/IOYEHHOW B METOAOMNOIMI0 KOMMJIeKCHOro nabopatop-
HO-AMArHOCTMYECKOrO NCCeoBaHNsA, BO MHOTOM CMOCO6-
CTBOBaNa aHanusy KapTuHbl UMPKYIAUAM MUKPOMULET
OPOX>KEBOW U NNecHeBOW 3TMONOMK B YCJIOBUAX CTaLmno-
Hapa B TeueHne 6onee yem 20-NeTHEro Nepuoga.

Hapagy c HenocpeacTBEHHO BOCTPEOOBaHHBIMU Kn-
HUYECKON NPaKTUKOWN MPUKNAAHbIMU MUCCNeA0BaHMAMMN
OCBOEH U pAJ pyHAAMEHTasNbHbIX. K TaKOBbIM MOTYT ObITb
OTHeceHbl Bce yeTblpe pabotbl n3 Mpaka. Tak, HeBOMb-
HO nMpvBNeKaeT BHMMaHWe nNybnuMKaumsa COTPYAHMKOB
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Cromatonorunyeckoro Konnemxa YHuepcuteta barpa-
[1a, aBTOPbl KOTOPOW OBHAPY>KUNN B IKCTPAKTaX JIMCTHEB
Moringa oleifera BewecTBa, cTUMynupylowre npouecc
OCTeoreHesa, YTo OTKPbIBAET HOBblE BO3MOXHOCTU pa3me-
LLieHNA B KOCTHOW TKaHM TUTaHOBbIX MMMNIaHTaTOB. [laHHoe
HabnogeHve bypeT 0cob6eHHO UHTePeCHO CTOMaToNIoram-
opTonefam.

MpepncTaBnaeTca BecbMa NePCNeKTUBHBIM UCMOMb30-
BaHVe B Hepanekom Oyaylem paspaboTaHHOWN coOTpya-
Hukamn HayuyHoro konnepxa YHuBepcuteTa bacpbl Tex-
Honoruw BbiaeneHuns ns nnogos Terminalia Chebula Retz.
6MONorMYeckn akTUBHbIX COeAMHEHWUI, OKa3blBalOLWKMX
NPOTUBOOMYXONEBbIN, aHTMOAKTEPMANIbHBIA N aHTUOKCK-
[aHTHbIN 3P deKTbI.

YaeneHo BHMMaHMe U npobneme Hepo3HAOKPUHHON
natonorun. CoTpygHukamn CamapKaHACKOro rocygap-
CTBEHHOIO MeAULMHCKOro YHMBEepCHTeTa B OMbITax Ha na-
60pPaTOPHbIX XMBOTHbIX MOKa3aHo, YTo GOpPMUPOBaHUNE He-
[0CTaTOYHOCTU GYHKLMM LWMTOBUAHOW »ene3bl BeYyeT 3a
cobol xapaKTepHble NMaToMOpPdONOrnyeckne U3MeHeHUs
B FONIOBHOM Mo3re KpbiC. [pefcTaBUTENs MU e HayuHbIX
Konnektnusos WHCTWTYyTa MevumHbl U 3g0poBbecbepe-
XeHna TambOBCKOro rocyfapCTBEHHOro YHuBepcuTeTa
umenwu I.P. lepxxaBrHa n MNMepsoro MockoBCKoro rocygap-
CTBEHHOIO MeAULUHCKOro yHuBepcuteta nmeHn U.M. Ce-
YyeHOBa MOJyYeHbl HOBble AaHHble, pPacKpblBalLWMe 0CO-
6EHHOCTV OJHOKPATHOro BAIMSHUA ramMMa-u3NlyyeHus Ha
MopdodyHKLNOHANbHOE COCTOAHNE LUTOBULHON Xene3bl
opraHu3ma nabopaTopHbIX >KUBOTHbIX.

Hapeemcs, uto npeacTaBneHHble MaTepurasibl OKaxyTcs
BOCTPe6OBaHHbIMU He TOMbKO CMeUManucTamy KanHude-
CKOW NabopaTopHOW AMArHOCTUKY, HO 1 BpavyaMu-KnnHU-
LMCTaMK B UX NPaKTUYECKON 1 HayYHOW AeATENIbHOCTH.

B npenasepuyn HacTynatowero 2025 roga xotenoch 6bl
noxenatb BCeM aBTOpaM W UUTaTeNIAM HaLlero »ypHa-
Nla KPEenkoro 340poBbsA, CYACTbA N BONbLUNX TBOPUYECKUX
yCrnexoB B NPaKTMYeCKoln 1 HayuHol aeAatenbHocTH!

MmaBHbIN pepakTop B benapycu
Bnagnmunp CemeHoBMY KaMbILWWHNKOB
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Pesiome

BBepeHme. TpaAnLUMOHHO MCNOMb3yeMble TECTbl KIIMHUKO-NTAabopaTOpHON AMarHOCTUKM
3ab01eBaHNi, Kak MpaBuIio, He 06/1afaloT OCTaTOYHO 60/bLON MHPOPMATUBHOCTbLIO OT-
HOCUTENBLHO YXYALEHNA GepTUIbHbIX CBONCTB IAKYNATA, B CBA3U C YEM NpeAcTaBnAeTcA
aKTyaslbHbIM onpefeneHne AMarHocTMyeckom 3HaYMMOCTI TeX NoKasaTeseln, KoTopble OT-
paatT SHAOKPUHHbIV CTaTyC OpraH1M3mMa, HapyLlaemblil NPU My>KcKom becnnoguu.
Lenb. OueHKa AMarHOCTUYECKON 3HAUMMOCTM U MHGOPMATUBHOCTU MOKa3aTenel TeCcTos
Ha onpegeneHne GONANKYNTOCTUMYNIMPYIOLLErO U NOTEVHU3NPYIOWEro rOpMOHOB, NPo-
NAKTUHA U TECTOCTEPOHA NPU Pa3nnyHbiX GopMax My>KCKoro becninogus.

Marepwuanbi n metoabl. [IpoaHann3npoBaHbl 06pa3ubl KpoBW 1 crnepmbl 101 My>KUKHbI C
nauonaTnyeckum Myxckum becnnogurem, y 56 13 Kotopbix Habnioganacb acteHo300cnep-
mua, y 30 — onnrosoocnepmus, y 7 — 06CTpyKTUBHaA azoocnepmus, ay 8 — HeoOCTPyKTMBHasA
azoocnepmus. MprumeHeHbl obLenprHATbIE MeToAbl MOPQONOrMYecKoro UcciefoBaHuA
Crnepmbl, UCMOJb3yemMble ANs ONpeAeNieHns KONMYeCcTBa U OLeHKM KauecTBa CrepmaTo3ou-
noB B cnepme. KoHueHTpauuto GonimkynoCTUMynnpyoLero 1 IITEMHU3NPYHOLLEro ropMo-
HOB, TECTOCTEPOHA 1 NPOJIAKTUHA B CbIBOPOTKE KPOBY NaLUEHTOB ONpeaenany metogamm
3N1eKTPOXEMUIOMUHECLIEHTHOrO MMYHOaHasM3a Ha aBToaHanm3atope Roche e411.
PesynbraTtbl. YcTaHOBJ/IEeHbl MOKa3aTenu fJuarHoctmyeckon WHopmaTMBHOCTU (Aua-
FHOCTUYECKOWN YYBCTBUTENbHOCTM, ANArHOCTUYECKON cneunduyHoCT! 1 Ap.) TeCTOB Ha
rOPMOHasbHBIN CTaTyC OpraHM3Ma npu My»ckom becrnnoguu. BbissBneHO MoBbleHUe
KOHUeHTpauumn GonnmnkynocTUMynnpyoLero 1 NIoTENHN3NPYIOLLEro FOPMOHOB, CHIUXe-
HUe YPOBHSA MPONaKTUHa B CbIBOPOTKE KPOBU NPU OINFO300CNEePMUK, NOBbILLEHNE KOH-
ueHTpauum GoNINKyNOCTUMYNIMPYIOLLErO, MIOTEMHM3UPYIOLWEro FOPMOHOB 1 NPOSIAaKTHA
Ha poHe CHWKEeHUA YPOBHA TeCTOCTEPOHa MPW HEOOCTPYKTMBHOW asoocnepmum. [aHa
WHTepnpeTaunsa pe3ynbTaToB rOPMOHabHbIX TECTOB MPY Pa3fivuHbIX GopMax My»CKoro
6ecnnogus.

3aknioyeHue. [TokasaHo, UTO NpPU BCEX UCCIEAOBaHHbIX GopMax My»KcKoro becnnogus
Haubosnee BbICOKOW ANArHOCTUYECKOM MHPOPMATBHOCTbIO ObOaflaeT TeCT Ha onpeaene-
Hue GonNnKyNoCTUMMYNNPYIOLLEro FOPMOHa.

KnioueBble cnoBa: Myckoe becnnogue, cnepma, cnepMmaTtosongbl, GonnnkKynocTumynu-
pYIOLLMIA FOPMOH, NIIOTEVHU3NPYIOLUA FTOPMOH, TECTOCTEPOH, MPONAaKTUH
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Abstract

Introduction. Conventional clinical and laboratory tests, in most cases, are not sufficiently
informative in terms of ejaculate fertile properties worsening assessment; therefore,
it seems relevant to determine the diagnostic significance of parameters reflecting the
endocrine status of the body disturbed in male infertility.

Purpose. To assess the diagnostic significance and informativeness of test indicators
for determining follicle-stimulating hormones, luteinizing hormones, prolactin and
testosterone in various forms of male infertility.

Materials and methods. Blood and semen samples from 101 men with idiopathic
male infertility, 56 of whom had asthenozoospermia, 30 had oligozoospermia,
7 had obstructive azoospermia, and 8 had non-obstructive azoospermia were tested.
Conventional methods of morphologic semen testing used for quantification and
qualitative analysis of spermatozoa in semen were applied. Follicle-stimulating and
luteinizing hormones, testosterone and prolactin blood serum levels were determined by
electrochemiluminescence immunoassay using a Roche e411 autoanalyzer.

Results. Diagnostic informativeness indicators (diagnostic sensitivity, diagnostic
specificity, etc.) of tests assessing body hormonal status in male infertility were established.
An increase in follicle-stimulating and luteinizing hormone levels and a decrease in
prolactin level in blood serum in oligozoospermia, as well as an increase in follicle-
stimulating and luteinizing hormone and prolactin levels against the background of a
decrease in testosterone levels in non-obstructive azoospermia were revealed. Hormonal
tests results in various forms of male infertility were interpreted.

Conclusion. It has been shown that in all studied forms of male infertility, the follicle-
stimulating hormone test demonstrated the highest diagnostic informativeness.
Keywords: male infertility, follicle stimulating hormone, lutein stimulating hormone,
testosterone, prolactin

B BBEJEHWE

12-15% Bcex cynpyeckux nap B Mupe 1 okosio 50 MUISIMOHOB MyXUMH CTpajatoT
6ecnnognem, 4To NPUBOAMT K NYBOKUM MCUXONOMMYECKMM, COUManNbHbIM U SKOHO-
MUyeckum npobnemam. M3-3a becnnogusa pacnagaetca 7,5% 6paxo. Cpean npuyuH,
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Bbi3blBatoLWMX 6ecnnoave B 6pake, KeHcKun dpakTop coctaBnsaet 40%, myxckon — 40%,
coBmecTHas posnb o6omx hakTopos BbiaBnaeTcA B 20% cnyyaes [1-3]. ObpalyaeT Ha cebs
BHUMaHMe To 06CTOATENbCTBO, UYTO JONA MYKCKOro dakTopa cpeam NpuymH becnnoams c
KaXJbIM rofjom yBenuumBaeTcs, a ocnabneHne cnepmatoreHHon ¢yHKUMM HabnogaeTca
Yy My>XUMH BO BCcemM mupe [4]. B HacTosALlee Bpems ¢ Lenbio NabopaTopHO ANUarHOCTUKN
My>KCKoro 6ecnnofmsa nUcrnosnb3yloT NoKasaTenu, XxapakTepusyiowre obLlyo onioaoTso-
PAOLLYI0 CNOCOBHOCTb CNepPMbl, — KOHLIEHTPaLUio CnepMaTo30mn0B, MOABUXKHOCTb, OJI0
CNepmMaTo30ongoB C HopManbHo Mopdonoruei [1, 5.

HecmoTpsa Ha To UTO MccnegoBaHWe CNepMorpammbl LWNPOKO MPUMEHAETCA B noja-
BnAwoLem 60NbLUMHCTBE KIMHUKO-ANArHocTuyeckmnx naboparopuii neyebHo-npodunak-
TUYECKMX YUpexAeHUl, OHO He faeT MosnHon MHdopMaLun O HapyLleHUAX npouecca
cnepmatoreHesa [6, 7]. B cBA3M € 3TM ocTaeTca akTyanbHbIM U3yYeHM e BO3MOXHbIX Npu-
UYMH NaToCnepMmnK, B YNCNE KOTOPbIX YMEHbLUEHNe KonnyecTBa CNnepmaTto3ongos B pe-
3ynbTaTe HapyLIeHWA UX CO3peBaHNA, ocnlabneHne nx NOABVMHOCTA Unn npeobnagaHue
NaToNIorMYecKnx CnepmaTo3ongos.

Haunbonee taxenon dopmoin my>ckoro 6ecnnogms ABnsAeTca a3oocnepmus, BCTpeya-
towanca B 10-15% cnyuaes [2]. [puHATO pa3nmyatb 06CTPYKTUBHYIO U HEOOCTPYKTUBHYIO
dopmbl azoocnepmnn. HeobCTPYKTUBHASA, NN CEKPETOPHAs, a300CNepMma BCTpevaeTca
yaule (B 80-90% cnyuaes), yem 06CTpyKTMBHas. [TockonbKy MmopdoreHeTUYeckme mexa-
HU3Mbl 3TUONOIMM N NaToreHe3a a3ooCnepmMmMmn A0 KOHLA He U3BECTHbI, OCTAlOTCA TPYA-
HOCTM B ee nevyeHun [3].

CoBpemeHHble MeTofbl AnarHOCTUKM GopM MycKoro 6ecrnnoauns B 60NbLUMHCTBE Cy-
yaeB He NMO3BOJIAKT ONpefennTb ero NpuUnHbL. C 3TON TOUKM 3peHus pa3paboTka HOBbIX
OMarHOCTMYECKMNX MPOrpaMm Ha OCHOBE CYLLECTBYIOLLMX TECTOB KIIMHMKO-11abopaTopHOro
nccnegoBaHUA MOXKeT MMeTb HGonblloe 3HaueHne B pelleHnn Npobembl My»cKoro bec-
nnoaus.

Okono 20% cny4yaeB My>CKoro 6ecnioaus BbiI3BaHO HapyLLIeHieM FOPMOHaJIbHOW pe-
rynaunm penpoayKkTneHon GyHKUmMN. MI3BeCTHO, UTO SHAOKPUHHAA CUCTEMa UrPaeT BaK-
Hyto posib B GopmupoBaHum cnepmbi [8, 9]. C Liefibio OLLeHK FOPMOHaNbHOMo CTaTyca My-
UMH, CTpajdaloLWmx HapyLLleHnem cnepmaToreHesa, B CbiIBOPOTKe KPOBYW ONpeaenanoch co-
OepxaHue donnukynoctumynupytowero ropmoHa (OCr), noTeMHU3MpytoLwero ropmoHa
(JTr), TectocTepoHa 1 nponakTrHa. KnuHnyeckune HabnogeHna yKasblBaloT Ha HEraTUBHOE
BNUAHMe ancbanaHca ypoBHel TeCTOCTePOHa 1 FOHaAOTPOMNMHOB Ha MPOAYKLMIO CNepMbl
N PenpoayKTUBHYIO GYHKLIMIO MY>KUuH [3, 6].

TecTocTEpOH ABNAETCA BaXHbIM GpaKTOPOM MHAYKUMW CcnepmMaToreHesa 1 pa3Butus
BTOPUYHbIX NMOMOBbIX MPU3HAKOB, y4acTBYeT B GOPMUPOBaHNIN MY>KCKUX Hapy»KHbIX MO-
NOBbIX Y BHYTPEHHUX PEMNPOAYKTUBHbIX OPraHoB. TeCToCTepoH umeeT H6onbLioe 3Have-
HWe AnA KauyeCTBEHHOro criepmaToreHesa, Tak Kak OH yyacTBYeT B perynayum remaTto-Te-
CTUKynApHoro 6apbepa, Melo3a, cepTonu-cnepmaTUaHON aaresmm 1 BbIcCBoOOXAeHUA
cnepmarto3onfoB [7]. XoTA TeCTOCTepOH cunTaeTca KnoveBbiM GakTopom cnepmaTore-
He3a, KONnYeCcTBEeHHOE N KayeCTBEHHOE pa3BuUTMe 3TOro nNpoLecca HanpAMyto 3aBUCUT
ot ypoBHsa JII n OCT, cekpeTupyembix nepepHei gonen runodusa [61. JIr n OCT BmecTe
C BbICOKOW MHTPATECTUKYNAPHON KOHLIEHTpaLMen TeCTOCTEPOHa UrPaloT BaXkHYIO POJib
B CcnepmartoreHese, B popmMnpoBaHNN HOPManbHOro obbema cnepmbl, GepTUIbHOCTU
y B3pocsnioro yenosekKa. JII cTuMynunpyeT cMHTe3 aHAporeHoB (0COBeHHO TecToCcTepo-
Ha), BeCcbMa BOCTPe6OBaHHbIX Pa3BMBAOWUMNCA IMOPUOHanbHbIMK KneTkamn. OCT
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yCcunmBaeT AeNCTBMeE TECTOCTEPOHa, obecneunBaeT GYHKLMOHANbHYI0 aKTUBHOCTb Kie-
Tok CepTonu B npouecce criepmaTtoreHesa. Cuntaetcs, uto OCI cnocobeH perynunpo-
BaTb CNepmaToreHes fila>ke npm CamomM HU3KOM YPOBHE NHTPATECTUKYNIAPHOrO TecTo-
cTepoHa [7].

MponakTVH TaKXe UrpaeT BaXkHYI0 poSib B FTOPMOHaNbHOW NPUPOAE MY»KCKoro bec-
nnopua. PacnpoctpaHeHHOCTb rMnepnponakTMHEMUN NPY MyXCKOM 6ecrnnogmm cocTas-
naet 3-9%, a npn nguonaTtnyeckon onurocnepmmnm — 1-11%. Y MyumH runepnponak-
TUHEMMUA BbI3bIBAET CHUKEHVE MHTEPECa K CeKCyallbHOM XXN3HW, SPEKTUNbHYI0 ANCOYHK-
uuto, 6ecnnogme. QyHKUMA NPONaKTUHA B MY>KCKOM OpraHu3me fosiroe Bpems He 6bina
N3BEeCTHa, OOHAKO UCCNefoBaHUA NOCeHNX JIET MOKa3an, YTo STOT FOPMOH ABNAETCA
perynaTopom nosoBbix GYHKUUIA 1 HOPManbHOW GYHKLMOHANbHON akTUBHOCTU ANYEK Y
My>XUMH. Taknm 06pa3om, NPoNaKkTUH OKasbiBaeT CUHepreTnyecknii 3ddeKT ¢ TectocTe-
poHom u JIT. ponakTuvH, Kak 1 Apyrne roHagoTPOMHble FOPMOHbI, UrpaeT cneymduye-
CKYI0 pOJib B CO3PEBaHMM NOJNIOBbIX KNETOK, CTUMYNNPYA CeKpeLmnio 1 BMOCUHTE3 Noso-
BbIX FOPMOHOB [4, 9, 10].

B KOHeYHOM nTOre N3MeHeHNA YPOBHEN rOPMOHOB B OpraHU3mMe MOryT NPUBOAUTL K
HapyLleHUo criepmaToreHesa 1 My>ckomy 6ecrnnoguio, OfHaKo AMarHocTmyeckas 4yB-
CTBUTENIbHOCTb U AarHoCThyecKasa cneundrUUYHOCTb TECTOB Ha onpefeneHme 3Tux rop-
MOHOB NPU MY>KCKOM 6ecniiogun nlyyeHol He[OCTaTOUHO.

B LEJTb NCCNEOQOBAHKA

OueHKa AMarHocTmyeckor 3HaUYMMOCT 1 MHPOPMATUBHOCTY NoKasaTeneln TeCToB Ha
onpepenenne OCT, JIT, nponakTiHa 1 TeCTOCTEPOHa NPU PasfiMyHbIX GOpMax My>KCKOro
6ecnnopus.

B MATEPWAJIbl U METObI

MNpoaHanu3npoBaHbl 06pasLbl KpoBu 1 cnepmbl 10T My>KurHbI B Bo3pacTe 20-46 net
(31,6+0,5 roga) c ngMonaTUYeCcKUM My>KCKum becrnnoguem. KonmuecTso 1 KauecTso crep-
MaTO30MA0B B CNepme OLEeHMBanuUCb MeTogamn UcciefoBaHua, TPagULUMOHHO UCNOSb-
3yembiM B KIUHUKO-AMArHOCTMYECKUX nabopatopusax neuyebHO-NpodunakTnueckmx
yupexgeHni. BknioueHre naumeHToB B MccnefqoBaHve Npou3BoAnIOCb Ha OCHOBAHUU
Kputepues, NPUHATbBIX BcemumpHom opraHusauuven 3gpaBooxpaHeHua B 2010 r. [5]. Bce
obcnepyemble 6b111 pa3geneHsl Ha 3 rpynMbl NO KOMMYECTBY M aKTUBHOCTY CNepMaTo30-
MOOB: C acTeHo300cCnepmmen (56 NnaunmeHToB C HOPMaJsibHbIM KONTIMYECTBOM CMepMaTo30u-
OB N HN3KOW MOCTynaTeflbHON NOABMKHOCTbIO), C onuro3zoocnepmuert (30 naumeHToB ¢
KONMYeCcTBOM CcnepmaTto3omngoB B 1 mna cnepmbl <15 miH), c asoocnepmuen (15 yenoek ¢
OTCYTCTBMEM CMEepPMaTo3010B B 3AKynATe). MauueHTbl rpynnbl azoocnepmuy 6bi1m pas-
[leneHbl, B CBOIO ouepefb, Ha 2 NoArpynnbl: ¢ 06CTPYKTUBHOW (N=7) N HEOBCTPYKTUBHOW
(n=8) azoocnepmumeir. B KOHTponbHyto rpynny Bowan GepTusibHbie My>XUMHbI B BO3pacTe
23-40 net (n=20; 31,1£1,1 roga). [No pe3ynbTatam aHann3a cnepmbl KOIMYECTBO Crepma-
TO30MA0B B KOHTPONbHOM rpynne coctasuno 63,5 maH (Q1=61,0; Q2=74,0), B rpynne acte-
Ho3oocnepmun — 45,0 maH (Q1=61,0; Q2=74,0), B rpynne onunrosoocnepmun — 8,0 MiH
(Q1=4,5; Q2=10,0).

KoHueHTpauwto JII, OCT, TecTocTepoHa 1 NponakTrHa B CbIBOPOTKE KPOBY NaLMeHTOB
onpegenany MeTogamMm 3NeKTPOXeMUTIOMUHECLIEHTHOIO UMMYHOaHann3a Ha aBToaHanu-
3aTope Roche e411.
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CTaTNCTUYECKMIN aHaNM3 MOJyYEHHbIX Pe3ynbTaToB NPOBOAWAN C WCMONb30BaHU-
eM naketa nporpamm SPSS-26 Ha ocHoBaHuK t-Kputepua CrblogeHTa — boHbeppoHu n
H-kputepna Kpackana — Yonnuca. lokasatenn anarHOCTMYeCcKonW YyBCTBUTENIbHOCTU Y
OMarHoCTMyeckon cneundUUYHOCTY FOPMOHaNbHbIX TECTOB ONpefensany Ha OCHOBe CTa-
TncTnyeckoro aHanmsa ROC (receiver operating characteristic). MHTerpanbHaa oueHKa
nokasarenieil AUarHoCTUYECKON YyBCTBUTENbHOCTU 1 ANUArHOCTUYECKON cneymduyHocTu
XapakTepr3oBana AMarHOCTUYECKY0 LEHHOCTb mccnegoBaHua. Ecnm p<0,05, runotesa
«0» oTBepranacb [11].

B PE3YJNbTATHI

Mpn nccnepgoBaHMM cnepmMorpaMMbl BbIIBIEHO YMEHbLUEHWE KOnuMyecTBa crep-
MaTo30MAOB B rpynne acteHo3zoocnepmuun Ha 41,1% (p<0,001), a B rpynne onmro3oo-
cnepmum — B 7,9 pasa (p<0,001) no cpaBHEHMIO C aHaNOrMYHbIMW NOKa3aTeNAMN B KOH-
TponbHoW rpynne. Mexay conoctaBisemMmbiM/ rpynnaMy yCTaHOBMIEHA CTaTUCTUYECKN
3HauMMan pasHMUa M MO KONMYeCTBY NOABUKHbIX criepmaTo3omnaos (p<0,001). Konu-
YeCTBO MOABUMKHbBIX CNEPMaTo30MA0B ObiNo MeHbLUe B rpyrnne oinMro3oocnepmun Ha
73,7% (p<0,001), a B rpynne acteHo3oocnepmuu — B 3,7 pasa (p1<0,001) Mo CpaBHEHUIO
C aHanorMYyHbIMM NOKa3aTensAMM B KOHTPOJIbHOW rpynne. Kak BuaHo, obliee KONMuecTso
CrnepmMaTo3omMaoB Y MY>KUMH C OINr0300CrepMmneit ymeHbLInIoch B 5,6 pasa (p<0,001),
a KONMM4ecTBO NOABUXHbIX cnepmMaTo3onaos — B 2,1 pasa (p2<0,001) NoO CpaBHEHUIO C
TaKOBbIM Y MY>KUMH C aCTEHO300CNepmmein.

B xope nccnepoBaHma y My»urH rpynn 6ecnnogma Obinu BbiABEHbI FTOPMOHasibHble
HapyLweHua. Tak, KoHueHTpauma OCI B CbIBOPOTKE KPOBW MYXUUH C acCTEHO300CNepMUen
yBenuumunacb Ha 57,7% no CpaBHEHWIO C aHANIOMMYHbIM MOKa3aTenem y nauMeHTOB KOH-
TPOAbHOWN rPynbl, MPU 3TOM CYLLECTBEHHbIX M3MEeHeHUIN B KoHUeHTpauuu J1T, TectocTte-
pPOHa 1 NponakTNHa He Habnoganock.

KoHueHTpauma OCI B cbiIBOPOTKE KPOBU MYy>KUMH C ONIUrO300CnepMuent ctatmctuye-
CKWN [OCTOBEpPHO MoBblIwanachb B 2,4 pasa (p1<0,001) NO CPaBHEHNIO C aHaNIOMNYHbIM MO-
KasaTesleM KOHTPOMbHOW rpynnbl, KOHUeHTpauua JII n TecTocTepoHa nmena TeHgeHumio
K yBenuyeHuno Ha 39,3% 1 17,0% COOTBETCTBEHHO, a KOHLEHTPaLMA NPONakTMHa CHU3N-
nacb Ha 32%.

Y My)X4MH C HeoOCTPYyKTMBHOW a3oocrnepmuen KoHueHTpauua OCI ysennumnacb
B 8,8 pa3a (p<0,001), JIT - B 2,9 pa3a (p<0,001), nponaktnHa — Ha 89,0% No cpaBHeEHWUIO
C aHaNoOrMYHbIMM NOKa3aTeIAMN B KOHTPONbHOM rpynne, a KOHLUeHTpauma TeCTocTepoHa
oKa3aJslaCb CHUMEeHHOW Ha 22,9%.

Taknm 06pa3om, y My>KUMH C HEOBCTPYKTUBHOW a3oocnepMmelt Mo CPaBHEHNIO C MyX-
YrHaMK € 0B6CTPYKTUBHON KoHueHTpauma OCT, JII n nponakTuHa oka3anacb yBesinyeH-
Hou B 4,2 pa3a (p<0,001), 2,2 pa3a (p=0,033) n Ha 43,4% cooTBeTCTBEHHO. KOHLUEeHTpauusa
OCT, JIM n nponakTrHa y My>K4MH C HEOBCTPYKTUBHOW a3oocnepmueit bbina JOCTOBEPHO
Bbllwe - B 3,7 pa3a (p<0,001), 2,1 pa3a (p<0,001) n 2,5 pasa (p=0,024) cOOTBETCTBEHHO MO
CpPaBHEHMIO C COOTBETCTBYIOLLMMM MOKa3aTENAMU Y MYXKUUH C ONIMr0300CnepMmnent, a KoH-
LeHTpauma TeCTOCTEPOHA CHU3MNAchb Ha 43,4% (Tabn. 1).

Ha ocHoBe ctatuctuyeckoro ROC-aHanm3a onpefgeneHbl MoKasaTenu AuMarHoctuye-
CKOW YyBCTBUTENbHOCTM M AMarHoctuyeckomn cneyndunyHoctu tectos Ha OCT, JT, TecTo-
CTEPOH ¥ NPONakTVH Npu pas3nuuHbix dopmax My»kckoro becnnogua. B rpynne acteHo-
3o0o0cnepmun obnactb cneuynounyHoctn OCI - nnowapb nop Kpuson (AUC) — 6binia
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Ta6bnuuya 1
Mokasarenn koHueHTpauyuu OCT, JIT, TecTocTepoHa 1 NpoNaKkTUHa B CbIBOPOTKe KPOBU
npu uanonaTMYecKkom my»xckom 6ecnioaun
Table 1
Changes in FSH, LH, testosterone and prolactin levels in idiopathic male infertility
lpynnbl nayneHTos
AcTeHo-
MNMokasatenun Koutponb | 300cnep- Onuro- A3oocnepmua | Asoocnepmusa PH
. 30ocnepmuA | (HEOGCTPYKT.) | (06CTPYKT.)
(n=20) MuA - (h=30) (n=7) (n=8)
(n=56)
M 311 314 325 314 30,8
Bospact, | Me 315 30,0 325 31,0 295 0562
ner Q280 27,5 28,0 230 27,0 '
Q, |[340 35,0 35,0 38,0 35,0
M 3.2 5.2 73 244 4,9
Me 26 41 6,2 22,8 54
o, <0,001
MEZ/mn
Q, 2,1 2,2 4,0 17,5 34
Q, 38 57 10,0 32,7 6,1
p1<0,001
P p,=0,046 p,<0,001 p,<0,001
p3<0,001
M 33 3,9 4,3 83 4,6
nr Me 28 3,0 39 8.2 3,7
! 0,001
MEa/mn
Q |21 23 2,9 56 31
Q, |45 4,6 53 9.2 56
p1<0,00‘|
P p,<0,001 p,=0,033
p,=0,001
M 124 13,1 14,0 9,0 13,7
Tectocte-  |Me | 11,8 12,7 13,8 9,6 10,7
POH, 0,167
MMOnb/N Q, |106 93 10,1 6,7 10,2
Q, 15,0 15,5 15,5 10,3 14,7
M 2251 228,6 188,1 3798 300,8
MponakTi, Me |208,0 189,0 158,0 394,0 274,0 0196
mEa/n Q 1910 1410 127,0 136,0 155,0 '
Q, 2250 301,0 230,0 507,0 422,0
Py p,=0,024

Mpumeyanusa: M - cpefHee apudmetnyeckoe; Me - megmnana; Q1, Q2 - kBapTunun. CtaTuCTYeCKaa AOCTOBEPHOCTb PasHULbI
MeXy NoKasaTenAaMn rpynn: p, — N0 CPABHEHNIO C KOHTPONEM; P, — NO CPABHEHMIO C MaLMeHTaMn C acTeHO300Cnepmuelt;
P, — MO CPABHEHMIO C NALIMEHTaMM C OfIMr0300CNepMMet; p, — MO CPABHEHNIO C NaLMeHTaMM C HeOBCTPYKTUBHO a3oocnepmuet;
P, — obwee cpaBHeHMe Mexay BCemMU rpynnamm.
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Puc. 1. ROC-KpuBble OLleHKN ANarHoCcTN4ecKoil HafileXKHOCTUN TeCTOB Ha onpeAesieHne ropMOHOB
B rpynne naynueHToB c acTeHo300cnepmmein
Fig. 1. ROC curves for assessing the diagnostic reliability of hormones in the asthenozoospermia group

Gonbluein Cpean ropmMoHanbHbIX MokasaTenei (0,645), He3HAUUTENIbHO MPUGANKAACH
K cTaTucTuueckoi LenoctHoctu (p=0,055) (puc. 1, Tabn. 1). B 3Tolh rpynne gna Tecta Ha
onpegenenne yposHa OCI npu cut-off point >3,56 MEg/mn anarHoctuyeckas 4YyBCTBU-
TeNIbHOCTb cocTaBuna 60,7+6,5%, anarHoctnyeckasa cneyneuyHocTts — 75,0+9,7%, obLyan
nunarHoctmnyeckas ueHHocTb (O[1L) — 64,5+5,5% (Tabn. 2).

Mo pe3ynbratam ROC-aHanm3a nokasaTenn OLeHKM ANarHOCTUYECKOW HafeXHOCTU
Tecta Ha onpegeneHne OCI B rpynne nauneHToB C onurosoocnepmuen (AUC=0,813;
p<0,001) npu cut-off point >3,63 MEa/mMn cocTaBunu: AMarHoCTMyeckas 4YyBCTBUTESb-
HOCTb — 86,7+6,2%, AnarHocTMyeckas cneunduuHocTb — 75,0+9,7%, O[L, - 82,0+5,4%.

Mpu nopore JII' (cut-off point) 2,66 MEQ/Mn guarHocTMyeckana 4yBCTBUTENIbHOCTb
TecTa Ha onpegenieHe ropmMoHa paBHAnack 83,3+6,8%, anarHocTnyeckas cneynduy-
HocTb — 50,0+11,2%, OAL - 70,0+£6,5%. B 3Ton rpynne nopor orceyeHna NposiakTuHa
(cut-off point) coctaBun 189,0 MEa/n, nokasaTenb AMarHOCTUYECKON YyBCTBUTENIbHO-
CcTn — 67,9+8,8%, AnarHoctnyeckon cneynduyHoctn — 81,8+11,6%, OAL — 71,8+7,2%
(puc. 2, Tabn. 3).

Ta6bnuua 2

MNMokasarenu nnowaaun ROC-KpnBeoii ropMOHOB B rpynne nauueHToB C acTeHo3oo0cnepmmen
Table 2

Hormones ROC curve area values in the asthenozoospermia group

95% poBepuTeNnbHbIN MHTEpPBan

MNMokasartenn Mnowapgb @ CraHpapTHaA P . " "

TecToB (AUC) ownbKa A P Huxnuin BepxHuii
npegen npegen

ocr 0,645 0,067 0,055 0,514 0,776

nr 0,547 0,075 0,536 0,399 0,695

TectocTepoH 0,492 0,069 0,920 0,356 0,629

MponaktnH 0,430 0,081 0,482 0,272 0,589
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Puc. 2. ROC-KpuBble OLleHKN ANarHoCcTN4ecKoil HafileXKHOCTU TeCTOB Ha onpeAesieHne ropMOHOB
B rpynne nalyneHToB C ofiurosoocnepmueii
Fig. 2. ROC curves for assessing the diagnostic reliability of hormone tests in the oligozoospermia group

Kak cnepyeT 13 paccMOTpeHUsA NpefcTaBAeHHbIX AaHHbIX, UCMONb30BaHUE TeCTa Ha
onpegeneHne NPonakTMHa MOXEeT UMETb NpaKTUyeckoe 3HayeHue. B rpynne nauneHToB
C a300cCnepmMmen faHHble OLLEeHKN ANAarHOCTUYECKOWM HAAEXXHOCTM TeCTa Ha onpeaeneHue
ropmoHoB coctaunu: gna OCI AUC=0,908 (p<0,001) n gna JI AUC=0,820 (p=0,001),
YTO OTPAKAET BbICOKYIO AVArHOCTUYECKYIO HAfleXKHOCTb uccnegosanusa. ns OCI cut-off
point coctaBuna 4,95 mMEg/mn, grarHocTnyeckasa yyBCTBUTenbHOCTb — 80,0+10,3%, ana-
rHocTUYeckas crneunduyHoctb — 90,0+6,7%, O - 85,7+5,9%. Ons JII cut-off point —
5,26 MEp/mn, pmarHocTMyecKasa 4yBCTBUTENbHOCTb — 60,0+12,6%, AnarHoCTMYecKas
cneuyndunyHoctb — 90,0+6,7%, OAL, - 77,1+7,1%. MNpwn a3oocnepmmn ana Tecta Ha onpe-
[lefieHie TeCTOCTEPOHa MoKasaTeN ANAarHOCTUUECKO HafeXHOCTW cocTaBmnu: cut-off
point <10,5 MmMonb/n, guarHocTuyeckan YyBCTBUTENbHOCTb — 60,0+12,6%, auarHoctuye-
cKasi cneyndunyHocTb — 80,0+8,9%, OO - 71,4+7,6% (puc. 3, Tabn. 4).

Ta6bnuuya 3
MNMokasarenu nnowaan ROC-KprBoOIi FOPMOHOB B rpynne nayMeHToB C Onurosoocnepmmei
Table 3
Hormones ROC curve area values in the oligozoospermia group
95% poBepuTenbHbIN MHTEPBaN
MNokasarenu MMnowaab | CraHpapTHas DY e —
TecToB (AUCQ) owmnbkKa A P HwxHuin BepxHwuii
npegen npegen
oCcr 0,813 0,063 0,000 0,690 0,936
nr 0,659 0,081 0,059 0,500 0,818
TectocTtepoH 0,531 0,083 0,714 0,369 0,693
MponakTunH 0,302 0,084 0,057 0,138 0,466
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Puc. 3. ROC-KpuBbie OLleHKN ANarHoCTUYeCKo HafleXXHOCTN TeCTOB Ha onpepesieHie FOPMOHOB
B rpynne nauneHToB c asoocnepmuen
Fig. 3. ROC curves for assessing the diagnostic reliability of hormone tests in the azoospermia group

Ta6bnuuya 4
MNokasartenu nnowaamn ROC-KpnBoOIi FOPMOHOB B rpymnne NauueHToB C a3oocnepmuen
Table 4
Hormones ROC curve area values in the azoospermia group
95% poBepuTeNnbHbIN NHTEpBan
Mokasarenn Mnowapb CraHpapTHasa P-ROCTOBEDHOCTD
TecToB (AUCQ) owmnbkKa A P HwxHunin BepxHuii
npegen npepen
ocr 0,908 0,048 0,000 0,813 1,000
nr 0,820 0,070 0,001 0,683 0,957
TectoctepoH | 0,318 0,098 0,069 0,127 0,509
MponakTuH 0,595 0,139 0,450 0,323 0,867

Takum obpasom, B ANarHOCTUKe onuMrosoocnepmun Tect Ha onpegeneHve OCr nmeet
BbICOKYIO ANArHOCTUYECKYIO CMeUMPUUHOCTb U ANArHOCTMYECKYI0 YYBCTBUTENIBHOCTD, a
Ha onpepeneHue JIIN — BbICOKYIO AMArHOCTUYECKY YyBCTBUTENbHOCTD. Npy HeobCTpyK-
TUBHOW a3oocnepmMumn TecTbl Ha onpegeneHne OCT n JII obnagaloT BbICOKOW ANarHoCTu-
yecko cneumdUYHOCTBIO N AMArHOCTUUYECKON YyBCTBUTENbHOCTBIO U MOTYT UMETb BaX-
HOe AuarHoctTuyeckoe 3HayeHue. B To e BpemMA 1 KOHCTaTaumA CHUXEHNA YPOBHA Te-
CTOCTEPOHA MIMeeT NpaKkTUYeCcKoe 3HauyeHve B AMarHoCTMKe a300CnepmMnK, Tak Kak B 3Tou
rpynne nokasaTenu AMarHOCTUYECKOW UYBCTBUTENIbHOCTU W AMArHOCTUYECKOW cneuu-
dUYHOCTM TecTa Ha onpepenieHne TeCTOCTEPOHa NOBbILWEHDI.
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B ObCYXIOEHWE

Kak crnefyeT 13 nonyuyeHHbIX pe3ynbTaTos, y NaLMEHTOB C aCTEHO300CNepMUEn cu-
CTEMHbIX SHAOKPUHHbIX HaPYLIEHWIA HE PermcTpupoBanochb (Mo CPaBHEHWUIO C KOHTWH-
reHToM GepTUIIbHbIX MYXUWH), NWLb 3HaUYWUTeNbHO MOBbIWanach KoHueHTpauua OCT.
B KpoBU My»KUrH C onrosoocnepmMumen nosbiwanacb KoHueHTpauuna OCI n J1T, a nponak-
TUHa — CHMXKanacb. B aTom rpynne cTaTMCTMYeCKN JOCTOBEPHDIN pe3ynbraT KOHCTaTUPO-
BaH Tonbko ana OCr.

Y My>KurH ¢ azoocnepmuert KoHueHTpauumn OCT, JIT u nponaktnHa 6binn yBennuyeHbl
MO CPaBHEHNIO C AaHHbIMM KOHTPOJBLHOWN Fpynnbl. 3TO yBenuuyeHve 6bl10 CTaTUCTUYeCKN
3HauYMMBbIM, NPUYEM HanbonbLLee Bo3pacTaHme Habnaanock y MyXUnH C HEOBCTPYKTUB-
HoW a3oocnepmueit. B obenx rpynnax My»umH C a3oocnepmrien ypoBeHb TeCTOCTEPOHaA
UMen TeHOEHUNIO K CHUXKEHMIO, 0COBEHHO BbIPaXeHHY Npu HEOO6CTPYKTUBHON dopMme.

Cyna no ROC-kpuBbIMm, TecT Ha onpepeneHne OCI obnagaeT BbICOKOW AMarHoCTMye-
CKOW YyBCTBUTENBHOCTbIO Y AMArHOCTMYECKOW CNeundpruUHOCTbIO B OTHOLLIEHUN BbisBIE-
HMA acTeHO300CMNepPMUM; BMECTE C TEM ero MOXHO CUMTaTb MPAKTUYECKN BaXKHbIM TONbKO
B CUJTy CBOWCTBEHHOWN €My iMarHoCTuyeckom cneymbuyHocTu.

Wcnonb3oBaHue Tecta Ha onpegeneHne OCI nmeeT 6osbLuoe NpakTUYeckoe 3Haye-
Hue B AMarHOCTMKe OJINF0300CNepPMMM B CBA3M C MPOABNIEHNEM UM €ro BbICOKOW fMarHo-
cTnyeckom yyBcTButenbsHoct n OfLL.

Bnaropaps BbICOKOW ANAarHOCTUYECKOWN YyBCTBUTENIBHOCTU U CnelmdUYHOCTM TeCT Ha
onpepesieHne NPoNakTMHa MOXKHO CUMTaTb BaXKHbIM B AUArHOCTUKE ONUFO300CMepMUm.
CnepyeT OTMeTUTb, UTO TeCT Ha onpepaeneHue JIIN Kak cneundryecknin nokasaresb B Ana-
FHOCTUKE OfINF0300CNEPMMUN HE UMEET NPAKTUYECKOro 3HaueHUs. CHUXKeHMe KOHLIeHTpa-
UMM TeCTOCTEPOHA NPU a300CNEPMUN TaKKe MOXKHO CUMTaTb 3HAUMMbIM C AMArHOCTMYe-
CKOW TOUKM 3peHuns. M3BecTHO, UTo ecnn HeobCTpYKTMBHAA azoocnepmusa obycyioBneHa
HapyLleHneMm npoLecca crepmaToreHesa, To O6CTPYKTUBHaA a300CcnepMus — 06CTpyKLU-
el ceMeHHbIX MPOTOKOB. B €BA3U ¢ 3TMM cnepyeT nonaratb, YTo GOPMbl SHAOKPUHHON Na-
TONOMUW NFPAIOT BaXKHYIO POJIb B 3TUONIOMMUN HEOOCTPYKTUBHOM a300CNepMUn 1 NPUBOAAT
K HapyLleHu1to cnepmaroreHesa [7].

Mpu TpaKTOBKe MOJSyYEHHbIX PE3yNbTaToOB HY>KHO MMETb B BUAY, YTO eC/n BblpaboTKa
cnepmbl B ANYKax CHKaeTcs, To cuHTe3 OCT B runodurse ysennumsaeTca C LieNblo BOCCTa-
HOBJIEHNA HOPMasbHON GYHKLMM AnYyeK. Takum 06pa3om, Bbicokui ypoeHb OCT yKasbl-
BaeT Ha HapyLleHve popMMpPOBaHMA CNEePMaTO301I0B.

HopmanbHble KoHueHTpauuun tectoctepoHa, OCI n JII no3BonAlT npeanonoxuTb
NoCcTTeCTUKYNApPHY0 $GopmMy asoocnepmun, OOYCNIOBNEHHYIO NPEVNMYLLECTBEHHO 006-
CTPyKUMEN N NOBpeXAEHNEM CeMEHHbIX KaHanbLueB, peTporpagHomn 3akynauuen n ap.
Mpu HOpPMaNbHOM USIM HECKOJBKO NMOHVXEHHOM YPOBHE TECTOCTEPOHA BbICOKME KOHLIEH-
Tpauuu OCT n JII ABnATCA NpU3HaKkaMy NePBUYHOIO MMNOroHaAM3Ma, yKasbiBas Ha nep-
BMYHYIO TECTUKYNAPHYI0 GOpMY, MPUBOAALLYIO K GYHKLMOHaNbHOMY HapyLIeHUto criepma-
TOreHesa 1 cocTosiHuA KneTok Nlengura [7, 12, 13].

HopmanbHbih unn cnerka nosbiweHHbIn ypoBeHb OCI He MOXKeT B NOSMHOW Mepe
CBVAETENbCTBOBATb O HAPYLUEHMM cnepMaToreHe3a nmbo o HanMuUmM UK OTCYTCTBUM 06-
CTPYKUMM, TaK Kak Npu HapyLLleHnr cnepmatoreHesa yposeHb OCI Bo3pacTaeT nprMepHo
B 2 pa3a: 11,45+14,02 mEg/mn npotus 47,09+1,62 mEa/mn [3, 4, 14]. NMonyyeHHble Hamu pe-
3ynbTaTbhl NOKa3blBatoT, YTo yposeHb OCI y naumMeHToB € 0Mro3oocnepmMmuein HeCKobKo
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MOBBbILLEH, HO 3HAYUTENIBHO HUXKE, YeM Y NaLMEHTOB C HEOOCTPYKTMBHOWM a3oocrnepmuein.
OTO JaeT OCHOBaHWA CUUTATb, YTO MPY ONIMFO300CMEPMUN KOSTMUYECTBO CNePMaTo30MA0B B
3AKYNATE YMeHbLUAEeTCA B pe3y/bTaTe YaCTUYHOIO HapyLleHus cnepmatoreHesa. OCI n /T
B BbICOKMX KOHLIEHTPALMAX BAUAIOT Ha COCTOAHME rmnoTanamo-runodusapHoii ocu, cnea-
CTBMEM Yero MoXKeT HabniofaTbca rmnoTanamo-runodusapHoe Bo3gencTame no NpUHLM-
ny obpaTHOI CBA3M, NPUBOASALLEE K CHUXKEHMIO YPOBHA TecTocTepoHa. [Npu asoocnepmmu
1 onurosoocnepmmm Ha doHe Bbicokux ypoBHen OCT 1 JIT KoHLeHTpauma TeCToCTepoHa
CHUXKaeTCA UM OCTaeTCA HOPMaJIbHOW, YTO CBMAETENbCTBYET O HapyLLUEeHUN cnepmarore-
He3a y 3TuX nauuneHToB [4].

Pe3ynbTathl BbITONHEHHOIO UCC/IeAOBaHWA NOKa3anu, YTo rmnepnponakTMHeMnNA Mo-
XeT urpaTb BaXkHYI0 poJib B STUONOTMM My>CKoro 6ecnnoaus, ocobeHHO azoocnepmum.
MponakTnH cekpetupyetca runodursom n cnocobeH 3ameanatb cnHtes OCI, JIIN n Tecto-
CTepoHa 3a cueT ocnabneHnsa NynbCcMpyioLlen cekpeumm punmn3mHr-GpakTopos B rmnota-
namyce no NpuHUMNy o6paTHOM CBA3W, UTO MOXeET ObITb OAHON N3 OCHOBHbIX MPUYKH Ha-
pylweHusa cnepmaTtoreHesa, CH/XeHNA NMOABMXKHOCTM CMepmMaTo30MaoB 1 obpa3oBaHUA
CNepmMaTo30MA0B C aHOManbHbIM Mopdonornyeckmm ctpoeHrem [4, 10, 15]. Mo pe3synb-
TaTam ROC-aHanm3a cHuXeHre ypoBHSA NPOaKTHa MOXeT ObITb OAHUM 13 NPeaUKTOpPOoB
onurosoocrnepmun [4].

Takum o6pazom, OCT, JII, NponakTUH N TECTOCTEPOH ABNAITCA BUOXMMUYECKUMIY Map-
Kepamu cnepmatoreHesa n GepTUnbHOCTK, a UICMOJIb30BaHWeE TECTOB Ha 3T FTOPMOHbI MO-
XeT UMeTb 6onbLIoe MpaKTUYecKoe 3HaueHre B onpefeneHnm Te4eHUA U OLeHKe UHAK-
BMAYasIbHOro NPOrHO3a MyXCcKoro 6ecnnogus.

B BbIBO/bl

1. MosbiweHune koHueHTpaumin OCT n JTT, a TakKe CHUXKeHWe YPOBHA NPONakT1HA MOTyT
ObITb MOKa3aTenAMmM ONMro3o00cnepmMmm.

2. Bbicokne koHueHTpaumu OCT, JIT 1 nponakTuHa y My>X4MH C asoocnepmuent cne-
OyeT cunTaTb OAHVMMU M3 BaXkHbIX MOKa3aTesiel B AMArHOCTMKe HeoOCTPYKTVBHOM
asoocnepmMmumm.

3. CornacHo faHHbIM, NOSTlyYeHHbIM C Mcnonb3oBaHnem ROC-aHanu3a, TecT Ha onpegene-
Hre OCI nposABnAeT Hanbonee BbICOKYIO AMAarHOCTUYECKY HaeXHOCTb MpuW ncce-
[OBaHMU NaLNEHTOB C MYXCKMM Hbecnnogunem.
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Pesiome

BeegeHue. TpaAnUMOHHO OCYLLECTBAAEMOE LUTONOMMYECKOe MCCIIefoBaHme rmnouen-
NIONAPHbIX MPEenapaToB O0cajika MOYUN CBA3aHO C MOTEHLUMaNbHbIM PUCKOM BO3HUKHOBE-
HUA JIOXKHOMONOXUTESbHBIX JINOO JIOXKHOOTPULIATENbHBIX Pe3ynbTaToB, YTO 3acCTaBnsAeT
N3bICKMBaTb AOMOSHUTENbHbIe KpUTepun anddepeHLManbHON AUarHoCTUKN Pa3iNYHbIX
dbopm naTonormm MoyeBoro ny3bips.

Lenb. Onpegenntb KoNMYecTBeHHble U KauyeCTBeHHble Mopdonornyeckue napameTpsl
AOPbILLKOBbIX OPraHM3aToOPOB B FIMMNOLENNIONAPHbIX LUTONOMMYECKUX NpenapaTax ocajka
MOYM NPW OTAENbHBLIX GOPMax NATONOrM MOYEBOTO My3bIpA.

Martepuanbi u metogabl. ViccnenosaHo 600 ypoTennanbHbIX KNETOK, OKpaLLEHHbIX HUTPa-
TOM cepebpa, C cnonb3oBaHnem nporpammbl Motic Images Advanced 3.2, no3sonsioLuen
NPOBOAUTb N3MEPEHMA B NOJTyaBTOMaTUYECKOM peXxrnmMe KONn4ecTBa A4 PbILLKOBbIX Opra-
HN3aTOPOB (B TOM YMC/E N MENKOAMUCMEPCHbIX 30H), 3aHUMAeMON NMK NNOLaaN B Agpe 1
npoueHTHOro (%) COOTHOLEHNWA NNOLWAAW AAPbILLKOBbIX OPraHN3aToOPOB K NNOWaamn agpa
KNeTKu.

PesynbraTbl. [10Ka3aHO, UTO POCT CTEMEHN 3/I0KaYeCTBEHHOCTM CTaTUCTUYECKM 3HAYMO
B3aMIMOCBA3aH C NNOWAAbI0 AAPbLILLKOBbIX OPraHN3aTopoB (rs=0,442, p<0,0001), c npo-
LeHTHbIM Bblpa)keHMeM COOTHOLLIEHMA NoLwaan AAPbILLKOBbIX OPraH1M3aTopoB K nioLla-
an agpa (rS=O,598, p<0,0001) 1 C KONNYECTBOM AQPLILLKOBLIX OPraHN3aToOpPOB (r5=0,769,
p<0,0001). HanbonbLwas nnowajb A4PbILIKOBbIX OPraHN3aTopPOB Obl1a YCTaHOBIIEHA AJ1A
ypoTtenuanbHon KapuuHombl High grade, kotopas B 2,4 pa3a npeBblllana aHanorMyHbIN
nokasaTeNlb NPV peakTUBHbIX U3MeHeHUAX (p<0,0001) n B 1,7 pa3a — Npu ypoTennanb-
HOM KapuuHome Low grade (p<0,0001). MNoka3zaTteslb NPOLEHTHOIO COOTHOLIEHMA MO-
Waamn AOPbILKOBbIX OPraHM3aTopoB K Niowaan Aapa Umen MakcrMManbHble 3HauyeHuA
npu ypotenuanbHol KapumHome High grade u npeBbilwan aHanorvyHbll nokasaTtesb
npu peakTUBHbIX M3MeHeHnAX B 2,6 pa3a (p<0,0001) n ypoTennanbHom KapunHome Low
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grade - B 2 pasa (p<0,0001). KonnuecTBo AAPbILLKOBbLIX OPraHM3aToOPOB Ha AAPO KNETKN
6b110 MaKCMManbHbIM NPY ypoTenvanbHon KapuuHome High grade n npeBbiwano aHano-
rMYHble 3HaYeHWA NpuU ypoTennanbHomn KapumHome Low grade B 1,83 pasa (p<0,0001) un
peakTVBHbIX M3MeHeHUAX B 2,75 pa3a (p<0,0001). MNpu ypoTennanbHom KapunHome Low
grade KONIMYECTBO AAPBILLIKOBbIX OPraHM3aToOPOB Ha AAPO KNeTkM 6b110 B 1,5 pa3a Bbilwe B
CpaBHEHMN C peaKTUBHbIMU N3MeHeHnaMK (p<0,0001).

3aknioueHune. [1na NoOBblLEHNA HAOAEXHOCTW LIUTONOrMYECKOro MeToAa uccieoBaHus B
anddepeHLmManbHOM AnarHoCTUKe NaToNormMyecknx U3MeHeHUn MoUYeBOro My3blpA Ha Ao-
onepawlMoHHOM 3Tane HeoH6XoAMMO OLleHUBATb AAPbILIKOBbIE OpraHN3aTopbl, OKpaLUMBas
uuTonornyeckre npenaparbl 0cajika Moun peareHToM C HUTpaTom cepebpa. BospactaHue
3HaueHMn MopdOMeTPMUECKUX NapaMeTPOB AAPBILKOBbIX OpraHM3aTopos (nnowagb
AOPbILLKOBbIX OPraHM3aTopPOB, NPOLEHTHOrO COOTHOLLIEHNA NOoLWaAn AAPbLILLKOBOrO Op-
raHm3aTopa K njowaan aapa, KoNnM4yecTBo AAPbILLKOBbIX OPraH13aToOpPOB) OTPaXkaeT yBe-
nuuyeHre nponndepaTMBHON akKTUBHOCTW KNETOK MPU UX 3110KauyecTBEHHON TpaHcdop-
Mauun. OKpacka AApbILKOBbIX OpraHN3aTopoB HUTPaTOM cepebpa ABAAETCA MPOCTbIM
B UCMONHEHNN, He TpebytoLnm 6oNblNX MaTepranbHbIX 3aTpaT METOAOM MU MOXET ObITb
NCMNONb30BaHa Kak asibTepHaTUBa C/IOXXHOMY M AOpOrocToAweMy MMMYHOLMTOXMMMYe-
CKOMY MeToZly McCnefoBaHNA Npu oueHKe nponndepaTMBHON aKTUBHOCTU KNETOK.
KnioueBble cnoBa: pak MOYeBOro Ny3blps, LMTONOrM4yeckoe nccnegoBaHue, rmnoenso-
NAPHbIA 0CafoK Moun, anddepeHLmanbHan ANarHOCTUKA, AOPbILIKOBbIE OpraH1M3aTopbl

Zaitsava L.'D<, Nadyrov E.?
'Gomel Regional Clinical Oncological Dispensary, Gomel, Belarus
2Gomel State Medical University, Gomel, Belarus

Nucleus Organizers of Cell-Depleted Cytological

Preparations of Urine Sediment as Informative Factor
in Differential Diagnosis of Various Bladder Pathologies

Conflict of interest: nothing to declare.
Authors’ contribution: study concept and design, material collecting, processing, text writing — Zaitsava L.; editing, critical
content checking, manuscript approval for publication — Nadyrov E.

Submitted: 11.09.2024

Accepted: 11.11.2024
Contacts: larysazaitsava2802@gmail.com

Abstract

Introduction. Conventional cytological tests of hypocellular urine sediments are
associated with a potential risk of false-positive or false-negative results, forcing to search
for further criteria for differential diagnosis of various bladder pathologies.

Purpose. To determine quantitative and qualitative morphological parameters of nucleus
organizers in hypocellular cytological preparations of urine sediment in some bladder
pathologies.

Materials and methods. 600 urothelial cells stained with silver nitrate were analyzed using
the Motic Images Advanced 3.2 software allowing semi-automatic nucleus organizers
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(including finely dispersed zones) quantification, as well as their area in the nucleus and
the ratio (%) of their area to that of the cell nucleus measurement.

Results. It was shown that the increase in malignancy grade correlated statistically
significantly with the area of nucleus organizers (rs=0.442, p<0.0001), with the percent
ratio of nucleus organizers area to nucleus area (rs=0.598, p<0.0001), and with the
number of nucleus organizers (rs=0.769, p<0.0001). The largest area of nucleus organizers
was identified in high grade urothelial carcinoma, and it was 2.4-fold higher than that
in reactive changes (p<0.0001) and 1.7-fold higher than that in low grade urothelial
carcinoma (p<0.0001). The percent ratio of nucleus organizers area to the nucleus area
showed maximum values in high grade urothelial carcinoma and was 2.6-fold higher
(p<0.0001) than in reactive changes and 2-fold higher (p<0.0001) than in low grade
urothelial carcinoma. The number of nucleus organizers per cell nucleus was maximal
in high-grade urothelial carcinoma and exceeded similar values in low grade urothelial
carcinoma by 1.83-fold (p<0.0001) and reactive changes by 2.75-fold (p<0.0001). In low
grade urothelial carcinoma, the number of nucleus organizers per cell nucleus was 1.5-
fold higher that in reactive changes (p<0.0001).

Conclusion. To increase the reliability of cytology method in differential diagnosis of
bladder pathological changes at preoperative stages, an evaluation of nucleus organizers
is required by staining cytological preparations of urine sediment with silver nitrate
reagent. Increasing values of morphometric parameters of nucleus organizers (area of
nucleus organizers, percent ratio of nucleus organizer area to nucleus area, and nucleus
organizers number) indicate an increase in cells proliferative activity in their malignant
transformation. Silver nitrate staining of nucleus organizers is easy to perform and not
requiring large material costs method, and can be used as an alternative to complicated
and expensive immunocytochemical test method in assessing cells proliferative activity.
Keywords: bladder cancer, cytological examination, hypocellular urine sediment,
differential diagnosis, nucleus organazers

B BBEAEHUE

Pak moueBoro ny3bipsa (PMI1) ocTaeTca BaxHelLwen Npobnemort B CTpyKType obLen
OHKOJNOrnYecKom 3aboneBaeMocTn 1 cocTtaBnseT 3,1% Bcex 3/10KaYeCcTBEHHbIX 00pa3o-
BaHUI BO BceM mupe. PMI asnaetca 13-m no yactoTe AMArHOCTMPYeMbIM BUAOM PakKa,
C 614 TbiC. BHOBb BbIAIBNEHHbIX C/ly4yaeB paka 1 220 TbiC. CMepTen, NPon3oLWeLmnx B
2022 rogy [1]. Mo paHHbIM Benopycckoro KaHuep-pernctpa, B 2020 rogy B benapycu 6bin
BbiiBNeH 1071 HoBbIl cnyyan PMI, ctaHAapT130BaHHbIN NoKasaTtesb 3a6oneBaemocTu
coctasun 6,0 Ha 100 000 HaceneHwus, y MyXuuH — 12,5, y »keHwuH — 1,9 Ha 100 000 Ha-
ceneHus. BoiaBnaemocTb rno ctagmuam 3abonesaHua coctasuna: -1l - 81,3%, 11l - 9,0%, IV -
7,8% [2]. LinTonornyeckoe nccnegoBaHme KINeTOYHOro ocasika Moun B Pecnybnuvke bena-
PYCb BK/IIOYEHO B anroputM AnarHoCcTuky n neveHna PMIT n npumeHaeTca B KauecTse o-
MONTHUTENIBHOFO METoAa NCCNIEf0BAHMA NPU NEPBUYHOM 0H6CNe[0BaHUN N KaK OCHOBHOM
MeTOoZ Npw HabnaeH 3a NauneHTamu, cTpaaatowmmm PMI [3].

Ona ynyyweHna B3aMMOQENCTBMA MeXAy MaTosioroaHatomamu, uuTtonoramu (Bpa-
YyaMu KnvHUYecKkolr nabopaTopHON AnarHoCcTKK) 1 yponoramu B 2016 rogy 6bino ony-
6/1MKOBaHO nepBoe u3gaHue [MaprKCKOM CUCTEeMbl OTYETHOCTM ANA CTaHOapTU3auuu
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3aKJtoueHnn untonormnyeckoro nccnegosanmna moun (TPSRUC, MNapwrkckasa cuctema [TPS]
1.0). Mocne 5-6 neT npakTUKM Ha ocHoBe Kputepures TPS 1.0 n NpoCneKTUBHbIX ccnego-
BaHW B 2022 rofy BbiLwio BTopoe n3gaHue (TPS 2.0) [4].

TPS 2.0 cOCTOUT 13 WECTM ANArHOCTUYECKUX KaTeropuii: HeMHGOpPMaTMBHbBIN MaTepu-
an (ND), oTcyTcTBME ypOTENnManbHOW KapLMHOMbI BbICOKOW CTEMEHW 3/10KaueCTBEHHOCTHN
(NHGUQ), atunuuHble ypoTtenunanbHble knetkn (AUC), nogo3peHne Ha ypoTenuanbHyio
KapLUMHOMY BbICOKOM CTeneHu 3nokadyectseHHocTn (SHGUC), ypoTennanbHasa KapumHoma
BbICOKOW cTeneHu 3nokadectseHHocT (HGUC) n gpyrue 3nokayecTBeHHble HOBOOOpa3o-
BaHuA. [pu 3TomM 3akntoueHne 06 ypoTennanbHOW KapLuuMHOMEe HU3KOW CTeNeHMn 3/10Ka-
yectBeHHOCTU (LGUC) 6b110 oTHeceHo K KaTeropun NHGUC - B ¢BA3M C HM3KOWN AnarHo-
CTUYECKOW YYBCTBUTENBbHOCTbIO B BbiABNeHnn LGUC (21-53%) [5]. OcHoBHowm uenbio TPS
ABNAETCA: CH/XKEHME NpoLeHTa HeonpepeneHHbix Kateropuin (AUC) u cocpepotoyeHne
Ha TouHol mgeHtTndumkaumm HGUC, uto obecneumBaeT HaMBbICLIYIO AMArHOCTUYECKYHO
cneyndrUHOCTb M ANArHOCTUYECKYH YyBCTBUTENIbHOCTb B onpegeneHmn HGUC [4].

TPS 1.0 1 2.0 onpegenunu, 4to AnA NOCTaHOBKM 3aknoveHnA HGUC B HUXKHMX 1 BepX-
HUX MOYEBbIX MYTAX AOCTaTouyHO H6onee 5-10 HefereHePUPOBaAHHbIX, HEMOBEPXHOCTHbIX
ypoTenmanbHbIX KNeToK C MOppOonornyeckmumm nprsHakamm nokadectseHHoctn (HGCs),
KOTOPbIMW ABNAIOTCA: TMNEPXPOMUA AAPaA, HEPOBHbLIN KOHTYP AAepPHON MeMbpaHbl, Xpo-
MaTVH rpy6o CTPYKTYpbl U FaBHbIN ANAarHOCTUYECKMIA OPUEHTUP — AAEPHO-LMTOMNNa3-
MaTtunyeckoe cootHowleHune (ALC) — =0,5 - «yBennueHHoe», 20,7 — «<BbICOKOEY, TaKXe MOryT
NPUCYTCTBOBaTb BUAMMbIE HYKJIEOSbl, MNOTHAsA WAN BaKyoNM3MPOBaHHaA LMTOMNIa3Ma,
MUTO3bl, HEKPO3 [6]. DTOT KonnyecTBeHHbIN NapameTp (5-10 knetok HGCs) oo HegaBHero
BPEMEHN OCTaBasCA CNOPHbIM, ofHaKko nccnegosaHmamm Momin T. Siddiqui et al., 2023,
6bl10 NOATBEPXKAEHO, UTO COBPEMEHHbIN KpuTepuin TPS, npegycmaTpuBatowuin Hannume
>5 knetok HGCs B HVXHUX oTAeNax TpaKTa, ABMAETCA HagEXHbIM C PUCKOM Pa3BUTKA 310-
KauectBeHHoW onyxonun Bbicokor cteneHn (ROHM), paeHbim 100%. MNocTaHOBKa Xe Ana-
rHo3a HGUC npwn Hannuum <5 knetok HGCs conpskeHa ¢ puckom cHuxeHna ROHM [7].

CnepyeT OTMETUTb, UTO LIMTONOMMYEeCKasa MHTepnpeTaumna ocagka Moun MoxeT ObiTb
3aTpyAHeHa B runouennionapHbiX npenapatax (5-10 KNeTok), u3-3a nHbekumini MoyeBbl-
BOAALLMX NyTEN, KAMHEN UKW BHYTPUMNY3bIPHbIX MHCTUANALMWIA; MO AaHHbIM 3apy6exxHon
nutepatypbl, cneundUYHOCTb MeTofa TakKe 3aBUCUT U OT KBanndukaumm Bpaya [8]. Mpe-
[OCTaBNEHNE NOXKHOMONOXKNUTENBHOIO LIMTONIOMMYECKOrO 3aKMOUEHNA NPU HU3KOWN Kile-
TOYHOCTM 06pasLia MOYN NPUBOAMNT K HEBEPHbBIM ANArHOCTUYECKUM PeLEHUAM.

[na noBblleHNA ANarHOCTUYECKON HAAEXHOCTU UCMNONb30BaHUA LUTONOrMYEeCKoro
MeTOAa B YCTaHOBMeHMM GOPM MaToNorMm MOYeBOro NysbipA NPefnoXeHo NPUMEHUTb
[OMONHUTENBLHBIN MeToA UCCNENOBAHUA — OKpaLlUMBaHME LUTOMOMMYECKUX MpenapaTos
0ocagka Moun HATPATOM cepebpa A1a BbiABNEHUA AQPbLILLKOBbLIX OPraHN3aTOPOB.

Appolwkosble opraHm3atopbl (aHrn. Nucleolus organizer regions, NOR) - yuacTku
XpoOMOCOM, obpasytoLme BHYTPY Afpa KNeTku agpbiwko. Y yenoseka A0 npefcTaBneHbl
yyacTKamu, pacnosioXKeHHbIMU Ha KOPOTKMX Nevax akpoLLeHTpUYecKmx xpomocom 13, 14,
15,21, 22 n copepxawmmum reHol 455 pPHK — npegwecteseHHmKa 5.8S, 18S, 28S pPHK [9].

MN3BecTHO, uTo NpK TpaHCchopMaLMM HOpMasbHbIX KNETOK B onyxosieBble yposeHb A0
B HMX MEHAETCA B CTOPOHY NOBbILWEHWSA, NOABAAETCA cneuudunyeckas mopdponormnyeckas
KapTuHa 1 B camux AQ, 1 B sapbllwKax B Lenom. [laHHble 3MEHEHUS OTpaXKaloT nponnde-
paTVBHYIO aKTUBHOCTb OMYXOJIEBbIX KIIETOK 1 CJTy>KaT 06beKTUBHbIM MapKepOM 3110Kaye-
CTBeHHOCTU [9].
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B LIEJTb NCCJIEAOBAHUA

Onpefenutb KONMYeCTBEHHble M KauyecTBeHHble Mopdonornyeckue napameTpbl
ALPbILIKOBbIX OPraH/N3aTOPOB B FMMOLEIONAPHBIX LUTONIOrMYeCcKNX Npenapartax ocajika
MOUM NMpu oTAENbHbIX popMax NaToNOrMK MOUYEBOIO Ny3bIps.

B MATEPWAJIbI U METO/bI

O6beKTOM aHanm3a ABAANNCH MMMoLenNoNApHbIe LMTONorMYeckne npenaparbl ocaj-
Ka MOYU, NPUrOTOBNIEHHbIE METOAAMU XULKOCTHON LUTONOMMN U LUTOLEHTpUdYrnpoBa-
HUA N OKpalleHHble no PomaHoBckomMy — lMm3e. MiccnefoBaHre npoBoannock Ha 6ase
LeHTpann3oBaHHON LTonornyeckon nabopatopum yupexgeHus «fomenbckuii obnact-
HOW KNNHMYECKNI OHKONIOTUYECKNIA gnCnaHcep».

Ha poonepalnoHHOM 3Tane LuTonormyeckne 3aknioyeHus obuinm chopmynmpoBaHbl C
yuyeTom nonoxeHun TPS 2.0:
= NHGUC (peaKkTuBHble n3mMeHeHUA ypoTtenua) — 25 npenapaTtoB (M3 HWX 5 cooTseT-

CTBOBaJIM MMCTONIOTNYECKN BEPUOMLNPOBAHHOMY LIMCTUTY, B OCTanbHbIX 20 cryyasx

HeobXxoAMMOCTY NPOBEAEHMA TMCTONIOMMYECKOro UCCNefoBaHUsA He 6bINo, Tak Kak MNo

pe3ynbraTam Br3yanusnpyolmx metoos nccnegosanms (KT, Y3W) ob6bemHas n npu-

CTeHOYHas NnaTonorvsa He 6bls1a yCTaHOBIEHA);
= AUC (aTvnunyHble KNeTKn ypoTenusa, B TOM UMCe U peakTBHaA atunus) — 21 cnyyan,

rmcToniormyecky BepmduumMpoBaHbl 17 ciyyaes, U3 HUX: ypoTenmasbHas KapuuHoma

in situ — 1, ypoTenuanbHasa KapuuHomMa Low grade — 12, ypoTenumanbHas KapunHoma

High grade - 4, B 4 cnyyaax rmctonormyeckoro NcciefoBaHmaA He 6b110;
® SHGUC - 15 cnyuaes, 13 HKX B 2 CllyYasax rmctonornyecku sepudunumnpoBanm ypotenu-

anbHyo KapuuHoMmy in situ, B 8 — ypoTennanbHyto KapuuHomy Low grade, B 4 — ypoTenu-

anbHyto KapuuHomy High grade, B 1 cnyyae ructonornyeckoro ncciieloBaHus He 6b110;
® HGUC - 35 cniiyyaes, U3 HUX FMCTONOrMYecKn BeprdurLmpoBany LACTUAT C yyacTKamu

Ancnnasnm B 3 cniyyasx, ypoTenvanbHyo KapuuHoMy in situ — 5, ypoTennanbHyo Kap-

unHomy Low grade - 10, ypoTenuanbHyto kapumHomy High grade — 11, B 4 cnyuyaax

rMCTONIOrMYECKOro NccyieloBaHmA He 6bis1o.

[Nanee no pesynbraTtam rucTONOrMYECKOro NCCNefoBaHusa C BepUPULMPOBaAHHON CTe-
neHblo anddepeHUNPOBKA ONyxXonn (UK ee OTCYTCTBMEM) PETPOCMNEKTUBHO Oblnn OTO-
6paHbl COOTBETCTBYIOLLME TUMOLIENIIONAPHbIE LUTONOrMYecKre npenapatsbl (n=96) u go-
MONHUTESIbHO OKpaLleHbl HUTPaTOM cepebpa.

B nccnepoBaHun ncnonb3oBanca MMMNpPerHaunMoHHbIN MeTog BoiasneHua AO B agpax
KNeToK, NpeanoxeHHbi Kopxesckm [1.3. B 1995 rogy, KOTOPbIV 3aKovanca B cnegyto-
Lwem: uccnepyemblin matepman dukcuposanu B 96% 3taHone B TedeHne 10 MUHYT, fanee
npenapar BbiCylIMBanum Ha Bo3ayxe. [locne NonHOro BbiCbixaHWA Npenapar norpy»anu 8
ANCTUANNPOBAHHYIO BoAy Ha 1 MMHYTY. 3aTemM Ha nccnegyemyto 30Hy HAaKOHEUHUKOM Ha-
Hocunm 2 obbema 50% pacTBopa cepebpa 1 1 06beM pacTBOpa XenaTrHa C MypaBbUHON
Kncnoton. PacTBopbl HesamednuTeNbHO NepemMeLllnBany, HakpbiBasy NOKPOBHbIM CTe-
K/IOM 1 nomeLtanu ux Ha 7-15 MnHyT B TeMHOoe MecTo. [lanee npenapaTbl NpoMbiBanu B
Tpex NopUMAX ANCTUINNPOBAHHOM BOAbl N0 1-2 MUH. [pn HE06X0ANMOCTW KOHTPACTUPO-
BaHMA GOH Npenapata nogkpawveanu [10].

B pe3ynbraTe peakuuu cepebpeHus B sgpe onpepenanucb A0 B Buae 3epeH Kopuy-
HeBO-YEPHOrO LiBeTa Pa3fINyHbIX pa3MepoB 1 pOpPM — MeCTo KOHTaKTa cepebpa B KneTke
C COOTBETCTBYIOLUMUN KACTIOTHbIMY 6efikamm TpaHcKpunuum 1 TpaHcdopmauum pPHK [11].

514 "Laboratory Diagnostics Eastern Europe", 2024, volume 13, No. 4

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXKAHUIO




3aboneBaHuA OpraHOB MOYEBbIAENNTENBHON cUCTeMbl / OpUriHabHbIe NCCeA0BaHUA
Diseases of the Urinary System / Original Researches <3

B,

Mpw nomowwwm cuctembl Motic Easy Scan npenapatbl 6binv 0TCKaHMPOBaHbI, M NPOrpam-
Mol Motic Images Advanced 3.2 nonyaBTomatuyecku npoefeHa oLeHka MopbodyHKL M-
OHanbHbIX ocobeHHocTel AO. Ha npumepe 600 ypoTennanbHbIX KNeToK Obinn n3mepeHbl
cnepylolme napaMmeTpbl: NoLwab Aapa KNetku, konnyectso o6bekTos AO (B TOM uncne u
MENKOAMCMNEePCHbIX 30H), 3aHMaemas MU niowazgb B Aape 1 % COOTHOLLEHUA nnoLaau
A0 Kk nnowaau agpa knetku. Ctatnctnyeckyto o06paboTKy NpoBoAMAY C UCMONIb30BaHNEM
nakeTta ctatuctuyeckux nporpamm Graph Pad Prism 8.3. NpoBepka HopManbHOCTU pac-
npegeneHna NpoBogunacb C UCnosnb3oBaHnem Kputepus Lanupo - Yunka. Ynucnosble
JaHHble OTINYANNCh OT 3aKOHa HOPManbHOTO pacnpefeneHuns, 1 pesynbTaThl 6biny npesa-
CTaBfeHbl B BUAe MeanaHbl (Me) 1 nHTepKBapTMnbHOro pasmaxa [Q'-Q3]. CpaBHUTENbHbIN
aHanuM3 NpoBoAWNCA C UCNONb30BaHMeM Kputepna MaHHa — YuTHU. KoppenauuoHHbIj
aHann3 NPOBOAWICA C NCMONb30BaHVEM KpuTepus CimpmeHa (r).

B PE3YJIbTATblI M OBCYXAEHUE

NHGUC (B ToM uncne peakTuBHble U3MEHEHNA YpOTenna) npu okpacke no PomaHo.-
ckomy — [MM3e xapaKTepr3oBanncb OTCYTCTBMEM MPU3HAKOB aTUMNK B NOBEPXHOCTHbIX
KneTKax ypoTenivs, oTMeyYanncb BaKyonm3saLuus LMTomnaasmbl, paBHOMepPHOe nepepacnpe-
JeneHve xpomaTuHa B agpe (puc. 1A). Mpn oKpacke HUTpaToM cepebpa B NPOMeEXKyTou-
HbIX KNeTKax ypoTenus onpeensanncb HEMHOrOUNCIEHHbIE KpYyrHble no pa3mepam AO, ¢
YeTKMM, POBHbIM KOHTYPOM. [1pKn 3TOM B KneTKax Tak»Ke OTCYTCTBOBAIN NPU3HaKM aTUMnmu
(pnc. 1B).

Tak Kak KapumHoma LGUC no knaccudukaumm TPS 2.0 nobaeneHa B kateropuio NHGUC
B CBA3M C HM3KOW JMArHOCTMYECKON UyBCTBUTENIbHOCTbIO B €e BbiABIEHNW, CBA3aHHON

A B

Puc. 1. LluTonornyeckunii npenapat K€TOYHOro 0caKa MouM C NPpM3HaKaMmn peakTUBHbIX N3MeHeHWA,
NHGUC, yBenuueHue x1000. A — okpacka no PomaHoBckomy - lMm3e; B - okpacka HUTpaTom cepebpa,
oKpacka ¢oHa Fastgreen

Fig. 1. Cytological preparation of urine cell sediment with signs of reactive changes, NHGUC,
magnification x1000. A - Romanovsky - Giemsa staining; B - silver nitrate staining, Fastgreen
background staining
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AinpblwKoBble opraHn3aTtopsl (Nucleus organizers) o6eHeHHbIX KneTKamm
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anddepeHymanbHOM ANarHOCTMKN pasnnyHbiX GOPM NaToNorn MOYeBOro My3bips

A B

Puc. 2. LiuTonornyecknin npenapar KnetoyHoro ocaaka moun, NHGUC (LGUC), ysenunuenue x1000.
A - oKkpacka no PomaHoBckomy - Nim3e; B - okpacka HUTpaTom cepebpa, okpacka ¢poHa Fastgreen
Fig. 2. Cytological preparation of urine cell sediment, NHGUC (LGUS), magnification x1000.

A - Romanovsky - Giemsa staining; B - silver nitrate staining, Fastgreen background staining

C NepeKpecTHOW LUTONOrMUYECKOW KapTUHOWN C JOOPOKAYeCTBEHHbIMU KNeTKaMu ypoTe-
NuA, PETPOCMNEKTUBHO OblM M3yUeHbl LMToNIorMyeckne npenapatbl NaLUEHTOB, MCTo-
Nornyeckoe 3aKilouyeHne KOTOPbIX COOTBETCTBOBANO YpOTenuanbHOW KapuumHome Low
grade.

A B

Puc. 3. lutonornyecknin npenapar KnetoyHoro ocapka moumn, HGUC, ysenuuenune x1000. A - okpacka
no PomaHoBckomy - MMm3e; B - okpacka HuTpaTtom cepebpa, okpacka ¢poHa Fastgreen

Fig. 3. Cytological preparation of urine cell sediment, HGUC, magnification x1000. A - Romanovsky -
Giemsa staining; B - silver nitrate staining, Fastgreen background staining
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o,

Mpw 3TOM B KNeTKax ypoTenus, OKpaLleHHbIX Mo PomaHoBCKoMY — [MM3e, BblpaXeHHble
Mopdonoruueckme npmusHakm atmnum otcytcreoBanu (ALIC <0,5, KOHTYp AagepHoON Mmem-
6paHbl UeTKUI1, paBHOMEpPHOEe pacnpeferneHne XpomaTuHa, XpomaTuH 6onee rpybbii, yuem
npu NHGUC). OgHako npu oueHke A0 OKa3anocb, YTO MX KOIMYECTBO BO3POC/O B A4pe
KNeTKu no cpaBHeHuto ¢ Kateropuenn NHGUC, nossunca n nonnmopdusm A0 (puc. 2A, B).

LuTonornyeckoe 3akntoueHne o Hannunn HGUC noareepxganocb Npu okpacke no
PomaHoBckomy - Tum3se mopdonornyeckumy nprisHakamu 310KauecTBEHHOCTY OMyXo-
NeBbIX KNETOK (rnnepxpomuen agpa, HEPOBHbIM KOHTYPOM AfePHON MemMbpaHbl, rpy6oi
CTPYKTYpoW xpomaTtuHa 1 Bbicokmm ALIC — >0,7), a npu oKkpacke HUTpaTom cepebpa YeTKo
BM3Yyan13npoBaNCb MHOTOUUCEHHblE nonuMopdHble AO, cnnBatoLwmeca mexay cobon
(pnc. 3A, B).

Ha cnegytouwiem stane 6bin npoeegeH MopdoMeTPUYECKU aHann3 ypoTenmanbHbIX
KNeToK € ncnonb3oBaHnem nporpammbl Motic Images Advanced 3.2. [laHHas nporpam-
Ma obecneunna aBToMaTUYeCKWiA pacyeT napameTpoB, HEOOXOAUMBIX AS1A YTOUHALEN
OVArHOCTMKM cTeneHn anddepeHLMpoBKM YpoTenmanbHOM KapLMHOMbI Ha goonepauu-
OHHOM 3Tane (cm. Tabnuuy). CnegyeT OTMETUTb, UTO B CTONOUE Tabnuubl «3aKknoueHne»
npeacTaBneHo rucToiornyeckoe nocsieonepaLoHHOE 3aKIoueHre, YTo ABNAETCA «30-
NOTbIM CTaHZAapPTOM» MOPQPONOrMUECKON AMarHocTuku. B konoHkax ¢ mopdomeTtpuue-
cknmn nokasartenamu (nnowagb AO, % cooTHoweHua nnowaan AO K nnowaan agpa n
konmyectso AO B AApe) NpefcTaBfieHbl pe3ysbTaTbl aBTOMaTU3NPOBaHHOrO LToMopdo-
METPUYECKOro aHanm3a ypoTennanbHbIX KNeToK B LUTONOMMYecKrx npenapaTax, CoOoTBeT-
CTBYIOLLMX FrMCTONOrMYecKon BeprudurKaLmm.

Kak BugHo 13 Tabnuubl, napametpbl A0 N3MEHAIOTCA NPY yBENNYEHNIN CTEMEHN 3/10Ka-
YeCcTBEHHOCTM onyxonu. POCT cTeneHn 3no0KauyecTBEHHOCTM Bbin CTaTUCTUYECKM 3HAUYNMO
B3aMMocCBsi3aH ¢ naowagbio A0 (r5=0,442, p<0,0001), ¢ % cooTHoweHuA nnowaan AO K
niowaan agpa (rs=0,598, p<0,0001) n c konnyectsom A0 (rs=0,769, p<0,0001). Han6onb-
was nnowagb AO 6bina ycTaHOBNEHa AnA ypoTenumanbHow KapuuHombl High grade, ko-
Topaa B 2,4 pa3a nNpeBblllana aHaNIorMyYHbIA NoKa3aTeslb NPU PeakTUBHbIX U3MEHEHUAX
(p<0,0001) 1 B 1,7 pa3a — npu ypoTenunanbHoMn KapunHome Low grade (p<0,0001).

MopdomeTpuueckne napameTpbl yporenunasnbHbIX KJIETOK MO pe3ynbTaTam rMcTo/IornYeckoro

1 aBTOMaTU31MpPOBaHHOro LUToMopdpomeTpuyeckoro aHanmsa

Morphometric parameters of urothelial cells according to the results of histological and automated
cytomorphometric analysis

% COOTHOLIEHUA NoLwa-

Mnowaab AaapbILLIKOBOro Konuuectso agpbiw-

3aknioueHne AN AAPbILKOBOro opraHu-
opraHusatopa KOBOro opraHmsatopa
3aTopa K niowaau agpa
PeakTuBHble n3ameHeHna | 524,0 5,7 4,0
(1) [372,0-864,0] [4,0-6,9] [2,0-7,0]
YpotenuanbHasa kKapuu- | 715,0 745 6,0
Homa Low grade (2) [373,0-1144,0] [4,9-10,6] [4,0-8,5]
YpoTenuanbHasa Kapuu- | 1247,0 14,8 11,0
Homa High grade (3) [907,0-2113,0] [10,2-20,3] [6,0-21,0]
P, =0,173 P, ,=0,0003 P, ,<0,0001
p P, ;<0,0001 P, ;<0,0001 P, ;<0,0001
P, ;<0,0001 P, ;<0,0001 P, ;<0,0001
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AinpblwKoBble opraHn3aTtopsl (Nucleus organizers) o6eHeHHbIX KneTKamm
LIUTONOIMYECKMX NpenapaToB 0Cafika MOUM Kak MHGOPMATUBHbIN GpakTop
anddepeHUManbHOM AUArHOCTKIM PasfnyHbIX GOpPM NaToNOrMn MOYEBOTO My3bips

MNMokasaTenb % cooTHoweHnA nnowaam AO K nnowaam agpa TakxKe nmen Makcmarnb-
Hble 3HaueHWA Npu ypoTenuanbHol KapunHome High grade v npeBbiwan aHanornyHoin
nokasaTenb NP peakTUBHbIX U3MeHeHUAX B 2,6 pa3a (p<0,0001), a npu ypoTennanbHom
KapunHome Low grade - B 2 pa3a (p<0,0001).

Konuuectso AO Ha Agpo KneTkn Obino MakcManbHbIM NPY ypoTenranbHON KapLmHO-
me High grade u npeBbIwano aHanornyHble 3HaYeHUA NpU ypoTenuanbHOW KapumHome
Low grade B 1,83 pa3a (p<0,0001), a npu peakTUBHbIX U3MeHeHMAX B 2,75 pa3a (p<0,0001).
Mpu 3TOM NpK ypoTenranbHon KapumHome Low grade konuuectso AO Ha AApPO KNeTku
6b1710 B 1,5 pasa Bbille B CPaBHEHUWN C PeaKTUBHbIMU n3MeHeHmAMN (p<0,0001). C Bbico-
KOW fjonen BEPOATHOCTU 3TOT KPUTEPUIA MOXHO MCNonb3oBaTb B AnddepeHumanbHON
OMarHOCTMKe MeXKAy PeakTUBHbIMU N3MEHEHUAMM N YpOoTennanbHON KapumHomon Low
grade.

H BbIBObl

1. [lnA noBbIWeHNA TOYHOCTN LUTOSIOMMYECKOro MeTofia uccnefoBaHus B guddepeHym-
anbHOW AMarHOCTMKe NaToNOrnYecknx N3MeHeHNn MOYEBOro Ny3bipsA Ha Joonepauu-
OHHOM 3Tarne Heob6XoAMMO OLeHUBaTb AAPbILLKOBbIe opraHu3aTopsl (AO), okpalumBas
uuTonornyeckre npenapatbl 0ocagka Moun HUTpaTom cepebpa.

2. Bo3spacTtaHume 3HaueHuin MopdomeTpmryeckmx napameTpos AO (nnowaab AO, % cooT-
HoweHuA nnowaaun A0 K nnowaaun agpa, konnvectso AO) oTpaXkaeT yBenmyeHune npo-
nudepaTNBHOM aKTUBHOCTM KJIETOK NPY UX 3N10Ka4YeCTBEHHON TpaHchopmaunu.

3. Okpacka HMTpaToM cepebpa LMTONOrMYeCcKnx npenapaToB ocajjka MoYn No3BonsAeT
anddepeHumpoaTb KapumHomy LGUC, koTopas BkitoueHa B kaTeroputo NHGUC Ma-
pwKcKon Knaccudukaumm 2.0, npy 3TOM criefyeT UCNonb30BaTb KPUTEPUI Konuye-
ctBa A0 B Agpe KneTkK, a Takxke mopdonornyeckne ocobeHHoctn AO.

4. [lnA noBblleHNA TOYHOCTY LIUTONOMMYECKOro NCCNeloBaHNA TMNOLEeNTINAPHBIX LiK-
TONornyeckmx npenapatos B gmarHoctuke HGUC B gononHeHne K oueHke mopdo-
NOTNYECKNX MPU3HAKOB 3/10KaYeCTBEHHOCTN YpOTeNranbHbIX KNeToK HeobXogmmo
NCMOoJb30BaTb KONMMYeCTBEHHbIE U KayecTBeHHble Kputepumn AO, KoTopble NO3BONAT
n3bexartb rMnoAnarHOCTUKN B LIMTONIOMMYECKUX 3aK/IloUYeHNAX Bpaya KIMHUYECKON
nabopaTopHON ANarHoCTUKK (LmTonora).

5. Okpacka IO HuTpaToM cepebpa ABNAETCA NPOCTbIM B UCMOMHEHUN, He Tpebylowmm
6onbLIMX MaTepUanbHbIX 3aTpaT METOLOM U MOXET ObITb NCNOJIb30BaHa Kak anbTep-
HaTMBa CNIOXKHOMY U JOPOrocToALEeMY UMMYHOLUTOXMMNYECKOMY MeTofy NCCneloBa-
HMA NpW oLeHKe NponndepaTUBHON aKTUBHOCTU KIETOK.
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Pesiome

BBegeHue. CornacHo cBeAeHMAM, NpeacTaBleHHbIM B NPorpamMmme MeXnabopaTopHbIX
cmunTenbHbix ncnbitaHnin (MCU «®CBOK») no KaTeropum «BONYAHOYHbIA aHTMKOAry-
NAHT», ToNbKo 50% nabopaTopuii NonyyatoT pesynbTaTbl, OCHOBAHHbIE HA MCMONb30BaHUN
2 OT/INYAOLWNXCA XapaKTePOM UCCNeOBaHNA TECTOB (METOAMIK).

Lienb. YcTaHOBUTb 3PEKTUBHOCTD NPUMEHEHUS 2 Pa3HbIX METOAOB BbIsIB/IEHWNS BOSTYaHOY-
HOro aHTUKOArysHTa Ans NPOrHO3MPOBaHUA TPOoM603a NpuW NaTonorny 6epeMeHHOCTM.
Matepuanbl 1 meToapbl. B peTpocneKkTBHOE UcciefoBaHme 6bi1o BKoveHo 660 nauu-
€HTOK. BofYaHOUHBbIN aHTUKOArynaHT onpefensanu 2 HesasmcumbiMu metogukamu (dRVVT
1 SCT), BKAIOYAOLWMMN CKPUHWHTOBYIO 1 MOATBEPXKAAIOLLYIO NPOO6bl Ha aBTOMAaTUYECKOM
koarynometpe ACL TOP 700. MeTop 0CHOBaH Ha KOHKYPEHTHOM CBA3bIBaHUMW BONYAHOU-
HOro aHTUKoarynsaHTa ¢ pochonunuaamy peakLMoHHON CMeCK.

PesynbraTtbl. [10Ka3aHo, UTO y NaLUNEHTOK B rpynne C NosIOXUTeNbHbIM Pe3y/ibTaTOM XOTA
6bl N0 OJHON METOAMKE PUCK BO3HUKHOBEHUA TPOMOOTUYECKOTO COOBITVA YBENMYMBANCA
B 4-5 pa3 (gns SCT: OlWW=4,600, 95% AW 1,700-12,400; gna dRVVT: OLL=5,100, 95% AU
2,400-12,400), a npy ncnonb3oBaHMM 2 METORQOB UCCNefoBaHNA ogHoBpemeHHO (SCT n
dRVVT) - 6onee uem B 11 pa3 (OWW=11,500, 95% AN 3,600-36,700). Mpun pacueTe oTHOLLE-
HUA WAHCOB ANA aHTUTen K docdonmnmaam TONbKO rpynna ¢ NoNOXUTENbHbIM Pe3yrib-
TaToM IgG K KapAVOnunuHy noKasana CTaTUCTUYECKU 3HauMMoe yBefimyeHre TpomoboTu-
YyecKoro pucka npaktunyeckn B 7 pa3 (OLW=6,710, 95% [N 1,283-35,086). Mpn aHanuse
MONOXUTESbHBIX Pe3yNbTaToB aHTUTEN K dochonunuaam (Kapguonunud u 32-M-1) no ot-
HOLLEHWIO K Pa3fNYHbIM KOMOVHaLUAM METOAUK Ha BONMYAHOYHbIV aHTUKOArynsaHT (Nnosno-
XKUTeNbHbIV pe3ynbTaT ToNbkKo no SCT; nonoXuTenbHbIn pesynbtat Tonbko no dRVVT; no-
noutenbHbIn pesynbraT 1 no SCT, n no dRVVT) 66110 06HapY»KeHO, UTO TOSIbKO aHTUTENa
Knacca lgG Kak K Kapauonunury, Tak 1 K 32-IM-l onpegensaioTca npy nobon KombrHaLmm
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METOAMK Ha BOJIYAHOYHBIA aHTMKOArynsaHT, HO Hambonee cunbHasa cBAsb (p<0,0001)
6bla ycTaHOBNEHa NPU OJHOBPEMEHHOM ONpefeNneHNn BONTYaHOYHOrO aHTUKOarynsaHTa
no 2 MeTofam, pasnyaoLwnMca XapakTepom NCcefoBaHuA.

3aknioueHune. [[pumeHeHre 2 METOAMK, Pa3INYaOWNXCA Kak OpueHTaumen, Tak u NpuH-
LUNOM NCCNefoBaHNA, MPUBOANT K NOBbILIEHNIO 3HAYNMMOCTM NOSTYHaeMOW C UX UCNOSb-
30BaHMEM ANarHOCTNYECKon MHGOPMALMM 1 MOXKET ObITb MOMe3HbIM ANA CTpaTuduKaumum
NaumeHTOK No TPOMOOTUYECKOMY PUCKY.

KnioueBble cnoBa: BONYaHOUHbIV aHTUKOAryNAaHT, BpeMs CBepTbiBaHWA C pa3baBieHHbIM
A00M ragtoku Paccena, Bpema cBepTbiBaHMA C KBApLIEBbIM akTUBATOPOM, aHTudochonu-
NUAHBIA CMHAPOM, TPOM603, 6epeMeHHOCTb
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Abstract

Introduction. According to the information presented in the program of interlaboratory
comparison tests (MSI "FSVOK") under the category "lupus anticoagulant” (LA), only 50%
of laboratories obtain results based on the use of two tests (methods) differing by the
nature of investigation.

Purpose. To establish the effectiveness of using two different methods of LA identifying
for predicting thrombosis in pregnancy pathologies.

Materials and methods. The retrospective study included 660 female patients. Lupus
anticoagulant (LA) was detected by two independent techniques (dRVVT and SCT),
including screening and confirmatory tests using an automatic coagulometer ACL TOP
700. The method is based on competitive binding of LA to phospholipids of the reaction
mixture.

Results. Patients of the group with positive results obtained using at least one technique
were shown to have 4-5-fold increased risk of thrombotic event (for SCT: OR=4.600,
95% Cl 1.700-12.400; for dRVVT: OR=5.100, 95% Cl 2.400-12,400), and more than 11-
fold increased risk of thrombotic event (OR=11.500, 95% Cl 3.600-36.700) when two
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anIMeHeHI/Ie ABYX TECTOB C pa3HbIMW MeTOAO0NOIMYeCKUMMI NpUHLNaMn BbiABNEHNA
BOJTYAaHOYHOrIO aHTUKOArynAHTa 3Ha4nTeIbHO NoBbILLaeT 3¢¢eKTVIBHOCTb
NMPOrHo3npoBaHuA TpOM60TI/ILIECKI/IX OCNOXKHEHWI B KITMHNYECKON NpaKkTnKe

techniques (SCT and dRVVT) were used simultaneously. When calculating the OR for aPL
(antiphospholipid antibodies), only the anticardiolipin (aCL) IgG positive group showed
a statistically significant increase in thrombotic risk by almost 7 times (OR=6.710, 95% Cl
1.283-35.086). When analyzing the correlation between positive results of aPL (aCL and
[32-GP-I) with regard to different combinations of AL detection techniques (positive by
SCT only; positive by dRVVT only; positive by both SCT and dRVVT), it was found that only
IgG antibodies against both cardiolipin and 32-GP-I were detected with any combination
of LA techniques, but the strongest association (p<0.0001) was established when LA was
detected using simultaneously 2 techniques differing by the nature.

Conclusion. The use of two techniques, differing both in orientation and principle of
investigation, leads to an increase in the significance of diagnostic information obtained,
and may be helpful in stratifying patients in terms of thrombotic risk.

Keywords: Lupus anticoagulant, Dilute Russell viper venom time, Silica clotting time,
Antiphospholipid syndrome, Thrombosis, Pregnancy

B BBEJAEHWE

BonuaHouHbI aHTMKOArynaHT (BA) BXogWT B reTeporeHHyto rpynmny aHTUTes, Hanpas-
NeHHbIX npoTne ¢dochonunuaoB U ochonmnuaceasbiBarowmnx 6enkosB (aHTUdOCHO-
nunuaHbix aHtuten, adJl), n ABnaeTca ogHUM 13 3 NoKasaTesnewn, BKIOUYEHHbIX HapAaay C
aHTUTenamm K Kapguonununy (K1) u K B-2-rnukonpotenHy-l (B2-IT-1) B nabopaTtopHble
KpuTepun AnarHoCcTky aHtndoconunuaHoro cuHgpoma (ADC) — ayTOMMMYHHOrO 3a-
6oneBaHuA, KINMHUYECKU OMpefenseMoro cocyaucTbiM TPOMO0O30M BHE GepeMeHHOCTH
W/VNn OCNOXHEHUAMM NMpu 6epemeHHoCTM [1].

BonuyaHOUHbIN aHTMKOArynsaHT BOBCE He aHTMKOArynaHT: M3BECTHO, YTO in vitro co-
cTaBnawowmn ero komnnekc a®J1 ysennursaeT Bpema CBePTbIBaHWUA 1 UTO in Vivo ero npu-
CYTCTBUME acCoLMUPYeTCA C pa3BuUTrEM TPOMO030B. [ocneHee 06ycnoBneHo 0CobeHHO-
CTAMN MexaHn3MOB fencTemA BA in vivo, KOTopble onpeaensaoTca ero B3auMogencTBuem
C 3HAOTeNeM 1 TpombounTamn. B CBA3M C 3TUM Ha3BaHWE «aHTUKOArynsHT» MMeeT YC-
NOBHOE 3HaueHuWe, oTpakatollee nabopatopHbIli GeHOMEH, a He NaTodM3NONOTNYECKYHO
CYLHOCTb 3TOro BMAa aHTuTeN. To XKe camoe OTHOCMTCA 1 KO BTOPO NOSIOBMHE TEPMUHA —
«BOJIYAHOYUHbI», KOTOpasA MMeeT UCTOpUYecKre KopHU. Ee nponcxoxpeHne cBsA3aHo C
TeM, UTO BrepBble NPMOBPETEHHbIE MHIMOUTOPbI Koarynauum 6111 o6Hapy»KeHbl Y nawm-
€HTOB C CMCTEMHOW KPaCHOW BOJTYAaHKOM, XOTS, Kak Obl/1o MOKa3aHo BNocC/ieAcTBUM, Halle
BCEro aHHble VHIMOUTOPbI BbIABAAIOTCA Y MNALMEHTOK, HE UMEIOLWMX 3TOro 3aboneBaHus
[1-5].

O6HapyxeHune BA cnefyeT NpoBoAMTb Ha OCHOBaHUU peKkoMeHaaunin MexayHapoga-
Horo o6LecTBa Mo M3y4yeHWto TPoM6030B 1 remocTasa (ISTH), KoTopble 6biIM 06HOBNE-
Hbl B 2020 r. CornacHo pekoMeHAauMaM, BO-NMEepPBbIX, 13-3a reTeporeHHon npupoabl BA
L1 MOBbIWEHUA UYYBCTBUTENIbHOCTM TecTa MNpeAasiaraeTcs MCMNonb30BaHUe 2 MeToAuK,
OCHOBaHHbIX Ha pa3HbIX MPUHLUMMNAX aHANUTUYECKOrO UCCeloBaHNA; NPy 3TOM B nep-
BYIO ouepeflb ClieflyeT OLleHMBaTb BPEMA CBEPTbIBaHWA KPOBU C pa3baBrieHHbIM ALO0M
ragtokn Paccena (dRVVT), a Bo BTOpyt — uyBCTBUTENIbHOE K BA aKTMBUpOBaHHOE yva-
CTUYHOEe TpombonsacTuHoBoe Bpema (AYTB), npuuem NpegnouTUTENbHO UCCNEeAoBaTb
BpeMmsA CBepTblBaHWA C KBapueBbiM akTnBaTopom (SCT) [4]. CraHmapTHan xe npoueaypa
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netekuumn BA pomkHa BKNOYaTb CKPUHUHIOBbBIE, MOATBEPXKAAOLWME TECTbI 1 TECT CMeLUU-
BaHMA, a pe3ynbTaTbl MOCTAaHOBKM TECTOB ClieflyeT MHTEPNPeTMPOBaTh Kak NMONOXNUTENb-
Hble UKW OTpMLATESIbHbIE HA OCHOBAHUW pacyeTa HOPMaIM30BaHHOIO OTHOLLEHUA CKPU-
HUHIOBOTrO 1 NOATBEPXKAAtoLWEro TecTos [6].

OpHako gaxke € yueToM JeCTBYIOLMX peKoMeHAaunn gnarHoctnka BA npeacrasnsaet
cobol C MeTOANYECKON TOUKUN 3PEHMA CIIOXKHYIO 3aauvy. Tak, BbINOJIHEHHbIE K HacTosALLe-
My BpeMeHU NCCNefoBaHUA MOKa3biBatoT, UTO BO MHOTUX CJTyYasaX MeeT MecTo Hecobio-
[eHrie pekomeHauumi ISTH, uto 3aTpyaHAET MHTepnpeTaLmio JaHHbIX ANarHOCTUYECKUX
TeCTOB, MOJyUYEHHbIX B pa3HbIx nabopatopusx [7, 8].

B LEJTb NCCNEOQOBAHKA

Mo pe3synbratam nporpaMmbl MexnabopaTopHbIX CANUYUTENbHbIX WCMbITaHWUN
(MCW «®CBOK») B KaTeropmu «BoIYaHOYHbIN aHTUKOArynsaHT» ObiNo BbIABIEHO, UTO
TonbKo 50% nabopaTopuii NpeaCcTaBAAOT pe3ynbTaTbl C MOMOLbIO 2 MeTOAUK. ITO
no6yauno Hac NpoBecTn paboTy, Lienblo KOTOPOK CTano onpefeneHne agnarHoctmye-
CKOW 3HAUMMOCTN NPUMEHEHUA 2 METOAUK C PA3NTIUYHBIMU MPUHLMNAMU BbiABIEHNA
BA ana nporHo3npoBaHMA BO3HUKHOBEHUA TPOMOO3a B aKyLLUEPCKOWN U NMHEeKOoNoru-
yecKom npaKkTuke.

B MATEPWAJIbl U METObI

B peTpocnekTnBHOE uccnepgosaHue 66110 BKUeHO 980 XeHLUMH, Y KOTOPbIX C AHBa-
pAa 2021 r. no marn 2023 r. onpegensanca BA. Bo3pacT nauneHToK — ¢ cocygmcTo-TpoM6oTu-
YeCKNMU OCJTIOXKHEHUAMM B aHaMHe3e, C MOA03PEHMEM Ha ayTOMMMYHHble 3aboneBaHus,
B TOM UMCJIe Ha CUCTEMHYIO KPAaCcHYI0 BOMTYaHKY, C M30IMPOBaHHbIM yanuHeHnem AYTB B
CTaHAAPTHOW KoarynorpaMmme, — UCCefoBaHHbIX Kak Npu NOAroToBKe K 6epeMeHHOCTH,
TaKk 1 B | TpymecTpe, coctasmn 18-45 net. Kputepuamm NCKAYEHNA ABUNNCD: OTCYTCTBME
KNUHUYeCKon nHbopMaumn B aN1eKTPOHHOM MeAULIMHCKON KapTe, Hanuune nHdopmaumnm
No MCMosb30BaHNIO aHTUKOArynAHTOB (QHTaroOHNCTOB BUTaMMHa K, nepopasnbHbIX aHTU-
KOarynaHToB 1 HedpaKLMOHNPOBaHHOTO renapuHa). lNauneHTkn Ha GoHe Nprema HU3Ko-
MOJIEKYNIAPHbIX renaprHOB 6blv BKOUEHbI B UCCef0BaHMe NPU YCIOBUY B3ATUA KPOBU
[10 ouepeaHON MHBEKL MK, YTO ObINIO OTpakeHo B KapTe. MiccnefoBaHue 6bino NpoBeaeHo
Ha 6a3e HauroHanbHOro MeMUUHCKOro UCCNefoBaTeNbCKOro LIeHTPa aKkyLwepCTBa, rMHe-
Konorunm n nepuHatonoruun um. B.. Kynakosa.

Okasanocb, 4yto Bcero 660 nauneHTOK (CpefHU BO3pPacT KOTOPbIX COCTaBWMI
32,7+4,6 roga) COOTBETCTBOBANN KPUTEPUAM BKIHOUEHNA N UCKIIOYEHMA N UMENU KNK-
HUYeCcKre faHHble B 3NIEKTPOHHOW MefMLMHCKON KapTe. Hanbonee yacto y nauneHTokK,
BOLLeALWNX B NCC/IefOBaHne, PerncTpupoBannch Takme OCNIOKHEHWA, Kak HEBbIHALUNBA-
Hue 6epemeHHOCTV Ao 10- Hegenu — y 301 naumeHTKM (45,6%), noTepa 6epemMeHHOCTU
nocne 10-n Hegenun —y 39 (5,9%), TAXXenasa npesknamncna B aHamHese -y 27 (4,1%), aHTe-
HaTanbHasA rmbenb nnopa -y 18 (2,7%), Hannmune NNYHOro TPOMOOTUYECKOTO aHaMHe3a —
y 35 (5%), a cemenHoro -y 86 (13%) naumeHToK. K Tomy ke TecT Ha BA 6bin Bbinon-
HeH NPV HanUYMN U30NNPOBaAHHOIO yanuHeHna AYTB B cTaHgapTHONM Koarynorpamme
y 19 (2,9%) naumeHTOK.

Bbinn cdopmmpoBaHbl 2 rpynmnbl NcciiefoBaHNA:

B rpynna cpaBHeHUA — 573 (87%) yenoBeka, B KOTOPYIO BOLAN NaLMeHTKM C OoTpuLa-

TeNlbHbIM pe3ynbTaToM TeCTOB Ha BA;
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B ocHOBHaA rpynna — 87 (13%) uenoBek, B KOTOPYIO BOLAN NALNEHTKN C MONOXMUTENb-

HbIM pe3ynbTaToM XOTA Obl MO OQHON N3 2 MeTOAUK.

M3 660 naumeHToK y 492 6binn caenaHbl Bce 3 nabopatopHbix TecTa — Kputepusa ADC:
oueHKa Hanuums B KpoBu BA, aHTuten K KN u k B2-1M-I.

AHanutnyeckummn obpasuamu ana onpepeneHna BA cnyxunu anuksoTbl H6ectpom-
6ounTapHOl NNasmbl, NONyYEeHHble ABONHbIM LeHTpUbyrnpoBaHuem B TedeHune 15 munH
npwu 1600 g, Nocne KOTOPOro Nnasmy oToérMpanu B HOBYIO NPOBMPKY 1 LieHTpudyrrposanu
5 muH npwn 10 000 g.

CornacHo pekomeHgauusam ISTH, BA onpegenann 2 He3aBUCMMbIMK MeTOAUKAMMU
(dRVVT n SCT), peanu3yowmnmm CKPUHUHIOBbIE U NOATBEPXatoLLMe TeCTbl, Ha aBTOMaTU-
yeckom koarynometpe ACL TOP 700 (IL Werfen, CLLA), ucnonb3ysa peareHtbl HemoslL. Me-
TO[, OCHOBaH Ha KOHKYpPeHTHOM CBsA3blBaHUU BA ¢ dochonunmnpamm peakLmMoHHOM cMmecu.
B ckpuHuHrosbix Tectax ncrnonb3ytotca SCT- nnu dRVVT-peareHTbl ¢ HU3KMM ypPOBHEM
docdonnnmaos Ana BbIABIEHNA Pa3NNuMNA MEXAY HOPMaJbHOW 1 NAaTONOMMYeCKOon nnas-
Mamu, 06ycnoBieHHbIX NpucyTcTBrem BA, B nogTeepxaatownx tectax — SCT- unu dRVVT-
peareHTbl ¢ U36bITKOM $pochoNMNMAOB ANA KOMAEHcauumn nx gepuunTta, BO3HMKaOWEro
n3-3a npucyTcTeua BA. B paboTe npumMeHANca MHTerpanbHblil anropuTtm onpegeneHns BA,
KOTOpbI NofpasyMmeBaeT OfHOBPEMEHHYIO MOCTAaHOBKY Kak CKPUHWHIOBOrO, Tak U NOA-
TBeprKAatLLero TectoB. Pe3ynbTaThbl TeCTa BblpaXkavCb HOPMaNN30BaHHbIM OTHOLLEHNEM
(normal ratio, NR), paBHbIM Screenratio/Conﬁrmraﬁo. TecT Ha BA cuntanu nonoXutenbHblmM
npu NR>1,2 gna nto6oin ns metogmk (dRVVT n SCT).

CopepxaHue adJ1 B cbiBOPOTKe (nia3me) KpoBW onpepenann MeToaoM Henpsamo-
ro tBepaodasHoro MDA ¢ ncnonb3oBaHMeEM HabOPOB ANIA KOMMYECTBEHHOIO onpefe-
neHus aHTuTen knaccos IgM, IgG K Kapguonununy un 32-rnnkonpoTenHy-1 (ORGENTEC
Diagnostika GmbH, lepmaHus).

CTaTnucTnyecknii aHanms NofyyYeHHbIX pe3ynbTaToB MPON3BOAWNCA C UCMO/Ib30BaHNEM
nporpammHoro obecnevyeHusi Microsoft Excel, IBM SPSS Statistics 21. [Ins onucaHua Ko-
JINYECTBEHHbIX NMPU3HAKOB NPUMEHANN CTaHAAPTHbIE MOKa3aTeny onucaTenbHON CTaTu-
CTUKK (CpepHee apndmeTnyecKoe 3HaueHne, CTaHAapPTHOE OTKMIOHeHUe (cpefHee + SD)).
CpaBHeHMe 2 He3aBUCMMbIX MepeMeHHbIX, pacrnpeaesieHHbIX N0 HOPMasibHOMY 3aKOHY,
NPOBOAMAN C MOMOLLbIO NapameTpuyeckoro t-tecta CrblogeHTa. B cnyyae oTKnoHeHuA
pacnpefeneHna nNepemeHHbIX OT HOPMAasibHOro 2 rpynmbl HE3aBUCMMbIX NepPemMeHHbIX
CPaBHUBANMNCL TeCTOM MaHHa — YuTtHu. Kputepuin x> ncnonb3oBasnca ana CpaBHEHNA pas-
MUK B YacToTe TPOMOOTUUECKUX COObITUN 1 aKyLIEPCKUX OCIIOXKHEHWI B rpynnax nun,
nccnefoBaHHbIX Ha NpeameT Hanuuusa BA nn6o metoankon dRVVT, nnbéo metogukon SCT.
AHanms norncTnyYeckom perpeccuim 6o11 NpoBefeH ANA OLEHKM OTHoLWeHU waHcos (OLL)
npu U3MepPeHUN OTHOCUTENIbHOTO pUCKa TPOMOOTMYECKOro COOLITUA U recTalMOHHbIX
OCNOXHeHn gna 95% posepuTtenbHbix MHTepBanos (OW). 3HaueHne p<0,05 cuntanochb
CTaTUCTMYECKN 3HAYNMBIM.

B PE3YJNIbTATbl U OBCYXOAEHNE

M3 980 nauneHTOK, NpoLuelumx TectupoBaHve Ha BA ¢ 1 aHBapA 2021 r.no 1 maAa 2023 r.
M BKJIIOYEHHbIX B PETPOCNEKTUBHOE MCCefoBaHne, TONbKo 660 oTBeYanu Kputepmam
BK/IIOYEHUA/NCKIOYEHUA N UMENN KITMHNYECKME faHHble B SNIEKTPOHHOWN MeLULNHCKOMN
KapTe. MNonoxutenbHbl pe3ynbTaT TeCTUpoBaHUA Ha BA xoTa 6bl Mo ogHON MeToauKe
(pnc. 1) umenn 87 naumeHTok (13%), cpean KoTopbix 45 (52%) 6bINN NONOKUTENBHBIMN
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Puc. 1. lona nonoXxunTenbHbIX pe3ybTaToB TECTOB Ha BOJIYaHOUHbIN aHTUKOAryNAHT OT BCex
3aKa3aHHbIX TeCTOB, BbIMOJIHEHHbIX B nepuopg ¢ 1 aAHBapa 2021 r. no 1 masa 2023 r.

Fig. 1. Percentage of positive lupus anticoagulant from all ordered tests performed between January 1,
2021 and May 1, 2023

Tonbko no dRVVT, 24 (27%) - Tonbko no SCT, a 18 (21%) 6binu nonoxmTenbHbIMU Mo obe-
UM MeToanKam (puc. 2).

B 3aBMCMMOCTM OT pesynbTaTa TecTa Ha BA (MONOXUTENbHbIN UK OTpULaTENbHbIN)
6blna NpoaHanU3MpoBaHa YacToTa recTalMOHHbIX Y TPOMOBOTUYECKUX OCNIOMKHEHUN Y 06-
C/1eJOBaHHbIX NaLMEHTOK 1 BbIABJIEHO 3HAYMMOE NPEBbILLEHE [0SV NMONOKUTENbHbIX pe-
3ynbTaToB Ha BA y nauneHToK ¢ TPOMBOTUYECKUMM OCSTOMHEHMAMU B aHamHe3e (Tabn. 1).

B Tabn. 2 npefcTaBieHa CTPYKTypa CONyTCTBYIOLLEN NATONOMN Y NALMEHTOK C pa3Hbl-
MU pe3ynbTaTamm Tecta Ha BA. [oka3aHo, UTo JONA NONOXKUTENbHbIX pe3yNbTaToB Ha BA
6bina 60sblue y NaLMEHTOK C MOLO3PEHMEM Ha CUCTEMHYIO KPACHYIO BOMUYaHKY, a TakxKe
npwv yanuHeHnm AYTB B pyTVHHOM aHanm3e Koarynorpammsl (tabn. 2).

O6palyaeT Ha cebAa BHMMaHME TO OOGCTOATENIbCTBO, YTO M3ONMPOBAHHOE YyAsvHe-
Hue AYTB 6e3 nmposABneHW I KPOBOTOUMBOCTM MO3BOJISIET 3arnofo3puTb Hanuvuue BA.
AHanu3 cob6CTBEHHbIX AaHHbIX MOKa3as, YTo B rpynmne C NONIOKUTENIbHbIM Pe3ysibTaToM

Ta6bnuuya 1

CTpyKTypa rectaLjiOHHbIX U TPOMGOTNUYECKNX OCNI0KHEHUIA Y MALNEHTOK B 23aBUCMMOCTI OT pesynbraTa
TecTa (MONoXKUTENbHbIN AN OTPULLATESIbHbIN)

Table 1

Structure of gestational and thrombotic complications in patients depending on the test result (positive
or negative)

OcnoxHeHne 6epemMeHHOCTH ey L P-3HaueHue
n (%) n (%)
HeBblHalwmMBaHve 6epemeHHOCTM Ao 10 Hegenb 261 (46%) 40 (46%) 0,921
HeBbiHalwmBaHme 6epemeHHoCTM nocne 10 Hegenb | 35 (6%) 4 (5%) 0,011
AHTeHaTanbHana rmbenb nnoaa 16 (3%) 2 (2%) 0,008
Taxenasa npesknamncma 22 (4%) 5 (6%) 0,011
TpomboTHUeCKNii aHamHe3 25 (4%) 10 (11%) <0,001
CeMmeWHbI TPOMOOTUYECKUIA aHAMHE3 77 (13%) 9 (10%) 0,077
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SCT M drvwwT M SCT+dRWT

Puc. 2. [lonA nonoxuTtenbHbIX pe3yNnbTaToB TECTOB Ha BOTYAHOUHbII aHTUKOArynsaHT B 3aBUCMMOCTHU
oT Tecta
Fig. 2. Lupus anticoagulant positivity rate by test

Ha Hanuume BA AYTB cTatucTmyeckn 66110 60JbLUE, YEM B Fpyne C OTpULATENbHbIM pe-
3ynbratom (38,4+17,7 cek. npoTmB 29,6+3,8 cek., p>0,0001).

bbina npoaHanusnpoBaHa B3aMMOCBA3b pe3ynbTaToB TecTa Ha BA, monyyeHHbIx pas-
HbIMM MeTOoJaMN MUCCefOBaHNsA, C TPOMOOTUUECKMM COBBITUAMU COFMAaCHO KiMHMYe-
ckum Kputepuam AOC (oavH unn 6onee KNMHUYECKUI 3MNN304 apTepuanbHOro, BEHO3-
HOro TPoM603a M TPoMO03a MeNKUX COCYAOB B NI0O0I TKaHW 1y opraHe). MokasaHo,
YTO Y MALUMEHTOK B Tpyrnrne C MojoXUTENIbHBIM Pe3yibTaTOM XOTsl Obl MO OJHOW MeTo-
[VIKe PUCK BO3HUKHOBEHUS TPOMOOTUYECKOTO COObITUA yBenuuuBanca B 4-5 pas (gna
SCT: OLLU=4,600, 95% AW 1,700-12,400; pna dRVVT: OLW=5,100, 95% [ 2,400-12,400),
a Npy UCNoNb30BaHUN 2 MeToauK ogHoBpemeHHo (SCT n dRVVT) — 6onee uem B 11 pas
(OLW=11,500, 95% AW 3,600-36,700) (punc. 3A).

SCT/dRVVT SCT/dRWT
dRWVT dRWT
SCT SCT
0 10 20 30 40 00 05 10 15 20
OTHOLEeHWe LWaHCoB OTHOLLEHMe WaHCoB
A B

Puc. 3. OTHOLIEHVE WaHCOB BOSHNKHOBEHUSA KNMHNYECKOro cobbiTnaA no kputepnam AOC

(A - Tpom60oTUYECKNI aHaMHe3; B - naTonornsa 6epemeHHOCTH) € pasNNYHbIMN KOMGMHALMAMN TECTOB
Ha BA

Fig. 3. Odds ratio for clinical event occurrence according to APS criteria (A - thrombotic history;

B - pregnancy pathology) with various combinations of LA
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Ta6nuua 2
CTpyKTypa conyTcTBYlOLWeil NaTONOrm y NauneHToK B 3aBUCMMOCTI OT pe3ynbTaTta Tecta
(NONOXKNTENbHDbIN NN OTPULLATENbHDIN)
Table 2
Structure of patients’ comorbidities depending on the test result (positive or negative)
ConyTcTBYIOLYME NaTonorun e ey, P-3HaueHne
yTcTRylom n (%) n (%)
M3onuposaHHoe yannHeHne AYTB 14 (4%) 22 (15%) <0,001
CncTemMHas KpacHaa BOMYaHKa 5(1%) 8 (9%) <0,001
COVID-19 76 (13%) 15 (17%) 0,073
IgG KN
IgG KN
IgM KN
IgM K
IgG B2-M-I 19G B2-M-1
IgM B2-rn-1 IgM B2-M-1
0 10 20 30 40 12 3 4 5 6
OTHOLWEHWe WaHCOoB OTHOLLEHNeE LWaHCOoB
A B

Puc. 4. OTHOLIEHME WaHCOB BOSHMKHOBEHUA KNMHNYECKOro cobbiTnA no kputepnam AOC
(A - TpoM60TNYECKNi1 aHaMHe3; B - naTonorus 6epeMeHHOCTM) C aHTUTeNnamm KnaccoB G u M Kk B2-IM-1u KN
Fig. 4. Odds ratio for clinical event occurrence according to APS criteria (A - thrombotic history;

B - pathology of pregnancy) with 2-GP-1 (lgG/M) and CL (IgG/M)

40 40
*%
30 30
*%
20 20 *%
*
* *%
10 10 *
0 dRWT  SCT+dRWT  BA 0
«=»
scT + scT dRWT  SCT+dRWT  BA«-»
2-rM-_IigM Kapavonunut_lgM B2-IM-_IgG Kapavonunuh_lgG

A B

Puc. 5. flona nonoxutenbHbix 3HaueHnin a®J1 (k KJ1 v k B2-IM1-1) npy pasnnuHbIX KOM6MHaLMAX TECTOB
Ha BA y nayueHTOK c UTOroBbIM NONOXKUTENbHbIM pe3ynbratom Ha BA (A - a®J1 knacca M; B - a®J1

Knacca G), * p<0,05, ** p<0,0001

Fig. 5. Percentage of positive aPL results (CL and B2-GP-I) with various combinations of tests for LA
in patients with a final positive result for LA (A - aPL IgM; B - aPL IgG), * p<0.05, **p<0.0001
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anIMeHeHI/Ie ABYX T€CTOB C Pa3HbIMM MeToAO0NOrMYeCcKUMU NpuHUNamn BbiABIEHUA
BOJTYAaHOYHOrIO aHTUKOArynAHTa 3Ha4nTeIbHO NoBbILLaeT 3¢¢eKTVIBHOCTb
NMPOrHo3npoBaHuA TpOM60TI/ILIECKI/IX OCNOXKHEHWI B KITMHNYECKON NpaKkTnKe

TaKue xe pacueTbl 6b1IM NPOBeAEHbI ANA NALVEHTOK C OCNIOKHEHUAMUN 6EPEMEHHOCTN.
[JaHHble NnauneHTKM oTBeYanu cnegyoLmm KnmHmyeckum kputepmuam AOC: 3 unm 6onee
nocnegoBaTenbHbIX Cllyyas CMOHTaHHbIX abopToB Ao 10 Heaenb recTauunn, BHYTPUYTPOO-
Has rnbenb NNoAa, NpexaeBpeMeHHble pofibl 10 34 Heflenb recTalum U3-3a BblpaXXeHHON
NpPesKNamncmMm/sKNaMmncum uam 13-3a Bblpa)KeHHOW MnaueHTapHOW HeaoCTaTOYHOCTU
(pwc. 3b). OgHako cBsA3u Hanuuma BA ¢ natonormen 6epemMeHHOCTU BbIABAEHO He Obifo.

Mpwu pacuete OLW ana a®J1 TonbKo rpynna ¢ HanMumMem aHTUTeN Knacca IgG k KJ1 no-
Kasana CTaTUCTUYeCKM 3HauMMoe yBennyeHne TpomOOTUUYECKOrO pUCKa NpakTUYeckn B
7 pa3 (OLWW=6,710, 95% [N 1,283-35,086) (puc. 4A). AHanornyHble pacyeTbl 66111 BbINON-
HeHbl ANA NaUUEeHTOK C OCNIOKHEHHOW 6epeMeHHOCTbIo, OAHaKo cBA3N C Hannunem adJl
BbIABNEHO He 6bino (puc. 4b).

Mpu aHanu3e cBA3N pa3BUTUA TPOMOOTUUECKNX cobbITUIA ¢ HanuureM adJl (k KIT un
2-IT1-l) B cnyyae MCnonb3oBaHUA Pa3fIMUHBIX KOMOUHALMI MeToLoB onpeaeneHus BA
(nonoxutenbHbli pe3ynbraT Tonbko Mo SCT; NONOXWUTeNbHbIA pe3ynbTaT TObKO MO
dRVVT; nonoxutenbHbin pe3ynbrat 1 no SCT, u no dRVVT) 6b110 06HapyXeHO, UTO TOSbKO
aHTUTena Knacca IgG kak K KJ1, Tak n kK 32-IMT-I onpegensnuce npu nobo KombrHaumm
MeToauK Ha BA (p<0,05), Ho Hanbonee cunbHas ¢BA3b (p<0,0001) 6bi1a NPOAEMOHCTPY-
poBaHa npu ogHoBpeMeHHOM onpegeneHnn BA no 2 metogukam (puc. 5).

Takum o6pa3om, pa3BuTre TPOMOOTUYECKOTO cObbITUA Yalle 06HapyXmnBanoch y na-
LMEHTOK C NONIOXKMUTENbHBIM pe3ynbTaToM TecTa Ha BA Kak no metoguke dRVVT, Tak n no
meToauke SCT, 1 y 3TUX NaUMeHTOK Habnoganuncb Bbicokme 3HadeHus adJ1 knacca IgG no
CpaBHEHNIO C NaLMeHTKaMu, Y KOTOPbIX Obl1 NONIOXKNTENbHbIN pe3ynbTaT TONbKO Mo OAHOM
13 ncnonb3yembix Metoguk (unuv dRVVT, nnn SCT).

Ona gnarHoctukm AOC B COOTBETCTBUM C pekoMeHZaumamm ISTH fomKHbI BbINOSTHATb-
CA 0OfHOBpPEMEHHO 3 NlabopaTopHbIX TecTa (Ha Hannure BA, aHtuten K KN u k 32-IM-1). Us3-
BECTHO, UTO TPOWHasA NO3MTUBHOCTb TaboPaTOPHbIX TECTOB UMEET BbICOKYIO KOppenauumio
C Tpomb03amu, HET HEOOXOAUMOCTY NOATBEPXKAEHMA pe3ynbTaTa Yepe3 12 Hefenb U B
oT/Inune OT OAMHOYHOW TPOIHAA NO3UTMBHOCTb BO3HMKAET U3-3a NPUCYTCTBUA KaKoro-
nn6o ogHoro (BO3MOXKHO, MAaTOreHHOro) Tna aHTUTeN 1 He 3aBUCUT OT MeTofla onpegene-
HuA [9, 10]. B uccnegosaHum Pengo V. et al. 66110 NpoaeMOHCTPUPOBAHO, UTO NaLMEHTbI C
TPOWHbIM MOSIOXKNUTENIbHBIM PE3YNbTaTOM UMEIOT BbICOKMI PUCK BO3HUKHOBEHMWA TPOMOO-
TNUYECKOro cobbiTuA B TeueHme 10 neT nocne obHapyxeHua a®J1[11]. B BbinonHeHHOM Knc-
cnlejoBaHNN TPOIMHasA NO3MTMBHOCTb OTMeYanach y 5 (6,6%) nauneHTok. Mpu 3Tom B ciy-
Yae oLeHKU Hanuuma aHTuten K KIT n K B2-ITl-1 aHanusnpoBanock Npexae BCEro Hannuune
aHTUTEN Knacca IgG, KoTopble cBA3aHbl B 60sbLIel cTeneHn ¢ Tpombo3om, yem IgM [12].
PacnpepeneHune naumeHTOK NO NO3UTUBHOCTY COrNacHo nabopaTtopHbim KpuTepmnam AQC
npeacTaBneHo Ha puc. 6. /13 5 naureHToK y 3 6611 NoATBEPKAEHHbIV ANArHO3 «CUCTEMHasn
KpacHas BONYaHKa XPOHNYECKOro TeuyeHus, BTopuuHblii AQC», y OgHOM NauneHTKn — Ta-
xenasa npesknamncua, HELLP-cuHgpom Bo Bpema 6epeMeHHOCTU 1 Yy OJHOWN — COCTOsHME
nocne peungmerpyoLWmnx TPoMO6030B pa3NyHON NoKanmu3sauun.

W HakoHeL, y 87 nauueHTOK C MONIOXKUTeNbHbIM pe3ynibTaToM Ha BA 6binn npoaHanu-
3MpOBaHbl pe3ysbTaTbl MOBTOPHOIO TECTUPOBAHMA. 3a MOBTOPHbLIM UCCNefoBaHMEM 06-
patunacb 21 naumeHTKa (23%). V13 HUX CTONKMI MONOXKUTENbHBIN pe3ynbTaT nogTeepan-
cay 11 naumeHToK (51%). CTONKUI NONOXKMTENbHBIN pe3ynbTaT NPy NOBTOPHOM TeCTu-
poBaHuu Habnopanca B 85,7% cnyyaes y NaLMEHTOK, NONIOXKMTENbHbIX Kak MO MeToANKe
dRVVT, Tak n no metoguke SCT (Tabn. 3).
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89,5% ;
W TponHaa
NO3UTNBHOCTb

Puc. 6. PacnpepeneHune pe3ynbraToB NaueHTOK MO NO3NTUBHOCTYN
Fig. 6. Distribution of patient results by positivity

Ta6bnuuya 3

KonunuecTBo NonoxutenbHbIX pe3ynbTaToB NaLeHTOK Npy NepBUYHOM 1 NOBTOPHOM TeCTMPOBaHUN
B Pa3NINYHbIX KOMOGMHALMAX N NX NPOLIEHTHOE COOTHOLIEeHNe

Table 3

Number of positive results in patients during initial and repeated testing and their percentage

MonoXuTenbHblit pesynbrart MepBuuHoe TecTMpoBaHue MoBTopHOe TecTUpOBaHMNe %

SCT+ 9 3 333
dRVVT+ 4 2 50,0
SCT/dRVVT++ 7 6 85,7

CornacHo nonyyYyeHHbIM AaHHbIM, NOJIOKUTENbHbIN pe3ynbTaT nccnefoBaHnA No 2 me-
ToanKam ogHoBpemeHHo (dRVVT n SCT) o3HauyaeT He TONbKO yBeNnYeHme pucka Tpomo6o-
33, HO TaK»Ke CTONKYI0 MO3UTUBHOCTb BA npn NOBTOPHOM TeCTUPOBaHUN.

Mo pekomeHgaumsam ISTH noBTopHOe TecTUpoBaHUe TpebyeTcsa Nocne NepBoHavaslb-
HOro MONOXKUTENIbHOTO pe3yrbTaTta Yepes 12 Hepenb u 6onee [6]. Tonbko y 60% nauueH-
TOK Hallel BblIOOpKM Oblia cobniofieHa AaHHas pekoMeHaauus. XoTenocb 6bl OTMETUTD,
yTto B UccnegosaHuy Simmons D.P. et al. [13] npocnexnBaetca aHanornyHasa TeHaeHLmA
Mo MOBTOPHOMY TECTMPOBaHMIO: M3 1682 MaLUEHTOB MOBTOPHOE UcCiefoBaHUe 6bino
nposefaeHo ana 329 nauuneHTos (19,5%), a NOBTOPHOE TECTMPOBaHUE B CPOKE He MeHee
yeMm yepes 12 Hefenb NOC/Ie NEPBOro NONOXUTENbHOrO pe3ynbTaTa — ToNbko Ana 113 na-
LneHToB (47%). NoaToMy ana ocBeAOMNEHHOCTMN Bpayel 1 NauMeHToB Ha bnaHke pesynb-
TaTOB B CJ/lyyae NoslyuyeHusn BrepBble BbIABNEHHOIO MNONOKUTENbHOrO pesynbrata Ha BA
creflyeT yKa3aTb peKoOMeHAaLMo O MOBTOPHOM TECTUPOBaHUM Yepes 12 Heaenb 1 6onee
ONA NCKINIOYEeHUA TPAaH3UTOPHOIO XapakTepa Hannuuma BA.

CornacHo pykosopacTsy ISTH, BBUAY OTINUMIA B XapaKTepUCTUKaX pa3HbIX METOAMK Ha
BA, Kaxaas 13 KotTopblx 061afaeT YyBCTBUTENBHOCTbBIO K ONpeaeNieHHbIM noarpynnam BA
B 6onbluel M MeHbLUen CTeneHn, peKoMeHAYeTCA UCMONb30BaTb 2 METOAMKM BbiABIe-
HuA BA ¢ pa3nuuHbimm cBorctBamu [6]. Tect Ha BA npeacTaBneH He 3HaYeHNAMU KOHLEeH-
Tpauuu aHTUTEN, OH ABAAETCA KNOTTUHIOBbIM TECTOM, CTaHAAPTM3aUNA U3MEPEHNA KOTO-
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anIMeHeHI/Ie ABYX T€CTOB C Pa3HbIMM MeToAO0NOrMYeCcKUMU NpuHUNamn BbiABIEHUA
BOJTYAaHOYHOrIO aHTUKOArynAHTa 3Ha4nTeIbHO NoBbILLaeT 3¢¢eKTVIBHOCTb
NMPOrHo3npoBaHuA TpOM60TI/ILIECKI/IX OCNOXKHEHWI B KITMHNYECKON NpaKkTnKe

pOro CTaHOBUTCA AOCTAaTOUYHO C/IOXKHOW 3agayden [1]. o gaHHbIM pAga aBTOPOB, HY OA4MH
M3 NCMONb3yeMbIX K HacTosALLeMy BpeMeHM TecToB Ana obHapyxeHua BA He obnagaet
[OCTaTOUYHON aHaNUTMYECKON YyBCTBUTEIbHOCTbIO B OTHOLLEHUWN BCEX Pa3HOBUAHOCTEN
aHTWTen, NPUCYTCTBME KOTOPbIX OOYyCIOBNUBaET AaHHbIA peHomeH [4, 14]. Ucnonb3oBa-
Hue 2 pa3HbIX METOAMK TeCTMPOBaHMA Ha BA obecneunBaeT JONONHUTENbHYIO LLEHHOCTb
N HafeXHOCTb pe3ynbTaTa. Kak nokasaHo B npefacTaBieHHol paboTe, Npu TeCTMpoBaHMK
TOoNbKo C apgom rafwku Paccena (dRVVT) TepseTtca 1/3 nonoXuTenbHbIX pe3ynbTaTos.
B pabote Ahuja A. et al. [15] npun oueHke 3pPpeKTMBHOCTM 4 MeTOAMK Ha Hannune BA (Bpe-
MA CBEPTbIBaHUA C KPeMHMEBBLIM akTMBaTopoM (SCT), BpeMA CBEPTbIBAHUSA C KAaOJIMHOM,
pa3baBneHHOe NPOTPOMOMHOBOE BPEMA 1 BPEMA CBEPTbIBAHMA C pa3baBieHHbIM AL0M
ragtokn Paccena (dRVVT)) 6b110 06Hapy»eHO, UTO YyBCTBUTENbHOCTb gocturana 100%,
ecnn npuMeHsanuce 3 metopmkn (SCT, Bpemsa cBepTbiBaHMA ¢ KaonuHom, dRVVT). Mpn
sTom meToaunka c dRVVT obnagana HanbonbLien yyBcTBUTENBHOCTbI0. OfiHaKo ISTH peko-
MeHAYeT TONbKO 2 TecTa Ha obHapyXeHne BA, NOCKONbKY yBenMunBaeTCa pUCK NOXKHOMO-
NOXUTENbHbIX Pe3yNbTaToB, eC/IN UCMONb30BaTh bonee 2 MeToAUK [6].

MaumeHTbl C NONOXUTENbHBIM pe3ynbTaToM TecTUpoBaHUA Ha BA no obemum metopun-
KaM C 6onblueli BEPOATHOCTbIO ObiIN MOMOKUTENBHBIMU MO HanMumMto aHTuTen K KT n K
2-IT1-I, uem nauueHTbl 6€3 BA. AHanornyHble pesynbratbl 6bIU NonyyeHbl B paboTe Lee Y.
et al. [16]. XoTa cunbHbIX Koppenauui aHTuten K KJI1 nnm k 32-IM-l ¢ KnnHnyecknummn Kpu-
Tepuamu AQC B HalleM UcCnefoBaHUKM He Obino oOHapyXeHOo, Hannuue unm oTCcyTCTBMe
3TUX aHTUTEN OCTAETCA BaXKHbIM B BbIABAEHNUM TPOMHbIX MO3UTUBHBIX MALYIEHTOB BbICO-
Koro pucka. C y4ueToM BbICOKOW YacTOTbl BCTPEYAEMOCTY NOJSIOXKUTENBHOMO pe3ybTaTta B
Xofie NOBTOPHOTO TECTUPOBAHNA NMaLMEHTOK STOWM rpynnbl MOXHO MOnaraTb, YTO Yy »KeH-
WMH C Hanuumnem BA, nccnenoBaHHbIX C MCMOJIb30BAHNEM 2 HE3aBUCMMbIX MeToaWK, 60-
nee BepoATHO Hannune AQC.

B 3AK/THOYEHUE

OnpepeneHne BA aBnAeTCA CNOXHOWM 3ajaven ans KNMHUKO-AMArHOCTUYeCKon nabo-
paTopuK, NOCKONbKY CTaHAAPTHOrO ANAarHOCTUYECKOTrO TecTa AnA ero 06HapyXeHWs HeT.
Tem He MeHee BbifiBNeHNe BA nmeeT nepBocTeneHHoe 3HaueHne, MOCKOJbKY YCTaHOBNe-
HMe NOMNOXNTENIbHOro pe3ynbTaTa B AHAMMKE NPU HaNNYMKn B aHaMHe3e TPOMOOTUYECKIMX
CoObITUIA ABNAETCA OCHOBaHMEM AJIA Ha3HauYeHWA ANUTENbHOWN aHTUKOArynaHTHOW Tepa-
nun. Pa3paboTaHHble 3a NocneaHne ABa AecATUNETUA peKoMeHAaUumn no obHapyXeHuo
BA npopomnKaloT NOCTOAHHO 06HOBNATLCA. BHepeHre 3TUX MeTognyeckux pykoBoacTs
BO BCEX KJIMHUKO-AMArHOCTUYECKMX NlabopaTopmax 1 yyacTie B Nporpammax BHeLIHero
KOHTPONA KayecTBa He0OXoAUMbI, YTOObI MOMOYb CTaHAAPTU3MPOBaTb AMArHOCTUYECKME
npoueaypbl ¥ MIOMOYb KIIVHULMCTaM B MPUHATMMN PELLIEHNA O NepCrneKTMBax Pa3BUTUA OT-
HOCUTENBHO PEAKOro, HO NMOTEHLMANbHO onacHoro coctoaHua ADC.
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Pesiome

BBepeHume. B nocnegHue rogbl BO BCEM MUPe BO3PACTaeT akTyallbHOCTb FPUOGKOBBIX UH-
dekunn. Hanbonee onacHoiMn dopmamMm JaHHOrO BMAA MATONOMMN ABAAIOTCS MHBA3UB-
Hble MVKO3bl C NMOpaKeHNnemM BHYTPEHHMX OPraHOB U TKaHEN, XapaKTepusyoLmnecs Taxe-
NbIM TeyeHreM 3a60/1IeBaHNA 1 BbICOKOW NEeTanbHOCTbIO.

Llenb. PazpaboTtka TexHonorun mynbtunnekcHon MNUP B pexnme peanbHOro BpemeHu
(pean-tam MLP) ona onarHOCTMKN MHBA3UBHbBIX MMKO30B B KIIMHMYECKN 3HAaUYMMbIX BUAaX
6uonornueckoro matepuana 1 GopmnpoBaHre Ha OCHOBE KOMIMIEKCHOTO noaxofa C 1c-
Nonb30BaHNEM MONEKYIAPHO-TEHETUYECKOTO aHanm3a KapTrHbl LUPKYNALUA MUKPOMU-
LeT A POXKXKEBOW 1 NNeCHeBOW STUOJIOMN B YCNOBMAX CTaliOHapa B TeYeHUe nocsiejHero
6onee uem 20-neTHero nepuopga (2002-2023 rr.).

Matepuanbi u metogbl. B uccnegosaHue 6binv BKNOYEHbI BCE LWUTaMMbl FprboB (MUKpPO-
MULETHI), BbIAIBNEHHbIE B KINMHMYECKN 3HAYMMOM MaTepuarne (KpoBb, MOYa, COAEPXKUMOe
[bIXaTeNbHOW CUCTEMbl — BPOHX0aNbBEOSPHDIN NaBaX 1 TPAaXeoOPOHXUANbHbIV ApeHax)
y 589 peteir ¢ conyTcTByOWMMN NHbEKLMAMM Ha GOHE OCHOBHOW OHKOremaTosioruye-
CKOW NaTonornm, HaXoAMBLLMXCA Ha NleuyeHnmn B PecnybnmkaHCKOM HayYHO-NPaKTUYeCKoM
LeHTpe AEeTCKOM OHKOMOruw, reMatosiorni n ummyHonorun (ganee — LleHTp) B nepuog
€ 2002 no 2023 rog BKNOUMTENbHO. BblaeneHHble WTaMMbl rpnboB 66111 naeHTuduun-
poBaHbl MeTogamu GeHOTUMMPOBAHMA MUKPOMULIET N OLLEHKU BMOXMMMYECKUX CBOMCTB
OPOXKeBbIX MAaTOreHOB C NOCNeaylLWM NOATBEPXKAEHNEM BUAOBON maeHTUGUKauum
OTAEeNbHbIX WTaMMOB rprMOOB NyTem AOMONHUTENbHOIO UCCNIEf0BaHMA MeTodaMu Macc-
cnekTpomeTpum 6enkosoro npoouns (8 BapmaHte MALDI-TOF MS). Ha ocHoBe aHanu3a
3TUOJIOrMYECKOrO CreKTPa BblAeNIeHHOW rPrubKoBO MUKPOQIopbl BbiABNEHbI Hanbonee
yacTo obHapyXrBaemMble MUKPOMULIETbI C MocneayoLWwmmM nogbopom pogocnelnduyHbix
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1 BugocneundryHbIX NpanmMepoB B pamMKax pa3paboTKy MyNbTUMIEKCHON pean-taiim
MLP nna gnarHoCTUKN NHBA3UBHbIX MUKO30B.

Pesynbratbl. B obLeli cnoXxHocTn 6bii0 BbigeneHo 620 LWTaMMOB MUKPOMULET, cpeau
KOTOPbIX MpeBannpoBany ApoxxKesble rpnbbl: 90,05% B KpoBu (201 13 221 reMoKynbTy-
pbl); 87,07% B moue (101 13 116 ypeakynbTyp) 1 69,61% B coaep>XMMOM AblXaTeSIbHON CU-
cTembl (197 13 283 wrammoB). OCHOBHbIMW LPOXKEBbIMU NaToreHamu asunnce Candida
albicans, Candida parapsilosis, Candida (Meyerozyma) guillermondii, Candida glabrata n
Candida krusei. Cpegu nnecHeBblIX MUKPOMULET OCHOBHAas 3TUONOMMYecKaa posb npu-
Hagnexana Aspergillus spp. (c npeBanupoBaHuem Aspergillus fumigatus, Aspergillus fla-
vus 1 Aspergillus niger) n Fusarium spp. (c npeo6nagaHuem Fusarium solani). Ha ocHoBe
NonyYeHHbIX TOKaNbHbIX SNUAEMNONOTMYECKX AaHHbIX NogobpaHbl NaHeny Npanmepos
1 pa3paboTaHa TeXHONOrA KomnaeKcHom pean-tanm MNLUP-gnarHocTnkn oCHOBHbIX BO3-
6yputenei rpnbKoBbix MHbEKLUMIA, LMpKynupytowmx B LieHTpe.

3aknioueHmne. MukpomuueTbl pofa Candida npofgonkatoT ocTaBaTbCA OCHOBHbIMY BO3-
O6yamTenAMN MHBa3NBHbBIX MUKO30B, OGHapYyXMBaeMbiMK Y AeTell C OHKoremaTosoruye-
ckon natonoruen. ObpallaeT Ha cebA BHYUMaHWe CyLeCTBEHHbIN yaenbHbI BeC MiecHe-
BoW Mukpodnopbl (30,39%; 86 13 283 KynbTyp) Cpefin MUKPOMULIET, BbieNIeHHbIX U3 CO-
LEePXXMMOTro AibIxaTeNbHOW cucTembl. MogasnatoLee 60MbLWMHCTBO BblAeNEHHbIX U3 B1O-
niornyeckoro matepuana mmkpommuet (71,45%; 443 n3 620 BblgeneHHbIX LWTaMMOB) OT-
HOCATCA K YKa3zaHHbIM NATK Bugam Candida spp. (Candida albicans, Candida parapsilosis,
Candida (Meyerozyma) guillermondii, Candida glabrata n Candida krusei) n Tpem Bugam
Aspergillus spp. (Aspergillus fumigatus, Aspergillus flavus n Aspergillus niger). lNoka3aHa
BO3MOXXHOCTb NpUMeHeHua pean-tTanm MNLP-geTekymmn oCHOBHbIX BO3byauTenen rpnbko-
BbIX MHPEKLMI Ha OCHOBE NpefBapuUTENIbHOrO aHanmn3a MUKpPodnopsbl, LMpKynupyoLlen
B KOHKPETHOM MeAULNHCKOM CTalMoHape. BHeapeHne coBpeMeHHbIX AMarHOCTUYeCKmX
TEXHONOMNN Ha OCHOBE MCMONb30BaHUA KOMMIEKCHOIO MynbTunnekcHoro MNUP-aHanu3sa
CO3JaeT BO3MOXKHOCTb NOBbICUTb 3G EKTUBHOCTb CneLndrnyeckon anarHoCTUKN rpnbKo-
BbIX MH)EKLNIA.

KnioueBble cnoBa: NHBa3VBHble MKO3bl, OHKOreMaTonorus, AeTr, MUKPOMULLETbI, MyJlb-
TunnekcHasa pean-tamm MNUP
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Abstract

Introduction. Recently, fungal infections have become a growing worldwide challenge.
The most dangerous forms of this pathology are invasive mycoses with involvement of
internal organs and tissues, characterized by severity and high mortality.

Purpose. To elaborate a technology of multiplex real-time PCR (real-time PCR) for diag-
nosing invasive mycoses in clinically significant types of biological material and to form a
pattern of yeast and mold micromycetes circulation in inpatient conditions during a more
than 20-year period (2002-2023) on the basis of an integrated approach using molecular
genetic analysis.

Materials and methods. The study covered all fungal strains (micromycetes) detected
in clinically relevant material (blood, urine, and respiratory system contents) obtained
from 589 children with concomitant infections against the background of underlying on-
cohematological pathology treated at the Republican Scientific and Practical Center for
Children’s Oncology, Hematology, and Immunology from 2002 to 2023 inclusive. Isolated
fungal strains were identified by micromycetes phenotyping and biochemical properties
of yeast pathogens assessing with further confirmation of specific identification of indi-
vidual fungal strains by extra testing using protein profile mass spectrometry (MALDI-TOF
MS). Based on the analysis of the etiological spectrum of the isolated fungal microflora,
the most frequently detected micromycetes were identified with subsequent selection
of genus-specific and species-specific primers in the framework of elaborating multiplex
real-time PCR for invasive mycoses diagnosis.

Results. A total of 620 strains of micromycetes were isolated, among which yeasts pre-
vailed: 90.05% in blood (201 of 221 hemocultures); 87.07% in urine (101 of 116 ureacul-
tures); and 69.61% in respiratory contents (197 of 283 strains). The main yeast pathogens
were Candida albicans, Candida parapsilosis, Candida (Meyerozyma) guillermondii, Can-
dida glabrata and Candida krusei. Among mold micromycetes, the main etiological role
belonged to Aspergillus spp. (with predominance of Aspergillus fumigatus, Aspergillus
flavus and Aspergillus niger) and Fusarium spp. (with predominance of Fusarium solani).
Based on the obtained local epidemiological data, primers panels were selected and the
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technology of integrated real-time PCR diagnosis of the main pathogens of fungal infec-
tions circulating in the Center was elaborated.

Conclusion. Candida micromycetes remain the main causative agents of invasive myco-
ses in children with oncohematological pathology. A significant proportion of mold mi-
croflora (30.39%; 86 of 283 cultures) among micromycetes isolated from the respiratory
contents is noteworthy. The overwhelming majority of micromycetes isolated from bio-
logical material (71.45%; 443 of 620 strains isolated) belonged to the above five species of
Candida spp. (Candida albicans, Candida parapsilosis, Candida (Meyerozyma) guillermon-
dii, Candida glabrata, and Candida krusei) and three species of Aspergillus spp. (Aspergil-
lus fumigatus, Aspergillus flavus, and Aspergillus niger). The feasibility of using real-time
PCR-detection of main fungal pathogens on the basis of preliminary analysis of in-patient
microflora circulating in a particular hospital was demonstrated. The implementation of
modern diagnostic technologies based on the use of integrated multiplex PCR-analysis
provides an opportunity for improving the effectiveness of specific fungal infections di-
agnosis.

Keywords: invasive mycoses, oncohematology, children, micromycetes, multiplex real-
time PCR

B BBEJEHWE

CBoeBpemMeHHOoe BbiAiB/IeHWe BO36yauMTenell MHBa3MBHbIX MMKO30B B 06pasuax pas-
NNYHbBIX BUAOB B1OMOrMYecKoro MaTepuana ¢ nocseayllein naeHTudrKaumnen n onpege-
NEeHNEM aHTUMUKOTUKOUYYBCTBUTEIbHOCTU ABNAETCA OJHMM M3 OCHOBOMNoararwmux dak-
TOPOB YCMELIHON Tepanuy CoONyTCTBYOLNX FPUOKOBbIX MHbEKUMI Y fieTell C OHKOMOorye-
CKUMW 1 remaTosiormyecknmm 3abonesaHuamu. Hapsagy ¢ TpagMLMOHHO NpUMeEHAEeMbIMU
MUKPOOMONOrnyeckuMmn MeTofamy AUarHOCTVKY, B NocC/iefHVe rofbl YCrewHo BHeapa-
0TCA B MPAKTMKY paboTbl MEAULMHCKNX YUPEXAEHWNI FeMaTONOMMUYeCcKoro N NHGeKLMOoH-
Horo npoduna MoneKkynapHO-reHeTUYeCKMe UCCNefoBaHUA C UCNOIb30BAHMEM amMu-
bUKaLMOHHOro aHann3a u CEKBEHMPOBAHUA FreHOMOB rpMHKOBbIX NaToreHoB [1-4]. Tak, B
yacTHocTW, pa3paboTaHbl M UCMONb3YTCA TeCT-CUCTEMbI ANA AeTeKumnn cneumduyeckmx
YUYaCTKOB reHOMOB OTZle/IbHbIX BUAOB APOXKEBbIX U NJIECHEBbIX MUKPOMMLET C UCMOMb-
30BaHMEM NONUMEPA3HON LIeMHOM peakLunn B pexnume peasibHOro BpeMeHu (pean-tanm
MUP) [5-10]. Mpw 3TOM, KaK NpaBmno, NPONCXOANT N30INPOBaHHOE O6HapYKeHMe Hanbo-
nee aKtyasibHbIX (N0 0006LEeHHbIM JaHHbIM MUKOSIOTMYECKNX NCCiefoBaHNIA) LUTaMMOB
LPOXKEBOWN NN MULLENNANIbHON MUKPOdopbl. B To e Bpems B OTAeNbHbIX CTaLMOHap-
HbIX yupexAeHVAX 30PpaBOOXPaHEHNA BO3MOXHbI Pa3finuna B STUONOMMYECKON CTPYKTY-
pe UMPKYNMpYyoLWmX rpnbKoBbIX NaTOreHoB — C YYETOM CIIOXKMBLUENCA SNMAEMUNYECKON
cUTyaLmm 1 BUZa ncciegyemoro 6uonormyeckoro matepuana.

Taknm o6pazom, pa3paboTka 1 NPUMEHEHME AMArHOCTUYECKNX TEXHONOMI B BapuaH-
Te pean-Tanm MMLP, HanpaBneHHbIX Ha KOMMEKCHOE BbliBNIEHME U naeHTdMKaumio Hauv-
6onee yacto 06HaPYKMBAEMbIX B KOHKPETHOM MEAULMHCKOM YUYpexaeHun BULOB BO3-
OyauTeneil NHBa3MBHbIX MUKO30B, MO3BOJIUT HE TONbKO COKPATUTb BpPeMs AMarHOCTUKMY
rPMOKOBbIX UHPEKLMIA, HO N N36eXKaTb PAacXoAoB Ha NpoBeAeHNe CKPUHMHIA PeaKo Bbl-
ABMAEMbIX NaTOreHoB.
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B LIEJTb NCCJIEAOBAHUA

PazpaboTka TexHonoruv mynstunnekcHow MNMLP B pexxmme peanbHoro Bpemenu (pean-
Tanm MNUP) onsa AMarHoCTMKM MHBa3MBHbIX MUKO30B B KIMHNYECKM 3HaUMMbIX Bfax bro-
nornyeckoro matepuana 1 ¢opmMmMpoBaHme Ha OCHOBE KOMMEKCHOrO NOAXOAa C UCNOMb-
30BaHMEM MONEKYNSAPHO-TEHETUYECKOrO aHanm3a KapTuHbl LUPKYNALUM MUKPOMULIET
LPOXKEBOW W MAECHeBOW 3TMONOMMN B YCJIOBUAX CTaLMOHapa B TeyeHue nocsiefHero
6onee uem 20-neTHero nepuopga (2002-2023 rr.).

B MATEPWAJbI N METOLbI

MpoBeaeH aHanM3 3TUOMOMMYECKON CTPYKTYPbl MUKPOMULIET, BblAENIEHHbIX U3 Hau-
6onee yacTo MccnegyemMbiX KIMHUYECKM 3HAUYMMbIX BUAOB GBUMONOrMUYECKOro mMatepuana:
KpOBb, COflepXMMOe OpraHOB AblXaHUA (MpenmMyLLecTBEHHO B Buae OpoHXoanbBeonsp-
Horo nasaxa (BAJ1) n TpaxeobpoHxuanbHoro agpeHaxa (TbM)) n moua y peteit ¢ MHbeEK-
LUMOHHBIMU OCJTIOXKHEHUAMUN Ha OHe OCHOBHOW OHKOremaTofiorMyeckor naTtosniorum 3a
nepuof ¢ sHBapa 2002 r. no gekabpb 2023 r. BoisiBneHne v nocnegyouwas naeHTudrka-
uua Bo3byamTens B Grionornyeckom Matepuarne, Nofly4YeHHOM U3 KIUHUYECKN 3HaUYMMbIX
NOKYCOB, ABAAETCA OAHUM 13 3GPEKTUBHbIX NOAXOLOB K MOATBEPKAEHUIO KIUHNYECKOTO
[AMarHo3a WHBa3MBHOIO MMKO3a U CYXUT CBOEOOpPa3HbIM «30510TbIM CTaHAAPTOM» Auna-
rHOCTUKU. Mpun 3TOM Hanbonee WMPOKO UCMOJb3yeMbIMU ANArHOCTUYECKMMU JIOKYCaMU
ABNAIOTCA CCTEMa KPOBOCHabXeHNs, AblxaTeslbHasA CMCTEMA U CUCTEMA MOYEBbIJENEHUs.

C uenbto BblaeneHNA reMoKynbTyp npor3Boamnnca 3abop BeHO3HOWM KPOoBU y AeTel ¢
NpuU3HakaMu ConyTCTBYOLEro MHGEKLMOHHOMO OCNOXHEHNA Ha GOoHe NMeILLEeNCA OHKO-
remaTosiornyeckol natonoruu. Baatme Kposy NpPoBOANNOCH TPEXKPATHO B TEUEHUE AHA,
Ha ¢oHe runepTepmuu, B cneymanbHble GrakoHbl ANA reMoKynbTyp, NpeaHa3HaueHHble
ONA BblgeneHus aspobHoi, daKynbTaTUBHO-a3poOHON 1 rprbkoB MUKpodnopsl, ¢ fo-
CTaBKoW B nabopaTtopuio He No3fHee 2 YacoB C MOMeHTa 3abopa buonormyeckoro mare-
puwana. lna sbiaeneHnsa 13 KpoB/ MUKPOMULET NCMONb30Bannch AByXxdpasHble reMoKysb-
TypasbHble dnakoHbl ¢upmbl Bio Rad (CLUA), a TakKe aHanornyHas npoayKuus Komna-
Hui Becton Dickinson (BACTEC PEDS PLUS/F n BACTEC Mycosis IC/F) n bioMerieux (Bact/
ALERT PF Plus). KynbTBnpoBaHne MUKpodnopbl oCyLwecTBAAN0Ch B COOTBETCTBYOLINX
aBTOMaTMyecKkmx remokynbsTueatopax BACTEC 120 (Becton Dickinson, CLLIA) n Bact/ALERT
3D (bioMerieux, ®paHuus). AnutenbHOCTb MHKYOALMU C LIeNblo NOATBEPXKAEHUA OTCYT-
CTBUA pOCTa MUKPOGIOpbI coCTaBsAa oT 5 o 14 cyToK, B 3aBUCMOCTM OT UCMONb3ye-
MbIX remodnakoHoB. B cnyyae aBTomatnueckon dukcaumm reMokynbTBaTopamm pocTa
MUKpodnopbl Bo dhiakoHax MPOBOAUINCL NPUIOTOBIIEHME Ma3Ka nccrefyemoro obpasua
KPOBM C ero oKpaluvBaHUEM Y MUKPOCKOMMEN, a TakxKe NocneayoLmin BbICEB Ha YallKu
MeTpu ¢ pa3nUUHbIMU NUTaTENbHBIMU CPefaMu.

[na BblgeneHns MUKPOMULLETOB M3 AblXaTENbHOW CUCTEMbI UCMONb30BaNnCh 6rono-
rMyecknii MaTepuarn, NoNyYeHHbIN NPy APeHNPOBaHNUM TpaxeobpoHXUanbHOro AepeBa
(TB) n nposepeHumn BAJ], a Takke 6GUoNTaThbl XU ayTONTaTbl IEFKNX, MeBPanbHasa Xua-
KOCTb, COEP>KMMOe raliMOpOBbIX Ma3yx 1 peLueTyaTon KocTn Yepena. O6pasubl 6rMoma-
Tepuana 3abupanncb B acENTUUYECKUX YCIOBUAX B CrieluanbHble CTepusibHble eMKOCTU C
nocnepyioLlen HesameanuTeNbHON JOCTaBKON (He no3gHee 2 yacoB) B flabopaTopuio u
NMoCceBOM Ha Yalwku lNeTpy C TBepAbIMY CENEKTUBHBLIMU NUTATENbHbIMU CpefamMu. 3aTem
npoBoaunach TEPMOUHKYbaLma nccnegyembix o6pasLoB C eXeCyTOYHbIM BU3YyanbHbIM
KOHTPOJIEM Hannumsa pocTa rpMOKOBbIX KYbTYP Ha MPOTAXeHUN 0 14 CYTOK.
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B cBOlO ouepeppb, M3 NOCTYNUBLLMX ANA NPOBEAEHUA MAKPOOBUOIOrMYeCKNX UCCneao-
BaHMIN 06pa3L 0B MOYM OTOMpPanacb anMkeoTa bruomatepuana B o6veme 10 MK, KoTopas
BHOCMNAcCh B YawKy leTpu ¢ nuTaTenbHOM Cpefon C NOCNeayoLWM WMPOKMUM LUTPUXO-
BbIM PacceBOM MO MOBEPXHOCTY NUTATENbHON cpefibl U fanbHellen UHKybaumen B Tep-
MOCTaTe C exKeJHEBHbIM BM3YyaNbHbIM KOHTpoNeM (8o 14 cyTOK) Hannuua pocTa rpubko-
BOV MUKpPOGOpBI.

B KauecTBe OCHOBHbIX CENEKTUBHbIX MUTaTENbHbIX Ccpeq, Hapady co cpepon Cabypo
(Saburaud Dextrose Agar), npumeHsancs arap Yaneka - [okca (Czapek-Dox Modified
Agar), a TakXe XpomoreHHble cpefbl Tuna cpen HiCrome Candida Agar, Chromatic
Candida n CHROMAgar Candida. MHky6auua nocesoB Ha cpefe Cabypo npoBoaunach
B YCJIOBMAX a3pOBHOro TepmMocTaTMpoBaHUA npu Temnepatype +30+2 °C; gna pocTa
rpubkoBon Mukpodnopsl Ha cpege CHROMAgar Candida Temnepatypa MHKy61poBaHua
nogaepXvBanacb B npegenax +35+2 °C; TemnepaTypHbIA PEXUM 1CMONb30BaHWA arapa
Yaneka - Jlokca coctaBnan +30+2 °C. OCHOBHOW Lefblo Mnocesa OMOOrMyYecKkoro
MaTepuana Ha 4awku [eTpu C CeneKkTUBHbIMU MNUTaTeNIbHBIMW CpeaaMn ABNANOCH
nosiyyeHne oTaeNbHbIX KOMOHUI Tak Ha3blBaeMOW YMCTOWN (M30NUPOBAHHOW) KyNbTypbl
noTeHUManbHbIX BO36yauTenen MMKO30B.

MapannenbHO ¢ NOCEBOM NPOBOAMIACH MUKPOCKOMNSA Ma3KoB HaTUBHOro 6Gromare-
puvana, NoNyYeHHOro U3 fbIXaTeNbHON cUcTeMbl 1 reModpnakoHOB C Mpr3HakaMu pocTa
Mukpodnopsbl. Mpyn 3ToM PYyTMHHO MCMoNb3oBaNachb CTaHAapTHasA okpacka no lpamy.
B cBoto ouepenb, npu MaeHTUGUKALUN N30IMPOBaHHON FPUBKOBOI MUKPOdIopbl Npu-
MEHANMNCb, C YY4eTOM HeobXxoanMoCTy NMbo LenecoobpasHOCT UccnenoBaHms, oMNon-
HUTeNbHble KpacAwwme peareHTbl B Buae Acridine Orange, Calcofluor White, Lactophenol
Cotton Blue, Methenamine Silver. B 3aBUCMMOCTM OT NPMMEHEHNA KpacuTensa NpoBo-
annacb ceetoBas, $pa30BO-KOHTPACTHaA MO0 NIOMUHECLIEHTHAA MUKPOCKOMMA Ma3KoB
6uomatepuana.

MNMocnepytowan pogoBas 1 B OTAENbHbIX CyYasax BUMAOBaA (NPpU NCNOb30BaHWUM XPO-
MOTEeHHbIX cpeq) naeHTUPUKaLMA BbIPOCLIE Ha TBEPAbIX NUTATENbHbIX Cpefax rpnbko-
BOW MUKpOdnopbl NpoBoannack B nepayio ovepesb GeHoTUNMYEeCKN nyTem oleHKmn dop-
Mbl, KOHCUCTEHLWW, TEKCTYPbI, XapakTepa pocTa 1 LBeTa KOMIOHWI MUKpomMuLeT. Hapagy
C BM3yaJibHOW OLEHKOW pocTa rprbKoBoi MUKpodiopbl Ha YaluKkax MeTpu ¢ nuTaTenbHbl-
MU cpefamun NpoBoAMnacb MUKPOCKOMNMA Ma3KOB BblPOCLUMX U30NPOBAHHBIX KOMIOHUIA
MUKpoMmuLET. B cBoIO ouepefb, Ana nocegytolero onpefeneHnsa nmbo nogTeepaeHuns
BMAOBOW MPUHAAEXHOCTU BbIPOCLUUX KYNbTYp OPOXAKEBbIX FPUOOB 1CNOSIb30BaNNCh:
peareHTbl BBL Mycotube (Becton Dickinson, CLUA); ngeHTndMKaLMOHHbIE NNaHLIETDI
Fongiscreen 4H (Sanofi Diagnostics Pasteur, ®paHuus); gnarHocTnyeckue nnaHweTbl API
Candida Kit n APl 20 C AUX (bioMerieux, ®paHuus); naHenu ID 32C ana nonyasTomaTtu-
yeckoro obopygosaHua miniAPI (bioMerieux, ®paHuna); naeHTUOUKALMOHHbIE KapTbl
Vitek 2 YST ana aBTomaTnyeckoro Mmmkpoburonornyeckoro aHanmsatopa Vitek 2 Compact
(bioMerieux, ®paHuma). B kauecTBe anbTepHaTUBHOrO NOAX0AA K NAEHTUDUKALUN BPOXK-
XeBbIX rpUOOB 1 ANA NoNyYeHNa pe3ynbTaToB OObEKTUBHON JeTeKLUN NieCHeBON MUKPO-
¢dnopbl NCNONBb30BaANCA MACcC-CNEKTPOMETPUYECKUI aHann3 ¢ NPUMEHEHNEM TEXHOJIO-
rMn MaTPUUYHO-aKTUBMPOBAHHOW Nla3epHON AecopbLmm/MoOHN3aLUN C BPeMANPONETHOM
Macc-cnekTpometpuren (MALDI-TOF MS) Ha macc-cnekTpometpe Vitek MS (bioMerieux,
@OpaHuma) ¢ ucnonb3oBaHnem peareHtoB Vitek MS FA, Vitek CHCA n Vitek MS Moulds
Kit. icnonb3oBanca Takxke amnandrKauMOHHHBIN aHanu3 B BapuaHTe pean-taim MLP
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Ta6nuua 1
Mpaiimepbl, ncnonb3lyemble AnA BepuduKaLmm sKCTpakunm rpn6os
Table 1
Primers used to verify fungi extraction
, , UcTouHuk
PervioH HaumeHoBaHue HykneotnpHas nocnepgosarenbHocTb 5’ — 3
nHpopmauum
ITS1F - forward CTTGGTCATTTAGAGGAAGTAA
ITS1-5.85-ITS2 [11]

ITS4 - reverse TCCTCCGCTTATTGATATGC

C NPYIMEHEHUNEM KaK KOMMEPUECKMX TECT-CMCTEM, TaK 1 COBCTBEHHOWN pa3paboTKu B BUAE
MynbTunnekcHowm MNLP-texHonoruw.

Wcnonb3yemble Ha cerofHAWHWIA AeHb KOMMepUeckne 1 ncciepoBaTtenbckue pean-
Tanm MNLP-TecT-cncTembl HaueneHbl B OCHOBHOM Ha BblABfIEHNE OTAENbHbIX BUAOB MUKPO-
MuUUeT Nnbo Bo3byanTenein ogHon BUAoBOI nNpuHagnexxHoctn (Candida spp. nnun Asper-
gillus spp.). PaspaboTtaHHaa Hamu TexHonorua mynbTunnekcHoro MNLP-aHanu3a nossonser
npoBeAeHne oAHOBPEMEHHON MHANKALMW B Pa3fINYHbIX BUAaX KIMHUYECKOro maTtepurana
Hanbonee akTyaNbHbIX LUPKYIUPYIOWMX B CTaLMOHape BO3OYAUTENEN NHBA3VBHbIX M-
KO30B pa3nnyHbIxX TakcoHomunuyeckux rpynn (Candida spp., Aspergillus spp., Fusarium spp.,
Mucoraceae), uTo N03BOJIAET NOBLICUTL IGPEKTUBHOCTL CneLndrUecKon JUarHoCTUKK
rprbKoBbIX NHOEKLNIA.

OkcTpakuma OHK gna npoBeaeHUst MONEKYNAPHO-OMONIOrMYECcKNX KccnefoBaHui
npoBofunacb C UCMOMb30BaHMEM KoMmepueckoro Habopa NucleoSpin® Soil Genomic
DNA from soil nponssogctea komnaHun MACHEREY-NAGEL (Germany). Bepudukauus
3KCTPAKUMM HYKNENHOBbLIX KUCSIOT NaTOreHHbIX MUKPOOPraHW3MOB MpoBOAuNiach C 1Uc-
nonb3oBaHUEM YHMBepCanbHbIX NpaiMepos K ITS-pernoHy rpuéos metogom MMLP ¢ no-
cnepyloLelt BU3yanusauven pesynbTaTtoB amniandumkaLmm ¢ noMolLbio anektpodopesa B
1,5% arapo3Hom rene (tabn. 1) [11].

B panbHerwem Ha ocHOBe pedepeHCHbIX HYKNeoTUAHbIX NocsefoBaTeNIbHOCTeN 13
6a3bl faHHbIX GeneBank 6bin1 onpefeneH ansanH sugocneuuduryeckmx npanmepos. Mpu-
rogHoCTb Braocneudnyecknx npanmepos 1 nx cneunduyHoOCTb N3HayvanbHO Nposepe-
Ha C 1cnosib3oBaHMeM 06bluHO MLP nyTem AeTekumMn NPoAyKTOB amnanduKauum c no-
MoLLbto anekTpodopesa B 1,5% araposHom rene.

B KauecTBe KOHTPOJIbHbBIX 06Pa3LOB NCMOJIb30BANNCh N30NATbI APOMPKEBbIX U NJIeCHe-
BbIX rpU6OB, BblAENEHHbIE U3 KIMHWYECKM 3HAUMMOTO MaTepurarna y XpaHaLwwmecs B CMecu
C r1uepuHom B 6aHke MuKkpomuueT LieHTpa npm Temnepatype -70 °C.

B PE3YJIbTATbl M OBCYXAEHUE

M3yueHa sTnonornyeckasa cTpykTypa BbigeneHHbIX rpubos. MNpu aHannse npueeneH-
HbIX B Tabn. 2 AaHHbIX obpallaeT Ha ceba BHMMaHUe NpeBanMpoBaHne OPOXKEBON MU-
Kpodnopbl (Mo3nuun 1-25) cpean MUKPOMULET, BbIAENEHHbIX U3 Pa3fnNYHbIX BULOB 6U1o-
Nornyeckoro matepuana: ot 69,61% (197 13 283 KynbTyp) B COAEPKUMOM [bIXaTeNbHOMN
cuctembl (B ocHoBHoM — BAJTn TB) go 90,05% (201 13 221 KynbTypbl) B nepudepmnyeckon
KpoBwu. [Tpy 3TOM OTMEYEHO CyLeCTBEHHOE YMeHbLUeHne YAerbHOro Beca LWNMPOKO pac-
npoctpaHeHHon Candida albicans 3a cueT BO3pacTaHUA 3TUONOrMYECKO PONN TaK Ha3bl-
BaembIx non-Candida B Buae Candida parapsilosis, Candida (Meyerozyma) guillermondii,
Candida glabrata, Candida krusei. OgHon 13 BbIABNEHHbIX OCOOEHHOCTEN BblaeneHuA
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Ta6bnuua 2
3TuMonornyecKkas CTpyKTypa BbieNieHHbIX rpu6os
Table 2

Etiological structure of isolated fungi

HavmeHoBaHue 6uomatepuana 3a nepuog ¢ 01.2002 no 12.2023
Ne HavimeHoBaHue Kposb Copepxumoe abixa-  Moua, Moua npu cocto-
n/n | MuKpomuuer TenbHom cuctembl | 21000 KOE/mn AHuuK pyHrypun
K-Bo (% K-Bo % K-Bo % K-Bo %

1 C. albicans 30 13,57 86 30,39 25 21,55 3 13,63
2 C. parapsilosis 52 23,53 |19 6,71 8 6,90 1 4,55
3 C. (M.) guillermondii 48 21,72 |10 3,53 17 14,66 5 22,73
4 C. krusei 16 7,24 17 6,01 8 6,90 — 0,0

5 C. pelliculosa 10 4,52 - 0,0 - 0,0 0,0

6 C. glabrata 8 362 |21 7,42 27 23,28 36,36
7 C.famata 5 226 |5 1,77 1 0,86 - 0,0

8 C. tropicalis 4 1,81 3 1,06 1 0,86 - 0,0

9 C. lusitaniae 4 1,81 9 3,18 1 0,86 - 0,0
10 C. haemulonii - 0,0 - 0,0 1 0,86 4,55
11 C. magnoliae 2 0,91 - 0,0 - 0,0 - 0,0
12 C. pseudotropicalis 1 0,45 0,35 - 0,0 - 0,0
13 |C.lypolitica 1 045 |- 0,0 - 0,0 - 0,0
14 |C.caliculosa 1 045 - 0,0 - 0,0 - 0,0
15 | C. kefur - 0,0 5 1,77 - 0,0 - 0,0
16 |C.norvengensis - 0,0 1 0,35 - 0,0 - 0,0
17 | C.orthopsilosis - 0,0 1 0,35 - 0,0 - 0,0
18 |C.inconspicua - 0,0 2 0,70 - 0,0 - 0,0
19 |C.auris - 0,0 1 0,35 - 0,0 - 0,0
20 | C.spp. - 0,0 10 3,59 9 7,76 - 0,0
21 Cryptococcus spp. 4 1,81 - 0,0 - 0,0 - 0,0
22 Trichosporon spp. 6 2,72 - 0,0 2 1,72 1 4,55
23 | Saccharamyc. cerevis. 6 272 |6 2,12 1 0,86 - 0,0
24 Rhodoturola mucilag. 1 0,45 - 0,0 - 0,0 - 0,0
25 Malassesizia furfur 2 0,91 - 0,0 - 0,0 - 0,0
26 A. fumigatus - 0,0 31 10,95 - 0,0 - 0,0
27 A. flavus - 0,0 14 4,95 - 0,0 - 0,0
28 A. niger - 0,0 6 2,12 - 0,0 - 0,0
29 A. ochraceus - 0,0 1 0,35 - 0,0 - 0,0
30 A. sydowii - 0,0 2 0,70 - 0,0 - 0,0
31 A. nidulans - 0,0 1 0,35 - 0,0 - 0,0
32 |A. spp. - 00 4 1,41 - 0,0 - 0,0
33 Fusarium spp. 9 4,07 - 0,0 12 10,35 3 13,63
34 Mucor spp. 1 0,45 6 2,12 1 0,86 0,0
35 Rhizopus spp. 1 0,45 5 1,77 - 0,0 - 0,0
36 Rhizomucor pusillus - 0,0 1 0,35 - 0,0 - 0,0
37 Lichtheimia corymbif. 0,0 1 0,35 0,0 - 0,0
38 Penicillium spp. - 0,0 5 1,77 1,72 - 0,0
39 Epidermophyton spp. 1 0,45 - 0,0 - 0,0 - 0,0
40 Geotrichium capitat. 2 0,91 - 0,0 - 0,0 - 0,0
41 Trichophyton spp. - 0,0 1 0,35 - 0,0 - 0,0
42 Paecilomyces. variotii - 0,0 2 0,70 - 0,0 - 0,0
43 Purpureocillium liliac. - 0,0 1 0,35 - 0,0 - 0,0
44 Scedosporium apiosp. - 0,0 2 0,70 - 0,0 - 0,0
45 HepuddepeH. nneceHb |6 2,72 3 1,06 - 0,0 - 0,0
Bcero 221 100 283 100 116 100 22 100
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MonekynspHo-reHeTu4YecKas ANarHoCTMKa MHBa3MBHbIX MNKO30B Y AeTel
C OHKOremaTosIorMyecKol NaTonormein Ha OCHOBE 3TVUOMOMNYECKOro aHany3a
rP16KOBO MUKPOGNOPSLI, LMPKYNNPYIOLLEN B CTaLMOHApe: TEXHOMOMMA 1 pe3ysbTaTbl NCCe[0BaHNA

KaHaug n3 Kposu siBnsAeTca yaenbHbin Bec Candida (Meyerozyma) guillermondii (21,72%;
48 13 221 reMOKynbTypbl), CUMTalOLWENca pegknum Bo3byanTenieMm NHBa3NBHbIX MUKO30B
C YacTOTOV BbIAABNEHUA B KPOBAHOM PYyCJle, He NpeBbIlatoLLell 06bIUHO HECKONbKO Npo-
ueHToB. Ha doHe ABHOro npeobnagaHms BblaeNeHNA POXCKEBbIX MUKPOMULIET U3 KPOBU
N MouM CneKTp rprbkoBor ¢bnopbl B COAepXMMOM AblXaTeNbHOW CUCTEMbI UMeET Cyllle-
CTBEHHbIE OT/IMYMA 3a CYET JOCTaTOUYHO BbICOKOrO YAeNIbHOro Beca MnjiecHeBOW MUKPO-
dnopbl (30,39%; 86 13 283 KynbTyp), OCHOBHbIM MpefCcTaBUTENIEM KOTOPOW ABAATCA
acneprunnbl, ¢ npeeanupoBaHuem Aspergillus fumigatus (52,54%; 31 u3 59 nsonsTos
acneprunn).

HecmoTps Ha obLyee npeBanmpoBaHve APOXKeBON MUKPOGIopbl B CTPYKTYpe BO3-
6ynuTeneil UHBa3UBHbIX MUKO30B Y MIMMYHOCYNPECCHBHbBIX L (BKNloYas feTel C OHKore-
MaTonormyeckon natonoruen) [12, 13], HemanoBa)kHaa Pofb B Pa3BUTUN MHPEKLIMOHHBIX
OCJIOXKHEHMWI TPUOKOBOW 3TMONOIMM NPUHAAJEXUT NPEACTaBUTENAM NJIECHEBON MUKPO-
dnopbl [14] n B nepByto ouepenb — Mukpomuetam poga Aspergillus [15-18]. B 1o e Bpe-
Msl BO3pacTaeT KONMUYECTBO CJlyyaeB TaK Ha3blBaeMblX PefK/MX COMyTCTBYIOLMX FPUOKO-
BbIX MHQEKLUIA, BbI3BaHHbIX rprbamMu, TaKCOHOMUYECKU OoTHocAWmMMCA K Fusarium spp.,
Mucor spp., Rhizomucor spp., Rhizopus spp., Lichtheimia spp., Alternaria spp. [19-23]. B oT1-
JenbHbIX CNyYyanax MMeeT MecTo coueTaHHoe MHOMLMPOBaHNE Pa3INYHbIMU NJIECHEBLIMMA
natoreHamu [24]. K HacToswwemy BpeMeHr 0coboe BHMMaHVe (Hapsagy C MyKOPMMKO3a-
MW) NpuBneKatoT rpubKoBble MHPeKLUK, Bbi3biBaeMble MUKpoMuLieTamn poga Fusarium.
Tak, no pe3synbTaTam BbIMOMHEHHOIO MUCCNIefOBaHWA NpeacTaBuTenn poga Fusarium ag-
NATCA OCHOBHbLIMU MAECHEBbIMM NaToOreHamy Cpeau BblAeNIeHHbIX reMOKYNbTYp 1 ypea-
KynbTyp y AeTell C OHKoremaTtonornyeckon natonorviei. Mpu aHannse npuBefeHHbIX B
Tabn. 2 paHHbIX obpalyaeT Ha cebA BHUMaHMe NpeBanvMpoBaHie NpeacTaBuTeNnen poaa
Fusarium cpeau nnecHeBbix MUKpoMULET (no3uumn 26-45), BbigeneHHbIX 13 nepude-
puyeckon Kposu (9 u3 20 wrtamMMoB reMokynbTyp — 45,0%) n moun (12 n3 15 wrammos
ypeakynbTyp — 80,0%). lNpn 3TOM HEO6XOAUMO OTMETUTL NONTHOE OTCYTCTBUE dy3apuii B
cofiepXMMOM AblXaTeNbHON crcTemMbl. MOXHO NPenonoXunTb, UTO Y MCCIefOBaHHbIX L
npeobnagano AncceMMHMpPOBaHHOE NopaxeHre Bo3byautenamm dysapuosa moyeBblae-
NUTENbHOWN CUCTEMbI U CUCTEMbI KPOBOCHabeHuA. C yueTom Hanuums B LleHTpe GaHKa
BblieNeHHbIX MUKpOMULET 1 BHeapeHnA B 2017 rofly B pyTUHHYIO MPaKTUKY paboTbl MeTo-
ha macc-cnektpometpun B BapuaHte MALDI TOF MS, yacTb AeTeKTUpPOBaHHbIX MUKPOMU-
LeT yganocb peTpocnektnsHo anddepeHUMpoBaTh 4o BrAaa. Tak, cpean npeactaButenen
Fusarium spp. (BblieNneHHbIX U3 KPOBU, MOYU, OBMONTATOB KOXW, BHYTPUCYCTaBHOW XUAKO-
CTun) 6binn BbifiBNeHbl Fusarim solani (ocHoBHoM natoreH), Fusarium oxysporum, Fusarium
dimerum, Fusarium chlamydosporum, Fusarium proliferatum (ta6n. 3).

B cBoto ouepenb, cpean npepcraBuTenen cemenctea Mucoraceae ngeHtudnumpoBsa-
Hbl eaAnHMYHble WwTammbl Rhizopus arrhizus, Rhizopus microsporus, Rhizomucor pusillus,
Lichtheimia corymbifera, Mucor circinelloides. B 60onbLuMHCTBE ClyYaeB MHBa3UBHbIE MU-
KO3bl, Bbl3blBaeMble faHHOW MUKPOGIOPON, HOCAT ANCCEMUHUPOBAHHBIN XapakTep C TA-
XeJbIM KITMHUYECKM TeYeHNEM 1 BbICOKUM YPOBHEM J1eTasIbHOCTH.

K coxaneHutio, B nogasnaioliem 60NbLIMHCTBE MUKPOGUonornyecknx nabopartopun
MefyuYpeKAeHUn coMmaTnyeckoro n nHdekumnoHHoro npoduna nabopatopHasa ngeHTndu-
Kaums Bo3byautenein ¢punameHTO3HbIX MHBa3VBHbIX MMKO30B NMPOBOAMTCA NMULLb 0 YPOB-
HA «nnecHesble rpubbl» 6e3 nocnegyoLlen pofgoBor U/UNn BUAOBON naeHTUdMKaLmMm 1
6e3 onpepeneHna Nx YyBCTBUTENIbHOCTU K MPUMEHAEMbIM aHTUMUKOTUKaM. B pe3ynbrate
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Ta6bnuuya 3

BupoBasn un pogoBas naeHtTuduKauua ¢pysapuii, BbiaeneHHbIX U3 KNIMHUYecKoro 6nomarepmnana
Table 3

Species and genus identification of Fusarium isolated from clinical biomaterial

HaumeHoBaHue 6momartepuana 3a nepuog c 01.2002 no 12.2023

Ne HaumeHoBaHMe MUKpO- Kpogb Moua BuonTaTtbi BHyTpucycras-
n/n | muuer (=1000 KOE/mn) | koXxu Haf XXUAKOCTb
K-B0 (% K-B0o | % K-B0 (% K-B0 (%

1 Fusaium solani 7 77,8 3 25,0 6 100,0 1 100,0

2 Fusarium oxysporum - 0,0 5 41,68 - 0,0 - 0,0

3 Fusarium proliferatum - 0,0 1 8,33 - 0,0 - 0,0

4 Fusarium dimerum 2 22,2 1 8,33 - 0,0 - 0,0

5 Fusarium chlamydosporum | - 0,0 1 8,33 - 0,0 - 0,0

6 Fusarium spp. - 0,0 1 8,33 - 0,0 - 0,0
Wtoro 9 1000 |12 100,0 6 100,0 1 100,0

nogo6bHoro noaxofa NPOTUBOrPUOKOBas Tepanusi YacTo MPOBOAUTCA SMMUPUYECKIM Ny-
TEM C BbICOKMM PUCKOM Pa3BUTUSI HEONAronpuATHBIX KIMHWYECKUX NOCAeACTBIIA, BNOTb
[0 netanbHoOro mncxofa. B ceoto ouepepb, NpoBefeHe CBOEBPEMEHHON KOMMIEKCHOW
[AVArHOCTVIKM VMHBA3UBHbIX MJIECHEBbIX MUKO30B C MUKPOOMONMOrMYECKUM BblAeNIeHNEM
BO3OyauTeNnen n nocnegyowen naeHTMdnKaumnen n onpegeneHmeM aHTMMUKOTMKOYYB-
CTBUTESIBHOCTU K MPOTMBOIPMOKOBbLIM NpenapaTam NoMOXKeT CBOEBPEMEHHO YCTaHOBUTb
AVAarHo3 NHGEKLMOHHOWN NaToIOrMKN U Ha3HAYUTb afleKBATHYIO Tepanuio.

OCHOBHOI 3afjauell NPOBEEHHOrO aHann3a 3TUONIOTNYECKON CTPYKTYPbl BblAeneH-
HOW rprbKOBOIN MUKPOdIOPbI ABASNINCL ONpefeneHune CrnekTpa Hanbosee 4acTo Bblgens-
€MbIX MMKPOMULIET 1 Nnocsieflytowas pa3paboTka MybTUMIEKCHOW TEXHONOMUN MOJeKY-
NAPHO-6MoNorMyeckon geTekunmn faHHom MMKpodnopbl. AHaNU3 NoyYyeHHoN MHPopma-
UMM NoKasaJl, YTO OCHOBHbIMM APOXKEBbIMY NaTOreHaMu BO BCEX BMAAX NCCIIeJOBaHHOTO
KNMHMYECKN 3Haunmoro buomatepuana sienstotca Candida albicans, Candida parapsilo-
sis, Candida (Meyerozyma) guillermondii, Candida krusei n Candida glabrata. Vix o6wwii
YAENbHbIN BEC Cpean obLEero KonmyecTBa MUKPOMULET cocTaBnsaeT 69,68% (154 n3 221
LwTamMmma) B KpoBWu, 54,06% (153 13 283 WwTaMMOB) B COAEPKMMOM AbIXaTeNIbHON CUCTEMBI U
73,28% (85 13 116 luTamMmMoB) B Moue.

Taknm obpaszom, bnarogaps paspaboTke MyNbTUMNPANMEPHON TECT-CUCTEMbI, HAaNpaB-
NEHHON Ha AeTeKUUIo NPUBEAEHHDIX MATU APOXKEBbIX NAaTOreHOB, NPeACTaBNSAETCA BO3-
MOXHbIM 0becneunTb NAEHTUOUKALMIO OONBLIMHCTBA APOMIKEBBIX MVKO30B Yy AeTeil C
Or3, HaxogAwwmxca Ha neveHun B LleHTpe.

B xopme npoBefeHWa nocnefylowmnx MONEKYNIAPHO-OMONIOrMYecknx MccnesoBaHuin
6611 NogobpaHbl NOCNeAOBATENILHOCTY NPANMEPOB K yYacTKam reHoMa Hambonee ak-
TyanbHbIX Ansi LleHTpa npeactaBuTeneil 4poXxKeBo MUKpodnopbl U cpopMMpoBaHbl, C
YUYETOM Pa3/IMYHOIN YaCTOTbl UX BbISIBNEHMSA B KIIMHNYECKM 3HaUMMOM O1OSTIOrMyeckomM Ma-
Tepuane, ABa CTOKa nparimepos (Tabn. 4).

C ncnonb3oBaHUeM NOAo6PaHHbIX KOMOUHALWIA (CMeceln) NpaiiMepoBs Ana naeHTudu-
kaumm Candida albicans, Candida krusei n Candida glabrata (ctok N2 1), a Takke Candida
(Meyerozyma) guillermondii n Candida parapsilosis (cTok N2 2) npoBefeHa MoneKkynapHo-
reHeTnyeckas naeHTUGUKaLmMa APOXKEBON MUKPOGIOPDI, BbAEIEHHON U3 KIUHUYECKN

«JlabopaTopHas anarHocTuka BoctouHas EBpona», 2024, Tom 13, N2 4 541

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXKAHUIO




MonekynspHo-reHeTu4YecKas ANarHoCTMKa MHBa3MBHbIX MNKO30B Y AeTel
C OHKOremaTosIorMyecKol NaTonormein Ha OCHOBE 3TVUOMOMNYECKOro aHany3a
rpMBKOBOIN MUKPOGIOPDI, LUPKYNMPYIOLLEi B CTaLMOHape: TEXHONOMUA U pe3ynbTaThl MCCIIeA0BaHNsA

Ta6bnuua 4
nauenI: npaiimepoB AnA naeHTUdGUKaLn npeacTaBuTenell ApoXxesoii MUKpodnopbl Ha ypoBHe Buaa
Table 4
Panel of primers for identifying representatives of yeast microflora at the species level
Crok :‘;’n ::;::neuosauwe npan- HykneotnpgHasa nocnegoBarenbHoctb | Metka, 5’ | MetkKa, 3’
1 C. albicans-Forward GCTGCCTCTTCTCTGGCTAA
2 C. albicans-Reverse GGTCGCTAGTTTCGTGTTTG
3 | C. albicans-Probe AGAGACTACCAAAATGGGATGGTT FAM BHQ1
4 C. krusei-Forward CCTCCTTGCATTCGGGATGT
Ne 1 5 | C krusei-Revers CAGTGGGTCCTCGTTCCAAA
6 | C. krusei-Probe CACTGCAGTCAAATGGAGAGGC HEX BHQ1
7 C. glabrata-Forward TGATTAGGCCAATTCGCTGC
8 | C.glabrata-Reverse CCGTTGGCTACTTTTATCAGCA
9 | C.glabrata-Probe TCAGCCTTAACAGAAATGAATGCAA ROX BHQ2
10 | C.(M).guillerm.-Forward GCACCTCCTGAACACCGTTA
11 | C.(M).guillerm.-Reverse GGGAACCAAGAGCCCAATCA
Ne 2 12 | C.(M).guillerm.-Probe GGCATGGCCCAGATGGAGGA FAM BHQ1
13 | C. parapsilosis-Forward CATATACATGAAAATATACGTATG
14 | C. parapsilosis-Reverse CATTATCTCTATTAAATCCAATAA
15 | C. parapsilosis-Probe TTCCTATGATTATATTAGT TATCTAT HEX BHQ1

3HaUMMOro MaTepurana, NoslyYeHHOro OT AieTe C CONYTCTBYOLWMMUN NHBA3MBHBIMU MUKO-
3aMu Ha GOHEe OCHOBHOW OHKOreMaTosIorMYeCcKol NnaTonornin.

JeTekuua Tpex OpoxxKeBbix rpnbos B cMeck N 1 n ABYX Apyrux KaHAuL B cMecu
N2 2 noka3ana nonoxmTenbHble pe3synbTaThl (puc. 1, 2). 3HayeHne noporosoro yukna Ct -
25-30 upmknbl (cmecb 1), Ct — 16-20 umknbl (2-a cmechb). Moporosbint yposeHb — 10 RFU
[nA BCcex KaHanoB ¢noopecueHumm. MpurogHocTb ncnosb3oBanua HK rpnboe n3 6aHKa
[HK 6bina gononHUTeNnbHO BepuUdULMPOBAHa NCMONb30BAaHNEM KOMMEPUYECKOro Habo-
pa AmnanCeHc® C. albicans / C. glabrata / C. krusei MYJISTUNPAAM-FL (OBYH «LIHNWN»,
Poccua).

Puc. 1. letekuna gpoxxKeBbiX MUKpOMULIET B cTOKe (cmecu) Ne 1
Fig. 1. Detection of yeast micromycetes in stock (mix) N 1
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Puc. 2. leTekyna gpox:KeBbiX MUKPOMULIET B CTOKe (cmecu) N2 2
Fig. 2. Detection of yeast micromycetes in stock (mix) N2 2

B cBolo ouepegpb, NnpoBedeH aHann3 3TUONOTNYECKOWN CTPYKTYPbl MN€CHEBOWN MNKPO-
dnopobl, BbIAENEHHOW U3 pPa3fINYHbIX JIOKYCOB opraHm3Ma. C yyeToM npeBanvMpoBaHuA
rpubos Aspergillus spp., Fusarium spp. u cemeiictBa Mucoraceae OCHOBHOW aKLEHT caie-
NaH Ha pa3paboTKy MyNbTUNPAVMEPHOI TEXHONOMMK ANA AeTeKuun Hanbonee YacTo Bbl-
ABNAEMbIX ﬂpe,qCTaBMTeﬂeVI OaHHbIX TAaKCOHOMUYECKUX rpynnm.

Ha HayanbHbIX 3Tanax 6bina pa3paboTaHa NaHeslb NPanNMepPoB, NO3BOMAIOLIAA NAEH-
TMPUUMPOBATL OCHOBHbIX NpefcTaBUTeNIeN NiecHeBon MUKPOGIOopbl Ha ypoBHE poAa
(Aspergillus spp., Fusarium spp.) n cemeiictea Mucoraceae (ta6n. 5) [25].

Ta6bnuua 5

MaHenb npaiMepoB, NCNOJIb3yeMbiX B My/IbTUN/IEKCHOI pean-Tanm MNUP ana nageHtudpunkaunmn
nnecHeBoi MUKpPodnopbl Ha ypOBHe poAa U cemeiicTBa

Table 5

Panel of primers used in multiplex real-time PCR for identification of mold microflora on the genus
and family level

. HaumenoBanue npaiime- HykneoTupHas nocnefoBatenbHoOCcTb, 5'—3’ N!e'rl(a, N!eTKa,

n/n | pos 5 3

1 Pan-Aspergillus-Forward GTGGAGTGATTTGTCTGCTTAATTG

2 Pan-Aspergillus-Reverse TCTAAGGGCATCACAGACCTGTT

3 Pan-Aspergillus-Probe CGGCCCTTAAATAGCCCGGTCCG FAM BHQ1

4 Pan-Mucor-Forward TTACCRTGAGCAAATCAGARTG

5 Pan-Mucor-Reverse AATCYAAGAATTTCACCTCTAGCG

6 Pan-Mucor-Probe TTAGCATGGGATAACGGAATACGAC HEX BHQ1

7 Pan-Fusarium-Forward TTACCRTGAGCAAATCAGARTG

8 Pan-Fusarium-Revers AATCYAAGAATTTCACCTCTAGCG

9 Pan-Fusarium-Probe ACGGGACGCCATAGAGGGTG ROX BHQ2
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Puc. 3. UaeHTudMKaUA nnecHeBbIX MUKpOMMLET
Fig. 3. Identification of mold micromycetes

[lnA oLeHKM BO3MOXHOCTM POOBON NAEHTUOMKALMMN MAECHEBbIX MUKPOMULET Oblv
Bbl6paHbl Wwrammbl Aspergillus niger, Fusarium solani n Rhizomucor pusillus. Beibop 311x
WTaMMoOB Ana pogocneunduryHon mynstunnekcHon MLUP 6bin 06ycnosieH BbICOKAMU
3HaUeHUAMN OTHOCUTESNbHBIX eaunHuy dnopecueHunn (RFU) B cpaBHeHUN ¢ gpyrumm
npepctasuTenamm Bugos pogos Aspergillus, Fusarium n cemenictea Mucoraceae (puc. 3).

B nocnegytowem 6bin ocywlecTsieH An3aliH BugocneumduyHbiX npanmepos A
naeHTnduKaLmm nnecHesbix rpubos A. fumigatus, A. flavus, A. niger. B HacTosLee Bpe-
Ms B KaueCTBe MapKepa afia GpunoreHeTMYeCcKoro aHanunsa HUTYaTbiX aCKOMULLETOB YacTo
ucrnonb3yetca reH B-tyéynuHa (benA). HecmoTpsa Ha 6osiee HU3KYO YyBCTBMTENIBHOCTD
Mo CpaBHEHMWIO C OObIYHO MPUMEHAEMbIMI MeToAaMM Ha OcHoBe amrnunduKaumm ITS-
pernoHa rpnboB, NCMONb30BaHMe AAHHOIO reHa OKa3anocb BbICOKOIQPEKTMBHbBIM AN
fJeTanbHon ngeHtudukaumm Aspergillus 1 HaxoguT WpPOKoOe NPYIMEHEHNE B MOMEKY-
NAPHO-TEHETMYECKON AnarHoCTUKe acneprunnesos [26, 27]. lNpoBeaeHHble nccneaoBa-
HUs in vitro nokasanu, uyto mynbTuniekcHas MLP Ha ocHoBe reHa benA xapakTepusyetca
ObICTPOTON BbINOJIHEHNA U XOPOLUel BUAOBOW pacno3HaBaeMocTbio Aspergillus spp., a
TaKXe OTCYTCTBMEM JOMHOMOMOXUTENbHBIX Pe3yNbTaToB MO MPUUYUHE MepeKpecTHbIX
peakuuin, KoTopble ABMAITCA HeloCTaTKaMy MOSNIEKYNSIPHON naeHTUdMKaumy Ha OCHOBe
ITS. Mpanmepbl, NCMONb30BaHHbIE ANA BbIMOMHEHWA MyNbTUMNIeKCHon pean-tanm [MLP,
npeacTaBieHbl B Tab. 6.

AMnnuduKaumio 1 geTekuuio pesynbTaToB NPOBOAWIM Ha amnnudukatope CFX96
(BioRad) no cnepytowemy npotokony: 95 °C — 13 muH. (1 umkn); 95°C-15c, 60 °C-25c.
n 72 °C c getekuuen — 15 c. (B cymme 42 umkna). B kauectse NONOXKUTENBHOrO KOHTPONA
ana MLUP-peakunn ucnonbsosanacb AHK A. fumigatus, A. flavus, A. niger n3 cobcteH-
Horo 6aHKa mukpomuueT LleHTpa, nprurogHoCTb KOTOpoW Obifla NPoOBEpPeHa C MOMOLLbIO
kommepueckoro MNUP-Habopa ana ugeHtudurkaumm acneprunn MucoMDX Aspergillus
(Dynamiker Biotecnology, Kutaii). B uenax nogrsepxaeHmsa JOCTOBEPHOCTM Y BOCMPO-
N3BOAMMOCTU MOJTyYeHHbIX pe3ynbratoB MNUP-getekuus gna Bcex uccnenoBaHHbIX 06-
pa3uoB acrneprusin nNpoBoAaniach «B NnosTopax». Ans ncknoveHus Hecneunduyeckoro
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Ta6bnuua 6

MaHenb npaiimepoB, NCNOJIb3yeMbiX B MyNbTUN/eKCHOW pean-Taim MNMUP ana ngeHtudpukauumn rpn6os
popa Aspergillus Ha ypoBHe Bupa

Table 6

Panel of primers used in multiplex real-time PCR for identification of Aspergillus spp. fungi

at the species level

N2 | HaumeHoBaHme

. HykneotngHasa nocnegoBatenbHocTb, 5'—3’ | Metka, 5’ | MeTkKa, 3’
n/n  npanmepos

1 A. flavus-Forward CGAGTGTAGGGTTCCTAGCGA

2 A_flavus-Reverse CCGGCGGCCATGAAT

3 | A_flavus-Probe TCCCACCCGTGTTTACTGTACCTTAGTTGCT HEX BHQ1
4 A_niger-Forward GCCGGAGACCCCAACAC

5 A_niger-Reverse TGTTGAAAGTTTTAACTGATTGCATT

6 A_niger-Probe AATCAACTCAGACTGCACGCTTTCAGACAG ROX BHQ2
7 | A.fumigatus-tub-Forward | TTACACGGAAGGCGCCG

8 | A.fumigatus-tub-Revers | GGATGGCAGGACCGAGAAT

9 | A fumigatus-tub-Probe ATTCTCTGGGCGGCGGAAC FAM BHQ1

B3aumogencTeua nogobpaHHbix npamepos Kk JHK rpubos poga Aspergillus ¢ yuacTka-
MW reHOMa JpYrvxX niecHeBbIX MUKPOMULET Oblv JONONIHUTENBHO NPOBEefeHbl peakumum
MUP-aHanu3a ¢ Mmkpomumuetamm pogos Fusarium, Mucor, Rhizomucor, Rhizopus. Hecne-
unduryeckon amnandmkaLmm He obHapy*eHo.

PaspaboTaHHasa TexXHONOrMA KauyeCTBEHHOW BWAOBOW MySbTUMIEKCHON pean-TaiM
MNUP gns getekuyun A. fumigatus, A. flavus, A. niger nokasana BbICOKyi0 3¢PpeKTMBHOCTb
amnnndunkaumm go Cq <30 ymkna, TEM CambiM NOATBEPXKAAA BO3IMOXKXHOCTb MPaKTUYECKO-
ro NPUMEHeHNss faHHOM MHHOBALMOHHOWM TEXHONOMMU ANA uaeHTndrKauum Hambonee
aKTyaslbHbIX, KIIMHUYECK/ 3HaYMMbIX acneprunn B 6GMonornyeckom matepuarne, nonyyeH-
HOM OT feTel C OHKoremaTonornyeckorn natonorunen (puc. 4).

Puc. 4. BugoBas MNUP-upeHTndunKayusa rpu6os popa Aspergillus
Fig. 4. Species PCR identification of Aspergillus fungi
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MonekynspHo-reHeTu4YecKas ANarHoCTMKa MHBa3MBHbIX MNKO30B Y AeTel
C OHKOremaTosIorMyecKol NaTonormein Ha OCHOBE 3TVUOMOMNYECKOro aHany3a
rP16KOBO MUKPOGNOPSLI, LMPKYNNPYIOLLEN B CTaLMOHApe: TEXHOMOMMA 1 pe3ysbTaTbl NCCe[0BaHNA

B 3AKJTIOMEHUE

ConyTcTBytolme NHGEKUMOHHbIE OCNOXHEHUSA, Bbi3blBaeMble Pa3fMUHbIMK BUAAMU
LPOXKEBOWN N NNeCHEBON MUKPOGDNIOPLI, MPOAOSIKAT OCTaBaTbCsl OAHOW 13 Npobsiem B
JleyeHnn aeTen ¢ OCHOBHOW OHKoremMaTosiormyeckon naronoruei. lNokasaHo, Uto nmeet
MEeCTO BblTeCHeHMe Hanboree nyyeHHom 1 pacnpoctpaHeHHol Candida albicans gpyru-
MW BUAAMU OPOXCKEBbBIX MUKPOMULET, OT/IMYAIOLLMXCSA, KaK NpaBuno, 6osbLuein arpeccus-
HOCTbIO B MaHe Pa3BUTUA KIUHUYECKMX NPOABIIEHN MHBA3UBHbIX MUKO30B U YCTOMYU-
BOCTbIO K MPMMEHEHWIO MPOTMBOrPrUOKOBLIX Npenapatos. Cpean nnecHeBo MUKpodno-
pbl, BbIAeNIeHHON 13 KNMHMUYECKM 3HaYMMOro 61oNormyeckoro matepuarna, npesanvpyot
npepcrasuTenu pogos Aspergillus n Fusarium. Mogasnaioliee 601bWUNHCTBO BblAeNEHHbIX
13 bronornyeckoro matepuana mmkpomuueT (71,45%; 443 113 620 BblgeNeHHbIX LUTAMMOB)
oTHocATcA K naTty Bugam Candida spp. (Candida albicans, Candida parapsilosis, Candida
(Meyerozyma) guillermondii, Candida glabrata n Candida krusei) u Tpem Brgam Aspergil-
lus spp. (Aspergillus fumigatus, Aspergillus flavus n Aspergillus niger). C yuetom Heobxo-
OVUMOCTU CBOEBPEMEHHON ANArHOCTKM UHBA3NBHbIX MMKO30B 1 Ha3HaueHWA afieKBaTHOM
NPoTUBOIrPUOKOBOI Tepanummn ocobyio akTyanbHOCTb B MOC/eHME rofbl puobpeTtaeT nc-
nonb3oBaHUe MoJeKynAapHo-6ronornyecknx nccnegoBaHuii, B Tom ymcne MNLP-aHanu3a
B peXume peanbHOro BpemeHu. C yyeTOM YCTaHOBNEHUS STUOMOMMYECKON CTPYKTYpbl
unpkynupytowein B LieHTpe rpubkosoi MrKpodiopbl ocyLiecTBieHbl UCCNeR0BaHWA MO
pa3paboTke afileKBaTHOW MyNbTUNPANMEPHON MONEKYNSPHO-OMONOIrMYECKON TEXHOMO-
U MHANKaLUM N ngeHTndrKaumm MMKpOMIULET Y ieTell C CONYTCTBYIOWMMU UHdeKUnaA-
MM Ha GOHe OCHOBHOW OHKOreMaToNIorMyeckon natonormm. B kauectse gnarHoCTnYeCKom
MU LLEHN OTOGPAHbI NPeACTaBUTENN PA3INYHBIX POAOB U BUAOB FPU6GOB, Hanbonee YacTo
BblAenAeMbiX U3 KIIMHWYECKN 3HaUMMOro MaTepurana u sBAAIOLWUXCA OCHOBHOW 3TUONOMU-
YeCcKoW NPUYNHON NHBA3UBHbIX MUKO30B Y AeTell C OHKOreMaToNiorMyeckom natonorunen,
HaXoAUBLLMXCA Ha neyeHun B LleHTpe.

BHepnpeHue 1 ncnonb3oBaHMEe COBPEMEHHbIX AUArHOCTUYECKMX TEXHONOTMI B BMAE
KOMMAEeKCHOW MynbTunpanimepHon [MLP-gnarHoCTMKM no3BonmT NoBbicUTb 3bdeKTnB-
HOCTb cneunduyeckon ANarHOCTUKN rpuOKoBbIX MHPeKUMiA. MprHMMaa BO BHUMaHWe
pofoBOe 1 BUAOBOE pa3HOOOpasye BbiABAEMbIX B OMONOMMYECKOM MaTepurane MUKpO-
MULEeT, nabopaTopHY0 ANArHOCTUKY MHBA3MBHbIX MKO30B LielecoobpasHo NpoBOAUTb
C YUETOM 3TUOJIOTMYECKOl CTPYKTYpPbl FPUOKOBOI MUKPOGIOPbI, LMPKYNMPYIOLLEN B KOH-
KPETHOM MEe[MLUHCKOM YupexAeHnn. ITO NO3BONUT obecneyuntb SKOHOMUKD CPefcTs,
3aTpauMBaeMbiX Ha MAeHTUPMKaLMIO pedKo BCTpeyaembix BO3OyauTenel MHBa3MBHbIX
MUWKO3O0B.
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Abstract

Introduction. At the current level, there is a trend of growth in natural focal tick-borne
movements in the world, not excluding Uzbekistan.

Purpose. To conduct a molecular-genetic analysis of the prevalence of tick-borne
infectious diseases in the Republic of Uzbekistan.

Materials and methods. Tick sampling work was carried outin 2021-2023 in the territories
of Tashkent, Syrdarya, Jizzakh, Samarkand regions of our country from domestic animals
belonging to the Ixodidae and Argasidae families parasitizing on livestock and wildlife, in
premises where they are kept. Molecular-genetic studies were performed based on PCR
analysis technologies aimed at detecting rickettsiosis.

Results. The extensive use of molecular-biological methods for laboratory diagnostics of
rickettsioses in ticks inhabiting various regions of the Samarkand and Jizzakh provinces,
along with the development of algorithms for identifying new species, formed the basis for
addressing many organizational issues within the country’s healthcare system. The highest
rates among samples positive for rickettsiae were detected in the species Hyalomma
asiaticum, Hyalomma anatolicum, Rhipicephalus turanicus, and Rhipicephalus sanguineus
in the Jizzakh and Samarkand regions. When infection with rickettsiae was obtained by
region, it was 24.1+0.6 in Samarkand region; 38.4+3.4 in Jizzakh; 0.72+0.22 in Syrdarya and
38.46+4.5 in Tashkent region. The overall infection with rickettsioses was 17.61+1.58.
Conclusion. The degree of infection with Rickettsiae in the studied regions was observed
to be 38.4+3.4 in Jizzakh region; 24.1+£0.6 in Samarkand region; 38.46+4.5 in Tashkent
region; 0.72+0.22 in Syrdarya region. For the first time, 6 genotypes of Rickettsia barbariae,
Rickettsia massiliae and Rickettsia sibirica were identified from tick samples collected in
the studied area and deposited in the gene bank. Genus Hyalomma and Rhipicephalus
ticks were found to be mainly important in transmitting rickettsioses.

Keywords: Ixodida, R. barbariae, R. massiliae, R. sibirica, infection
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Pesiome

BBepeHume. Ha coBpemeHHOM 3Tane B M1pe HabnogaeTcsa TeHAeHLMA K POCTY NPUPOLHO-
0YaroBbIX KneweBbIX TPAHCMUCCUMBHBIX MHGEKUNIA, He ABNAETCA UCKNIIoUeHEM 1 Y36eKu-
CTaH.

Llennb. MpoBecTn MoneKkynsapHO-reHeTUYeCKniA aHanu3 pacnpoCcTPaHeHHOCTY KieLleBbixX
TPaHCMUCCUBHBIX HeKUniA B Pecnybnnke Y3bekucraH.

Marepuanbi n metogbl. B 2021-2023 rogax Ha Tepputopuax TawkeHTckom, CbipaapbyiH-
ckon, Ixunsakckon, CamapKaHACKoM obnacTei Hallel CTpaHbl NPOBOAUINCE PAaboTbl Mo
cbopy knewen cemeiicts Ixodidae n Argasidae, napasuTpylWmMx Ha AOMALLIHEM CKO-
Te N OUKNUX KMBOTHbIX, OT JOMALLUHUX XMNBOTHbIX, B MOMELLEHUSAX, FAe OHU coflepaTcs,
N Ha OTKpblTom Bo3gyxe. OcCyllecTBNEHbl MOJSIEKYNAPHO-TeHeTMYeCcKe 1ccneqoBaHus
Ha ocHoBe TexHonorui MLP-aHann3a, opueHTMPOBAHHOIO Ha BbIABMIEHME PUKKETCMO3a
(Ricketsia sp.).

Pesynbrathl. LLInpokoe ncnonb3oBaHNE MONEKYNAPHO-OMONOrMYECcKNX MeToAoB Nlabo-
paTOPHOW AMArHOCTUKM PUKKETCUO30B Y Krelleln, obuTalowmx B pasHbix paioHax Ca-
MapKaHACKON 1 [IXKM3aKcKom obnacTtei, n pa3paboTKa airopuTMOB BbISIBIIEHNSA HOBbIX UX
BMAOB COCTaBW/IN OCHOBY [/1A PELUEHNA MHOTMX OPraHM3auMOHHbIX BOMPOCOB CUCTEMBI
3[1paBoOXpaHeHna cTpaHbl. Hanborbliee Konnuectso 06pasLoB, 3apaeHHbIX PUKKETCU-
AMK, OTHOCMNOCh K Braam Hyalomma asiaticum, Hyalomma anatolicum, Rhipicephalus
turanicus un Rhipicephalus sanguineus, cobpaHHbIM B [>kr3akckon n CamapKaHACKo 06-
NacTsX. 3apaXkeHHOCTb PUKKETCUAMM MO permoHam coctaBuna: B CamapkaHAcKom obnactu
24,1+0,6; B Ixun3ake — 38,4+3,4; 0,72+0,22 B CoipaapbuHcKkom n 38,46+4,5 B TalukeHTCKOM
o6nactun. O6LWMIN NOKa3aTeNb 3apPaKeHHOCTU PUKKeTCMo3amMu bbin paBeH 17,61+1,58.
3aknioueHune. CTeneHb 3apPakeHHOCTU PUKKETCUAMUN B U3yYaeMblX permoHax cocTaBuna
38,4+3,4 B [I>kmn3akckom obnactu; 24,1+£0,6 B CamapkaHackon obnactu; 38,46+4,5 B Taw-
KeHTCKoM o6nactu; 0,72+0,22 B CblipaapbUHCKOM 0651acTu. BnepBble B 06pasuax Knewen,
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cobpaHHbIX Ha UCCneayemMon TeppuTopun Y3beKkuctaHa, UeHTMONLMPOBaHO 6 reHoBa-
puaHToB Rickettsia barbariae, Rickettsia massiliae n Rickettsia sibirica. YctaHoBneHo, uto
Knewwu pogos Hyalomma v Rhipicephalus urpatoT ocHOBHyt0 posib B Nepefiaue puKKeT-
C1O30B.

KnroueBble cnoBa: Ixodida, R. barbariae, R. massiliae, R. sibirica, nHdekuma

B INTRODUCTION

Blood-sucking ticks pose a serious threat to the health of farm animals and humans.
Ticks act as vectors for the transmission of viruses, rickettsiae, bacteria, protozoa, causing
a number of diseases. Species of ectoparasitic ticks belonging to the large family Ixodidae
found in Uzbekistan, especially those parasitizing farm animals, birds and humans through
ectoparasitism, pose a serious epidemiological risk [1].

These ectoparasites not only pose food safety risks but also economic problems.
Global expenditures to control and reduce them and diseases transmitted by them
through annual livestock losses and treatment costs are estimated at $22-30 billion due
to diseases transmitted by ticks [2]. The high diversity of species and increasing numbers
of synanthropic species of pathogens carried by animals and humans in the territory
of Uzbekistan indicate the possibility of the emergence of transmissive infections and
invasions from natural foci to populated areas. Ticks are considered, after mosquitoes, to
be the most important vectors of a large diversity of human and animal pathogens all
over the world. Livestock such as cattle, sheep and goats are hosts and possible reservoirs
of a variety of pathogens carried and trans mitted by ticks. Arthropod-borne rickettsioses,
caused by several Rickettsia species, are among the oldest known vector-borne diseases.
Rickettsial diseases transmitted by arthropods are among the oldest known transmissive
infectious diseases. After mites, ticks are the most important carriers of pathogen diversity
in humans and animals worldwide [3-7].

In recent years, the use of molecular biological methods for the diagnosis of rickettsial
diseases by scientists of the Omsk Scientific Research Institute of Natural Focal Infections,
including the isolation of rickettsial strains (R. conorii subsp. caspia, R. heilongjiangensis,
R. sibirica BJ-90, R. slovaca, R. raoultii, R. aeschlimannii, R. helvetica and Candidatus
rickettsia tarasevichiae) from ticks and humans (TT) collected from natural foci, should
be noted. The diagnosis of infections transmitted by ticks not only involves examining
patients but also analyzing the tick that bit them. At the same time, it helps to identify
correctly patients with unclear clinical manifestations. Polymerase chain reaction (PCR)
widely used to analyze ticks for the presence of pathogenic agents, makes it possible to
describe new species of rickettsiae such as R. amblyommatis, R. asembonensis, R. asiatica,
R. buchneri, R. fournieri, R. heilongjiangensis, R. gravesii, R. raoultii and R. tamur. PCR
tests are also important for detecting rickettsial pathogens in tick samples and patient
biomaterials [8, 9].

B PURPOSE OF THE STUDY
To conduct a molecular-genetic analysis of the prevalence of tick-borne infectious

diseases in the Republic of Uzbekistan.
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B MATERIALS AND METHODS

Study design and setting

Tick sampling work was carried out in 2021-2023 in the territories of Tashkent,
Syrdarya, Jizzakh, Samarkand regions of our country from domestic animals belonging
to the Ixodidae and Argasidae families parasitizing on livestock and wildlife, in premises
where they are kept and in open biotopes, in their nests. Tick samples (9456 n) were
collected from 5234 heads of domestic animals (Table 1) using stationery and route
methods (Fig. 1).

Tick collection was carried out according to the procedures described in several
authors’ works. Tick samples were carefully removed from the animals’ bodies using
forceps. They were collected in labeled glass dishes to identify species composition, study
morpho-biological characteristics. Identification of tick samples in the laboratory was
carried out by microscopic examination based on morphological characteristics according
to determinants described in several authors’ works [10-14].

Inclusion criteria
9456 tick samples were taken for rickettsia sp examination by real-time PCR method.

Exclusion criteria
Identification and analysis of new species of Rickettsia sp.

Fig. 1. Infestation of collected ticks by investigated region

Table 1
Primer sequences and lengths
Gene Primer Primer sequence (5'—3’) Length of amplicon (bp)
gltA RS-F1 GCAAGTATTGGTGAGGATGTA 1153
RS-R1 GTTCAGGGTCTTCGTGCA
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Procedures

DNA extraction. 3-4 samples of each tick species and gender were placed in special
tubes. Mature ticks were washed in sterile water and laterally separated with a sterile
scalpel, the larger half of the ticks was crushed and the remaining part was stored at —
80 °C for further analysis. The second half of the tick was crushed in sterile tubes grouped
(as described above) and washed three times in phosphate buffer before DNA extraction.
DNA extraction from ticks was carried out according to the "Vector Best extraction 100"
protocol. In the study, PCR amplification and sequencing were carried out to multiply
and sequence samples that showed a positive result for Ricketsia sp. The "Vector Best"
kit reagents were used to study the nucleotide sequence of the rickettsial genome gene
gltA gene.

The following thermal cycling program was used for the amplification reaction
sequence: the initial denaturation stage at 96°C for 1 minute; 2" stage denaturation,
5 cycles: 94 °C - 15 sec, 62 °C - 20 sec, 72 °C - 20 sec; 3" stage, 45 cycles: 94 °C - 15 sec,
60 °C - 30 sec, 72 °C - 30 sec. The chain reaction product was stored at +4 °C (Vector
Best). The sequence data obtained from the study results were analyzed using the "ab1"
format with the "Chromas version 1.45" program (McCarthy, 1996-1998). To correct errors
in the sequence data, the sequence results read with forward and reverse primers were
converted to FASTA format. To develop the phylogenetic tree of the Rickettsia sibirica
species belonging to the Rickettsia genus, which was the object of the study, samples
collected from the republic’s territories and gltA (citrate synthase) gene sequences of 32
representative species belonging to this genus were used. To construct the phylogenetic
tree of Rickettsia massiliae species, gltA gene sequences of 33 representative species and
to construct the phylogenetic tree of Rickettsia barbariae species, gltA gene sequences
of 38 representative species from the National Center for Biotechnology Information
(NCBI, GenBank) were used. The obtained sequences were compared using the Multiple
Sequence Alignment by CLUSTALW web site of the Kyoto University Bioinformatics Center
(https://www.genome.jp/tools-bin/clustalw).

Statistical analysis
The gathered information submitted into the NCB database. Statistics were analysed
using the MEGA 10 program.

B RESULTS AND DISCUSSION

Results obtained and their analysis: 11 species of ticks belonging to the large
family Ixodidae were found on domestic animals in the study areas: Hyalomta
anatolicum, Hyalomma asiaticum, H. scupense, Hyalomma plumbeum, Rhipicephalus
turanicus, Rhipicephalus pumilio, Rhipicephalus bursa, Rhipicephalus sanguineus,
Rhipicephalus annulatus, Dermacentor marginatus, Haemaphysalis sulcata and one
species belonging to the family Argasidae — Argas persicus. The degree of infection
of these tick species in domestic animals such as cattle, sheep, goats, horses, donkeys
and chickens was observed as follows: Bos taurus — 46%, Capra hircus 43.1%, Ovis aries
9%, Equus ferus caballus - 54.1%, Equus asinus — 30%, Camelus dromedarius — 40%
and Gallus gallus domesticus — 61.2%. The overall infection rate of animals was found
to be 53% (Table 2).
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Table 2
Degree of infection of farm animals with Ixodids ticks
Famil Type Number of Number of Extensiveness of
y P tested animal infected animals | invasion (%)
Cattle (Bos taurus) 1227 565 (46.0£0.4)
Bovidae Sheep (Ovis aries) 2518 1537 (61.0+0.9)
Goat (Capra hircus) 1223 527 (43.1£1.4)
. Horse (Equus ferus caballus) |61 33 (54.1£6.3)
Equidae .
Donkey (Equus asinus) 30 9 (30+5.4)
Camelidae Camel (Camelus 15 6 (40)
dromedarius)
Galliformes Hen (Gallus gallus 160 98 (61.2+4.9)
domesticus)
Total: 5234 2775 (53+0.6)

Here is the translation of the provided Uzbek text to English: Tick samples were tested
for Rikketsiya using the PCR method. Polymerase chain reaction (PCR) is widely used to
analyze ticks for the presence of pathogens that cause them. PCR tests are also important
for detecting rickettsial pathogens in tick biomaterials and patient samples. During the
studies, tick samples belonging to 9 species: Argas persicus, R. annulatus, Haemaphysalis
sulcata, Hyalomma anatolicum, Hyalommaasiaticum, H.scupense, R. pumilio, R.sanguineus,
R.turanicus were tested for rickettsiosis from the districts of Arnasoy, Bahmal, Dustlik, Forish,
Ghallarol, Sharaf Rashidov, Mirzachul, Pakhtakor, Yangiobod, Zomin, Zarbdor of Jizzakh
region. Infection with Rickettsia in Zomin district was observed in Hyalomma asiaticum
60+5.7; Rhipicephalus turanicus and R. sanguineus — 33.4+8.6. Infection was also present in
other districts of the region, including Hyalomma asiaticum tick species 12.8+3.1 in Dustlik
district; 66.7+7 in Zarbdor district with rickettsial infection observed. The presence of
53+5.4 A. persicus and Hyalomma asiaticum was identified in Sharof Rashidov. During the
study in the Syrdarya region, the rate of infection with rickettsia was observed to be 20+5.7
in Hyalomma anatolicum in Gulistan city; 27.3+6.0% in Rhipicephalus annulatus in Ogoltin
district; 4.2+1.1% in Hyalomma anatolicum in Xovas district. The degree of infection of ticks
collected with Rickettsia spp. was 25.2% in Jizzakh region; 24.1% in Samarkand region;
14.0% in Tashkent region and 0.72% in Syrdarya region. When research was conducted
in the districts of Tashkent region, infection of ticks with rickettsiae was observed in
Hyalomma anatolicum, H. asiaticum, H. scupense species in Ohangaron district. Chinaz —
H. anatolicum, H. asiaticum and R. sanguineus; The presence of infection with rickettsioses
in H. asiaticum ticks was identified in Bekobod district (Fig. 1).

Areas where ticks were collected and their degree of infection with rickettsioses. In our
studies, the use of laboratory diagnostics to identify rickettsioses in ticks from different
regions of Samarkand and lJizzakh regions and the development of algorithms for new
species is the basis for solving urgent problems in medicine. The highest indicators among
samples positive for Rickettsia were found in Jizzakh and Samarkand regions, where they
were observed in Hyalomma asiaticum, Hyalomma anatolicum, Rhipicephalus turanicus,
Rhipicephalus sanguineus species. When infection with rickettsiae was obtained by
region, it was 24.1+0.6 in Samarkand region; 38.4+3.4 in Jizzakh; 0.72+0.22 in Syrdarya
and 38.46+4.5 in Tashkent region. The overall infection with rickettsioses was 17.61+1.58
(Table 3).
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Table 4
Rickettsia species in ticks from Samarkand and Jizzakh regions
Type of rickettsia Type of tick Entry number Region
R. sanguineus 0Q076762 Jizzakh
H. asiaticum 0Q383213 Jizzakh
H. asiaticum 0Q409916 Jizzakh
R. barbariae R. turanicus 0Q409917 Jizzakh
H. anatolicum 0Q409919 Samarkand
H. anatolicum 00409921 Samarkand
R. massiliae H. scupense 0Q409918 Samarkand
R. sibirica H. scupense 0Q409920 Samarkand

The highest indicators among samples positive for Rickettsia were found in Jizzakh and
Samarkand regions, where six genotypes of Rikketsiya barbariae were found in Hyalomma
asiaticum, Hyalomma anatolicum, Rhipicephalus turanicus, Rhipicephalus sanguineus
species. Additionally, R. massiliae and R. sibirica were identified from H. scupense ticks
in the Samarkand region. These species had not been previously noted in Uzbekistan
(Table 4).

To construct the phylogenetic tree of Rickettsia sibirica species, which was the
object of our study belonging to the Rickettsia genus, gltA, ompA, ompB, sca4 gene
sequences of 32 representative species belonging to this genus from samples collected
in the Republic and National Center for Biotechnology Information (NCBI, GenBank) were
used. The obtained sequences were compared using the Multiple Sequence Alignment
by CLUSTALW web service of the Kyoto University Bioinformatics Center (https://www.
genome.jp/tools-bin/clustalw). The comparison results were edited using the Geneious
Prime 2023.2.1 program and based on them, the phylogenetic tree was constructed by
maximum likelihood using the IQ-TREE web server (https://http://igtree.cibiv.univie.
ac.at/). Command code: path_to_iqgtree -s Rickettsia_sibirica. aln -st DNA -m TEST -bb 1000
- alrt 1000. The phylogenetic tree was visualized using the iTOL, web program (https://
itol.embl.de/login.cgi). Rickettsia canadensis (NCBI ID: U59713) species was taken as an
external group. According to the results obtained, the Rickettsia sibirica species studied
was located in a single monophyletic group with a common ancestor with the Rickettsia
sibirica species registered in the NCBI database with the entry number OM864264.
The branch length was 0.008. Bootstrap loading value of 100/100 was determined [15,
16] (Fig. 2).

To construct the phylogenetic tree of Rickettsia massiliae species, gltA (citrate
synthase) gene sequences of 33 representative species belonging to this genus from
samples collected in the republic and National Center for Biotechnology Information
(NCBI, GenBank) were used. The phylogenetic tree was constructed in the manner
described above. Rickettsia monteiroi (NCBI ID: FJ269035) species was taken as an external
group. According to the results obtained, the identified Rickettsia massiliae was located
in a single monophyletic group with a common ancestor with a number of Rickettsia
monteiroi species registered in the NCBI database with the entry numbers U59719,
KY069259, MW802693 and MF002497. Bootstrap loading value of 93.6/98 was observed
(Fig. 3).
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Fig. 2. Analysis of the Rickettsia sibirica gitA DNA gene region (in the direction of the last three sides
from 5’ to 3’). Placement of the phylogenetic tree in monophyletic groups

To construct the phylogenetic tree of Rickettsia barbariae species, gltA (citrate
synthase) gene sequences of 38 representative species belonging to this genus from 6
samples collected in the Republic and National Center for Biotechnology Information
(NCBI, GenBank) were used (Fig. 4).

Candidate R. barbariae was first identified in Portugal in 2006 in the tick species
Rhipicephalus bursa. In Italy in 2008, it was identified from a species of R. turanicus and
confirmed by the author. Subsequently, Candidatus genotypes of R. barbariae were
detected in other countries in 2014 in R. sanguineus from Israel. In China, R. heilongjiangii,
R. sibirica, R. raoultii, R. slovaca, R. felis, R. aeschlimannii and R. massiliae have been
identified. In our country, Candidatus R. barbariae was first detected in tick species
R. sanguineus, R. turanicus, H. asiaticum, and H. anatolicum R. massiliae was identified
in 1993. In Europe, including France, Greece, Spain, Portugal and Switzerland, the
authors identified in ticks. In the USA, Rhipicephalus sanguineus was observed in ticks.
Rhipicephalus sanguineus has also been associated with the causative agent of Rocky
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Fig. 3. Analysis of the Rickettsia massiliae gitA DNA gene region (in the direction of the last three sides
from 5’ to 3’). Placement of the phylogenetic tree in monophyletic groups

Mountain spotted fever, R. rickettsii. In our study, the occurrence of R. massiliae and
R. sibirica from ticks of H. scupense species was noted [17-271.

B CONCLUSIONS

The degree of infection with rickettsiae in the studied regions was observed to be
38.4£3.4 in Jizzakh region; 24.1+0.6 in Samarkand region; 38.46+4.5 in Tashkent region;
0.72+0.22 in Sirdarya region. For the first time, 6 genotypes of Rickettsia barbariae,
Rickettsia massiliae and Rickettsia sibirica were identified from tick samples collected in
the studied area and deposited in the gene bank. Hyalomma and Rhipicephalus ticks were
found to be mainly important in transmitting rickettsioses.
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Fig. 4. Analysis of the Rickettsia barbariae gltA DNA gene region (in the direction of the last three sides
from 5’ to 3’). Placement of the phylogenetic tree in monophyletic groups

In this study, for the first time we detected R. barbariae, R. sibirica and R. massiliae
strains from ticks collected in Eastern Uzbekistan.

The examined strains of R. sibirica and R. barbariae showed highest similarity with
strains from the surrounding countries China and Iran. Whereas, R. massiliae clustered
with a sequence from France. These findings underline the importance of surveillance to
monitor the natural spread of pathogens as well as dissemination via travel.
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Pesiome

BeegeHume. CtaTbA NocBsALleHa NaTOMOPPONOrMyeckum N3MeHEHUAM B KOpPe U NoaKop-
KOBbIX CTPYKTypax rofiloBHOro MO3ra npu rmnoTupeose, BbiI3BaHHOM HapyLleHneM Kpo-
BOCHaOXeHWA LWUTOBUAHOM Xese3bl.

Lenb. /13yuntb natomopdonornyeckme n3MeHeHmsa B KOPKOBBIX CIIOAX Y NMOAKOPKOBbIX
CTPYKTypax FONOBHOrO MO3ra KpblC Npu HapyweHun OyHKUMW LUTOBMAHON Kenesbl
OrpaHuYeHreM ee KPOBOCHAGXKEHMS.

Marepuanbi n metogbl. VccnefoBaHa TKaHb rOIOBHOTO Mo3ra 16 6enbix 6eCnopofHbiX
Kpbic-caMOK maccol 250450 r Ha 6a3e CaMapKaHACKOrO roCyfapCTBEHHOIO MefAWLH-
CKOro yHuBepcuTeTa 1 Pecny6nmkaHCKOro natosioroaHaToMM4Yeckoro LeHTpa B nepuos
2021-2023 rr. TexHonorma onepayunm COCTosANa B OCyLWeCTBeHN pAfa NocnefoBaTenbHO
BbIMOJIHAEMbIX 3TanoB. MNocne 06paboTKM onepaLrioHHOrO Mo NPOV3BOAUINCH Pa3pe3
KOXW 1 pa3BefieHne KpaeB paHbl Ha AeprKasikax. TyrnbiM cnocobom pa3fBUraamchb MbillLbl
1 obHaXanacb Tpaxes, YTO OTKPbIBAIO JOCTYN K WMTOBMAHON Xene3se. [lanee anekTpo-
KOarynATopoM Npoun3BOAMNacb Koarynauma BepXHen MU HUXHEN WUTOBUAHON apTepumn
cnpasa. lNocne npekpaleHMa KPOBOTOKa Yepes apTepuainbHble cocyfbl WUTOBUAHOMN
Xesnesbl 06HAPYXMBaNVCb NMPU3HAKM ULIEMUN FTOJIOBHOTO MO3ra, Cama e LWUTOBULHasA
»ernesa CTaHOBWACh CUHIOWHOW (HO MpW 3TOM He NPOU3BOANIIACH OLEHKA CEKPETOPHON
aKTMBHOCTU LNTOBUAHOWN »ese3bl). 3aTeM No BO3MOXKHOCTY NMOC/IONHO BOCCTaHaBAMBaNm
Tonorpaduio MbilL U MATKUX TKaHeN. M3 16 XKMBOTHbIX YMepsy, He BbIXOAA U3 HAapKo3a,
4, npyMepHO Yyepes 12 YyacoB MO OKOHYaHMK onepaummn. OcTaBlumeca 12 XXUBOTHbIX JIETKO
BbILLIN M3 HAPKO3a U yepe3 6 YacoB yXe Noaxoaunu K Kopmy 1 soge. BoiBegeHune xu-
BOTHbIX M3 OMbITa OCYLWECTBAANOCH NOA 3TaMNHaN-HaTPMEBbIM HAPKO30M NyTeM BHYTpU-
OPIOLLIVIHHOIO BBEAEHUS HAPKOTMYECKOrO CPeACcTBa B fAo3e 50 Mr/Kr maccol Tena. Cpasy xe
nocne HaCTYNNeHNA CMePTH Y XXUBOTHbIX BblAENANN FOSIOBHOW MO3TI U cepALe, Onosnacku-
BaJiM 1X 2-KpaTHO xonogHbIM 0,9%-HbiM (9 r/n) pacTBOpOM Xnopuaa HaTpus, oCyLLecTBA-
nun ¢ukcauyuio opraHoB B 10%-Hom (100 r/n) HenTpanbHOM popManuHe C NocneayoLmmMm
NMPOBOAKOW B 30MPOMNaHoJie, 3a/IMBKON 06pa3LoB B NapadyriH U NPUroTOBEHMEM CPE30B
n ctekon. OKpalivBaHue NpenapaToB TKaHW BbIMOHAAN reMaTOKCUIIMHOM-3031HOM.
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Pe3ynbTaTbl. YCTAaHOB/EHO, UTO Y XMBOTHbIX C HapyLueHvieM GYHKLUW LUTOBUOHOM »e-
ne3bl BO3HUKAIOT XapaKTepHble U3MEHEHUS B HEMPOHAX KOPbl 60MbLWMX MOMYLWAPWiA ro-
NOBHOTO MO3ra ¥ NOAKOPKOBbIX LLEHTPOB. Mo Mepe ycyrybneHns HapyLeHnin LMToapxu-
TEKTOHWKMN KOPbl FOIOBHOTO MO3ra YBEJIMYMBANOCh KOMYECTBO MUPAMUAHBIX KNETOK 1
acTPOLUTOB, yMeHbLUAach Macca 6e0ro BewwecTBa, 3ameLaeMoro MUeMHOBbIMY HEpPB-
HbIMU BOSIOKHaMK. OTMeY€eHa Pa3mMbITOCTb FpaHuL, NMMPaMUAHbIX KIIETOK KOPbl FONOBHOTO
MO3ra, KOTopble BbIrMALENM TOHbLIE, C PE3KO UCTOHUYEHHbIMW OTPOCTKaMU anmnKanbHbIX
AeHapuToB. MaToMopdonornyeckre N3MeHeHUs MO3rOBOW TKaHU MPOABMANNCH TaKXKe
B YMEHbLUEHNN MPOCBETA COCYA0B, MyKOVAHOM HabyXaHWWN UX CTEHOK, HepPaBHOMEPHOM
NOJIHOTE, U3BUAKNCTOCTM COCYAOB, fiedopMaLIMmM CTEHOK COCYA0B C Pa3BUTEM aHIMOCKIe-
pos3a. BbisiBneHHble naToMopdonornyeckne HapyLeHns 3aBepLIaloTcsa aTpoGUUeCcKMI 1
CKNEPOTUYECKUMMN M3MEHEHUAMU TKaHN 1 OTEKOM FOJIOBHOMO MOo3ra. HapyweHus cTpyk-
TYpPHO-YHKLNOHANbHbIX CBOMNCTB FOIOBHOMO MO3ra MOTYT ObITb PaCLieHEHbI KaK BEAYLLMIA
STMONaToreHeTUYecknin GakTop B PasBUTM NATOMOPHONOrMUECKUX U3MEHEHWIA B TKAHAX
rosI0BHOro MO3ra.

3aknioueHue. BbizaHHOe 06Typauueli apTepuanbHbiX COCYAOB WMTOBUAHON »Kenesbl
HapyLleHne KPOBOCHAGXeHUA B Hell BieYeT 3a coboii GOpMUPOBaH/e COUeTaHHO naTo-
NOrMK — ULLEMMU TOSIOBHOMO MO3ra Ha GpOoHe HapyLUeHMIN GYHKLMN LWUTOBUAHOM enesbl,
KoTopas NposBAseTca AUCTPOGUUECKMY U3MEHEHUAMMN B HEMPOHAX KOPbl FONOBHOMO
MO3ra U NOAKOPKOBbIX LLEEHTPOB. BbisiBNeHO, UTO yCyrybneHune HapyLLeHui B KOPe rofos-
HOrO MO3ra BblpaXkaeTcsa B YBENMUYEHNIN KONMUYECTBa NMpPaMmAaasbHbIX KNeToK 1 acTpoLm-
ToB. Mpovncxofalme B TKAHWU FOIOBHOTO MO3ra NaTomMopdoiornyeckmne n CocyancTble ns-
MeHeHUA (Cy»eHre NPOCBeTa COCYAOB, MX U3BUINCTOCTb, MyKOMAHOE HabyxaHne KNeTok),
BbIAB/IEHHbIE MOC/e 06TYpaLUmMmn apTepuralbHbIX COCYOB, KPOBOCHAGXKAIOWMX WMTOBUA-
HYI0 efle3y, PacCMaTPMBAKOTCA Kak rnaBHble $pakTopbl HapyweHua GyHKLUiA ronoBHOMO
MO3ra, UTO pacLieHMBAETCA Kak OAHO U3 NPOABAEHUI COUETaHHOW NaToNOrMu.
KntoueBble cioBa: NaToMopdosioruis, KOPKOBbIN CJIOW, FONIOBHO MO3T, LUWTOBUAHAA »Ke-
ne3a, MO3roBas TKaHb, XPOHMYECKas MLWEMUA MO3ra, F’MNoTMpeos
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Abstract

Introduction. The article deals with pathomorphological changes in the cortex and
subcortical structures of the brain in hypothyroidism induced by impaired blood supply
of the thyroid gland.

Purpose. To study pathomorphological changes in the cortical layers and subcortical
structures of the rat brain in thyroid dysfunction due to limited blood supply.

Materials and methods. The brain tissue of 16 white outbred female rats weighing
250+50 g was examined at the Samarkand State Medical University and the Republican
Pathological Anatomical Center in the period 2021-2023.

The surgical technology consisted of a number of sequentially performed stages. After
processing the surgical field, the skin was incised and the wound edges were spread on
holders. The muscles were bluntly moved apart and the trachea was exposed opening
access to the thyroid gland. Then, the upper and lower thyroid arteries on the right were
coagulated with an electrocoagulator. After the blood flow through the arterial vessels
of the thyroid gland was stopped, signs of cerebral ischemia were detected, and the
thyroid gland itself became cyanotic (but the secretory activity of the thyroid gland
was not assessed). Next, the topography of muscles and soft tissues was restored layer
by layer, as far as possible. Of the 16 animals, 4 died without coming out of anesthesia,
approximately 12 hours after the end of the operation. The remaining 12 animals easily
came out of anesthesia, and after 6 hours they were already approaching food and water.
The animals were withdrawn from the experiment under ethaminal sodium anesthesia
by intraperitoneal administration of the narcotic agent at a dose of 50 mg/kg of body
weight. Immediately after death, the brain and heart were extracted from the animals
and rinsed twice with cold 0.9% (9 g/l) sodium chloride solution; the organs were fixed
in 10% (100 g/1) neutral formalin, followed by immersion in isopropanol. The specimens
were embedded in paraffin, and sections and slides were prepared. Tissue preparations
were stained with hematoxylin and eosin.

Results. It was found that animals with thyroid dysfunction exhibited characteristic
changesin neurons of the cerebral cortex and subcortical centers. As the cytoarchitectonic
disorders of the cerebral cortex worsened, the number of pyramidal cells and astrocytes
increased, and the mass of white matter, replaced by myelinated nerve fibers, decreased.
Blurring of pyramidal cortex cell boundaries was observed; they looked thinner, with
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sharply thinned processes of the apical dendrites. Pathomorphological changes in the
brain tissue were also manifested by vessels lumen narrowing, mucoid swelling of their
walls, uneven fullness, tortuosity of the vessels, and deformation of the vessel walls
with subsequent angiosclerosis. The revealed pathomorphological disorders resulted in
atrophic and sclerotic tissue changes and cerebral edema. Disturbances of structural and
functional properties of the brain can be recognized as a leading etiopathogenetic factor
of pathomorphological changes in the brain tissue.

Conclusion. The disruption of blood supply in the thyroid gland caused by obstruction
of the arterial vessels leads to a combined pathology, i.e. cerebral ischemia, against the
background of dysfunction of the thyroid gland, which is manifested by dystrophic changes
in the neurons of the cerebral cortex and subcortical centers. It was revealed that the
aggravation of disorders in the cerebral cortex was expressed in an increase in the number
of pyramidal cells and astrocytes. Pathomorphological and vascular changes occurring in
the brain tissue (vessels lumen narrowing, their tortuosity, mucoid cells swelling), revealed
after obturation of arterial vessels supplying the thyroid gland, are considered the main
factors of brain dysfunction, which is regarded as one of manifestations of combined
pathology.

Keywords: pathomorphology, cortex, brain, thyroid gland, brain tissue, chronic cerebral
ischemia, hypothyroidism

W BBEJEHWE

MN3BeCTHO, UTO FOPMOHDI LIMTOBUAHON Xene3bl uMetoT GyHAaMeHTanbHoe 3HayeHue B
[Pa3BUTUK FOSIOBHOIO MO3ra U SIBMIAOTCA BaXKHbIMK paKTopamu, obecrneymBalowmnummn ero
bYHKUMOHMpPOBaHME Ha NPOTAXeHUW Bcel xu3Hu [1, 7]. Ux geiictBre onocpenoBaHo
CBA3bIBaHMEM CO crielnduyeckuMm MeMOpaHHbIMU Y BHYTPUKIETOUHbIMY peLenTopa-
MW, PEryNMpYyOLWYMN FrEHOMHbIE N HEFeHOMHbIE MEXaHW3Mbl B HEPOHaX 1 NOMYAALUAX
rnvanbHbIX KNeToK [3, 5]. Pa3Hoo6pa3Hble MexaHM3Mbl UX BAUSHUA BKIOYAOT perynaumo
NpoLLeCccoB NAaCTUYHOCTM HEMPOHOB, CTUMYNALMIO aHTMOreHe3a U HelporeHesa, a Takxe
MOZYNALMIO AVMHAMUKWN 31IEMEHTOB LIUTOCKENeTa U NPOLeCCOB BHYTPUKIIETOUHOMO TPaHC-
nopTa [2, 4]. 3T MexaHM3Mbl NEPEKNINKAIOTCA C TEMM, KOTOpble, KaK Obl1o YCTaHOBNEHO,
CNoCco6CTBYIOT BOCCTAHOBEHMWIO YTPAUYEHHbIX HEBPONOrMYecKUx GyHKUMIA B TeueHue
nepBbiX Hedesb Y MecALEeB Noc/e NWeMnyYeckoro nHcynora [6, 8]. Ctumynauma nepegaun
CMTHANOB FOPMOHOB LNTOBMAHON Xese3bl B MOCTULLIEMNYECKOM MO3re MOXET OblTb MHO-
roobeluatoLLen TepaneBTUYECKON CcTpaTernei ans akTuBaumm SHAOrEHHbIX MEXaHN3MOB
BOoccTaHoBneHuaA [9, 11].

K HacToseMy BpeMeHM N3BECTHbI pa3finyHble Mogenu GopMUpOBaHUA rMNOTMPeO3a
y KpblC. B nuTepaType paccmaTprBaloTCA Kak MeflKaMeHTO3Hble, TaK Y XUpyprudyeckume
cnocobbl ero popmmpoBaHusa. Tak, 6bina paspaboTaHa Moaesb IMNoTUpeo3a C NpUMeHe-
Huem nogopeduUNTHON AneTbI Yy KpbIC. 118 CO3AaHUA SKCNepUMEHTanbHOM MOAENN C fie-
duunToM Moaa B NTaHMM KPbIC MCMONIb30BaNUCh NPOAYKTbl MECTHOIO NPOUCXOXAEHMA C
HU3KMM cofiepKaHneMm ioaa. B kauecTBe OCHOBHOIO NpoAyKTa NMUTaHWA UCNOJb30BanCA
KOMOUKOpM € o6aBKOI NpemMmnKCa, He cofepkallero noa. Psp aBTopoB mogenvpoBanu
rMNoTMPeo3 NyTem NPYMeHeHNa TUPEOCTaTUKOB, Hanpumep, NyTem BBeleHsA Yepes cre-
UunanbHbIv 30HA B »Kenyaok Mepkasonuna B gose 10 mr/Kr B TeueHue 8 Hegenb [3, 9, 10].
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LsnpkyH [1.B. Bbi3biBana runotmpeos y KpbiC Mepkasonunom (AKpuxuH, Poccumsa), Koto-
pbll faBanv >XMBOTHbIM C MUTbEBOW BOJON: nepable 2 Hegenu — B Buge 0,02%-ro pacTeo-
pa, 3atem — 0,01% [1, 5]. Wernakoson IIO. 1 coaBT. [6] NpegnoXeHO MoaenupoBaTb -
NnoTMpeos nyTem BBeAEHUA Yepe3 NULLEBON 30HA ceyeHrem 4 MM BOOHO-KpaxmasbHOWM
cycneH3umn mepkasonuna 1 pas B CyTKM Ha npoTsxkeHnn 30 CyTOK U3 pacyeTa 25 Mr/Kr.
HekoTopble aBTOpPbI 4719 MOAENNPOBaHNA ANCOYHKLNY LMTOBUAHOW ene3bl nabopaTtop-
HbIM XXUBOTHbIM B TeueHue 2 MecALeB BBOAUAN C NTbeBon Bogon 0,005%-1 pacTtBop npe-
napata mepkasonun. Hekotopble nccnegoBaTenvt Bbi3biBasv rMNOTUPEO3 eXeCYyTOUHbIM
BHYTPMXXeNyAOoUHbIM BBEAeHMEeM TMaMa3ona B go3e 2,5 mr Ha 100 r maccbl Tena B TeueHue
3 Hegenb [2]. [pn BCex HEXMPYPrnyecknx Moaenax SKCnepumeHTanbHbIN rMNoTUpPeos Xa-
paKTepu3oBasCa CH/XXEHEM KOHLIEHTpaLumn cBO60LHOIo TUPOKCUHa (T4), noBbleHnem
copepxaHus obuiero TpunoaTMpoHuHa (T3) n TpeoTponHoro ropmoHa (TTT). O6pawaet
Ha cebA BHMMaHWe, YTO B NInTepaType ObiNo ONUCAaHO HEMHOTO XUPYPrUYecKx Mmogenen
3TOro coctoaHuA [7, 11]. Tem He MeHee xMpypruyeckas mogenb ABNAeTcA Hanbonee cxog-
HOW C KNMHNYECKON CMTyaLmel, Tak Kak OHa BOCMPOM3BOANT MeXaHU3M nocneonepawm-
OHHOrO rMNOTUPeOo3a N HUBENVPYET BANAHNE TUPEOCTaTUKOB Ha OPraHn3M »UBOTHOTO,
yTo no3BonaeT 6osee JOCTOBEPHO U MHPOPMATUBHO M3yumTb NatodusMonormyeckune
nocneacTBmA TMPeonasKToMmun. Kpome Toro, B onmcaHHbIx Mogenax GopmMmnupoBaHua ru-
noTnpeo3sa NoCsIefHNIN co3haeTca NyTeM yaaieHna YacTu opraHa uiav BCewn WMUTOBUAHON
Xesesbl, YUTO MOXET OCNTOKHATLCA KpoBOTeUueHmeM, achmKcuen, rmnonapatTmpeosom [7].

WNcxopa n3 n3noxeHHOro, NpeacTaBnsanoch LenecoobpasHbiM OCYLLECTBUTb CO3AaHNe
MOZEeNn «XUpPypruyeckoro» rmnoTnpeo3a 6e3 yganeHua opraHa — 3a cUeT Koarynauuu
BEPXHEN 1 HUXHeN LWNTOBMAHON apTepumn cnpasa. ABTOpbI pada NCCiefoBaHWiA yKasbl-
BalOT Ha 3HAUMTENIbHYIO CBA3b MeXY FOPMOHaMU LNTOBUAHOM Xene3bl U MCXOAOoM nocne
WHCYnbTa.

MNpepncTaBneHHbIn 0630p CBEAEHWIA O BAUAHMUM FTOPMOHOB LUTOBUAHON Xene3bl Ha
«3[0POBbIA MO3M» aKLUEHTUPYeT BHYMaHVEe Ha MoZynMpyemblX HapylueHuem GyHKUnUn
LNTOBUAHOWN »ene3bl MONeKYNAPHbIX NYTAX GOPMUPOBAHUA NLLIEMNYECKOTO MHCYIbTa.
OHM MOryT coCTaBnATb NOTEHLUMaNbHY MULWWEHb ANA TepaneBTUYeCKoro BMmellaTeNb-
ctBa [10, 12].

B LIE/Ib NCCNEJOBAHUA

M3yuntb natomopdonornyeckne U3MeHeHUs B KOPKOBbIX CNOAX U MO[KOPKOBBIX
CTPYKTYpax rofIOBHOrO MO3ra KpbiC MpW HapyleHnr GYHKUMM WATOBMAHOM Xenesbl
OrpaHuyeHrieM ee KpOBOCHABKEHMUS.

B MATEPWAJIbI U METObI

B KauecTBe maTepuana ncciefoBaHWA UCNONb30BasCA rOIOBHOM MO3T 16 6enbix 6ec-
NOPOAHbIX CaMOK KpbiC Maccon 230-260 r. ccnegoBaHna nposogunncbk B CamapKaHa-
CKOM rocyfiapCTBEHHOM MefMLIMHCKOM YHMBepcuTeTe 1 Pecny6MKkaHCKOM NaTosioroaHa-
TOMUYECKOM LeHTpe B nepuog 2021-2023 rr.

BbiBefeHMe »KMBOTHbIX M3 OMbiTa OCYLLECTBAANOCh NOA dTaMWHanN-HaTPUeBbIM Hap-
KO30M MyTem BBeAeHMA NPOU3BOAALLEro HapKOTUYeCKoe AelCTBME pacTBOpa BHYTPU-
6ptoLwHHO B go3e 50 Mr/Kr macchl Tena. Cpasy »e nocsie HacTynaeHusa cMepTn y ymep-
LUNX >KMBOTHbIX BbIAENANM FOfIOBHON MO3T 1 cepfLie, OnonackmnBanm Nx 2-KpaTHO XONOA-
HbIM 0,9%-HbIM (9 1/N) pacTBOPOM XJIopMAa HaTpWA, OCYLLEeCTBAANN dUKCaLmo OpraHoB
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B 10%-Hom (100 r/n) HenTpanbHOM GpopManunHe C NocneayoLlen NPOBOLKON B U30NpPo-
naHone, 3anvBKo 06pa3sLioB B NapadrH U NpUroToBaeHnem cpe3os 1 cTekon. OKpaluvBa-
HMe N3roTOBNIEHHbIX NPENapaToB TKaHel BbINOHANN reMaTOKCUSIMHOM-303MHOM.

TexHonorma onepauum coctoana B OCyLIeCTBIEHUN psAfa nociefoBaTesibHO BbIMos-
HAeMbIx 3TanoB. [ocne 06paboTKM onepaLMoOHHOro NonsA NPOU3BOAMIN Pa3pPe3 KOXM 1
pa3Boaunn Kpas paHbl Ha Aeprkankax. TyrnbiMm cnocobom pa3asumrany MbilLbl U 0OHaxanu
Tpaxeto, OTKPbIBaA AOCTYN K LWNTOBULHOWN enese.

B PE3YJIbTATbl U OBCYXXAEHWE

BbiBeA€HHbIX 13 OMbITa »XUBOTHbIX C MoAennpoBaHHbIM HapyLlleHNEM (I))/HKLl,I/IOHaJ'Ib-
HOrO COCTOAHUA WMTOBUAHOW ere3bl noaseprann aytoncmnn. npl/l ncanenoBaHUm rmcTo-
Nornyecknx npenapaTtoB roJIoBHOro Mo3ra BbiABJIEHDI I'IaTOMOpd)OJ'IOI'I/ILIECKVIe N3mMeHe-
HWA, XapaKTepHble AnA XpOHI/ILIECKOI7I nwemMmmm ronoBHOro mosra, B Tom yncne ﬂVICTpOd)VI-
Yyeckne n3meHeHmA B HEIZpOHaX, ABNALWNXCA aKTUBHbIMU KNETKaMW KOPbI 60nbLIKNX No-
nyu.lapvu7| rONOBHOIO0 MO3ra 1 NOAKOPKOBbIX LLEHTPOB. Mo mepe ycyry6neH|/|ﬂ HapymeHvuh
LNTOAPXUTEKTOHUKN KOPbI FOJTOBHOIO MO3ra yBe/IMYMBaANOCb KOMNYECTBO NMPaMUAHbIX
KJNETOK, aCTPOLNTOB, a TakXXe MNENTMHOBbIX HEPBHbIX BOJTOKOH. Ha6n|o,u,anaCb Pa3MbITOCTb
rpaHnL NMpaMngHbIX KNETOK KOPbI rOT0OBHOIO MO3ra, OHM BbIrnAAeNn TOHbLE, C pe3Ko NC-
TOHYEHHbIMU OTPOCTKaMW anKanbHbIX 4EHOPUTOB.

Ha stom d)OHe AKCOHbI NpeacTaBAINCD TYCKJTbIMU 13-3a XapPaKTEPHbIX N3MEHeHUN un-
TOMJ1a3Mbl KNETOK, OTMeYasloCb CKonneHne Ten HEIZpOHOB B NePUKAPUNOHHDbIX obnactax.
KOHCTaTI/IpOBaHa nponmd)epau,vm MaKpO- 1 MUKPOTIINaJibHbIX KJIETOK BOKPYI nupamua-
HbIX KJIETOK (pVIC. 1).B pe3ynbraTte 6onbluadA YacTb CBA3EN MeXxay HepBHbIMN KNETKamMu
PEe3KO COoKpallaeTcA.

Puc. 1. TkaHb KOpbl ronoBHOro mosra. lupammnaHblie KNeTKu oOKpy»KeHbl nponndepaTnBHbIMMN
rananbHbiMu Knetkamum (1). B pokyce onpepensoTca oyarn ¢ pasButemM nepuueionapHoOro orteka (2).
Okpackal.3.40x10

Fig. 1. Cerebral cortex. Pyramidal cells are surrounded with proliferative glial cells (1). Foci with
pericellular edema are revealed in the focus (2). G.E. 40x10 staining

«JlabopaTopHas anarHocTuka BoctouHas EBpona», 2024, Tom 13, N2 4 565

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXKAHUIO




MaTomopdonornyeckne n3MeHeHrs TKaHy Kopbl U CyOKopTMKabHbIX OTAEN0B FOIOBHOMO MO3ra
Y KpbIC NMPU MOAENMPOBaHUY TMMOTVPE03a HapyLUEHNEM KPOBOCHAGXEHNIA LUTOBUAHON »Kene3bl

B cTeHKe MO3roBbix COCY1OB BbIAABAAOTCA CK/IepPOTUYECKME N3MEeHeHNA Ha GOHe pas-
BUTWA pa3pexeHna NnepuBackynapHbIX BONOKHUCTbIX CTPYKTYP (B KNMHMYECKO CUTyaLmm
aHanornyHble NPoLeccbl MOryT COMPOBOXAATLCA CHVMXEHUEM NaMATK, BbICTPOTbI OTBET-
HbIX peakUuii, NHOrAa 3aTOPMOXXEHHOCTbIO). [lnameTp NpocBeTa COCY0B FONOBHOMO MO3-
ra yMeHbLUeH, BOKPYr HUX ONpefenatoTca ouary nepuBackynsapHoOro ckneposa. B menkmx
Kanunnapax onpeaensetca peHOMEH 04YaroBOro cagKa.

B BbINOIHEHHOM Hamu 1CCelOBaHNY OTMeYanucb yMeHbLUeHne pa3mepoB NMpaMmma-
HbIX KNETOK, TOKanbHble NepuLennonApHble OTEKW; MPY STOM FMMabHbIe KNETKU 3aHUMa-
N1 6ONbLLYI0 YacTb CTPOMbI FOJIOBHOMO MO3ra, UTO B K/IMHUYECKMX CUTYaUUAX NPUBOANT K
TAXKENOW NOoTepy NaMATU 1 PYrMM KIUHUYECKUM CUHLPOMaM.

MockonbKy TKaHb rMMMNoKamMmna oYeHb YyBCTBUTENIbHA K FTUMOKCUW, MPU XPOHUYECKON
rMMNOKCMMN ee HeMPOHbI (MMpammniHblie KNeTKM) CMOPLLMBAIOTCA, YMEHBLLAKOTCA 1 B pa3me-
pax, 1 B konuyectse. [lanee cnefyet MArpauna MAKPO- Y MaKpOranbHbIX KNETOK MeXay
COCeAHUMI HENPOHANbHbIMK KNeTKaMu, NperMyLLeCcTBEHHO 3a cueT nponudepauun ravo-
LUTOB CaTe/IUTHOrO TMNa. B KNMHNYeCKnx cutyaumax st mopdonornyeckne n3meHeHus
3aBUCAT OT AJSINTENBHOCTU NpoLiecca U NPOABAAITCA Pe3KMM CHUXKEHEM MAMATY, NoBe-
[JeHYeCKUX peakunii 1 yracaHrem 3MOLMOHaNIbHO HEOOXOAMMbIX NOBEAEHWI.

OTMeueHHble HaMK pe3Kne N3MEHEHUA HOPMAJSIbHOW MMCTOAPXUTEKTOHNKIN TKaHW rvn-
nokamna nposABAATCA B OCHOBHOM JMCIOKaUMeN KNeTOUHbIX CTPYKTYP Y MHTepCTULN-
anbHbIMK oTeKamu (puc. 2).

BbiaBNAETCA HepaBHOMEPHOE HanoJIHEHME COCYI0B FOSIOBHOrO MO3ra 1 yBeninyeHue
KOJIMYeCTBa MMKranbHbIX KNETOK B NepPUBACKYNIAPHbIX 30HaX. DTU MPOLEecchl NPUBOAAT K
TOPMOXEHMIO M Pa3HOro pofa HapylweHWAM B NPOBOAALMX MYTAX FOMIOBHOrO MoO3ra.

Puc. 2. TkaHb runnokamna. BoifABnA0TCA pacnonoXeHHble B cTon6uyaToil popme MHTEPNO3ULMOHHDbIE
ouvaru Mexay nMpaMmugHbiMm Knetkamm (1). Mectamu onpefensoTca oyary nepuuenioNsipHbIX OTEKOB
(2). Okpacka 3. 10x10

Fig. 2. Hippocampus. Columnar interpositional (intermediate glial cells) foci between pyramidal cells
are revealed (1). Foci of pericellular edema are detected in places (2). H.E. 10x10 staining
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Mpn MUKPOCKOMUUYECKOM UCCNef0BaHNM TMCTONPENapaTos, NpeacTaBnAowmx cobom no-
nepeyHble cpe3bl F’MMMNoKamna, O6HaPYXMBAETCs GOJbLIOE KONMYECTBO OYaroB NHTEPNO-
31LUK (NPOMEXKYTOUHDBIX MIMANbHbIX KNETOK) MeXay NpamuaHbIMK KNeTkamu, pacroso-
XEHHBIMU CTONIGYATON NAPOiA. DTOT TN MOPPONOTMUYECKUX N3MEHEHWIA NOALEPKNBAETCA
BbICOKOW UyBCTBUTENbHOCTBIO MMMMNOKaMmna K ABAEHWIO TMNOKCUM U NMPOAOIXKAOLMMCA
CHWKEHVEM YMCIa HEMPOHOB NPV XPOHUYECKOW NLLeMUN.

Pa3nuyHbIi BUA aHMMOCKIEPO3a U NepuBacKyAPHOro oTeKa onpegenseTcs B CTEHKaxX
COCYAOB rOSIOBHOO MO3ra 1 B X BETBAX B 06/1aCT OCHOBAHWA rOfIOBHOIo mMo3ra. MosTo-
MY YCTaHOBJIEHO, YTO MPOLIECC XPOHNYECKOW FMNOKCMMN B KaKON-TMB0o 06nacTyi roNnoBHOMO
MO3ra NPUBOAUT K Pa3BUTKIO MUKPOPYOLIOBbIX MPOLIECCOB, NMEPULENTIONAPHBIX OTEKOB
BOKPYT HEMPOHabHbIX KNETOK 1 MponndepaTMBHO-aKTUBHbIX O4aroB MManbHbIX KINEeTOK
B 3TUX y4acTKax (puc. 3, 4). B KnvHUYecKoi cuTyaumm nofobHble M3MeHeHUA COMNpoBo-
XOAKTCA CHUXKEHNEM NAaMATU 1 SMOLMOHANbHOMO NOBeAEHN .

MuKpocKonuyeckun onpegensaeTcsa oTaaneHve KNeTok Apyr oT Apyra, 4To o6bsAcHAeTcA
yBeNyeHnemM OTHOCUTESTIbHOTO CofiepXKaHuA MyKOMAHOMO MKCeeMaTO3HOrO BeLecTBa.
Mopdonormueckne MccnefoBaHUA BbIABUAM YMeHbLUeHVEe KOonuyecTBa MUPaMUAHbIX
KNETOK, CKOMJIeHMe TeMHbIX 6a30pUIIbHbIX BKOUEHWUI (TMNOQYCLMH) B NeprHYKneapHbiX
0651acTAX, yBENMYEHNE FOMOTEHHbIX TEMHbIX BKJTOUEHMWI 3€PHUCTOrO BUAA B LMTOMNJIa3Me
rNOLUTOB. ALPO MUKPOTNINANbHbIX KNETOK MMEEeT rMnepXpoMHbI BUA, onpefenseTcs nx
pacnonoxeHvie B 0aUH pag. s 3ToN NoKanu3aumm XxapakTepHo yBenmndeHne MyKouaHbiX
BELLECTB BO BHEK/IETOYHOM MATPUKCE M PACNONOXEHME MUaNbHbIX KNETOK B OAUH PAA.

XpoHuyeckasa WWemMrUA TFONIOBHOrO MO3ra B YCIOBMSAX TMMNOTUPEO3a MNpUBOAUT
K GONbLIOMY CKOMJIEHMIO MUKCEAEMATO3HbIX BELECTB, CKOHLEHTPUPOBAHHbLIX BOKPYT

Puic. 3. TKaHb NOAKOPKOBbIX CTPYKTYP rosioBHOro mo3sra. B nogkopkoBom ueHTpe 6enoro

BellecTBa rofloBHOro Mo3ra o6Hapy»eH MenkokannbepHblii cocyf, cocyf NONIHOKPOBHbIIA, CTEHKA
AedopmupoBaHa, BbiABNAETCA Nepucknepos (1), B crpome 6enoro BewecTsa onpeaensiorca
NHTepcTULUManbHblie otekn (2). OKpacka I.3. 20x10

Fig. 3. A small caliber vessel was found in the subcortical center of the cerebral white matter, the vessel
is full-blooded, the wall is deformed, perisclerosis is detected (1); interstitial edema is detected

in the stroma of the white matter (2). H.E. 20x10 staining
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Puc. 4. CtpykTypa 6enoro BelecTsa ronoBHoro mosra. B cocyaucroii creHke BbIABNAOTCA
aHrnocknepos (1), nepnBacKynApHbIN OTEK U XaOTUYHO PacnoNoXKeHHbII ouar paspexxeHHon
$un6po3HoIi cTpyKTYpbI (2). OnpepensatoTca nponndepauns NepuLUToB COCYANCTbIX CTEHOK N CyXKeHune
cocyancToro npocrpaHcTea (3). Okpacka 3. 40x10

Fig. 4. Structure of the white matter of the brain. The vascular wall shows angiosclerosis (1), perivascular
edema and randomly located foci of sparse fibrous structure (2). Vascular wall pericytes proliferation
and vascular space narrowing are detected (3). H.E. 40x10 staining

NpoBOAAMX NYTEN HENPOHOB, NPENATCTBYIOWNX MPOXOXKAEHUIO UMMYIbCOB, a TaKXe
K CKOMJIEHVIO NaTONIOrMYECKNX UMMYNIbCOB MEXAY aKCOAEHTPUTHbIMU Nyykamu. Bce 31u
npowecchl NpefpacnonaralT K BO3HMKHOBEHMWIO 3NUNenTMYecknx cygopor. Mopdono-
rMYecky B LUTOMA3Me MIMOLUTOB MOSBASAIOTCA M3ObITOYHOE CKOMJIEHUE OKpaLUeHHbIX
OKCUPUIOM BKIIIOUEHUI TIKOTEHA M CKOMeHNEe MyKOMUIHbIX HabyXwmx KneTok BAOSb
NINHUK, Pa3BUBAIOTCA NepuLetoNApHbie OTeKn (puc. 5).

Puc. 5. TkaHb KOpbl Fo/I0BHOro Mo3ra. lpomexyTouHoe BelecTBo TKaH! Mo3ra TeMHO-PO30BOrO LiBeTa,
MUuKcefiemaTo3Hoe HabyxaHue (1), uuTonnasma KpynHbiX FnanbHbIX KJIeTOK TeMHO-6a3odunbHasn,
yBennuyeHa B pasmepax (2). Okpacka I.3. 40x10

Fig. 5. Cerebral cortex, intermediate brain substance dark pink, myxedematous swelling (1), cytoplasm
of large glial cells dark is basophilic and increased in size (2). H.E. 40x10 staining
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Puc. 6. NpoBopaAwme nytn B TKaHu 6enoro Beljectsa ronosHoro mosra. Ha poHe 6enoro Bewecrea
roJIoBHOro Mo3ra o6Hapy:KuBaeTcs 60/bLIOe KONNYECTBO rMMnanbHbIX KneTok (1). Okpacka I.3. 4x10
Fig. 6. Conductive pathways of the white matter of the brain. A large number of glial cells are detected
on the background of the cerebral white matter (1). H.E. 4x10 staining

3TV npouecchl, B CBOK oyepelb, MPUBOAAT K OFONIEHMIO TMMaNibHbIX KETOK BOKPYT
HeMpOoHOB. B pe3ynbTraTte HapyLwaeTcA NPOBOAMMOCTb MOHOB MO NMPOBOAALMM MYTAM, YTO
NPUBOANT K HaKOMJIEHNIO NMaTONOrMYeCcKMX MMMyNIbCOB. B KNMHMYECKON CUTyaumm 3Th 13-
MEHeHWA COMPOBOXAAITCA BANOCTHIO, CHKEHNEM NAMATU, HU3KMU SMOLMOHANbHBIMM
peaKkumnAMM Ha OKpY»KaloLLyto cpeay.

B TKaHM ronoBHOro Mo3ra Ha ¢poHe HapyLleHVA GYHKLUMW WNTOBULHON Xene3bl onpe-
LEenAlTCA MUKcegeMaTo3Hoe HabyxaHre CTPOMbl U 06pa3oBaHMe pa3perKeHHbIX BOSOK-
HUCTbIX CTPYKTYP. MNpr 3TOM onpeaenseTca yMeHblUeHre KOMyecTBa NMpaMnUaHbIX Kre-
TOK runoTanamyca v ux atpodus. CogeprkaHuie rimoLnToB TakKe YMEHbLUEHO, BblSBIEHO
yBeJIYeHne KoNMyecTBa KNneTok C LuTonnasmon, boraton BkoueHmsamMm. bonblias yactb
ONCTPOOUYECKMX M3MEHEHWN BO3HMKAET B MMPAMUAHDBIX KJIETKaX C NOCeAyoLM O4aro-
BbIM CKOMJIEHUEM FNINANbHBIX KIETOK, HEKPOOMO30M, a TaKXKe penapaTMBHOWN pereHepa-
uvei c nocnepyoWwnm GopmrMpoBaHNEM CKNEPOTUYECKON PYOLIOBOM TKaHW.

B 6enom BellecTBe KOpbl rONOBHOrO Mo3ra (puUc. 6) U3MeHeH penbed NPoOBOAALLNX
HEPBHbIX BOMIOKOH, MMuasnbHble KNeTKWU cobpaHbl BMecTe (co3faBasa 3¢deKkT mukceae-
MaTO3HOro HabyxaHua cTpombl). Mix untonnasma 6orata BKIOUYEHUAMU FIMKOreHa. DToT
npoLecc NPUBOANT K PE3KOMY CHUXKEHUIO GYHKLMOHANIbHOTO COCTOSIHUS MUPaMULHbIX
K/eToK. B runnokamne BbiABNAETCA 60bLIOE KOMYECTBO MHTEPMO3NLMOHHbIX OYaroB C
N3MeHeHVEeM JBYXCTONOYATOro PacrnoNioKeHNA NMMPaMULHbIX KIETOK.

B 3AKJ/TIOYEHWE

(DOpMI/IpOBaHVIe 3TOro Bmaa 3KcnepmmeHTaan0|7| naTonornm NpPoABNAETCA B BO3HUK-
HOBEHUN JJ,I/ICTpOd)I/I‘-IGCKVIX M3MEHeHN B Hel;lpOHaX, ABNALWNXCA aKTUBHbIMU KNeTKaMn
KOpbI 60NbLINX I'IOJ'I)/LUEipI/IVI FONOBHOIO MO3ra 1 NOAKOPKOBbIX LLEHTPOB. Mo mepe ycyry-
6neHuns Bblpa*>KeHHOCTN HapYLUeHI/IVI LNTOAPXUTEKTOHUKN KOPbI FOJTIOBHOIO MO3ra yBeJin-
UYMBaETCA KONMYeCTBO NMNPAMUAHbIX KJNETOK, aCTPOUUTOB, U3MEHAETCA pPacCnonoXeHne
rpaHny 6enoro BeuwecTsa N nponcxognT 3amelleHmne TkaHn MmennmHoOBbIMU HEPBHbIMU
BOJIOKHaMW. Ha6J'IIOJJ,BETCF| Pa3MbITOCTb rpaHUL, PacnoNnoXeHnA NMpaMnaHbiX KNeTok B
TKaHW KOPbl FOJTOBHOIO MO3ra, CaMu Xe KNeTku BbirmAagAT TOHbLUE, C Pe3KO NCTOHYEHHbIMUA
OTPOCTKaMM anNnKalbHbIX AEHOPUTOB.
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KOHCTaTI/IpOBaHHbIe I'IaTOMOpd)OJ'IOFVI‘-IECKI/Ie M3MEHEeHNA B MO3roBOW TKaHU conpoBo-
AKOAKTCA COCYANCTbIMAN N3MEHEHUNAMMN TOJTOBHOIO MO3ra: ymeHblleHnem gnameTpa npo-
CBeTa CoCyaoB, MyKOMAHbIM Ha6yxaH|/|eM CTEHOK COCYynoB, N3BUIINCTOCTbIO, ,qed)opmau,m-
el CTeHOK COCynoOB 1 pa3BUTUEM aHITNOCKNEPO3a.

Bce atn npouecchbl 3aBepLuakoTCcA anOd)I/I‘-IECKVIMVI N CKNepoTnyeCKNMn N3aMmeHeHnAMN
MO3rOBOW TKaHU, @ Tak»Ke OTEKOM roJIOBHOIro MO3ra.

|_|OJ'Iy‘-IEHHbIe AaHHble NMO3BONAKT Nojaratb, YTO HapylwleHne NOSIHOLEHHON d)yHKLI,VIVI
LMTOBUAHOWN »Kene3bl orpaHmnyeHunem ee KpOBOCHa6)KEHVIF| npmnBoanT K Pa3BUTUIO NAToO-
XUMNYECKUX N HaTOMOp(I)OJ'IOFVIHECKI/IX npoueccoB B TKaHW roJIOBHOIo Mmo3ra.
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Pesiome

Llennb. MNposectn aHann3 otaaneHHbIXx MOPPOdYHKLMNOHANBHBIX M3MEHEHMI B Mexdon-
NMKYNAPHOWN COeANHUTENIbHOTKAHHOW CTPOME WUTOBUAHOM »Kene3bl Nocsie BO3AeNCcTBuA
Ha oOpraHu3M N1abopPaTOPHbIX KMBOTHbIX (KPbIC) OAHOKPATHOrO HU3KOWHTEHCMBHOIO
y-06nyueHus.

Matepuanbl u metoppl. PaboTa BbiNnosHeHa C cobNOAEHEM MPABOBbIX U 3TUYECKMX
HOPM MCMONb30BaHUA TA6OPATOPHBIX XMBOTHBIX B SKCMEPMMEHTAX Ha 36 KpblCcax-cam-
Lax B BO3pacTe 4 MecsALEB Ha MOMEHT Havana aKkcrneprmeHTa. OLeHrBanuy peakLuio Mex-
boNnNMKynAapHON CTPOMbI LLIUTOBUAHOW ene3bl Noc/ie OQHOKPATHOMO Y-06/1yYeHus B 3K-
BMBANIEHTHOM fo3e 5 M3B C MoLWHOCTbO 50 clp/u ¢ nocTpagnaumMoHHbiM nepuogom 12
n 18 mecaueB. Kputepuamm oueHKU cnyxunnun: MophodyHKLMOHANbHbIE TUMbl TYYHbIX
KNEeToK 1 1X obLuee YnCo, SKBUBANIEHTHOE cofiepXkaHne gpepmMeHTa wWenodHas docda-
Ta3a, NPOLEHT MoWaan CTPOMaribHOrO KOMIMOHEHTA MO OTHOLLEHMIO K 06LWel nnoLwaam
TKaHW WMTOBUAHOW »ene3bl. CTaTUCTUYECKNIA aHanm3 NoslyYeHHbIX AaHHbIX OCYLLeCcTBAs-
NN C MCMOoJb30BaHMEM MPOrpaMMHOro obecreveHus Statistica 6.1 (mapameTpuuyeckue
Kputepum). BeinonHeHbl aHann3 KoppensaLMOHHbIX B3aMMOCBA3€EN 1 PerpecCMOHHbIN aHa-
N3 nokasatenen MmopdodyHKLMOHANbHOMO CTaTyca LWTOBULHOW Kenesbl.

Pe3ynbraTtbl. AHanM3 MofayyeHHbIX Pe3ynbTaToB Mokasan mMopdodyHKUOHaMbHblE 13-
MEHEHMA KaK BOJIOKHUCTOTO, TakK Y K/IETOYHOrO KOMMOHEHTOB COeAUHUTENIbHOTKAHHOM
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OueHka MopdOdYHKLIMOHANBHBIX 3MEHEHWI B COCTOAHNUN MEXOONNKYNAPHON
COeAVHNTENbHOTKAHHOW CTPOMbI LUMTOBWAHON »ene3bl Moc/e BO3AeCTBUA
HV3KOMHTEHCVBHOTO raMMa-13nyyYeHns: SKCNeprMeHTabHoe UCCefjoBaHmne

CTPOMBbI LMTOBUAHOW >ene3bl. [lona niowaan CTPoMasibHOro KOMMOHEHTa OTHOCUTENb-
HO MJIOLWAAN XKene3 yBennyMBanacb B AMHAMUKE NOCTPAAMALMOHHbBIX CPOKOB. TyuHble
KNETKN pearvpoBani Ha BO34eNCTBYE Y-N3/TyYeHUs YMeHbLIEHNEeM UX 06LLero ymcna Ha
¢$oHe BO3pacTaHUA KONMUeCTBa ferpaHynvmpoBaHHbiX ¢popm. CogepaHue WenoyHow
docdaTasbl B MEXPONNMKYNAPHON CTPOME CHUXKANOCh crnycta 12 n 18 mecsAueB nocne
O[HOKPATHOTO HU3KOVMHTEHCUBHOIO Y-065ydeHuns. [poBeAeHHbli KOPPensauOHHbI
aHanun3 mexay mMopdodyHKLMOHANbHBIMU MOKA3aTeNAMU COCTOAHUA LUTOBUAHON >e-
ne3sbl MOKa3sa M3MEHEHME CUJTbl U HaNpPaBeHUs KOPPENALUVOHHONW 3aBUCMMOCTU B AU-
HaMuKe HabnogeHus. Mo pesynbTaTaM MHOXECTBEHHOW IMHENHON perpeccut KOHCTaTh-
POBaHbl Kak pa3o6LLeHHOCTb, TaK 1 CTabUM3aLMA KpUTePUEB, HEPa3PbIBHO CBSA3AaHHbIX C
BO3PaCTOM.

3aKknioueHue. BbiABEHO NHAYUMpYIoLLee BAUAHME Y-061yYeHUA Ha YBeNUYeHne NioLLa-
AN MeXbONNUKYNAPHOW CTPOMbI LMTOBUAHOW Xene3bl KPblC B SKCNeprMeHTe Ha GpoHe
CHWKeHWs GpepMeHTaTVBHON aKTUBHOCTY LWenoUHo ¢pocdaTasbl MPU YUaCTUMN aKTUBHbIX
$OPM TYUHBIX KNETOK. Pe3ynbTaTbl KOPPENALMOHHOIO U PErpeccoOHHOrO aHanmn3oB ya-
CTUYHO NepeceKalnTca 1 AEMOHCTPUPYIOT YTepto MHOTUX CBA3EN B MPSAMON 3aBUCUMOCTH
OT YBEJIMUEHNA CPOKOB HabnogeHus.

KnioueBble c0Ba: WMTOBMAHAA ene3a, MeXPpoNnnKynsapHasa CTPOMa, HU3KOUHTEHCUB-
Hoe y-0651yyeHme, TyuHble KNeTKy, wenoyHas ¢ocdaTasa
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Abstract

Purpose. To analyze distant morphofunctional changes in interfollicular connective tissue
stroma of the thyroid gland after exposure to a single low-intensity y-radiation in rats.

Materials and methods. The study was carried out in compliance with legal and ethical
standards for the use of laboratory animals in experiments, with 36 male rats with an initial
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age of 4 months. The response of the interfollicular stroma of the thyroid gland to a single
y-irradiation at a dose equivalent to 5 mSv at 50 cGy/h with a post-radiation period of 12
and 18 months was assessed. The evaluation criteria were: morphofunctional types of mast
cells and their total number, equivalent alkaline phosphatase level, stromal component
area percent against the total area of the thyroid tissue. Statistical data processing was
carried out using Excel 2007 and Statistica 6.1 software packages using parametric criteria.
Both correlation analysis and regression analysis of thyroid morphofunctional parameters
were performed.

Results. Analysis of the results obtained showed morphofunctional changes in both
fibrous and cellular components. The proportion of the stromal component area
against the area of the glands increased over post-radiation time. Mast cells responded
to y-radiation by decreasing their total number against the background of increase in
number of degranulated forms. Alkaline phosphatase levels in interfollicular stroma were
decreased in 12 and 18 months after single low-intensity y-irradiation. The correlation
analysis of thyroid morphofunctional parameters showed changes in correlation strength
and direction over time within the observation period. Multiple linear regression results
indicated both dissociation and/or stabilization of inextricably age-related criteria.
Conclusion. An inducing effect of y-irradiation on increasing the area of interfollicular
stroma of experimental rats’ thyroid gland against the background of decreasing alkaline
phosphatase enzymatic activity with active forms of mast cells involvement was revealed.
Correlation and regression analyses results partially intersected demonstrating the loss of
many relationships in direct correlation with extension of observation period.
Keywords: thyroid gland, interfollicular stroma, low-intensity y-irradiation, mast cells,
alkaline phosphatase

B BBEJEHWE

PagnoakT/BHbIe YacTWLbl MPUPOAHOIO Y TEXHOFEHHOIO NMPOUCXOXAEHNA HENpPepPbIB-
HO OKpPY»KaloT COBPEMEHHOTO YesioBeKa. [pn 3TOM NCKYCCTBEHHbIE 3/1eMeHTbl NOCTOAHHO
yBenuumnaaloT GOH pagmaLmmn SKB1BaNEHTHO paclumpeHunio cdep MCNonb3oBaHUA paguno-
aKTUBHbIX UCTOYHUKOB BO BCEX OTPAC/IAX XKN3HEAEATENbHOCTH, OT AAEPHON SHEepreTUKn
[0 MeMLMHbI, TAe PaAvOHYKNUAbI Kak 006pa3syloTca B KauecTBe NOHOYHbIX MPOAYKTOB Ha
NMOCTOAHHOI OCHOBE, Tak M MacCoBO BbIOPACHIBAOTCA BO BPeMA aBapUHbIX CUTYyaL M
[1-7]. B cBA3M C 3TUM, HECMOTPA Ha COOPaHHbI 0O bEMHBI SMMUPUYECKUIA MaTepuan, NH-
Tepec K brionornyeckomy Bo3fencTaunio GakTopoB paaraLMOHHOW NPUPOAbI Ha XMBble
OpraHn3Mbl He TONbKO He TePAET CBOE aKTyasIbHOCTU, HO 1 MPUOGpeTaeT HOBbIE acMneKTbl
C pacwmpeHnem nccnegoBaTenbckoro nons [3-6, 8—-11].

B usyueHun spdekToB y-M3nyyeHna ocoboe BHUMaHWe creflyeT yAenuTb pPaguno-
UyBCTBUTENbHOCTY OPraHOB M TKaHel, KoTopaa He BCerga Koppenupyet ¢ fo3oi obny-
yeHuA. PerynatopHble cucteMbl OpraHn3ma, B TOM Ynciie LWMTOBUAHAA Kenes3a Kak op-
raH SHOOKPUHHOW CUCTEMbl, NEPBOCTEMNEHHO M aKTMBHO OTKNMKAIOTCA Ha BO3AeNCTBUE
y-0651yyYeHuA. YCTaHOBNIEHO, UTO ANA WNTOBUAHOW Xene3bl XapakTepHa BblCOKas paguno-
UyBCTBUTENbHOCTb, BBUY YEro ee OTHOCAT K KpUTUUYECKUM OpraHam opraHunsma. Mopdo-
bYHKUMOHaNbHble N3MEHEHUA B LUMTOBUAHON enese nocsie BO3AeNCTBUA Y-U3NyYeHUs
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MOTYT CNY>KUTb MAEHTUDUKATOPOM pafmaLnoHHbIX 3bdeKkToB 1 6a3on ana ux yrnybnet-
Horo uccneposanusa [1, 2, 4].

MpepcTaBnAeTCcA BaXKHbIM cieNlaTb akLEHT Ha M3yYeHUU OTAaNeHHbIX MOCTpaanaLMoH-
HbIX NOCNeACTBUN, 0COOEHHO B YCNOBUAX BO3AENCTBUA HU3KOUHTEHCUBHOIO Y-U3NyYeHN .
B nccneposatenbcknx paboTax fOKasaH BbICOKUI PUCK KaHLEpOreHesa B LWMTOBUOHOWM
Xenese B OTfaNeHHble CPOKMN Nocne 0bMyYeHUs C AMTeNbHbIMU TATEHTHbIMK Neprofa-
MU, MPUBOAALLNIA K BO3pacTaHMIO 3a601eBaeMoCT/ BO BpeMeHu [3,5,7, 11, 12].

HemanoBaXxHO B WUCCNegoBaHWM OGMONOrMYECKOro AeWCTBUS HU3KOWHTEHCUBHOIO
Y-U3ny4yeHna Ha opraHbl U TKaHW yUuTbIBaTb UX NponudepaTrBHYO akTUBHOCTb. Tak, Ha-
npumep, WMTOBMAHAA Xefle3a OTHOCUTCA K PacTyLmMMm, MefjieHHO 06HOBAALWMMCA No-
NyNALMAM, YTO OKa3blBaeT 3HaUMTeNIbHOE BNIMAHKE Ha Pa3BUTNE OTAANEHHbIX MO BPeMeHU
NoCcTpaAnaurOHHbIX M3MEHEHNI B OpraHe 13-3a HakomneHna CTPYKTYPHbIX TpaHchopma-
uun B reHome [2, 4, 101.

LLinToBrAaHas xene3a umeeT OMHaPHYIO OCHOBY CTPOEHMWA BbICOKOTO YPOBHSA, B KOTO-
PO NapPEHXMMATO3HbIN KOMMOHEHT HaXOAUTCSA B TECHOW B3aUMOCBA3M CO CTPOMAasbHbIM
3BEHOM. B OTKNMKe WUTOBMAHON Xene3bl Ha Y-0651yueHne 1 afanTUBHOM perynupoBaHum
paanaumMoHHbIX 3pPeKTOB NPMHLMNMANBHOE 3HAYEHNE UMEET PeakUmaA COeANHUTENBbHOM
TKaHU MeXPOMMKYNAPHON CTPOMbI KaK C/TIOXKHOW CMCTEMbI, B COCTaB KOTOPOW BXOAAT
perynAatopHble Knetku. CornacHoO HEKOTOPbIM UCCNefoBaTeNbCKM paboTam, HapyLleHNA
OpraHoB, onocpefoBaHHble BO3AENCTBMEM NOHN3MPYIOLLErO N3MTyUYeHNA, CBA3aHbl C pas-
BUTUEM GUOPO3HDBIX N3MEHEHWUI KanUSPOB U CTPOMASIbHOrO KOMMOHEHTA, CKa3blBato-
LMXCA HA COCTOAHUN MeCTHOro KpoBoobpalueHus [13-15]. MexaHn3mMbl nocTpagunaum-
OHHOrO OTBEeTa CTPOMbl GOPMMPYIOTCA NPU YUacTUm paga bUoNormyecknx KOMNOHEHTOB:
TYUHbIX KNETOK KaK perynaTopoB TKaHEBOro roMeocTasa, akTMBHOCTM depMeHTa Lenoy-
How dpocdaTasbl, cCTeM perynaumMm NPoHNULAEMOCTU KanuiIAPHOro MUKPOLMPKYNATOP-
HOro pycna, a Takxe TpaHcnopTta MeTabonnToB U ropMoHoB, ¢pnbpobnacTos, yyacTByto-
LWMX B 06pa30BaHNN BOIOKHUCTbIX KOMMOHEHTOB. 10 peaKLUMOHHO BbIPpaXKEHHOCTU 3TUX
KOMMOHEHTOB TKaHW NPeACTaBNAETCA BO3MOXHbIM CYAUTb 06 afanTuBHbIX NOCTpaguaum-
OHHbIX BO3MOXXHOCTAX, TPAHCMOPTHOWM CMOCOBHOCTUN N OCOOEHHOCTAX B3aMMOAENCTBMIA
NnapeHX1Mbl U CTPOMaNIbHOrO KOMMOHEHTa B OTAaNIeHHbIe CPOKM Mnocse y-obnyyeHus [4,
6,11,13,14,16].

B LIEJTb NCCJIEOOBAHUA

MposecTn aHanu3 oTaaneHHbIx MOpGODYHKLMOHANbHBIX U3MEHEHUA B Mexdonnu-
KyNAPHOWN COeAMHUTENbHOTKAHHOW CTPOME LWMTOBUAHON »Kenesbl Nocie BO3AeiCTBUA
Ha opraHm3am N1abopaToOpHbIX XMBOTHBIX (KPbIC) OAHOKPATHOIO HU3KOWHTEHCMBHOMO
y-06nyueHus.

B MATEPWAJIbI U METObI

PaboTa BbinonHeHa ¢ cobnofieHnem NPaBoOBbIX U STUYECKUX HOPM yyacTus nabopa-
TOPHbIX XMBOTHbIX B dKCMEpPUMEHTanbHbIX nccnegosaHuax (Mpukas M3 PO N2 267 ot
19.06.2003 06 yTBepKaeHUN NpaBun nabopaTopHon NpakTuku). ccnegosaHue 6asmpy-
eTCA Ha JaHHbIX aHanu3a peakuuy 61onornyeckoro matepmana Mofenm sKkcneprmMmeHTa B
OTBET Ha BO3JeNCTBME OLHOKPATHOWN 3KCNO3MLUKN Y-06/1yYeHUs B SKBUBANIEHTHOW fo3e
5 M3B ¢ mowHocTblo 50 clp/u Ha nabopaTopHbIX NONOBO3PENbIX CaMLOB OesbiX KpbiC.
Bbin chopmmpoBaHbl rpynnbl MHTAKTHBIX XKUBOTHbIX U GMOKOHTPONA (CM. Tabnuuy).
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Mopenb sKcnepnmeHTa
Experiment model

KonnyecTBo XKNBOTHbIX
Mapametpbl y-nsnyyeHus

MNMocTpapnauoHHbIN Nnepuos
Hosa MowHocTb
(M38) (cTp/y) 12 mecAaues 18 mecAues
5 50 9 9
BuokoHTponb 9 9
VIHTaKTHbIE KMBOTHbIE 9 9
Bcero XnBoTHbIX 54

Bo3pacT KpblC Ha MOMEHT Hauasna 3KcnepumeHTa cocTaBnsan 4 mecaua. Noctpagunaum-
OHHbIV Nepuog coctaBun 12 n 18 mecaues. YMepLyBneHve X1BOTHbIX OCYLLeCTBNANY ae-
Kanutauuein nog 3GMpHbIM Hapko3oM. OGBEKTOM SKCMEepPUMEHTaNIbHOrO 1CCiefoBaHNA
ABUNACh WMUTOBUAHAA Xene3a. Kputepusamm oueHku cnyxunmn: mopdpodyHKUMOHaNbHbIE
TUMbI TYYHBIX KJIETOK 1 X 06LLee YMCIOo, a TaKXKe SKBMBaNIEHTHOe cofiepKaHue depmeHTa
wenoyvHas ¢ocdatasa, oLeHrBaemoe no 3GdeKTY NPOABNEHUA SH3UMOM GYHKLIMOHaNb-
HOW aKTMBHOCTMW.

Ha 6a3e nporpammbl Image) npoussoaunm mopbomeTpurio nnowaan WUToBULHON
Xenesbl 1 nuowaan ee MexdoOnNIMKyNAPHOW CTPOMbI, UCMoNb3ya MuUKpodoTorpadum
(x1000) npenapaToB WWTOBMAHON ene3bl 25 Nonen 3peHns, OKpaLleHHbIX reMaToOKCUIN-
HOM-303UHOM. BbICUMTBIBaNU NPOLIEHTHOE COOTHOLLEHNKE noLagen no dopmyne:

Per= 2T % 100%,
Supk

rae Pct — npoueHT nnowaaw, 3aHATbIN MeXGONNNKYNAPHON CTPOMON;

ScT - nnowagb MeXXGonNKynspHON CTPOMbI;

SupK — obLas nioLwaab WNTOBUAHON »Kenesbl.

[na BbIABNEHUA aKTUBHOCTM LWenoYyHon dpocdaTasbl NCNONb30BaANN PeakUmo a3oco-
yetaHus (bepctoH M., 1965) Ha KpMOCTaTHbIX cpe3ax TonwmHom 10-12 MKMm, ¢ cybcTpaTom
a-HadTundocdatom n Kpacutenem npouvHbiM cuHum PP. MopdomeTpuio nposogunu B
25 nonAx 3peHns ¢ Kaxxgoro Myukponpenapara (x400) no nporpamme ImageJ, oueHusas B
Ps (nnkcensx) KOHTpacTHOe N306pakeHre YePHOTO LiBETa, SKBUBAJNIEHTHOE KONIMYECTBEH-
HOMY cofiep>KaHuio LenoyHol docdaTasbl.

B 60 nonsax 3peHuna (x630) MMKponpenapaToB COeANHUTENbHOTKaHHOWM CTPOMbI XeJe-
3bl BbICUMTbIBANIM KOJIMYECTBO TYUHbIX KNETOK C MaeHTUdUKaLmen nx gerpaHynmpoBaH-
HbIX U HeAerpaHynMpoBaHHbIX GOpPM, OCYLLECTBIAEMON NyTeM COYETAHHOIO UCMOb30Ba-
HUA KpacuTenen — OCHOBHOIO KOPUYHEBOTO 1 remaTokcunuHa (LLyouu M.T, 1961).

KonuuectseHHble faHHble, MONyYeHHbIE B XO[e NPoBefleHNA IKCneprMeHTa, 0bpaba-
TbIBaNNCb MEeTOAaMMN BaPUALIMOHHONW CTaTUCTUKK, KOPPENALMOHHOIO 1 PErPEeCcCUOHHOro
aHanm3a c UCnosnb30BaHNeM NporpaMmMHoro obecneveHus Excel 2007, Statistica 6.1, SPSS
for Windows.
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B PE3YJNIbTATbl U OBCYXOAEHNE

B xoge n3yuyeHna OTKNMKa CTPOManbHOW COEAVHUTENIbHON TKaHW LWUTOBUAHOMN e-
nesbl Ha BO34eNCTBUE Y-U3NTyYeHMA HU3KOW MHTEHCUBHOCTY B A03€e 5 M3B C MOLHOCTbIO
50 clp/u c nepriogom otaaneHHocTn 12 1 18 MecaLeB BbiABeHbl MOPGObYHKLIMOHasb-
Hble N3MEHEHWA BOJTOKHUCTOrO U KNETOYHOrO KOMMOHEHTOB. [lJonsA CoeAIHNTENTbHON TKa-
HW CTPOMbI LUTOBUAHOM »Kefle3bl KOHTPOJSbHbIX XXMBOTHbIX cocTaBnsAna 5,51% n 5,65% ot
obulen nnowaau xenesbl cnycTta 12 n 18 mecaues nocsie y-obnyyeHUs COOTBETCTBEHHO,
TOrAa Kak B OMbITHOWM rpymnmne >KMBOTHbIX OTMeYanacb BblpaXKeHHas TeHAeHUMA K pocTy
CTPOMaJIbHOro KOMIMOHEHTa B 06a NMOCTPaAMALMOHHBIX CPOKa OTAaNeHMs, YTO COCTaBu-
710 B NPOLEHTHOM cooTHoweHun 11,92% 1 14,9%. MopdomeTprnueckoe nccnegoBaHne
wenoyHow pocdaTasbl MUKPOLMPKYIATOPHOIO pycsia WUTOBUAHON Xene3bl Nocsie OfHO-
KpaTHOro BO3AENCTBUA Y-U3NyUeHUsA NoKa3aNno pe3koe [JOCTOBEPHOE CHUKEHME ee aK-
TUBHOCTW MO OTHOLUEHMIO K KOHTPOJIbHbIM MOKa3aTessiM: B HauyaslbHOM CpoKe 1ccieno-
BaHMA — ¢ 492+1,5 Ps B KoHTponbHoOM rpynne o 149+4,2 Ps; B onbITHOWM rpynne cnycra
18 mecaueB nocse y-obnyyeHus ¢ 251+2,1 Ps no 129+6,7 Ps cooTBeTCTBEHHO (puc. 1).

Ha ¢doHe yBennueHus niowagm CoOeaUHUTENIbHON TKaHU U YMEHbLIEHUA COAepa-
HUA WenoyHol docdaTtasbl 0OTMEUaNocb JOCTOBEPHOE CHUXKEHME 06LLero uncna TyuYHbix

Puc. 1. luHammnKa cogepaHusA WwWeno4yHon ¢pocdarasbl 1 NoOWAAN CTPOMASIbHOrO KOMMOHEHTa
WNTOBMAHON XKene3bl Noc/ie OAHOKPATHOro Y-06/1ly4yeHUA B SKBUBANIEHTHOI fjo3e 5 M3B C MOLLHOCTbIO
50 clp/u c nocTpagnauoHHbIM nepuoaom 12 n 18 mecaues. 0603HaueHUA: No ocn abcumcce - cpokn
HabnoaeHNA, No N1eBOI OCM OpAMHAT — coAepKaHue Weno4yHol pocdartasbl B NUKCENAX, N0 NpaBoil ocn
OpAVHaT - NPOLEHT N/IoWaaun, 3aHATbIN MeXXPOonNnKynapHoi ctpomoin

MpumeyaHue: * pa3nnuma Npu CpaBHEHNN C KOHTPOSIBHON MPYMNMNON CTaTUCTNYECKM 3HauMMbl (p<0,05).

Fig. 1. Evolution of alkaline phosphatase levels and thyroid stromal component area after a single
y-irradiation exposure in the dose of 5 mSv at 50 cGy/h, with post-radiation periods of 12 and 18
months. Designations: x-axis indicates observation periods, left y-axis indicates alkaline phosphatase
level in pixels, and right y-axis indicates the percentage of interfollicular stroma area

Note: * differences when comparing with the control group are statistically significant (p<0.05).
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Puc. 2. iluHaMmunKa o6Liero yncna Ty4yHbIX KNeTok Mex$onnnKynapHoON coeNHNTENbHOTKaHHOM
CTPOMBI LNTOBUAHON Kenesbl N NX AerpaHyNMpoBaHHbIX ¢OPM Nocne OAHOKpaTHOro y-o6ny4yeHna
B JKBMBaNeHTHOM fo3e 5 M3B ¢ MOLWHOCTbIO 50 clp/4 ¢ NocTpaagnaLoHHbIM nepuogom 12

1 18 mecsaues. 0603HaueHNA: Mo ocu abcuncc - cpoKu HabnloaeHNA, No NeBoI 0CM OpAUHaT - obulee
YMCNI0 TYYHbBIX KNE€TOK, MO NPaBoil 0CN OPAVHAT — cofiepXKaHMe AerpaHyIMpoBaHHbIX GOPM TYUHbIX
KNeTOK B NpoLeHTax

MpumeyaHue: * pasnnuma Npu CpaBHEHNN C KOHTPOSBHON MPYMNMNON CTaTUCTNYECKM 3HauMMbl (p<0,05).

Fig. 2. Evolution of the total number of mast cells of the interfollicular connective tissue stroma of the
thyroid gland and their degranulated forms after a single y-irradiation exposure in the dose of 5 mSv

at 50 cGy/h, with post-radiation periods of 12 and 18 months. Designations: x-axis indicates observation
periods, left y-axis indicates the total count of mast cells, and right y-axis indicates degranulated mast
cell forms content in percent

Note: * differences when comparing with the control group are statistically significant (p<0.05).

KNEeTOK MO OTHOLUEHMIO K KOHTPONIO: Ha 14,2% B CpOK nocsie BO3AENCTBUA Y-U3NYyUYeHNA
12 mecaueB n 12,3% - cnycTta 18 mecAueB. PekombrHauma TMNONOrMYECKUX NpeacTaBu-
Tenen TyuYHbIX KNeTok Obina HampaBfieHa B CTOPOHY MX akTUBAaLMU M COMPOBOXAanach
nporpeccupyowmm npeobnagaHmem AerpaHynnpoBaHHbIX GOpM K CPOKY HabnogeHuA
18 mMecAUeB Ha POHe CHUKEHUA KOMMYECTBa HeAerpaHyNMpPOBaHHbIX TYYHbIX KIETOK
(punc. 2).

Mo pe3ynbTatam KOppenALNOHHOIO aHann3a nokasarenen MopdoPyHKLMOHaANbHOTO
COCTOAHNA LUTOBMAHON Xefe3bl SKCMePUMEHTASIbHbBIX XUBOTHBIX Nocse y-06nyyeHumA
(no3a 5 m3B, MmowHocTb 50 clp/u) ¢ NOCTpagnaLNOHHbBIM NepuoaomM 12 MecAuEeB B KOH-
TPONbHOWN FPyMnmne »KMBOTHbIX OblNa BbisIBNIEHa CUNIbHas obpaTHas CBA3b MO KPUTEPUAM
HeferpaHynMpoBaHHbIX Y AerpaHyIMpOBaHHbIX TYUHbIX KneTok (r=-0,755), KoTopasa co-
XPaHAETCA Y XKMBOTHbIX OMbITHOW FPynMbl, HO TepAeT cBoto cuny (r=-0,5). CunbHasa 06-
paTHaA CBA3b MO KpPUTEPUAM COAEpKaHMA HeaerpaHyNMpPOBaHHbIX TYUYHbIX KMETOK Y
nnowaamn coeanHUTENbHOTKaHHON CTPOMbI (r=-0,820) B KOHTPONIbHOW FPYMMe >KUBOTHbIX
TpaHchOpMUPYeETCA B NPAMYIO KOPPENALNOHHYIO CBA3b YMEPEHHOW CUNbl ANA MoKasa-
Teslel XMBOTHbIX OMbITHON rpynnbl. O6paTHaA CBA3b CpefHen CUbl, KOHCTaTUPOBAHHAA
MeX[y CcofiepXaHem HeaerpaHyMpoBaHHbIX TYUHbIX KJETOK U wwesnoyHon docdaTasbl
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KOHTpoOJibHOM rpynnbl (r=—0,582), nepexoanT B CUNbHYI0 NPAMYIO CBA3b MO aHaIOrMYHbIM
nokasartenam onblTHOW rpynnbl (r=0,957). KoppenAaunoHHasa cBA3b KoNnyecTsa AerpaHy-
NMPOBAHHbIX TYUYHbIX KNETOK 1 OBLLEero yncna TyuyHblx KneTok (r=—0,693) He3HauuTenbHo
CHUXaeTcA B rpynne KoHTpons. Mpamasn cBA3b cpegHelt cunbl, COOPMUPOBaHHAA MEXIY
NposB/ieHNEeM aKTUBHOCTY LiefIoYHoN docdaTasbl 1 NAoWaAbo COeaNHUTENbHOTKAHHOM
cTpombl (r=0,564), [OCTOBEPHO yCMNMBaeTCA B KOHTposbHoW rpynne (r=0,681). Kpome
TOro, Mmopdonormyeckne KpUTepun WMTOBUAHON Xene3bl ONbITHOWM rpynnbl oTpearnpo-
Ba/ln Ha BO3AENCTBME MOHU3MPYIOLWEro M3nyyeHna GopMUpPOBaHMEM HOBbIX CUIbHbIX
NPAMbIX CBA3EN MeXKAY OOLLMM KONMUYECTBOM TYUHbIX KNETOK 1 UX HeaKTUBHbIX Gopm (r=1)
N MEXIY YMCIIOM TYUYHbIX KNETOK 1 aKTUBHOCTbIO LenoyHol docdaTtasbl. DopmupoBaHue
ob6paTHOM CBA3M YMepeHHOWN cunbl Habnoaanocb MeXay YMCIOM AerpaHynMpoBaHHbIX
TYUYHbIX KNETOK 1 MOKa3aTensMmn NpoABAeHNA akTUBHOCTU LenoyHol docdatasbl (puc. 3).

Cnycta 18 mecALeB B KOHTPOMbHOW Fpymnmne >KMBOTHbIX YacTb KOPPENALMOHHbIX
cBA3el ncyesaeT MM CTaHOBUTCA MUHWMMANbHOWN, COXPaHAACb M [OCTOBEPHO YCWUU-
BaACb ANA KpuUTepueB HepderpaHynMpoBaHHbIX W AerpaHyMpoOBaHHbIX TYUHbIX KNEeTOK
(r=—0,889) 1 akTMBHbIX GOPM TYyUHbIX KNETOK C UX 0OLWMM uncnom (r=-0,812); npn 3Tom
dopmumpyeTca HoBasA CUbHaA CBA3b MO NoKa3aTenam 06LLero KonmyecTsa TyUHbIX KNeToK

Puc. 3. KoppenaunoHHbI aHanus nokasareneit MOppoPyHKLNOHaNbHOIO COCTOAHUA WUTOBUAHON
)Kene3bl Nocsie OQHOKPATHOro y-061y4YeHNs B 3KBMBaNeHTHON Ao3e 5 M3B ¢ MoLHOCTbIo 50 clp/u
C NOCTpaAnaUNoOHHbIM Nepuogom 12 mecsiyes

Mpumeyanma: OYTK - obLiee uncno TyuHbIx KneTok, Al — ferpaHynvpoBaHHble TyuHble KneTku, HAI — HeferpaHynMpoBaHHble
TyuHble KneTku, LL® - wenouHas pocdatasa, PCT — npoueHT nnowaan, 3aHATON MeXPONTNKYNAPHON CTPOMON LWMTOBUAHOW

xene3sbl.

Fig. 3. Correlation analysis of indicators of the morphofunctional state of the thyroid gland after a single
y-irradiation exposure in the dose of 5 mSv at 50 cGy/h, with post-radiation period of 12 months
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Puc. 4. KoppenAaunoHHbIi aHanu3 nokasarenen MOop$poPyHKLMOHANbHOro COCTOAHNA LWNTOBUAHON
Kenesbl NocNe OJHOKPATHOrO Y-0611y4eHNsA B 3KBUBaNEHTHOMN fAo3e 5 M3B ¢ MowHoCcTbIo 50 clp/y
c nocTpaanauMoHHbIM nepuoaom 18 mecsaues

MpumeyaHusa: OUTK - obuiee umcno TyuHbIx KneTok, [l — gerpaHynmpoBaHHble TyuHble Knetku, HAI — HeferpaHynnpoBaHHble
TyuHble Knetku, WO - wenouHas pocdatasa, PCT — npoLeHT NioLwaaw, 3aHATON MeXPONIMKYIAPHON CTPOMOMN LUTOBUAHON
xenesbl.

Fig. 4. Correlation analysis of the thyroid gland morphofunctional state indicators after a single
y-irradiation exposure in the dose of 5 mSv at 50 cGy/h, with post-radiation period of 18 months

N HeflerpaHynMpPoOBaHHbIX KNeTok (r=0,934). Y XMBOTHbIX OMbITHOW FPymnnbl COXpaHAeTcA
NpAmMas CBA3b Mexay 0OLMM YMCSIOM TYUHbIX KIETOK M NX HeflerpaHynmpoBaHHbIX Gopm
(r=0,758), Torga Kak cBA3b MeXy CYMMapHbIM KOSIMYECTBOM TYUHbIX KIIETOK U X ierpaHy-
NMPOBaHHbIX GOPM CTaHOBUTCA 06paTHON 1 fOCTOBEPHO ycunueaeTcs (r=0,756) (puc. 4).

MpoBeaeHHbIN KOPPENALNOHHBINA aHann3 mexay MopdodyHKLMOHaNbHbIMK NOKa3a-
TeNAMN COCTOAHMA WNTOBUAHOWN »ene3bl NoKa3as n3MeHeHWe CUIlbl U HamnpaBieHNa Kop-
penALUNOHHON 3aBUCUMOCTY B IMHAMIMKe HabnogeHuns.

[na BbiABNEHUA CTeneHn CBA3M nccresyeMbix MOPPOdYHKLMOHANbHBIX KpuTepues
LUMTOBUAHON »Kene3bl C NoKasaTenAaMy AUHAMUKK pa3pacTaHusa coefnHUTENbHOTKaHHON
CTPOMbI LWMTOBUAHOW Xese3bl 6bl1 NpoBefileH MHOXKECTBEHHbIN perpeccUoHHbIA aHanu3
(nMHenHaA perpeccus). 3aBUCUMON BEAIMYMHON Oblfa NIoLWazb PbIX0N COeANHUTENbHOW
TKaHW CTPOMbI LMTOBULHOWN »Kefe3sbl, @ He3aBUCUMbIMU NepeMeHHbIMK — Takue napame-
TPbl, KaK aKTUBHOCTb LenoYHon GocdaTasbl TUPOULHOMO SNMTENUs, obLLee UNCNO TYUHbIX
KNeTOoK, a TaKkXe KONMYEeCTBO UX ierPaHyMPOBaHHbIX U HeflerpaHynMpoBaHHbIX GOpM.

Pe3ynbTaThl perpeccMoHHOro aHann3a nokasaTesneil Y >KMBOTHbIX KOHTPOJIbHOW rpyn-
Mbl, COOTBETCTBYIOLLEN NOCTpaanaLoHHOMY nepuogy BpemeHun 12 mecsAues nocsie obny-
yeHVA, NoKa3anu afieKBaTHOCTb PerpecCcMoHHON MOAENN 1 JOCTaTOYHOCTb NCMOJIb3yeMbiX
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napameTpoB, O Yem CBMAETENbCTBYET YAOBNETBOPUTENbHAA TOYHOCTb annpoKCcMMaunm
npu 3HauYeHUN KoappuumneHTa geTepmuHaumm R-kBagpat=0,89 (nnn 89%), a TakxKe 4OCTO-
BEPHOCTb MOAENV MO YPOBHIO 3HaUMMOCTU KpnuTepua Ouiuepa: 3HaummocTb F=0,034586.
Ecnn paccmatpumBaTth ypoBeHb BAUAHUA KaXkAoW He3aBUCMMOW NepeMeHHON, TO KO3d-
buumeHT anA nokasaTensa KonMyecTsa HeferpaHynmpoBaHHbIX TYUHbIX KNETOK COCTaBuUl
1,35 (p<0,05), AnA gerpaHynMpoBaHHbIX TyYHbIX KNneTok — 0,97 (p<0,05), ana obuiero ync-
na Ty4HbIX Knetok — 1,10, AnsA akTUBHOCTY wenouHon docdatasbl — -0,13 (p>0,05). 310
CBUAEeTeNbCTBYET O JOCTOBEPHON 3aBUCMMOCTU M3MEHEHUA naowaan CoefnHUTENbHON
TKaHW OT o6LLero uncna Ty4HbIX KNeTok 1 U3MeHeHNA COOTHoLeHNA X MopdodyHKLKO-
HasIbHbIX TUMOB, TOFAA Kak NoKa3aTeslb CoAepPXaHUA LWenoUYHom pocdaTtasbl HE OKa3blBaAET
BNUAHWA Ha NCCnefyemyto nepemeHHyIo.

[nAa onbITHOW rpynnbl XMBOTHbIX BblOpPaHHaA MoAenb W KOMNYeCTBO uccneaye-
MbIX KPUTEPMEB TaKKe ABNAIOTCA NpueMaeMbiMi — Npu KoadduumneHTe getepMmmHaumnm
R-kBapgpaT1=0,809, nnn 80,9% (ynoBneTBOpUTESIbHLIN YPOBEHDb anmnpoKcMmauum), 3Hauu-
mocTun F=0,0442, uyTo cBMAETENbCTBYET O AOCTOBEPHOCTU Bbl6paHHOM mogenn. Koaddu-
LMeHTbl ypaBHEHUA perpeccum Aia He3aBUCMMbIX NepeMeHHbIX COCTaBUAN: ANA Konuye-
CTBa HefderpaHynMpoBaHHbIX Ty4HbIX Knetok 0,003 (p>0,05), AnAa gerpaHynMpoBaHHbIX
Ty4HbIX KneTok —1,21 (p<0,05), ana obuiero uncna TyuHbix Knetok —2,34 (p<0,05), anAa
NPOoABNIEHNs aKTUBHOCTU LWenoyHon ¢ocdatasbl 1,31 (p<0,05). CnegosaTtensHo, nnowaab
MeXbOoNNUKynApHo coeanHUTENIbHOTKAaHHON CTPOMbI LUTOBMAHON Xene3bl HaXo[uTCA
B 3aBUCUMOCTM NMPAMOro XapaKkTepa OT NPOABAEHNA aKTUBHOCTY WenoyHol pocdaTasbl
TUPOWAHOTO 3NUTENNA N B 06PaTHON 3aBUCKMOCTM OT OOLLIErO KONIMYEeCTBa TYUHbIX KNETOK
N UX aKTUBHbIX popMm.

Mopgenb MHOXeCTBEHHOW JIMHEMHOW perpeccun AnA aHanoruMyHbIX MoKasaTtenemn
MOPPODYHKLNOHANBHOMO COCTOAHMA  LWTOBUAHOW »ene3bl Nocsie OAHOKPaTHOro
y-06nyueHna B SKBUBaNeHTHOWM jo3e 5 M3B ¢ MoLHOCTbI0 50 clp/y ¢ nocTpagnauioHHbIM
nepuogom 18 mecAueB Kak ana KoHTponbHou (R-kBagpat=0,114, 3HaunmocTb F=0,932),
Tak 1 ana onbiTHon (R-kBagpat=0,037, 3HauMmocTb F=0,992) rpynn nokasana cBOIO He-
COCTOATENbHOCTb, TaK Kak TOYHOCTb annpoKCcMaL M HelocTaTouHa 1 TpebyeTca BBege-
HYe AOMOMHUTENbHBIX HE3aBUCUMbIX NepeMeHHbIX. KosbduuneHTbl ypaBHeHNA perpec-
CUW ONA BCEX HE3aBUCUMbIX NepeMeHHbIX Haxoannncb Ha yposHe ot 0,024 no 0,081 npn
p>0,05, uTo TakXe CBUAETENbCTBYET 06 OTCYTCTBUU [OCTOBEPHOrO BAMAHWA HE3aBUCU-
MbIX MePeMEHHbIX Ha 3aBUCKMYI0, @ UMEHHO Ha noLab MeXGoNnnKynapHo coenHu-
TeNbHOTKAHHOM CTPOMbI LMTOBUAHOW »Kene3bl.

Takum 06pa3om, aHanM3npya pesynbTaTbl MHOXECTBEHHOW JIMHENHOW perpeccuu,
MOXXHO CKa3aTb O TOM, YTO MMeEeT MeCTO Pa3obLLEeHHOCTb KpUTepreB (U1 HA0O6OPOT — NX
cTabunmsaums), KoTopas Hepas3pPbIBHO CBA3aHa C BO3PACTOM.

B 3AK/TKOYEHNE

AHanun3 MoppoPYHKLMOHANbHBIX M3MEHEHMN MeXOOMTMKYNAPHOR CTPOMbI LMTOBUA-
HOW Xene3bl NoKasas akTVBHbIA OTK/IMK KOMIMOHEHTOB COeAMHUTENbHOM TKaHW B OTBET Ha
BO3[€eCTBME OQHOKPATHOIO HU3KOVMHTEHCUBHOTO Y-M3/1yYeHUA B OTAANEHHbIE NOCTPagM-
aLUMoHHble nepurogbl. [aMma-obnydyeHvie BbI3bIBaeT yBeIMUEHVE MIOWAAN CTPOMANbHOW
NHTEPGONVKYNIAPHON COEAUHUTENBHON TKAHW LWMTOBUAHON »Kenesbl NabopaTopHbIX
XMBOTHbBIX Ha GOHE CHUXEHUNA PePMEHTATUBHOWM aKTUBHOCTY LeNoYHon pocdaTtassl, OT-
paalower ydacTie akTUBHbIX GOPM TYUHbIX KNeTOK. Pe3ynbraTbl KOPPenaUMOHHOro 1
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perpecCMoHHOro aHam3a YaCTU4YHO NepeceKaloTCcA N NOKa3bIiBaloT yTepto MHOIMMNX cBA3zen,
OTpaXxawwmnx NpAMy 3aBUCMMOCTb OTMEYEHHDbIX 6UONOrNYecKnx 3¢¢EKTOB OT yBenun-
4yeHnAa CpoKoB Ha6ﬂf0£|,eHV|ﬂ. I'IonyquHble pe3ynbraTtbl ABAAKOTCA 6a30B0Oli OCHOBOW anAa
ocyuwecTBneHusA JanbHenwero noncka HoBbIX Kputepunes, oTpaKalownx BnnAHmMeE BO3-
DeNCTBUA HU3KOMHTEHCMBHOIO Y-N3ny4eHnA Ha ME)K(I)OJ'U'IVIK)/J'IﬂpHyIO coeanNHUTENbHO-
TKaHHYI0 CTpOMY LWMTOBUAHOW Xenesbl.
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Abstract

Introduction. The fruits of Terminalia chebula Retz. contain biologically active substances
of a various chemical nature, including alkaloids, which are commonly used for the
medicinal products manufacturing. The technology of alkaloids extraction from Terminalia
chebula Retz. fruits has been elaborated and the possibility of their use for medicinal
products manufacturing has been scientifically substantiated.

Purpose. To elaborate a technology for extracting alkaloids from Terminalia chebula
Retz. fruits and to substantiate scientifically the possibility of their use as antibacterial,
antioxidant and anticancer agents.

Materials and methods. Terminalia chebula Retz. fruits were dried and the alkaloids
were extracted from the dried fruits as a yellow-brown colored substance. This extract
was subjected to standard phytochemical qualitative tests using Aldrich reagents. The
first step consisted in extracting alkaloids from 50 grams of primary product using acetic
acid ethanolic solution. The mixture was filtered and the filtrate was concentrated. The
substance obtained during the subsequent isolation and concentration procedures was
yellow-brown in color and corresponded to 0.735 grams of Terminalia chebula Retz.
fruits. The second stage was the identification of steroids, terpenoids, and flavonoids
using standard phytochemical methods. At the subsequent, third stage, the thin-
layer chromatography (TLC) method was applied for fractionation of alcaloids in the
studied extract followed by identifying the isolated fractions and staining them with
Dragendorff’s reagent. The quantification of isolated fractions was performed using both
PyE-UNICAM-30300S Infra-red spectrophotometer and UV-Visible spectrophotometer on
JASCO UV. The antibacterial activity against both gram-positive (Staphylococcus aureus)
and gram-negative (Escherichia coli) bacteria was assessed. The antioxidative capacity
was evaluated by antioxidant activity quantification by S.F.A. Zearah (2024). The study
principle elaborated and published by the group of authors (A.M. Al-Shammari et al.) in
2015 was used to evaluate the anticancer activity (by MTT test). A combined cytotoxic
assay was also performed.
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Results. The standard qualitative analysis revealed the presence of alkaloids and phenol,
and the results of thin layer chromatography (TLC) showed the presence of one of a
number of alkaloid components with retention factor (Rf) of 0.206. The extract exhibited
activity against gram-positive (Staphylococcus aureus) and gram-negative (Escherichia
coli) bacteria at a minimal inhibitory concentration of 2 g/l and 4 g/, respectively.
The antioxidant activity of the alkaloid extract was 64.5% compared to that of
butylhydroxytoluene (BHT) with 77.5%. The results of the alkaloid extract using MTT test
demonstrated that it exhibited anticancer activity (MCF-7 cell line) at the concentration of
1 g/L, inhibiting cell growth by 37.63%.

Conclusion. The study concluded presence of one alkaloid compound in the extract by
using thin layer chromatography. The extract showed higher antibacterial activity against
Gram-positive bacteria (Staphylococcus aureus) compared to Gram-negative bacteria
(Escherichia coli).

Keywords: alkaloid, antioxidant, antibacterial, anticancer, Terminalia chebula Retz.

Cammpa Axmep 3eapal<, Oatma CaneaH Cabax
HayuHbin Konnegx, YHusepcutet bacpbl, bacpa, Vipak

OueHKa NpoTUBOOMYXONEBOro, aHTUOKCUAAHTHOIO
N aHTNOaKTepuanbHoro 3pdeKToB anKkanongHoro
SKCTPaKTa, BblaeneHHOro 13 njiogos Terminalia
chebula Retz.

KOHGNUKT MHTEpecoB: He 3asiBneH.

Bknap aBTopoB: Cammpa Axmeq 3eapa — KoHuenums, 06paboTka AaHHbIX, TPOBeAeHNe UCCIeA0BaHUIN, METOL[OONS, BEAeHe
NpoeKTa, pecypcbl, NporpaMmHoe obecneueHne, NPoBepKa pesynbTaTos, Busyanusaums; Gatrma Cansan Cabax — KoHuenuus,
BefeHVe NPOEKTa, Pecypcbl, NPorpamMmMHoe obecrneyeHne, BU3yann3auus.

(0] p n 6naropgapHocTI: aBTOpbI XoTenu 6bl nobnarofgapuTb YHMBepcuteT bacpbl, HayuHblin Konneax, Xummde-
CKMIN GaKymbTET 32 GUHAHCOBYIO MOAAEPAKKY.

3anBneHne aBTOPOB: aBTOPbI 3asABIAIOT, UTO JaHHAA CTaTbsl ABIAETCA OPUrMHANBHON 1 Nt06as OTBETCTBEHHOCTb, CBA3aHHAA C
ee CoiepKaHNeM, BO3NOXKEHA Ha HUX.

CraTbs ony6nnKoBaHa B aBTOPCKOM peaakumu.

MopaHa: 22.06.2024
MpuHAaTa: 17.10.2024
KoHTaKTbl: sameera.zearah@uobasrah.edu.iq

Pesiome

BBegeHume. [Mnoabl Terminalia chebula Retz. conepat B cBoem coctaBe 6GUONOrNYECKN
aKTUBHbIE BELLECTBA PA3HON XUMNYECKON NPUPOAbl, B TOM YMC/IE afikaionabl, KOTopble
NPUHATO MUCMNOJIb30BaTb AJf1si MPOU3BOACTBA JIEKAPCTBEHHbIX CpeacTB. PaspaboTaHa Tex-
HoMorus r3BsieyeHNs ankanomaos us nnogos Terminalia chebula Retz. n HayuyHo o6ocHo-
BaHa BO3MOXHOCTb UX UCMOJb30BaHUA 4J1A MPUroTOBIIEHNA JIeKapCTBEHHbIX MPEenaparos.
Lienb. Pa3paboTtaTtb TEXHONOMNIO U3BJIeUeHMA ankanongos 13 nnopos Terminalia chebula
Retz. 1 HayuHO 060CHOBATb BO3MOXXHOCTb MX UCMONb30BaHUA B KauecTBe aHTUbaKTepu-
anbHbIX, aHTVOKCUAAHTHBIX 1 NPOTUBOOMNYXOJIEBbIX areHTOB.
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Matepuanbl n metogpl. [Mnogbl Terminalia chebula Retz. nogsepranu BbicywBaHmio ¢
nocneayoLWyM BblfeneHnemM U3 HMUX ankasomaoB B BUAE CyOCTaHLMN XeNnTo-KopUUHe-
BOro ugeTa. [laHHbI/ 3KCTPaKT MogBepranu CtaHAapTHOMY KauecTBEHHOMY GpUTOXMMU-
YecKoMy aHanu3y C UCMOoMb30BaHeM peareHToB Npon3BoacTea komnaHuu Aldrich. Mep-
BbIli 3Tan paboTbl COCTOAN B IKCTPaKL MK ankanongos 13 50 rpamm MCXOQHOTO NPOAYKTa
C MCMONb30BaHMEM 3TaHOJNIbLHOIO PacTBOpPa YKCYCHOM KncnoTbl. Cmeck noasepranv Gunb-
TPOBaHUIO C NOCNeyLWUM KOHLEHTPUPOBaHUeM dunbrpata. lonyyeHHas B xoae npo-
BefleHVA NocneayoLmx Npoueayp BbigeneHusa N KOHLEHTPUPOBaHUA Cy6CcTaHLMA nMena
YKeNTO-KOPUYHEBBIN LUBET 1 cooTBeTCcTBOBanNa 0,735 rpamma nnofos pacteHua Terminalia
chebula Retz. Bropbim 3Tanom BbiNofiHeHUs paboTbl ABMNacb MAEHTUMKaLMA CTepou-
0B, TepneHonaos, $GnaBOHOMAOB C UCMOJIb30BAaHMEM CTaHAAPTHbIX GUTOXMMUYECKUX
MeTOAOB onpefeneHus. Ha nocnegyioliem, TpeTbem 3T1ane Gbifl NPUMEHEH MeTO TOHKO-
cnoriHon xpomatorpadum ana GpakuMOHUPOBAHUA aNkanouaoB B UCCNEfyeMOM 3SKC-
TpakTe ¢ nocneaywowen ngeHTndrKaumen BbigeneHHbix Gpakumin 1 okpalimBaHmemMm mnx
peakTBom [pareHaopda. KonnuectBeHHaa oueHKa BblgeNeHHbIX ¢paKkumii NponsBo-
annacb C NpUMeHeHueM Kak UHdpakpacHoro crnekTpodotometpa PyE-UNICAM-30300S
Infra-red spectrophotometer, Tak u yneTpaduonetoBoro cnektpopotomeTpa UV-Visible
spectra on JASCO UV. OcyuwecTBneHa oueHKa aHTubaKTepuanbHOW akTMBHOCTU MO OT-
HOLUEHMIO K FPaMMOSIOKUTENBHBIM (30/10TUCTBIN CTaPUIIOKOKK) M FpamMoTpuLaTeNbHbIM
(KMwWweyHaa nanouka) 6akTepmam. AHTMOKCMAAHTHBIA NOTEHUMan OLeHUBaNCA MeToLoM
KOMIMYECTBEHHOTO OnpeaeneHna aHTUOKCUAAHTHON akTuBHOCTU no S.F.A. Zearah (2024).
[nAa oueHKn aHTMPaKoBOWM akTMBHOCTU (No MTT-TecTy) ncnonb3oBanca NPUHUMUN nucche-
[oBaHuA, ony6nnkoBaHHbIV rpynnoii asTopos (A.M. Al-Shammari et al.) 8 2015r. Npowus-
BOAMIICA TaKXXe KOMOUHNPOBAHHDIN LIMTOTOKCUYECKNIA aHanus.

PesynbraTbl. Vlcnonb3oBaHve cTaHZApTHOrO KauyecTBEHHOro aHann3a Mo3BoJiMIO Bbif-
BWTb HanmMuune ankanoungos 1 deHona, a pe3ynbraTbl NPYMEHeHNA TOHKOC/IONHOWM XpoMma-
Torpadmm nokasanm Hanmume ogHOro U3 pAfa ankanonaHbIX KOMMNOHEHTOB C KO3dpuLm-
eHTOM ygaepxunBaHus (Rf), paBHbIM 0,206. SKCTPaKT NPOABAAN aKTUBHOCTb B OTHOLIEHNM
rpamnonoxutenbHbix (Staphylococcus aureus) n rpamotpuuatenbHbix (Escherichia coli)
H6aKTepuin B MUHUMANbHOW MHIMOUPYIOLWE KOHLEeHTpaumun 2 r/n n 4 r/n coOOoTBETCTBEH-
HO. AHTUOKCUAAHTHaA aKTMBHOCTb ankanouaa coctasuna 64,5%, Toraa kak BHT nposasun
6onee BbICOKYI0 aKTUBHOCTb — 77,5%. Pe3ynbTaTbhl MCCNefoBaHUA SKCTPaKTa ankanongos
c ucnonb3oBaHnem MTT-TecTa noKasanu, UTO OH NPOABAAET NPOTUBOOMYXONIEBYIO aKTUB-
HOCTb (kneTouHaa nuHuA MCF-7) B KoHUeHTpauuw 1 r/n, nogaenaa pocT KNeTok Ha 37,63%.
3aknioueHune. iccnefgoBaHne MeTOLOM TOHKOCSIOMHOM XpomaTorpadpun nokasano Hanu-
yrie B aHaNIM3NPYeMOM SKCTPaKTe ankanonaHbIX coeAnHeHNA. YCTaHOBIEHO NpoABeHne
3KCTPAKTOM BbICOKOV aHTMOaKTepManbHOM akKTVBHOCTM B OTHOLLEHUM KaK FPammonoxXu-
TenbHbIX (Staphylococcus aureus), Tak 1 rpamoTpurLaTenbHbix 6aktepuii (Escherichia coli).
KnioueBble cnoBa: ankanous, aHTUOKCUAAHTHbIN, aHTMGaKTepuasbHbIi, MPOTUBOOMYXO-
nesbili, Terminalia chebula Retz.

B INTRODUCTION
Alkaloids are groups of homogeneous substances that do not have a uniform
composition, they are complex basic organic compounds. The structure of alkaloids
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contains one or more nitrogen atoms linked in heterogeneous rings. The alkaloid may
contain carbon, hydrogen, and oxygen. They are crystalline solids, except for alkaloids that
do not contain oxygen Liquid, like nicotine. Most alkaloids are colorless and odorless, with
a bitter taste [1]. A few alkaloids are colored such as berberine, it is yellow in color. Free
alkaloids dissolve in organic solvents such as chloroform and ether, but do not dissolve in
Water. Salt of alkaloids dissolve in water and do not dissolve in organic solvents. This bases
a few alkaloids such as caffeine. All free alkaloids are basic, and therefore their solution is
alkaline while the solution of their salts acidic [2, 3].

Alkaloids are characterized by their combination with metal salts to form double
complex salts that are insoluble in water and thus precipitate in a neutral or weakly acidic
medium. In the form of crystals. They are considered final products of the reactions of
toxic substances in plants, which are then eliminated a form of alkaloids that are harmless
to the plant and are preserved in its various parts. Some alkaloids affect plant life as
growth regulators, such as citric acid. Alkaloids are considered a storehouse of elements
that the plant may need in its various stages of growth. They can be used whenever they
are needed, and the most important of these elements is nitrogen [4].

The ellipse (Terminalia chebula Retz.) has different tropical deciduous trees of the genus
(Terminalia), which includes about 100 species distributed in tropical regions of the world,
and is a member of the Combretaceae family, or what is also called the Indian almond
family (Combretaceae) [5]. It contains anthraquinones, resins, and saponins, and it also
contains amino acids and phosphoric acid. Halic acid is an antioxidant that has many uses
in the field of medicine, the most important of which is its use as an immunosuppressant.
It stimulates and protects the liver, expels toxins, and eliminates waste from the intestines.
It also inhibits the alpha-glucosidase enzyme, which is found in the human stomach and
has an important role in diabetes studies. Its activity against Staphylococcus aureus has
been proven [6, 7], and Candida albicans. It regulates bowel movement without irritating
it, and cleans the internal digestive system, especially the colon, in moderation. The tannic
acid in the fruit protects against intestinal inflammation, reduces intestinal secretions,
treats indigestion, high acidity, heartburn, and cases of esophageal reflux, and is an anti-
diarrheal agent for chronic diarrhea [8, 9].

Traditional medicine draws upon centuries of belief, observations, and analysis,
forming the basis for the evolution of modern medicine. Currently, there is considerable
enthusiasm for herbal medications [10]. The utilization of plants and plant-derived
substances in medicines is gaining popularity due to the cost-effectiveness and natural
origin of herbal remedies, offering higher safety margins and often fewer or no side
effects. Terminalia chebula Retz., a member of the Combretaceae family, holds significant
importance in the medicinal practices of Ayurveda, Siddha, Unani, and Homeopathy.
Referred to as the "King of Medicines" in Tibet, it occupies the top position in the Ayurvedic
material medica due to its exceptional wound-healing capabilities and a broad spectrum
of medicinal properties [6, 11].

B PURPOSE OF THE STUDY
To elaborate a technology for extracting alkaloids from Terminalia chebula Retz. fruits

and to substantiate scientifically the possibility of their use as antibacterial, antioxidant
and anticancer agents.
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B MATERIALS AND METHODS

Plant Fruits

The dried fruit of Terminalia chebula Retz. was bought from a nearby herbal market in
Basrah city. Subsequently, it was ground using an electric grinder and stored in a sealed
glass container during its utilization. A voucher specimen number (BSRASCI00621) was
provided for future referencing purposes.

Chemical Material
All reagents and solvents were purchased from Aldrich company.

Alkaloid Extract of Terminalia Chebula Retz. Fruits

50 grams of defatted Terminalia chebula Retz. fruits powder was mixed with
300 milliliters of 10% ethanolic acetic acid with continuous stirring at room temperature for
4 hours. The mixture was filtered, the filtrate was concentrated using a rotary evaporator.
The concentrated filtrate was treated with concentrated ammonia until the pH=9.
A precipitate was formed and separated from the filtrate by filtration using a Blichner
funnel and Whatman No. 541 filter paper. The precipitate was dissolved in 70% ethanol
acidified with acetic acid. The filtrate was also treated with chloroform using a separating
funnel. The chloroform layers were collected and allowed to dry at room temperature.
A viscous yellow-brown substance weighing 0.735 grams was obtained [12].

Phytochemicals Qualitative Tests

Several preliminary qualitative tests, including Molisch for carbohydrates, Benedict
for glycosides, Dragendroff for alkaloids, Stable foam for saponins, Liebermann-Burchard
for steroids, Salkowsky for terpenoids, FeCl3 for phenolic compounds, and Shinoda for
flavonoids, were conducted on eggplant peel extract following standard procedures to
identify the presence of these phytochemical compounds [13, 14].

Thin Layer Chromatography (TLC)

Thin-layer chromatography (TLC) was performed on the alkaloids extract, applying
them 1cm from the base of a silica gel plate (2x10 cm). Chromatogram development
took place in a sealed tank, saturated with a mixture of [sec-butanol - formic acid — water
(7.7 - 1 = 1.3)]. Following this, Dragendorff reagent was employed to stain the plate,
enabling the visualization of alkaloids based on their color interactions and retention
factors (Rf).

Infrared and UV-Visible Spectroscopy
IR spectra using PyE-UNICAM-30300S Infra-red spectrophotometer and UV-Visible
spectra on JASCO UV.

Antibacterial Activity of Alkaloid Extract

Antibacterial activity and minimum inhibition concentration (MIC) were evaluated
against of Gram positive (Staphylococcus aureus) and Gram negative (Escherichia coli)
bacteria, by agar well diffusion method which afford testing on Muller-Hinton agar plates.
Prepared various concentration (250, 125, 62, 32, 16, 8, 4, 2, 1 g/I) from alkaloid extract of
Terminalia chebula Retz. fruits dissolved in dimethyl sulphoxide (DMSO). Holes were made

586 "Laboratory Diagnostics Eastern Europe", 2024, volume 13, No. 4

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXKAHUIO



KnuHnueckas papmakonorus / JlabopaTopHbIii MOHUTOPUHE P,
Clinical Pharmacology / Laboratory Monitoring =3

in the inoculated agar by using a cork borer and fill with extract and DMSO as control. All
the plates were incubated at 37 °C for 24 hours, antibacterial activity was indicated by
clear zone of growth inhibition [15, 16].

Antioxidant Activity of Alkaloid Extract

0.02 mL of Linoleicacid, 0.2 mL tween 20 and 1 mL of 3-carotene (0.1 g/lin chloroform)
were mixed in round flask of (100 mL). Chloroform was eliminated at room temperature
and away from sunlight, and then added (50 mL) of distilled water to mixture and shaken.
3.8 mL of the mixture was then mixed with 0.2 mL of alkaloid extract at concentration
(100 g/1) or butylated hydroxy toluene (BHT) as standard compound, the control consists
of 0.2 mL Dimethyl Sulphoxide instead of extract or standard. The absorbance at zero
time was read in 470 nm, the samples were then subjected to thermal autoxidation at
45 °C with constant water bath temperature for 2h. Absorbance was measured at each
15min for time periods stretched between (105-15) min. The alkaloid extract efficacy
was then compared with the efficacy of BHT based on the graph between absorbance
and time at the same wavelength [17]. Equation 1 was used to calculate the antioxidant
activity (AA):

% AA =1 -[(Ai - At) / (Ai* - At¥)] x 100, (m

where Ai - absorbance value at zero time of sample;

At - absorbance value after incubation (105) min of sample at 45 °C;
Ai* — absorbance value at zero time of control;

At* — absorbance value after incubation (105) min of control at 45 °C.

Anticancer activity by MTT-assay

Methods

Maintenance of Cell Cultures

The MCF-7 cancer cell line was acquired from the IRAQ Biotech Cell Bank Unit in Basrah
and cultured in RPMI-1640 supplemented with 10% fetal bovine serum, 100 units/mL
penicillin, and 100 pg/mL streptomycin. Cell passages were performed using Trypsin-
EDTA, with reseeding conducted when cells reached 50% confluence twice a week. The
cells were incubated under conditions of 37 °Cand 5% CO, [18].

Combination Cytotoxicity Assays

To assess the cytotoxic effect of the alkaloid extract obtained from the fruits of
Terminalia chebula Retz.,, the MTT cell viability assay was carried out in 96-well plates.
MCF-7 cells were seeded at a density of 1x10* cells/well. After 24 hours or upon achieving
a confluent monolayer, the cells were exposed to the alkaloid extract at concentration
1000 pg/mL. Following 72 hours of treatment, cell viability was assessed by removing
the medium, adding 28 pL of a 2 g/I MTT solution, and incubating the cells for 2 hours
at 37 °C. After discarding the MTT solution, the remaining crystals were dissolved by
adding 100 pL of Dimethyl Sulphoxide and incubating the cells at 37 °C for 15 minutes
with shaking [19]. The absorbance was measured using a microplate reader at 620 nm,
and the assay was conducted in triplicate. The inhibition rate of cell growth (percentage
of cytotoxicity) was calculated using the following equation [20]:
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Proliferation rate as PR = (B/A) x 100, (2)

where A - the mean optical density of untreated wells;
B - the optical density of treated wells.

Inhibition rate IR = 100 - PR. (3)

B RESULTS

Qualitative Analysis of Alkaloids Extract

Qualitative analysis of Terminalia chebula fruits alkaloid extract, as presented in
Table 1, yielded a positive result with Dragendroff reagent and 1% FeCl,, confirming
the presence of alkaloid and phenol. Tests for flavonoids, terpenoids, tannins, saponins,
carbohydrates, and glycosides yielded a negative result, suggesting the absence of these
chemical components in the isolated alkaloid extract. Figure 1 shows the results of the thin
layer chromatography (TLC) test of the alkaloid extract, which was carried out through the
use of a mobile phase system (solvent) consisting of (Sec. butanol - Formic acid - water)
at ratio (7.7 - 1.3 - 1) mL. The figure showed the presence of one alkaloid compound and
it has a retardation coefficient (Rf) = 0.206.

Table 1
Qualitative investigation of the alkaloid extract from Terminalia chebula Retz. fruits

Phytochemical content Results of extract
Carbohydrates -

Glycosides -
Alkaloids +
Steroids -
Terpenoids -
Saponines -
Phenolic compounds +

Flavonoids -

Fig. 1. Thin layer chromatography (TLC) for alkaloid extract
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Table 2
Important infrared vibration bands of alkaloid extract
Band c=cC
OH C-H C=N Cc=0 . c-0
Compound aromatic
3352cm’ 2928 cm’ 1608 cm”
Alkaloid compound | Broad Strong 1743cm’’ 1651 cm’™ Shar 1026 cm™!
Stretching Stretching P
Fig. 2. IR spectrum of alkaloid extract
Fig. 3. UV-Visible spectrum for alkaloid extract
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Infra-Red and UV-Vis

Figure 2 and Table 2 show the most important bands appearing in the infrared
spectrum of the alkaloid compound. The band appearing at frequency 3352 cm™ belongs
to the hydroxyl group, while the band at 2928 cm™ indicates the stretching of the C -
H bond. The band at frequency 1743 also showed the presence of N belonging to the
alkaloid compound through the C=N bond. The bands appearing at frequencies 1608cm’’
and 1026 cm™ belong to the C=C and C-O bonds, respectively, which indicate that the
compound is aromatic, this is consistent with the results of the preliminary qualitative
tests through the detection of phenol by FeCl,, which gave a positive result.

Analysis using UV-Vis spectroscopy revealed the presence of two distinct peaks of
maximum absorption in the studied isolate, at 300 nm and 540 nm, as depicted in Figure 3.
The first peak, at 300 nm, suggests the potential for an n-to-n* electronic transition, while
the second peak, at 540 nm, might indicate the presence of a m-to-m* transition. Such
transitions are commonly observed in unsaturated molecules containing heteroatoms
double bonds like nitrogen (C=N) and oxygen (C=0).

Antibacterial Activity

Results of antibacterial activity for alkaloid extract of Terminalia chebula Retz. fruits
reveal in Table 3 and Figures 4 and 5. The results showed that the alkaloid extract has
high effectiveness in inhibiting the growth of Gram-positive and Gram-negative bacteria,
and the diameters of inhibition against the Staphylococcus aureus isolate were greater
than that of the Escherichia coli isolate this difference in activity may be possibly because
of lipopolysaccharide nature of Gram-negative bacteria. The results also showed a
decrease in the diameter of the inhibition zone with decreasing concentration of the
alkaloid extract. The highest diameter of inhibition was recorded against the positive
isolate (32 mm) at concentration 250 g/l, while the lowest diameter of inhibition for the
same isolate appeared (11 mm) at concentration 2 g/l. The results also showed that the
highest diameter (26 mm) of inhibition of the alkaloid extract against the Gram-negative
isolate was recorded at concentration of 250 g/l, and the lowest diameter of inhibition
(11 mm) was recorded for the extract at concentration 4 g/I. Therefore, concentration 2 g/I

Table 3
The antibacterial efficacy of the alkaloid extract derived from Terminalia chebula Retz. fruits against
Escherichia coli and Staphylococcus aureus

) Inhibition Zone (mm)
Sample Conc. of alkaloid extract "
S. aureus E. coli
1 2509/l 32 26
2 125 g/l 29 22
3 629/l 24 19
4 3249/l 23 14
5 16 g/l 18 12
6 89/l 15 11
7 49/l 13 11
8 29/l 1 -
9 149/l - -
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Fig. 4. Inhibition Zone of the Alkaloid extract Against Staphylococcus Aureus at different concentration
and DMSO

Note: the numbering shown in the figure corresponds to the concentration values presented in Table 3.

Fig. 5. Inhibition Zone of the Alkaloid extract Against Escherichia coli at different concentration
and DMSO

Note: the numbering shown in the figure corresponds to the concentration values presented in Table 3.
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Table 4

Antioxidant activity of alkaloid extract of Terminalia chebula Retz. fruits compared with BHT
Sample Ai At Ai* At* % AA
Alka 2.035 1.953 2.022 1.791 64.5
BHT 2.055 2.003 2.022 1.791 77.5

Fig. 6. Antioxidant activity of fruits alkaloid extract Terminalia chebula Retz.

is considered the minimum inhibitory concentration of the alkaloid extract against the
positive isolate, while concentration 4 g/l against the negative isolate. Figures 4 and 5 also
showed that the solvent DMSO did not show any effectiveness in inhibiting the growth of
positive and negative bacteria used in the study.

Antioxidant Activity

Antioxidantactivity of alkaloid extract of fruits Terminalia chebula Retz. was determined
by analyzing the relationship between absorbance and time (as presented in Table 4 and
Figure 6) and comparing it to BHT. The percent of antioxidant activity was estimated by
using mathematical Equation 1. The results showed that the alkaloid extract exhibited an
antioxidant activity of 64.5%, while BHT displayed a higher activity of 77.5%.

Anticancer Activity

In the current study, the anti-cancer activity of alkaloid extract has been investigated
as a cytotoxic drug against breast cancer cell line (MCF-7) by MTT assay. The results in this
work, indicated that the alkaloid extract exhibited anti-breast cancer activities at (1 g/I)
concentrations, and the percent inhibition of MCF-7 cells cancerous equal (37.63%).

B DISCUSSION

Chemicals compounds in plant are classified into various class depend on the chemical
structure of their putative active ingredients. These natural compounds included phenols,
tannins, glycosides, alkaloids, terpenoids, steroids and phytoalexins. Alkaloids are found
mostly in plants, are a kind of nitrogen compounds containing chemical molecule with
a low molecular weight. Over 27,000 alkaloids have been identified, with a staggering
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21,000 originating from plants [21]. Many studies have indicated that the extracts
prepared for Terminalia chebula Retz. fruits contain alkaloids by using different solvents
and different parts of plant for extraction [22-24].

Naturally occurring compounds offer promising avenues for combating the increasing
threat of drug-resistant bacteria. Their effectiveness in overcoming multidrug and
extensively drug-resistant phenotypes is well-documented [25, 26]. Among these natural
treasures are alkaloids, a diverse group of organic nitrogen-based molecules boasting
potent biological activities. They play a crucial role in the efficacy of many traditional
Chinese herbal medicines. Chemically, alkaloids fall into various categories, including
isoquinolines, pyrroles, pyridines, quinolines, and indoles, with over ten additional types
identified [27]. The past few years have witnessed a surge in research delving into the
antibacterial capabilities of alkaloids. This renewed interest stems from their diverse array
of mechanisms of action, intricately linked to their unique chemical structures. Alkaloids
can wield their anti-bacterial power in numerous ways, from disrupting nucleic acid
and protein synthesis to altering cell membrane permeability and integrity. They can
even curb bacterial metabolism and block efflux pumps, hindering their ability to expel
harmful compounds. Nature’s chemical library might hold the key to combating some of
the toughest bacterial foes, including the notorious methicillin-resistant Staphylococcus
aureus (MRSA). This multi-drug resistant pathogen plagues hospitals and communities,
causing a myriad of infections. Research points towards natural alkaloids as promising
weapons in this battle, with their diverse structures and potent antibacterial activity
offering a much-needed advantage [28].

Various extracts derived from Terminalia chebula demonstrate antibacterial activity
against several bacterial species [29]. Two compounds, namely gallic acid and ethyl ester,
isolated from the ethyl alcohol extract of Terminalia chebula fruits, exhibit antibacterial
effects against methicillin-resistant Staphylococcus [30]. Terminalia chebula proves to
be effective against Helicobacter pylori, a bacterium implicated in gastritis, ulcers, and
stomach cancers. The ether, alcoholic, and aqueous extracts of Terminalia chebula were
tested against Helicobacter pylori, and the aqueous extract of the plant, at a concentration
of 1-2.5 g/, hindered the urease activity of H. pylori [31]. Numerous biologically active
constituents were extracted from the butanol fraction of the fruit extract of Terminalia
chebula and evaluated against six intestinal bacteria, including Escherichia coli [32]. The
ethanolic extract derived from Terminalia chebula fruit demonstrated efficacy against both
gram-positive and gram-negative bacteria, including Salmonella typhi, Staphylococcus
epidermidis, Staphylococcus aureus, Bacillus subtilis, and Pseudomonas aeruginosa,
indicating its broad-spectrum antimicrobial activity [33].

The significance of free radicals produced through peroxidation has grown due to
their role in various pathological conditions, including atherosclerosis, ischemia, liver
disorders, and neural disorders [34]. Alongside other oxygen derivatives, these radicals
are unavoidable byproducts of biological redox reactions. Reactive oxygen species
(ROS) like superoxide anions (0%), hydroxyl radicals (OH’), and nitric oxide (NO) lead to
enzyme and cellular component inactivation, causing harm through covalent binding
and lipid peroxidation [35]. Antioxidant substances can serve as agents that scavenge free
radicals, form complexes with pro-oxidant metals, act as reducing agents, and quench the
formation of singlet oxygen. Synthetic antioxidants like butylated hydroxytoluene (BHT)
and butylated hydroxyanisole (BHA) have limited application in foods due to concerns
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about their potential carcinogenic properties[36]. Therefore, the importance of search for
natural antioxidants has greatly increased in the recent years and researchers focus on
natural antioxidants [37].

For millennia, humans have harnessed the potential of natural products, utilizing them
in various capacities such as foods, medications, antioxidants, flavors, fragrances, dyes,
insecticides, and pheromones. This utilization has not only improved our health but has
also played a crucial role in enhancing crop production, unveiling intricate ecological
interactions, and shaping our overall way of life [38]. Plants, in particular, house a diverse
array of active chemicals, many of which possess significant medical applications, including
antiviral, anticancer, analgesic, and antitubercular properties [39]. Among the extensive
range of secondary metabolites, alkaloids stand out as one of the largest groups, showcasing
remarkable diversity in terms of structure and biosynthetic pathways. Alkaloids, recognized
for their varied, potent, and therapeutically significant properties, derive their name from
"alkaline", denoting nitrogen-containing bases. These compounds, with heterocyclic ring
structures and biosynthetic precursors like Indole, Purine, Quinoline, Iso-quinoline, Tropane,
etc,, are categorized based on their distinctive characteristics [38, 40].

Alkaloids are recognized for their diverse pharmacological effects and are notably
acknowledged for their antioxidant properties. The mechanism of action underlying the
antioxidant activity of alkaloids lies in their capacity to neutralize reactive oxygen species
(ROS) or impede the processes that generate these harmful molecules. Alkaloids typically
operate by providing electrons or hydrogen atoms to ROS, thereby stabilizing them and
diminishing their reactivity. This antioxidant function serves to shield cells and tissues
from oxidative stress, a condition associated with various health issues [41]. Furthermore,
alkaloids may demonstrate metal-chelating capabilities, curbing the catalytic activity
of metal ions involved in ROS formation [42]. In summary, the antioxidant mechanism
exhibited by alkaloids contributes to their potential health benefits and protective effects
against oxidative damage, as evidenced by studies evaluating the antioxidant activity of
diverse alkaloid compounds using various methods [43-46].

Natural products play a crucial role as valuable reservoirs of novel drugs, potential
leads, and new chemical compounds. The focus of investigating drugs derived from
plants primarily revolves around the creation of diverse anticancer agents, with a
particular emphasis on alkaloids. Alkaloids, predominantly located in plants, are especially
abundant in specific families of flowering plants [47]. Alkaloids represent significant
chemical compounds that act as a valuable reservoir for uncovering new drugs. Many
alkaloids, derived from natural sources, demonstrate anti-proliferative and anti-metastatic
properties against a range of cancers, both in vivo and in vitro [48, 49]. These alkaloids show
promise as anticancer agents by inhibiting the enzyme topoisomerase, crucial for DNA
replication, inducing apoptosis, and influencing various intracellular targets and signaling
pathways [47]. Several pyrrole alkaloids displayed promising anti-cancer characteristics
by triggering apoptosis, necrosis, and autophagy. The initiation of autophagy was linked
to changes in Beclin-1 expression and an enhanced formation of LC3B. The induction
of necrosis resulted in mitochondrial dysfunction, ultimately causing cell death upon
exposure to different pyrrole alkaloids [50]. Terminalia chebula has been widely employed
in Ayurveda, Unani, and homeopathic systems of medicine [51]. Fluorescence analysis
studies indicated that lower concentrations of Terminalia chebula extract may trigger
apoptosis [52], whereas higher doses result in necrosis, ultimately causing cell death [53].
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B CONCLUSION

The alkaloid extract isolated from Terminalia chebula Retz. fruits has antibacterial,
antioxidant, and anticancer activities. The study concluded presence of one alkaloid
compound in the extract by using thin layer chromatography. The extract showed higher
antibacterial activity against Gram-positive bacteria (Staphylococcus aureus) compared
to Gram-negative bacteria (Escherichia coli). The minimum inhibitory concentration was
2 g/l for S. aureus and 4 g/I for E. coli. The antioxidant activity of the extract was 64.5%.
The extract exhibited anticancer activity against breast cancer cell line (MCF-7) with a
percent inhibition of 37.63% at a concentration of 1 g/I.
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Abstract

Purpose. To determine the role of certain heavy metals in forming the endogenous
intoxication syndrome in chronic kidney disease and to evaluate the impact of
hemodialysis procedure on cadmium, selenium, zinc, lead, as well as total calcium and
inorganic phosphorus blood levels, which can aggravate the severity of endogenous
intoxication syndrome in renal dysfunction.

Materials and methods. A total of 75 participants took part in the study: 50 patients
undergoing hemodialysis (of which 70% were men, and 30% were women) and
25 practically healthy individuals represented by medical staff. The patients were divided
into age groups of 17-36 years, 37-56 years and 57-76 years (age range was within
17-75 years). The majority of patients belonged to the older age group (57-76 years).
Venous blood (4.0 ml) was sampled from all study population. The serum obtained by
centrifugation was stored at —20 °C until testing. For heavy metals assay, 1.0 ml of blood
serum was used. Their levels were quantified using atomic absorption spectrophotometer
FAAS. - AA7000 Shimadzu (Japan). At the same time with heavy metals, total calcium,
inorganic phosphorus, urea and creatinine in serum were determined using UV-light
spectrophotometer (Apple/Japan). The statistical analysis was performed using SPSS
program, version 26 (Statistical Package of Social Science), based on using One way
ANOVA, LSD.

Results. Two main cycles of clinical and laboratory examination were performed, prior
to and after hemodialysis, in each of which 50 patients were involved. At the same time,
heavy metals levels were determined in practically healthy subjects constituting the
control group. The mean levels (Mean+SD) of lead and cadmium (Pb and Cd) were found
to be higher prior to hemodialysis procedure than after it: 1.04+0.38 and 0.065+0.18 mg/L
and 0.82+0.25 and 0.054+0.019, respectively, while conversely, the mean zinc and
selenium (Zn and Se) levels of 0.016+0.008 and 0.178+0.068 (respectively) were lower
than after treatment: 0.026+0.011 and 0.239+0.062 (respectively). At the same time,
the levels of heavy metals cadmium and lead in patients prior to hemodialysis were
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significantly higher than in the control group (0.050+0.015 and 0.71+0.27, respectively).
Selenium and zinc levels in patients tested in the pre-dialysis stage were significantly
lower than in the group of practically healthy subjects (0.934+0.204 and 0.037+0.005),
respectively. After hemodialysis, selenium and zinc levels increased (0.239+0.062 and
0.026+0.011, respectively), while remaining significantly lower than normal (0.934+0.204
and 0.037+0.005, respectively). Increased levels of urea, creatinine, calcium and inorganic
phosphorus in pre-dialysis stage were indicators of kidney dysfunction severity degree.
The data obtained allow suggesting that kidney dysfunction leads to an increase in blood
levels of heavy metals Cd and Pb entering the body from environment with food, drinks,
and as a result of occupational activity. Their accumulation in the body can aggravate the
severity of endogenous intoxication in kidney dysfunction. Also, the mentioned decrease
in levels of trace elements Se and Zn, both largely determining the activity of antioxidant
enzymes (as cofactors), certainly contributes to this.

Conclusion. The increase in lead and cadmium blood levels and the decrease in selenium
and zinc blood levels in patients with kidney dysfunction revealed in the study allowing
to consider these elements as kidney dysfunction biomarkers, and the observed changes
in their levels after hemodialysis could be considered as effectiveness indicators of using
this kind of therapy in hospital clinics.

Keywords: heavy elements, kidney functions, hemodialysis, chronic kidney disease, renal
failure

Anb-Xadagxu H.K.'DX, Anb-Xadagxum b.A4.2, Anb-Omap I.K.
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Pesiome

Llenb. YcTaHOBNEHME PONY OTAESbHBIX TXKESbIX METANINIOB B pOPMUPOBAHNN CUHAPOMA
3HAOreHHOW MHTOKCMKALMW MPY XPOHUYECKO 60NIe3HUN NoYeK 1 oLeHKa 3GpPeKTUBHOCTY
npoLleaypbl reMOoAMavi3a Ha COAep»KaHne B KPOBU KaiMUs, CENEHA, LIMHKA, CBMHLA, A TaK-
e obLiero Kanbuusa U HeopraHmyeckoro ¢pocdopa, CNoCcobHbIX YCyrybnsaTb TAXeCTb NPo-
ABNEHNA CUHAPOMA SHAOFEHHOW MHTOKCUKALUW NPY HapyLweHnn GyHKLMN MOYEK.
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Marepuanbi n metoppbl. B nccnegosaHumn npuHanm yyactune 75 yenosek: 50 naumeHTos,
nofBeprHyTbiX Npoueaype remoanannsa (13 Hux 70% myxumH, 30% XeHLWmH), n 25 npak-
TUYECKWN 3[0POBbIX JINL, KAaKOBbIMU ABUANCE MeANUMHCKNE PabOTHUKKN. KOHTUHIEeHT na-
UuMeHTOB 6bIN pacnpepeneH Ha Bo3pacTHble rpynnbl: 17-36 net, 37-56 net u 57-76 net
(awana3oH Bo3pacTa coctaBun 17-75 net). boNbWMHCTBO NaUMeHTOB OTHOCUIIOCH K CTap-
Leli BO3pacTHOW rpynne — 57-76 neT. Y Bcex nccnegyembix Npovu3BOAMAN B3ATNE BEHO3-
HoW KpoBu (B o6beme 4,0 mn). MonyueHHyo nyTem ee LeHTpUdYrMpoBaHUA CbIBOPOTKY
XpaHUnuM Jo npoBefeHuA nccnegosaHuAa npu Temnepatype -20 °C. [ina onpepenexHua
TAXENbIX MeTannoB ucnonb3osanu 1,0 mn cbiBOpOTKM Kposu. OnpegeneHne nx cogep-
»aHnA oCcyLlecTB/IEHO C UCMNONb30BaHEM aTOMHO-abcopbLUMOHHOro cnekTpodoTomeTpa
FAAS. - AA7000 Shimadzu/Japan (lLUnmaa3y/AnoHus). NMapannenbHo ¢ TAXenbiIMK MeTan-
NnaMu yCTaHaBNMBaNOCh COAEPXKaHME B CbIBOPOTKE KPOBM OOLLEro KanbLusa, HeopraHu-
yeckoro ¢ocdopa, a TakKe MOUYEBMHbI U KpeaTUHMHA C UCMoNb30BaHUeM ynbTpadurone-
ToBoro cnekTpodotometpa UV-light spectrophotometer (Apple/Japan). Cratuctnyeckui
aHanu3 BbIMOJIHANN C NpUMeHeHem nporpamMmbl SPSS, Bepcusa 26 (Statistical Package of
Social Science), ocHoBaHHO Ha ncnonb3oaHun One way ANOVA, LSD.

PesynbraTbl. BbinonHEeHO [Ba OCHOBHbIX LMK/A KAUHWKO-NabopaTopHOro mcciepoBa-
HUA — Nepef W Nocsie NPoBeAeHNA remonanm3a, B Kax4oM M3 KOTOPbIX y4yacTBOBan
50 nmauymeHTOB. Hapsagy c 3Tum 6bino onpefeneHo cofepaHue TAXKenbiX MeTannoB B
rpynne NpakTM4ecKkn 340pOBbIX YenoBeK, COCTaBUBLUNX KOHTPOMbHYIO rpynny. YCTaHOB-
NeHo, UTo A0 NPOBeAeHWA NpoLefypbl remoamnanusa cpefHaa KoHueHTpauna (MeanzSD)
cBuHUa 1 Kagmus (Pb n Cd) 6bina Bbiwe, yem nocsne Hee: 1,04+0,38 1 0,065+0,18 mr/n u
0,82+0,25 n 0,054%0,019 COOTBETCTBEHHO, TOrAa Kak CpefHAA KOHUEHTpauma UuHKa n
ceneHa (Zn un Se) - 0,016%0,008 n 0,178+0,068 cOOTBETCTBEHHO, HAaMPOTMB, OKa3anacb
HWXe, yem nocne neyenmsa: 0,026+0,011 n 0,239+0,062 cooTBETCTBEHHO. [1pn 3TOM KOH-
LeHTpauua TAXKeNblX MeTan10B KagMna 1 CBMHLA Y NaueHTOB A0 NpoBeAeHUsA reMoana-
N1M3a oKasanacb 3HauMTesIbHO Bbllle, YeM y L, KOHTponbHon rpynnbl — 0,050+£0,015 1
0,71%0,27 cooTBeTcTBeHHO. CoflepXaHue ceneHa u LMHKa y nauneHToB, NCC/IeAOBaHHbIX B
npepanannsHomn ctagmm, 6bino CyLecTBEHHO HIPKE TaKOBOTO B Fpyrnne NpakTuyeckn 340-
poBbix nuu, — 0,934+0,204 1 0,037+0,005 cooTBeTCTBEHHO. [lOoCNe npoBeaeHna remogmna-
NN3a YPOBHM cefleHa 1 LMHKa nosbicnnmcb — 0,239+0,062 n 0,026+0,011 cOOTBETCTBEHHO,
OCTaBasACb, TeM He MeHee, 3HaUNTENbHO HUXe, Yem B Hopme (0,934+0,204 n 0,037+0,005
COOTBETCTBEHHO). [MoKa3aTenem cTemneHy BblPaXXeHHOCTN HapyleHna GyHKLMU noyek
ABNIOCb OTMEYEHHOE B Npeaanan3Homn CTagmm Bo3pacTaHne KOHLEHTPALUM MOYEBMHDI,
KpeaTuHWHA, KabLuaA 1 HeopraHmyeckoro pocdopa. Ha ocHOBaHMM NONYYEHHbIX aHHbIX
npeacTaBnAeTcA BOSMOXHbIM CyAUTb O TOM, YTO HapylleHe GYHKLMM NoYeK Bbi3blBaeT
yBe/IYeHne cogepKaHua B KPoBU Taxenbix metannos Cd u Pb, noctynatowmx B opraHmusm
N3 OKpY»KatoLen cpefibl C NULLe, HaNUTKaMK, a TakxKe B pesynbTaTe NnpodeccuoHanbHOM
JeatenbHocTu. VX HakonneHne B opraHri3me cnocobHO ycyrybuTb BblpaXXeHHOCTb SHAO-
reHHOW MHTOKCUKaLMM NPpY HapyLeHUn GYHKLUKN NoYeK. ITOMY He MOXeT He cnocobcTBo-
BaTb OTMEYEHHOE CHIKEHME COAePXaHMA MUKPO3eMEHTOB Se 1 Zn, BO MHOrOM onpege-
NALWNX aKTUBHOCTb aHTUOKCUAAHTHbIX pepMeHTOB (B KauecTBe KodpaKTopoB).
3akniouyeHune. YCTaHOBNEHHbIE B XOfle UCCNefoBaHUA NaUMeHTOB C HapylweHnem GyHK-
LUUKN Noyek yBeninyeHne cogepaHna B KPOBM CBUHLA U KaAMMUA U YMEHbLUeHMe ceneHa
W UMHKa NOo3BOJAIOT pacCMaTpmBaTh 3TW SNEMeHTbl Kak B1oMapKepbl HapyLleHUsa GyHK-
UMM MoYeK, a OTMeYeHHylo Mnocsie MpoBeAeHUA remoAvanvsa ANHAMUKY W3MeHeHMWA
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Evaluation of Kidney Functions and Heavy Elements Levels in the Blood
Serum of Patients with Chronic Kidney Disease Prior and After Hemodialysis

NX coaepkaHmAa — Kak noka3satesib Bd)d)EKTVIBHOCTVI NCNob30BaHNA 3TOro Bnaa ieveHnA
B rOCNUTaNIbHOW KITMHUKeE.

KnioueBble cnoBa: TAXesble 31eMeHTbI, dDYHKLl,I/IVI noyek, remognanmns, XpoHnyeckan 60-
Ne3Hb NoYek, noyevyHaAa HeaoCTaTOYHOCTb

B INTRODUCTION

Environmental pollutants such as heavy elements (HEs), air pollutants, agricultural
chemicals, contaminated drinking water and food is a major cause of disease, disability,
and death worldwide [1], particularly as the global environment continues to worsen, HEs
are chemical elements that have a specific gravity at least five times more than water [2].
The HEs such as lead, nickel and cadmium have a serious effect on human health as a
result of their distribution into the environment and their ability to accumulate inside the
human body, so these elements become poisonous and harmful when they are higher
than the normal levels .Their poisoning results from the interaction of the elements with
biological electron-donor groups and with essential cations, particularly calcium, iron,
and zinc [2] or with anions [i.e, carbonate, hydroxide and oxalate] negatively charged
moieties on macromolecules such as proteins [3, 4]. It can absorb up to 50% of the heavy
inorganic minerals inhaled in the lungs [5]. HEs linked to red blood cells, and are eliminated
mainly slowly by the urine but some of them like lead accumulated in the skeleton, and
are released only slowly from this body compartment [6].When not digested the HEs
accumulate in the human body and become very toxic and cause many problems to
human health, including damage to nerves, blood composition and many organs such
as liver, lungs and kidneys [7], the HEs exposure is also known to be a cause acute and
chronic kidney disease (CKD) [7]. The effects of elements have been extensively studied on
human health and regularly reviewed by international organizations such as the WHO [8].

CKD is an important cause of morbidity and mortality all over the world. CKD also
called chronic kidney failure, chronic renal insufficiency or uremia is a slowly progressive
loss of renal function over a period of months or year and is defined as an abnormally low
glomerular filtration rate (GFR) [9]. CKD that leads to severe illness which requires renal
replacement therapy such as dialysis is called end-stage renal disease [10], the CKD is an
irreversible and eventually leads to total kidney failure [11].

Dialysis is a procedure that removes excess fluids and toxic end products of metabolism
such as urea from the plasma and corrects electrolytes balance by dialyzing the patient’s
blood against fluid containing no urea but has levels of minerals like potassium and
calcium that are similar to their natural concentration in healthy blood [12]. The initiation
of dialysis intensely affects quality of life, incurs significant financial costs, and mandates
the use of expensive dialysis resources, other risks include accelerating the loss of residual
renal function and dialysisrelated morbidities. The negative consequences of initiating
dialysis can be especially deleterious in the elderly, who are very sensitive to lifestyle
changes and suffer the highest overall complication rates [13].

In medicine, dialysis is used to provide an artificial replacement for lost kidney function
due to renal failure. It is a life support treatment and does not treat any kidney diseases [11],
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so essential kidney functions such as the elimination of water and metabolic wastes as
well as the correction of the electrolyte and acid/base state, are replaced by the artificial
purification system. Elements such as Na+, K+, Ca++, Mg++, Cl- and H+ must be kept in
a rather narrow physiological range; otherwise, life-threatening events may occur [14,15].
The kidney is characterized by its ability to compensate for renal damage, and for this
reason, classical tests are insensitive, as they only deviate late, when a large part of the
nephron mass is already lost [16]. Hence, tools for detecting HEs nephrotoxicity must be
sensitive enough to detect early events [17]. There is no any study related with this subject
had been done in Thi-Qar province.

B PURPOSE OF THE STUDY

To determine the role of certain heavy metals in forming the endogenous intoxication
syndrome in chronic kidney disease and to evaluate the impact of hemodialysis procedure
on cadmium, selenium, zinc, lead, as well as total calcium and inorganic phosphorus
blood levels, which can aggravate the severity of endogenous intoxication syndrome in
renal dysfunction.

B MATERIALS AND METHODS

Data of Samples

This study involved 100 sample of patients with chronic renal failure [Pre and post
hemodialysis] males and females, with an age ranging from 17-76 years, which they
were present at the hemodialysis units in the Al-Hussain hospital, the period of study
was from Sept 2022-2023, all the patients were undergo to the hemodialysis since
1-15 years. Twenty-five healthy people [males and females] were chosen as a control
group. The blood samples were collected during the study period from patients on
hospital undergo to hemodialysis and healthy persons. The personal information was
obtained from each participant (patient and healthy) through the special questionnaire
containing the following items; age, sex, occupational data, history of smoking, chronic
disease and duration of renal failure?

Exclusion Criteria

Patients suffering from any disease other than CKD that could affect their hematological
parameters such as malignancy, inherited or acquired blood diseases, acute or chronic
inflammation, connective tissues diseases, or recent hemorrhagic episode, Pregnant and
lactating women and Patients with hepatitis B all the mentioned cases were excluded
from the study.

The Collection of Blood Samples

Blood samples (4 ml) were taken from CKD patients pre hemodialysis and post
hemodialysis sessions, patients with hepatitis B were excluded from this study. About
(4 ml) of blood sample was putted in a test tube and after that, it was separated to obtain
blood serum, it was divided into two parts for the purpose of estimating kidney functions
and HEs and then all tubes were transferred in an ice box until they arrived to the lab. The
separated serum was kept in the refrigerator at a temperature of —20 °C, and then the
required analyzes are carried out on the preserved serum.
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Preparation and Digestion of Serum

About 4 ml of blood samples were centrifuged (6000 rpm/min) for 15 min. to get the
serum which was kept at —20 °C. The digestion of serum was done according to Ji & Ren
(2002) which included adding 2 ml of Nitric acid (70%) and 1 ml of Perochloric acid (70%)
to 1 ml of serum in a Pyrex tube and then heating of this compound with a water path on
a hot plate at 160 °C for one hour, then cooled and finally completed to10 ml with (30%)
Hydrochloric acid, acid-washed plastic (polypropylene) vessels were used for saving and
storing serum samples.

Apparatuses

Flame Atomic Absorption Spectrophotometer (FAAS. — AA7000 Shimadzu/Japan) was
used to estimation of Pb, Cd, Zn and Se elements in the blood serum, and this was done
according to the manufacturer’s procedure. Kidney function was measured by following
Jaffe's method was used to analyze serum creatinine using standards and reagents and by
using a UV-light spectrophotometer (Apple/Japan).

Statistical Analysis

The data of this study were statistically analyzed by using SPSS version 26 (Statistical
Package of Social Science), based on using One way ANOVA, LSD, independent sample
t test, paired t test and comparison of the kidney functions and toxic elemental in renal
failure patients pre and post hemodialysis and with controls. The statistically significant
differences (p<0.05) were observed between the results of the TEs in the biological
samples of normal subjects [blood serum] and CKDPs of two categories, pre and post
hemodialysis. The p value less than 0.05 was considered to be significant.

B RESULTS
The result in table 1 shows the distribution of patients with CKD according to gender.
The present study showed that the high incidence of kidney failure was in the third
age group 57-76 year with 24 patients, while the incidence decreased in the age group
17-36 year with 7 patients as table 2.

Table 1

Distribution according to the gender
Sex No. %
Males 35 70
Females 15 30
Total 50 100

Table 2

Distribution according to the age
Age/year No. %
17-36 7 14
37-56 19 38
57-76 24 48
Total 50 100
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Table 3
HEs in the study samples
Pre hemodialysis Post hemodialysis | Control
Heavy No. 50 No. 50 No. 25 p. value & LSD
Elements
Mean+SD (mg/L)
Se 0.178+0.068 0.239+0.062 0.934+0.204 <0.001 (0.04, 0.05)
Cd 0.065+0.018 0.054+0.019 0.050+0.015 0.002 (0.006, 0.008)
Zn 0.016+0.008 0.026+0.011 0.037+0.005 <0.001 (0.034, 0.042)
Pb 1.04+0.38 0.82+0.25 0.71+0.27 <0.001 (0.12,0.15)

The results showed (Table 3) that Pb and Cd recorded the high mean concentration
1.04+0.38 and 0.065+0.018 mg/L respectively in the patients’ blood serum pre HD with
significant differences compared with post HD and control group, the values of LSD were
0.12,0.15forPband 0.006,0.008 for Cd, while the lower mean concentration in the patient’s
pre HD was recorded of Zn and Se 0.016+0.008 and 0.178+0.068 mg/L respectively with
significant differences compared with post HD and control group. The values of LSD were
0.034, 0.042 for Zn and 0.04, 0.05.

The mean concentration of the HEs Pb and Cd pre-HD were higher than that in the
post HD with the mean of differences 0.33707 and 0.01056 for Pb and Cd respectively,
while the mean concentration of Zn and Se pre-HD were lower than that in the post HD
with the mean of differences —-0.00967 and —0.06112 for Zn and Se respectively, as shown
in Table 4.

The kidney functions (KFs) in the current study showed an increase in the mean
concentration of (urea, creatinine and Pi) in patients pre HD with significant differences
compared to post HD and control group, the value of LSD were 6.7, 8.3, 0.32, 0.40 and 0.56,
0.69 for urea, creatinine and phosphorous respectively, while the mean concentration

Table 4
HEs concentration pre and post hemodialysis
Heavy Pre hemodialysis ‘ Post hemodialysis Mean of differences
elements  Mean=SD (mg/l) p- value
Se 0.178+0.068 0.239+0.062 -0.06112 <0.001
cd 0.065+0.018 0.054+0.019 0.01056 0.008
Zn 0.016+0.008 0.026+0.011 -0.00967 <0.001
Pb 1.04+0.38 0.71+0.27 0.33707 <0.001
Table 5
KFs in the study samples
Pre hemodialysis | Post hemodialysis  Control
Kidney functions | No.50 No. 50 No. 25 p. value & LSD
Mean+SD
B. urea (mg/dl) 149.6+18.2 78.6+19.4 32.3+5.76 <0.001 (6.7, 8.3)
S. creatinine (mg/dl) | 3.25+0.98 2.19+0.83 0.86+0.26 <0.001 (0.32, 0.40)
Ca (mmol/L) 1.87+0.31 1.62+0.22 2.23+0.18 <0.001 (0.10,0.12)
Pi (mg/dl) 5.68+1.64 4.17+1.43 3.73£0.85 <0.001 (0.56, 0.69)
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Table 6
KFs concentration pre and post hemodialysis

Pre hemodialysis Post hemodialysis Mean differences

Kidney functions p. value
Mean+SD

B. urea (mg/dl) 149.6+18.2 78.6+£19.4 71.000 <0.001

S. creatinine (mg/dl) 3.25+0.98 2.19+0.83 1.0653 <0.001

Ca (mmol/L) 1.87+0.31 1.62+0.22 0.2502 <0.001

Pi (mg/dl) 5.68+1.64 4.17+£1.43 1.5148 <0.001

of Ca decreased in patients post HD with significant differences compared to pre HD and
control group, the value of LSD was 0.10, 0.12. As in the Table 5.

The results in Table 6 showed that the mean concentration of B. urea and creatinine
pre-HD were higher than that in post HD with mean differences were 71.000 and 1.0653
for B. urea and creatinine respectively, while the mean concentration of Ca and Pi were
higher than that in post HD with mean differences were 0.2502 and 1.5148 for Ca and Pi
respectively.

B DISCUSSION

The percentage observed that the males group were forming 70% higher than the
females which recorded 30%, this may be due to that the males were exposure to the
factors lead to incidence by kidney failure more than the females (occupations), statistical
analysis showed significant differences between these percentage. The result was
compatible with [18], also in accordance with the forging study [19] which recorded that
the annual incidence by CKD was twice as high in males than the females.

This study was compatible with the local study [18], while was disagree with forging
study [19], which observed that the peak of incidence was older than 75 year. The density
of incidence in advanced age in the present study maybe due to the diseases of diabetes
mellitus or hypertension or both of them, because most Iraqi people sever from the
mentioned deceases especially in advance age and these diseases are common cause of
kidney failure, in addition to that the patients have either poor compliance to the drug
or under controlled therapy, limited health servers and delay of medical consultation,
also may be there were another causes for such incidence like, unhealthy diet as well as
environmental, occupational pollution and smoking.

This nephrotoxicity may be caused by acute and sub-acute exposure of these HEs
through nature and anthropogenic sources. The high mean concentration of Pb and
Cd toxicity in our hemodialysis patients are consistent with previous research [20, 21].
As well as the results observed that the mean concentration of Zn and Se in patients
pre HD were lower as compared to post HD and the control group, this consistent with
a study conducted by [22], the results of these investigations showed a decrease in the
mean concentration of Zn and Se pre HD as compared to post HD and the control group,
while the mean concentration of the mentioned elements increased significantly post
HD, the reason for this is due to the endogenous toxicities, impaired or cessation kidney
function, dietary restriction and therapeutic measures (HD). Also, this decrease in the
mean concentration of them may be because the trace elements Zn and Se were made as
cofactors of the antioxidant enzymes and they are continuously utilized to produce the
antioxidant enzymes that participate in the detoxification of the ROS [23, 24].
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This may be due to the efficiency of HD units in the mentioned hospital, the patient
commitment to the number of HD sessions during the week, in addition to the patient’s
health and psychological status pre and during HD, this agrees with a study [21] in which
they referred that the level of HEs (Pb, Cd, and Al) in the blood samples of patients pre HD
were higher than that in the post HD and the control group, while disagreeing with the
results of a study [25] which showed that the level of (Pb and Al) in the serum of patients
post HD were higher than that in pre HD, when they compare the level of elements in the
blood pre and post HD significant differences were observed, this indicates that the level
of the mentioned elements has increased due to HD and this also was mentioned by [26].

Biochemical markers play animportant role in accurate diagnosis and also for assessing
riskand adopting therapy thatimproves clinical outcome. National Institute of Health (NIH,
2001) defined a biomarker as "a characteristic that is objectively measured and evaluated
as an indicator of normal biological, pathologic processes or pharmacologic responses to
a therapeutic intervention so the markers of renal function: creatinine, urea, uric acid and
electrolytes are using for the routine analysis. The results (Table 6) showed a significant
increase in the mean concentration of (B. urea, creatinine and Pi) pre HD with significant
differences compared to the post HD and control group. The increase of serum urea may
be due to the proportional to the progression of the disease but it is highly influenced
by a catabolic state or an excessive protein ingestion leading to a higher production of
other waste substances of protein catabolism, while the increase in creatinine level in the
serum of patients with CKD is attributed to the decrease in the functioning of nephrons
which would reduce the GFR and causes a major decrease in renal excretion of water
and metabolism wastes, while the increase in serum phosphorus pre HD may be due to
that in the normal case of the inorganic phosphorous is filtered in the renal glomeruli
(nephrons) and about 85-90% of the phosphorous filtered load was reabsorbed by
active transport in the proximal tubule [27]. This active transport is powerfully inhibited
by parathyroid hormone, as GFR decreased and phosphorus retention was increased
which is due to decreased renal excretion and serum phosphorus levels rise [28]. Serious
changes are apparent when the GFR decreased to <30 ml/min, while the decrease in the
mean concentration of Ca pre HD may be due to the Intestinal calcium absorption was
decreased in renal failure, because the kidney is responsible for secreting calcitriol, which
play a role in plasma calcium regulation in concert with parathyroid hormone (PTH) by
stimulation absorption of dietary calcium and phosphate from the gastrointestinal tract,
which promotes renal tubular reabsorption of calcium in the kidneys and stimulating the
release of calcium stores from the skeletal system, also partial absorption of calcium is
inversely related with plasma concentration of blood urea nitrogen in addition, patients
with chronic renal failure ingest less calcium in their diets and this agrees with [29, 30].

This may be due to several factors including the physiology of kidney failure, the
amount of waste and toxins in the body, level of salts and body weight, in addition to the
patient body’s response to HD sessions, and these results consistent with the study [31]
which explained that the reason of decrease in the level of kidney function post HD is due
to removal by dialysis, which lead to relatively higher renal clearance values. In this case,
the observed of decline rate may be an artifact and the real GFR is not necessarily affected.
[32] referred that decreased levels of urea and creatinine post HD may be due to dialysis
itself, during which urea and creatinine are removed from the extracellular compartment.
When the generation rates of both solutes remain unaltered, their removal will lead to
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decreased plasma concentrations. It can be hypothesized that the consequent reduced
osmotic load by dialysis will lower the residual GFR initially, because less hyper-filtration
by the remnant glomeruli will occur, It is also inconsistent with a study [33] about the
levels of electrolytes [sodium, potassium, and chloride] in the blood of patients pre and
post HD which showed the levels of sodium and chloride were lower post the HD process,
while the potassium level was increased post the HD process.

B CONCLUSIONS

The percentage of CKD patients in males was more than in females. The incidence of
CKD in patients with advanced age was more than this in low ages. The existence of the
HEs (Pb and Cd) in the blood serum of patients in high concentration pre-HD refers to their
exposure to these elements through the environment, food and drink and occupation.The
increased concentration of the kidney biomarkers in pre-HD and their decrease post HD,
can be explained that the Kidney of patients were exposure to the risk of HEs and affected
upon the concentration of biomarkers in the blood serum. The lower concentrations of
HEs (Pb and Cd) and most kidney biomarkers (urea, creatinine and Pi) post HD due to the
efficiency of hemodialysis devices in the dialysis unit of the hospital.
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Abstract

Introduction. The species of Moringa oleifera, which is endemic to parts of East Asia
regions (India, Pakistan, and Bangladesh), that are sub-Himalayan, is the most frequently
grown member of the Moringaceae family.

Purpose. Histological and immunochemical evaluation of Moringa oleifera leaves extract
effect on osseointegration of titanium (dental) implants.

Materials and methods. The total laboratory animal sample consisted of 12 rabbits that
were subjected to titanium implants on both right and left sides of the femur. A total of
twenty-four titanium implants were used. After exposing bone structures, holes with a
diameter of about 1.8 mm were made in them to insert implants treated with Moringa oil
gel (0.5 ml) on the right side of the femur; untreated implants were placed on the left side
to control the efficacy of Moringa oil. The procedure of active ingredient extraction from
the plant leaves is described.

Results. The current investigation revealed a significant difference in bone marrow
volume, trabecular area, osteoblast cells, and osteocyte cells between the experimental
and control groups after two weeks. While under control conditions the bone remained
woven, under experimental conditions with Moringa oil gel application mature bones
formation was observed in six weeks. Herewith, the immunohistochemical analysis
showed that there was rapid positive cell expression of osteocytes and osteoblasts,
whereas it was delayed in the control conditions.

Conclusion. Moringa oleifera leaves extract enhances osseointegration, making it
an excellent coating for dental implants and showing a positive expression of bone
morphogenetic proteins (BMP4).

Keywords: osseointegration, Moringa oleifera, BMP4, horseradish tree, transforming
growth factor
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Pesiome

BBepeHue. PacTeHne mopuHra MmacinyHasa (Moringa oleifera), sHoemunuyHoe gna cybruma-
nancknx pernoHos BoctouHon Asum (MHpuw, MNakncTtaHa, baHrnagew), ABnaeTca nosce-
MECTHO pacnpocTpaHeHHbIM NpefcTaBuTenem cemenctsa MopurHrosbix (Moringaceae).
Llenb. MMcTonornueckaa n MMMyHOXVMMUYECKasa OLEHKa BIIMAHWA 3KCTPaKTa JINCTbeB
Moringa oleifera Ha ocTeouHTErpaLMio TUTAHOBBIX (3yOHbIX) MMNAHTATOB.

Marepumanbl n metogbl. O6Lian BbIGOPKa 1aboPaTOPHbIX »KUBOTHBIX BKJlOYana B cebn
12 KpPONMKOB, KOTOPbIM yCTaHaBNMBany TUTAHOBbIE MMMAaHTaTbl C MPaBoW 1 NEBON CTO-
pOHbI 6eapeHHOI KocTu. bbino ncnonb3oBaHo ABafLaTh YeTbipe TUTAHOBLIX MIJIaHTaTa.
Mocne oroneHMa KOCTHbIX CTPYKTYP B HMX MPOAEeNbIBav OTBEPCTUA ANAaMETPOM OKOJIO
1,8 MM OnA YCTAHOBKW MMMaHTaTa, KOTOPbIi 06pabaTbiBanyv renem Ha OCHOBE pacTeHus
MOPVHI MacsimyHow (0,5 mn) 1 ycTaHaBnvBany C NpaBoi CTOPOHbI 6eApeHHON KOCTU; AnA
KOHTponA 3GpHEKTUBHOCTN BANAHNUA MOPUHIY MAaCIMYHON YCTaHaBAMBanM HeobpaboTaH-
Hble MMJIaHTaTbl C IeBOM CTOPOHbI. OnncaHa npoueaypa 3KCTpaKkLMm AeNCTBYIOLEro Be-
LecTBa 13 IMCTbEB PacTeHUS.

PesynbraTbl. B Xoae vccnenoBaHmA 6bina BblsiBeHa 4OCTOBEPHasA pasHuLUa B obbeme
KOCTHOIO MO3ra, TpabeKynspHOW NOBEPXHOCTUN, KONMYeCTBE 0CTe0ONACTHBIX U ocTeoL -
TapHbIX KNETOK MeXAy dKCMeprMeHTaNlbHON 1 KOHTPOJIbHOWM rpynnamMm yxe yepes ABe
Hefdeny nocne Hayana sKcrneprMeHTa. B To BpemMsA Kak B YCIOBUAX KOHTPONA KOCTb OCTa-
Banacb HecpopMMpPOBaAHHOMN, B YCIIOBUAX NCMOJSIb30BaHMA B COCTaBe resii MOPUHIM Mac-
JIMYHOWN B 3KCMEePUMEHTaNbHON rpynie yepes WecTb HefieNb 0TMeYanocb popmrpoBaHre
300pOBOI KOCTU. IMMYHOTMCTOXMMYECKUI aHann3 nokasal, uUto npv 3Tom Habnoganacb
6bICTPan NMONOXMTENbHAA IKCMPECCUA KIIETOK OCTEOLMTOB 1 OCTe06N1acToB, B TO Bpems
Kak B KOHTPOJIbHbIX YCNOBUAX OHA Oblia 3ameneHHON.

3aknueHue. DKCTpaKT nnctbeB Moringa oleifera cTumynupyeTt npouecc ocTeouHTerpa-
L1, 4TO NO3BONAET PaCCMaTPMBaTb €ro B KauecTBe BbICOKOIODEKTNBHOrO NOKPbLITUA ANA
3y6HbIX MMNNaHTaToB. Mpu 3TOoM HabNIOJAETCA MONOXKUTENIbHAA SKCMPECCUs KOCTHOrO
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Mopdonornyeckoro npotenHa (Bone morphogenetic proteins — BMP4) Ha paHHUX cTagu-
AX NpoLecca OCTeEOMHTErpaLni.

KnioueBble cnoBa: octeonHTerpauma, Moringa oleifera, BMP4, mopuHra, octeouut, octeo-
6nact

B INTRODUCTION

The species of Moringa oleifera, which is endemic to parts of India, Pakistan, and
Bangladesh that are sub-Himalayan, is the most frequently grown member of the
Moringaceae family. The ancient Romans, Greeks, and Egyptians used this quickly-growing
tree called the horseradish tree. It is currently widely cultivated and has naturally spread
throughout many tropical areas [1].

Moringa leaves have more potassium than bananas, calcium than milk, and vitamin
C and iron than spinach. Compared to milk and eggs, moringa leaves have a higher
protein content. Due to its high concentration of molecules comprising simple sugar
and rhamnose, as well as glucosinolates and isothiocyanates, M. oleifera is utilized as
an antioxidant material to treat many disorders associated with oxidative stress [2]. It
is recognized as one of the most beneficial plants in the world to be used in numerous
applications since its components, particularly in the leaves, comprise carotenoids,
tannins, vitamins, flavonoids, and phenolic acids demonstrating substantial antibacterial
and antifungal properties [3, 4].

Moringa oleifera leaf extracts had a protective effect on BMSCs when they were
exposed to peroxidative damage during osteogenic differentiation using an inhibitor
of phosphoinositide-3 kinase, which was used to investigate the potential cellular and
molecular mechanisms underlying the protective properties of the plant [5].

Instead of a pure bonereaction,animmune-driven mechanismresultsinthe production
of new bone around the implant surface [26]. A foreign body equilibrium (FBE) reaction
would be triggered by titanium in the peri-implant tissues [27]. The immune response
then controls regeneration processes and the healing of tissues. During the initial phase
of peri-implant tissue healing, the same processes may activate osseointegration [28].
Immediately after implantation, proteins from the blood and interstitial fluids are quickly
adsorbed onto the surface of implanted materials. Although it is obvious that such cell-
surface interaction is essential for cell survival, development, and differentiation, cells
typically respond to an adsorbed layer rather than the surface itself [29]. It is clear that the
relevance of the perfect surface is significant since one surface may have a very different
impact on host proteins than another, which may in turn have a significant impact on
the future tissue formation around the implant. The biological basis of osseointegration
is connected to the two primary aspects of the implant-host interaction - tissue features
and biomaterial characteristics [30].

Morphogenetic proteins (BMPs) activate and/or attract pluripotent cells present in
the periosteum, bone marrow, bone cortex, and adjacent soft [6]. BMPs, which are TGF
(transforming growth factor) protein superfamily members, are well known for playing a
crucial role in mammalian organogenesis and skeleton formation, two processes that are
crucial to the development of the embryo. Additionally, BMPs are crucial in the control of
bone synthesis, upkeep, and repair [7].
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Skeletal healing and bone-rebuilding mechanisms involve BMP-4. It has been
shown to trigger osteogenic differentiation of osteoprogenitor and osteoblasts cells.
Additionally, it seems to enhance bone formation, playing a crucial role in the start of
bone and cartilage growth as well as fracture healing. Additionally, during the early
stages of bone regeneration, it is heavily produced by growing cells, and its expression
is maintained locally throughout the healing process, functioning as a stimulator of
osteoblast proliferation and chemotaxis [8].

B PURPOSE OF THE STUDY
Histological and immunochemical evaluation of Moringa oleifera leaves extract effect
on osseointegration of titanium (dental) implants.

B MATERIALS AND METHODS

Twelve rabbits were used in this study, and twenty-four titanium implants were used
so each rabbit has two implants, one on the left side of the femur and another on the right
side. Averaging 2.5 to 3 kg in weight, the rabbits were employed and kept in controlled
environments for temperature, hydration, and food intake.

Moringa oleifera is extracted from moringa leaves after stiffening and grinding leaves
[13]. A combination of xylazine 2% (0.4 mg/kg body weight) and ketamine hydrochloride
50 mg (40 mg/kg B.W.) was injected intramuscularly to induce general anesthesia [9],
then two incisions on the femur made on each rabbit’s exposed bone and made a hole
about (1.8 mm in diameter) for putting an implant [10]. The implant was coated with
(0.5 ml) gel of moringa oleifera [14] put on the right side and on the left side with putting
un-treated implant. Rabbits were divided into: the first group was killed after 2 weeks
from surgery and the second group was killed after 6 weeks from the surgery. After killing
expose the bone and take the specimen. Each specimen was examined histologically [33]
and immunohistological by using antiBMP4. Histologically we counted osteoblast cells,
and osteocyte cells and measured bone marrow area and trabecular area by using an
image J [11, 32]. Immunohistological we count the expression of positive cells for
osteoblast, osteocyte, and bone marrow stromal cells by multiplying intensity and
percentage. Following is a grade for intensity (I): 0 denotes no effect, 1 mild, 2 moderate,
and 3 strong/intense. The percentage (0%) showed 0-5% positive cells, (1%) indicated
equal or more than 5-20% positive cells, (2%) indicated equal or more than 20-50%
positive cells, and (3%) indicated equal or more than 50-100% positive cells [12].

Statistical Analysis
The SPSS 25 program was used to analyze the data. The mean, standard deviation, and
P values were used. Under or equal to 0.05 were considered significant.

B RESULTS

Two and 6 weeks after the operation, we found the rabbits in good health and there
were no infections or side effects.

Histological Statistic results at two weeks showed that moringa oleifera gel recorded a
higher mean value in the account of osteocyte, osteoblast cells, trabecular bone, and new
bone formation than the control group. The control group recorded a higher mean value
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than moringa oliefera gel in the bone marrow area. A highly significant difference was
recorded in moringa oleifera gel than control groups in osteocyte cells account. There was
a substantial difference between the control and moringa oleifera gel groups in osteoblast
cells account, bone marrow area, and trabecular bone but in new bone formation, the
non-significant difference was recorded as shown in Table 1.

At 6 weeks histological results showed moringa oleifera recorded higher mean value
in osteocyte cells account, new bone formation, and trabecular area than the control
group. The control group recorded a higher mean value than experimental groups
in the osteoblast cells account and bone marrow area and the osteocyte cells account
showed a significantly substantial difference between experimental groups and control
groups. In terms of osteoblast cell count, bone marrow area, trabecular area, and new
bone formation, there was a substantial difference between the experimental group and
control groups as shown in Table 2.

Histological features at two weeks illustrated the formation of thread in both groups
filled with osteocyte cells, osteoblast cells, and large bone marrow. A new bone matrix
was observed in experimental groups (Fig. 1).

Histological features at six weeks illustrated the formation of mature bone in moringa
olifera gel but still immature woven bone in the control group. Osteon was observed in
the experimental group. Osteoblast cells, osteocyte cells, and osteoclast cells were also
observed.

Immunohistological results at 2 weeks showing positive cell expression for osteocyte
cells, osteoblast cells, and bone marrow stromal cells recorded higher mean values in
moringa oliefera gel than in the control group. A highly significant difference was recorded
in osteoblast cell expression, a significant difference in osteoblast cell expression, and
bone marrow stromal cells between both groups table 3.

Table 1
Histological features at 2 weeks
- ]
@ 173 i v c
1 < = €0
> = S 2
32 g 5 2 35 3 2| s 2% 3
1] 9 [ 9 [ ci® [ o® © s E [
H w > I > ct" Y9 > c 9 > o= >
N o a o a 0 Ew a F s o z8 a
M 19.22 0.00 | 40.95 001 0.42 0.05 0.51 0.04 2.89 0.06
C 8.98 21.17 ' 0.54 0.35 2.02
Table 2
Histological features at 6 weeks
- )
@ 173 i v c
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- g 5 2T 35 B 2| s 2% 3
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M 39.83 25.90 0.29 0.79 4.75
0.00 0.01 0.02 0.03 0.03
C 22.98 34.25 0.41 0.46 3.51
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A

Fig 1. A - thread and new bone formation in M (H&E) x10. B - thread formation in C (H&E) x10 group

A

Fig. 2. A - Moringa oleifera group: CL - Osteoclast cells; OS - Osteon; BL - Osteoblast cell; CY - Osteocyte
cell (H&E) x20. B - Control group: BL - Osteoblast cell; CY - Osteocytecells (H&E) x20

Table 3
Positive expression cells 2 weeks
Tested Osteocyte Osteoblast L0
Marrow
groups cells P value cells P value Stromal cells P value
2 Weeks Mean+SD Mean+SD
Mean+SD
C 2.5+0.84 3.17+£0.98 45+1.22
0.00 0.04 0.03
M 5.33+£1.03 4.67+1.03 5.33+1.03
Table 4
Positive expression cells 6 weeks
Tested Osteocyte Osteoblast L0
Marrow
groups cells P value cells P value Stromal cells P value
6 Weeks Mean+SD Mean£SD
Mean+SD
C 2.67+0.82 0.04 4.33+0.82 0.01 4.67+1.03 0.01
M 3.67£0.52 2.33%£0.52 2.83+£0.75
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A B

Fig. 3. IHC features at two weeks: A - Moringa oleifera group: CY - Positive expression of osteocyte cell;
BL - Positive expression of osteoblast cell, x40. B - Control group: CY - Negative expression of osteocyte
cell; BL - Negative expression of osteoblast cell, x40

A B

Fig. 4. IHC features at sixth week: A - Moringa oleifera group: CY - Negative expression of osteocyte cell;
BL - Negative expression of osteoblast cell, x40. B - Control group: CY - Positive expression
of osteocyte cell; BL - Positive expression of osteoblast cell, x40

Immunohistological results at 6 weeks high mean value were recorded for osteoblast
cells and bone marrow stromal cells in the control group than the experimental group
but moringa oleifera gel recorded a higher mean value in osteocyte cells. Significant
differences were recorded between both groups in all parameters in Table 4.

Immunohistological features at two weeks showed in moringa oleifera gel a large
number of osteoblast, bone marrow stromal cells, and osteocyte cells with positive
expression. The control group showed a high number of bone marrow stromal cells
and osteoblast cells with positive expression but a large number of osteocyte cells with
negative expression.
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Immunohistological features at six weeks showed in moringa oleifera gel a large
number of osteoblast cells and bone marrow stromal cells with negative expression but
a lower percentage showing in osteocyte cells. The control group showed a high number
of bone marrow stromal cells and osteoblast cells with positive expression but a lower
number of osteocyte cells with positive expression.

B DISCUSSION

Osseointegration is triggered by any lesion of the pre-existing bone matrix because
faults result in direct bone repair. The matrix is released when growth factors and non-
collagenous proteins are exposed to extracellular fluid and start the healing of bones.
Exposed to extracellular fluid and start the healing of bones [24].

Moringa oleifera gel has antioxidant properties and the primary chemical component is
flavonoids, which exhibit stimulating effects on osteoblast development and proliferation
in addition to an inhibitory effect on osteoclasts [15] so used in this study to evaluate its
effectiveness in osseointegration. Due to their high mechanical qualities, low modulus,
exceptional corrosion resistance, and strong biocompatibility, titanium, and its alloys
are frequently utilized for dental implants. Studies have shown that a very thin oxide
cementum layer can exist between bone tissue and the titanium surface. Osseointegration
is the term for this phenomenon [16]. When implants are inserted into a live bone and
a suitable biological environment is created for bone growth, osseointegration can be
achieved. Histologically detected osteoconductive characteristics at implant surfaces are
primarily caused by a bone formation that is perpendicular to the implant [17].

After two weeks of implantation, the histological finding of the moringa oliefera gel-
coated implant revealed threads following the screw shape with thick bone trabeculae,
this result agreed with Satue [18], also observed osteoblast differentiation, osteocyte
cells in the lacune in a large number due to Flavonoids (a component of moringa
oleifera) are natural antioxidants that positively influence bone metabolism and inhibit
osteoclastogenesis [15] but the histological analysis of an uncoated Ti implant reveals
woven bone with the creation of a few thin bone trabeculae in the thread area this is
agreed with Depprich [19]. Due to the active creation of bone during this time, osteoblast
cells predominate over osteocyte cells.

Osteoblast cells account recorded a higher number in moringa oleifera gel than
in control groups because the anti-inflammatory, antibacterial, antimicrobial, and
immunomodulatory agents of moringa this is related to bioactive substances like alkaloids
and saponins are present [25].

Bone marrow area in the experimental group was smaller than the control group and
recorded a significant difference due to the anti-angiogenesis and anti-inflammatory of
moringa oleifera gel [31] which stimulates differentiation of cells and secretion of the
bone matrix through trigger vascular network formation which are the source of bone
cells.

Histological feature after the sixth week, moringa oleifera gel illustrated Mature bone
thread with osteon appearance was seen at the site of the implant, thick bone trabeculae
while the control group still had immature bone with thin bone trabeculae, this is agreed
with Areej [23] and is related to the fact that the moringa has high mineral deposits;
calcium, phosphorus, and potassium, calcium is necessary for the growth and upkeep of
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bones and teeth, preventing osteoporosis. Additionally, calcium is necessary for a healthy
neurological system and blood clotting [20].

At this period, we observed an increase in the account of osteocyte cells while a
decrease in the account of osteoblast cells this was because of impeding of osteoblast
cells with bone matrix and formed osteocyte cells maturation of bone. Bone marrow area
recorded higher value in uncoated implants than coated ones with a significant difference
because of the effect of moringa in the down-regulation of tumor necrosis factor and
interleukin which leads to accelerated osteoid formation and reduce bone marrow area
and this is related to the anti-inflammatory effect of moringa oleifera [31].

BMP-4 monoclonal antibody showed a positive expression on osteoblasts, bone
marrow stromal cells, and osteocytes this is agree with Jason et al. [21] and this is because
of osteoblast differentiation and activity in bone formation at two weeks period but a
moderate expression of BMP4 due to appearance of thick lamellar bone while the control
groups showed negative expression of osteocyte cells because immature bone and thin
trabecular bone formation.

After six weeks, due to the development of lamellar bone and bone maturation, BMP4
monoclonal antibody displayed negative expression in moringa oleifera gel. The control
group exhibited positive osteoblast cell and bone marrow stromal cell expression in
relation to immature bone and still-woven bone, which is consistent with the activity of
bone formation [22].

The current study demonstrated that biological activity in osseointegration formoringa
oleifera gel was indicated by higher BMP4 antibody expression in 2 weeks compared to 6
weeks, while in the control groups, higher BMP4 antibody expression in 6 weeks compared
to 2 weeks was associated with a delay in biological activity in osseointegration.

B CONCLUSION

Moringa oleifera gel enhances osseointegration, making it an excellent coating for
dental implants by increasing osteoblast proliferation, accelerating bone formation, and
lowering inflammation. Additionally, it shows early-phase positive BMP4 expression by
early differentiating osteoblast cells.
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Abstract

Introduction. Recently, food allergy disease is considered one of the most common
pathological conditions.

Purpose. To determine features of some immune factors blood levels in food allergy.
Materials and methods. In the study, a total of 90 blood samples were collected from
subjects aged 7 to 49 years, including 70 blood samples of allergic individuals and
20 blood samples from healthy volunteers who constituted the control group. The
diagnosis of allergy in these 90 blood samples was confirmed by an allergy test using the
Atopic Kit (IMMUNOLAB GmbH/China). The total immunoglobulin (Total IgE, T.IgE) and
interleukin 33 (IL-33) levels were assessed using reagents manufactured by Elabscience
Company (USA).

Results. [t was shown that 30 blood samples with positive results of clinical and laboratory
tests belonged to allergic patients, 40 ones belonged to non-allergic subjects; in 20 control
samples no signs of allergy were revealed. Moreover, the results obtained demonstrated
a statistically significant increase in total IgE, whose concentration in allergic patients
was 157.03+136.43 mcg/l, compared to its mean concentration in control samples
(61.65+£37.28 mcg/l). Also, an increase in IL-33 level was observed in allergic patients with
159.12+133.44 mcg/l, compared to its level (129.90+108.28 mcg/l) in control samples.
Conclusion. Total IgE and IL-33 levels correlate to a certain degree with food allergy
severity.

Keywords: food allergy, IL-33, total IgE, immunoglobin, immunology

618 "Laboratory Diagnostics Eastern Europe", 2024, volume 13, No. 4

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXKAHUIO



Annepronorua / OpurmHanbHble nccnefoBaHUA
Allergology / Original Researches <3

B,

Npxannd P.A.L<, Paincan C.Ox.
MNeparornuecknii Konneg ecteCcTBeHHbIX HayK, bacpa, Vpak
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KoHTakTbl: ahmedsalihdr2008@yahoo.com

Pesiome

BeBegeHwme. B HacToALee BpemA NuLieBas anneprna npn3HaHa ogHMM U3 caMbiX pacnpo-
CTPaHEeHHbIX NAaTONIOMMYEeCKUX COCTOAHNIA.

Llenb. YcTaHOoBNeHne ocobeHHOCTElN cofepKaHna B KPOBU pAfa MMMYHHbIX GakTopoB
nNpwv pasBUTMM NMLLEBON anneprum.

Matepuanbi u metoppl. B xozie nccnenosaHua 6bi10 otobpaHo 90 06pasLioB KPOBY MC-
NbITyeMbIX B Bo3pacTe oT 7 o 49 neT, n3 Hux 70 o6pa3LoB KpoBU ftofdeln ¢ annepruen
1 20 — 300POBbIX J06POBOSIbLIEB, COCTABUBLUMX KOHTPOMbHYIO rpynny. [lnarHos annepruu
npu nccneposaHny 90 06pa3LoB KPOBM NOATBEPXKAANN C NMOMOLLbIO TeCTa Ha aniepruo
C ncnonb3osaHuem Habopa Atopic Kit IMMUNOLAB CmbH/China). B pamkax nccneposa-
HUA NPOBOAWN OLIEHKY CoAepKaHumsa obwero ummyHornobynuna (Total IgE, T.IgE) 1 uH-
TepnewnkunHa-33 (IL-33) c ncnonb3oBaHnem peareHToB Elabscience Company (CLUA).
PesynbraTbl. [Toka3aHo, uto 30 06pa3LOB KPOBM C MONOKUTENIbHLIM PEe3YNbTaTOM Kiu-
HMKO-NabopaToOpHOro nccefoBaHNA NpUHaANeXanu nayneHTam ¢ annepruen, 40 - nc-
nbiITyembiM 6€3 annepruu; B 20 KOHTPONbHbIX 06pa3Lax He ObiNo BbIABNEHO NPU3HAKOB
anneprun. Kpome TOro, nonyyeHHble pe3ynbraTbl CBUAETEIbCTBOBANN O CTaTUCTUYECKN
[IOCTOBEPHOM yBeNnuueHnn copepaHma obuiero IgE, KoHLEHTpauma KOToporo y naum-
€HTOB C annepruen coctasuna 157,03+136,43 MKr/n no CpaBHEHMIO C ero cpefHeln KOH-
LeHTpaumnen B KOHTPOsbHbIX obpa3suax (61,65+37,28 mkr/n). Kpome Toro, BbiABAEHO NO-
BbllWeHne ypoBHA IL-33, KOHUEeHTpauua KOTOPOro y nauMeHToB C anfieprmen coctaBuna
159,12+133,44 MKr/n no cpaBHeHWO C KOHUeHTpauuen (129,90+108,28 mkr/n) B KOH-
TPONbHbIX 06pa3sLax.

3aknioueHune. YpoeHb obuiero IgE u IL-33 HaxoauTca B onpeaesieHHoN 3aBUCMMOCTU OT
CTeneHu Bblpa)KeHHOCTU NULLEBON annepruu.

KnioueBble cnoBa: nuuwesas anneprus, IL-33, obwuii IgE, uMmyHornobynuH, nmmyHonorus
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B INTRODUCTION

Food allergies are one of the serious problems. Fourteen types of foods listed as food
allergens recognized in the European Union have been recorded, such as soybeans, milk,
fish, peanuts, nuts,and others[1].Itrecorded the prevalence of allergiesin the United States,
a rate of 9%, and in Europe, rate of 6% [2]. Mast cells are the main effector cells involved
in the pathophysiology of acute allergic reactions [3]. It is significant to mention that the
production of antigen-specific IgE and its attachment to the high-affinity FceR receptors
on mast cells and basement membranes upon exposure to allergens contributes to the
initiation of the hypersensitivity reaction, so the role of IgE is essential in causing allergic
reactions [4]. About 40% of people in Western communities suffer from hyperproduction
of antibodies IgE to various environmental allergens. This hyperproduction of IgE is
called atopy, and Atopy is a predisposition to diseases such as allergic rhinitis and the
development of asthma or atopic dermatitis (eczema) due to environmental factors [5].
Higher levels of total IgE in the bloodstream and a higher amount of eosinophils than
healthy individuals. Interleukins also play an important role in the development of allergic
diseases. IL-33 is thought to accelerate respiratory tract inflammation mediated by helper
cells [6]. As studied made it clear IL-33 not only acts as a cytokinin that stimulates helper
cells but also as an inflammatory cytokinin in various immune responses. Studies have
also evidenced that IL-33 not only activates mast cells but also activates other immune
cells such as basophils and macrophages [7]. The IL-33 binds to its receptor in tissues ST2,
which plays an important role in causing allergic diseases [8]. This leads to the activation
of signalling pathways and the release of mediators that are involved in an important role
in the development of allergic diseases. Because it is considered an alarm signal sent to
alert the Immunity system after allergy, cell damage, and infection [9].

B PURPOSE OF THE STUDY

To determine features of some immune factors blood levels in food allergy.

B MATERIALS AND METHODS

The present study was implemented using (90) human samples collected from
venous blood, which included (50) blood samples from males and (40) blood samples
from females within age groups ranging between (7-49) years, residing in various places
in Basra Governorate. Samples were collected randomly from people suffering from
allergies. Special information was recorded for the samples of the current study according
to a pre-prepared questionnaire form that encompassed (name, age, sex, medical history,
geographical location, type of allergy, duration of iliness, appearance of symptoms, type
of symptoms, has s/he suffered other diseases).

Blood Sample Collection

The present study was carried out on (90) human samples collected from venous
blood, which included (50) blood samples from males and (40) blood samples from
females within age groups ranging between (7-49) years old, residing in various Basrah
Governorate . Human samples were randomly collected from people suffering from
allergies. Special information was recorded for the samples of the current study according
to a pre-prepared questionnaire form that included (name, age, gender, medical history,
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geographical location, type of allergy, duration of iliness, appearance of symptoms, type
of symptoms, and other diseases who suffer from).

Diagnosing Type of Allergy (Atopic Kit)

The diagnosis of food allergy was confirmed in the samples of the current study by
using (Atopic Kit) as per the company’s previously prepared instructions, IMMUNOLAB
GmbH / China.

Estimation of Total IgE ELISA

The Direct ELISA test was used to measure the level of total IgE (T.IgE) in the serum of
the samples of the current study. This procedure was carried out by using a diagnostic kit
prepared by the United States of America.

Estimation of Interleukin 33 (IL-33)

The Direct ELISA test was used to evaluate the level of interleukin 33 (IL-33) in the
serum of the samples of this study. This procedure was conducted by using a diagnostic
kit prepared by the United States of America / Elabscience Company.

B RESULTS

The results in the current study show that the number of patients with food allergies
was 30 samples at a rate of 33.3% out of a total of 70 samples compared with control
samples (table 1).

Table 1
Distribution of samples of the current study according to sex and age groups
Status Patient (n=70) Control (n=20) Total
Sex No. (%) No. (%)
Male 37 (41.1) 13 (14.5) 50 (55.5)
Female 33(36.7) 7(7.7) 40 (44.4)
Age group/year
7-16 20 (22.2) 5(5.6) 25(27.8)
17-26 31(34.4) 12(13.3) 43 (47.7)
27 and more 19 (21.2) 3(3.3) 22 (24.5)
Table 2
Distribution of the Allergic samples according to sex and age groups
Status Allergic (n=30) | Non-allergic (h=40) | Control (n=20) Total
Sex No. (%) No. (%) No. (%)
Male 25(27.8) 12(13.3) 13(14.5) 50 (55.6)
Female 5(5.5) 28 (31.1) 7(7.7) 40 (44.4)
Age group/year
7-16 10(11.1) 11(12.2) 5(5.6) 26 (29)
17-26 13(14.4) 17 (18.9) 12(13.3) 42 (46.6)
27 and more 7 (7.8) 12(13.3) 3(3.3) 22 (24.4)
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Allergy to cat
and dog hair
(16.7%)

Allergy to food (83.3%)

Fig. 1. Distribution of study samples according to type of allergy

Also noted in this study was that the percentage of males with food allergies was
higher than that of females, which was (27.8%). Likewise, the second age group (17-26%)
had the highest rate of food allergies compared to other age groups at rate (14.4%), with
a significant difference at the probability level of p<0.05 (table 2).

Distribution of study samples according to type of allergy

The results of the current study, shown in Figure 1, showed that the percentage of
samples allergic to food was 25 samples, representing (83.3%) out of a total of 30 samples,
and there were only five samples, representing (16.7%).

Level of T.IgE

The results of this study recorded an increase in the levels of total immunoglobin type E
(T.IgE) concentrations in patients with food allergies, as the average concentration for the
allergic patients was 157.03+136.43 mcg/l compared with control samples, as shown in
table 3 was 61.65+37.28 mcg/I.

Level of interleukin 33 (IL-33)

As stated in figure 2, there was a significant increase in the concentration of interleukin
33, as its average concentration was 159.12+133.44 pg/ml in the people allergic to the
foods under study, compared to the control samples, which was at a rate of 86.94+14.65
pg/ml for the concentration of interleukin 33.

Table 3
Concentration of T.IgE in the serum of the studied samples: allergic, non-allergic, and control samples
:\e:lr:rngZs Non-allergic Control
Immune 34 %95 Cl (n=40) %95 Cl (n=20) woscl PP
globulin Mean£SD Mean=SD value
MeanSD meg/l mcg/l
mcg/l 9 9
TIgE 136.43+157.03 | 13.38-557.1 59.57+87.63 | 12.31-277.5 | 37.28+61.65 | 89.3-107 | <0.05
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Fig. 2. Concentrations of interleukin 33 (IL-33) in the samples of allergic, non-allergic, and control samples

The realationship between T.IgE and IL-33 in the serum

Table 4
Depicts the correlation of T.IgE with IL-33 in the serum of samples of people suffering from food
allergies and control samples

Factor Samples of people sensitive to food allergy (25 samples), Mean+SD
T.IgE 148.58+153.37

IL-33 69.22+138.91

B DISCUSSION

Immunoglobulin (IgE) is mainly correlated with allergic reactions and is one of the
five immunoglobulins produced by the immune system. It is principally perceived in the
lungs, skin, and mucous membranes. The IgE antibody levels are often high in people who
suffer from allergic symptoms as they react to foreign substances, such as food allergens,
animal dander, and pollen [10]. By the same token [11] demonstrated that T.IgE plays an
important role in diagnosing food allergies, and concluded that T.IgE is of predictive value
for people to determine their allergy or predisposition to developing allergic diseases in
the future. In a study conducted [12], what was revealed is an increase in the concentration
of T.IgE by (65%) in people sensitive to various food allergens [13] recorded an increase
in T.IgE by (60%) in people allergic to sedge and carpus pollen in Iraqg. Also observed an
increase in the concentration of T.IgE in people allergic to peanuts in Iraq by (36.46%),
compared to control samples [14].

Cytokines are among the most important inflammatory factors in the development
of allergies. Therefore, a large number of researchers have been working to uncover
interleukin 33 and its role in food allergies [15]. Interleukin 33 activates helper cells due
to the binding of interleukin 33 to its ST2 receptor, which increases after stimulation by a
food antigen. Thus, helper cells work to stimulate mast cells and remove their granules,
such as the release of histamine [16]. Authors agreed in terms of a rise in the concentration
of interleukin 33 in intestinal and esophageal biopsies as a result of food allergy to its
antigens [17]. An increase in the concentration of interleukin 33 in allergic people was
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also confirmed in many studies, such as the study of [18], where the level of interleukin
was detected in people who had rhinitis. Allergy level was significant at 0.0035, compared
with control samples, and its level for people suffering from asthma was realized at a
significant level of <0.050.08, compared with control samples. In [19] demonstrated that
interleukin 33 was significantly increased in all patients with allergic rhinitis compared to
control samples, with a significant difference of <0.05 0.01.

B CONCLUSION
The present study concluded that T.IgE and IL-33 have a role in the development and
severity of food allergy diseases.
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Pesiome

BBepeHume. [1na cBoeBpeMeHHOM ANarHOCTMKN reHe3a 1 MPOrHO3MpoBaHNA reMonmTuye-
CKoW 60ne3HM HOBOPOXAEeHHOro Nno cucteme ABO BaXkHa KOMMNEKCHaA MHTepnpeTauus
Kak J1abopaTopHbIX, TaK U KIUHUYECKMX NOKa3aTenein.

Lenb. [MpeactaButb KNMHMYECKUI CAYyYall MHTErPUPOBAHHOIO Noaxoda K AUarHoCTrKe
remMonnTUYEeCKon 60Me3HN HOBOPOXKAEHHOTO.

Marepumanbl n metogbl. [lpoBefieH AMHAMNYECKMI aHanM3 NabopaTopHbIX U KIIMHUYe-
CKUX flaHHbIX Y 6epeMeHHO XeHLLMHbI 1 ee pebeHKa C reMonUTUYecKo 601e3HbIo HOBO-
POXKAEHHOTO.

Pesynbratbl. [1py MMMyHOremMaTonorMyeckom WCCNeaoBaHnmn Kposu G6epemeHHon LU
ObIO YCTAaHOBMEHO: rpynna Kposu no cucteme ABO - O(l), no cucteme Rh — aHTureH
D-otpuuatenbHbii, Rh-deHotnn — Ccddee. B cbiBOpoTKe KpoBU MaTepu onpepensanu
rpynnocneuyudunueckme aHTutTena C NPUMeHeH1eM reneBbiX TEXHONOMMIA B aBToMaThye-
CKOM pexrme (C Crnosib3oBaHNeM aBTOMATUUYECKOro MMMYHOTemMaToJIorMyeckoro aHanu-
3aTopa IH-500) aHTn-A (IgM) B TUTpe 1:64 n aHTK-B (IgM) B TnTpe 1:256, a Takxe aHTK-B
(IgG) B TMTPeE 1:16. Y MnageHLa yCTaHOBNEHO: Fpynna Kposu no cucteme ABO - B(lll), no
cucteme Rh - aHTureH D-nonoxutenbHobi, Rh-peHotun — CcDee, nonoutenbHbin no-
nucneundryeckuin NpsMon aHTurnobynuHosbii TecT (MAIT). MpoBegeHne MoHocneuw-
¢dunyeckoro MAIT Ha 3puUTpPOLMTaX HOBOPOXKAEHHONO OCHOBBLIBANOCH Ha ONpefeneHnn
nMMyHorno6ynnHos IgG. ina nageHTndUKaumMm aHTUTeN NPOBENU SI0MPOBaHME CBA3aH-
HbIX C SPUTPOLUTAMUN aHTUTeN C nocneayowern naeHTMduKaumen aHTUTeNn B HeMpPAMOM
aHTUrnobynuHosom Tecte (HAIT). DnioaT C 3pUTPOLUTOB pebeHKa copepan UMMYyH-
Hble aHTK-B aHtuTena (IgG). Mpn nccnegoBaHUM CbIBOPOTKM HOBOPOXAeHHOro B HAIT
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C TecT-3puTpoumnTamMmn BbiiBAEHbl aHTU-B aHTuTena knacca IgG. AnHammueckun aHanus
KNMHMKO-NabopaTopHbIX AaHHbIX Y HOBOPOXAEHHOro pebeHKa COOTBETCTBOBAN KINHU-
YeCcKkol KapTHEe reMosIMTMUECKO 60Me3HN HOBOPOXKAEHHOrO. YBENMUYEHUE NoKa3aTensa
He3pesbIX PeTMKYNOLUMNTOB, HOPManbHOe 3HauyeHVe cofep)kaHuA remornobuHa B petu-
KynoumTax B HeoHaTaslbHOM neprofe Yy MnafieHua yKasblBaloT Ha OTCyTCcTBUe aeduunta
»ene3a B KauecTBe NPUYMHbI aHEMWW Y JaHHOTO NaLueHTa.

3aknioueHmne. KOMMNIEKCHbIN aHanu3 MMMYHOremaTosIorMyecknx mnccnefoBaHUn (Kak
NPAMOro, Tak U HEMPAMOro aHTUrNoOYNMHOBOIO TecTa y MaTepy U HOBOPOXKAEHHOTO, NC-
cflefloBaHMe 3Mt0ata C SPUTPOLNTOB Y HOBOPOXKAEHHOro pebeHKa) U KNMHUKo-nabopa-
TOPHbIX NOKa3aTesiell y HOBOPOXAEHHOro pebeHKa (NoBbllleHne KOHUeHTpauum 6unu-
pybrHa, CHUXKeHne remornobuHa 1 Ap.) CyLecTBeHHO NOMOoraeT B paHHel ANarHOCTHKe,
onpeneneHnn reHesa reMoaNTMUYECKON 60Ne3HN HOBOPOXAEHHOMO 1 NPOrHO3UPOBAHNN
BbIPa’KeHHOCTN remonun3a.

KnioueBble cnoBa: reMonuntyeckan 6one3Hb HOBOpPoXxaeHHOro, ABO-HeECOBMECTMOCTb,
aHTUrNoGYNVMHOBBIV TECT, 3M110aT, GpaKkLUN PETUKYNOLUTOB
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Abstract

Introduction. Comprehensive interpretation of laboratory and clinical indicators is crucial
for timely diagnosis and prognosis of ABO hemolytic disease of the newborn (ABO HDN).
Purpose. To present a clinical case demonstrating an integrated approach to diagnosing
hemolytic disease of the newborn.

Materials and methods. A dynamic analysis of laboratory and clinical findings of a
pregnant woman and her child with HDN was performed.

Results. The pregnant woman Sh. was found to have blood group O, RhD-negative, Ccddee
phenotype, according to immunohematological tests. Group-specific antibodies were
detected in the mother’s serum using gel technology (automatic immunohematological
analyzer IH-500): anti-A (IgM) at a titer of 1:64, anti-B (IgM) at a titer of 1:256, and anti-B
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(IgG) at a titer of 1:16. The newborn had blood group B, RhD-positive, phenotype CcDee,
with a positive polyspecific direct antiglobulin test (PAGT). Monospecific PAGT on the
newborn’s erythrocytes revealed the presence of IgG immunoglobulins. Erythrocyte-
bound antibodies were eluted and identified in an indirect antiglobulin test (IAGT).
The eluate from the newborn’s erythrocytes contained immune anti-B antibodies (IgG),
which were also detected in the serum by IAGT. Clinical and laboratory data analysis
corresponded to the clinical picture of HDN. An increased immature reticulocyte count
and a normal hemoglobin reticulocyte countin the neonatal period indicated the absence
of iron deficiency as a cause of anemia in this patient.

Conclusion. The comprehensive analysis of immunohematological tests (both direct and
indirect antiglobulin test (AGT) in the mother and newborn, and eluate erythrocyte test
in the newborn) along with clinical and laboratory findings of the newborn (increased
bilirubin level, decreased hemoglobin, etc) aids substantially in early diagnosis,
determining hemolytic disease genesis and predicting hemolysis severity in HDN.
Keywords: hemolytic disease of the newborn, ABO incompatibility, antiglobulin test,
eluate, reticulocyte fractions

B BBEJAEHWE

Pa3BuTre remonutnyeckon 6onesHn HoBopoxaeHHoro (FBH) octaeTtca akTtyanbHom
npobnemoi Kak AnsA akyLepoB-TMHEKOSIOroB, Tak U AnA HeoHaTonoros. B Pecnybnuke
Benapycb 3a 2020 r. 3a6oneBaemoctb [BH coctaBmna 6,41 Ha 1000 XMBOPOXAEHHbIX Ae-
Tel. B HacTosAwee BpemAa BCneacTBre NPOBOANMON NMPOGUNAKTUKN pe3yc-KOHPNMKTa B
KNUHUYECKON NpaKTuKe Habntogaetcsa pocT pa3sutua bH npu ABO-HecoBMeCTMMOCTH
[1]. YacTo HeoHaTONOMM CTANKMBAKOTCA CO CNIOXKHOCTbIO onpegeneHua reHesa I6H, a cne-
[0BaTeNIbHO, M NPOrHo3a TeyeHus 3aboseBaHnsA Y HOBOPOXKAEHHbIX JeTel Npy Hannuum
OAHOBPEMEHHO BO3MOXHOIO KOH®NMKTa Kak no cucteme ABO, Tak 1 no cucteme Rh. O6-
LENPUHATBIA NPAMOW aHTUrNobynmMHoBbIN TecT (MAIT) He nmeeT cneyndUUHOCTU 1 He
MOXeT 6bITb Ucnonb3oBaH Ana anddepeHumanbHon anarHocTrky [2]. MosTomy nownck
nabopaTtopHbIx Mapkepos [BH ans yTouHeHUA reHesa 1 NPOrHO3MPOBAHMWA TeueHns 3a-
6oneBaHNA OCTAaeTCA aKTyaslbHbIM B HacTosLLee BpeMs.

B LIESIb NCCNEAOBAHUA

MpeacTaBUTb KAMHUYECKWIA CllyYail MHTErPUPOBAHHOIO NOAX0oAa K ANAarHOCTUKe re-
MOJIUTNYECKOW 6OMIE3HN HOBOPOXKAEHHOTO.

B MATEPWAJIbI U METObI
MpoBeneH aHanu3 nabopaTopHbIX (MMMYHOremMaToNorMyecknx) AaHHbIX y bepemeH-
Ho LL. n KnMHUKo-nabopaTopHbIX NOKa3aTesiel ee HOBOPOXKAEHHOro pebeHKa.
MmmyHoremaTonornyeckue nccnenoBaHus obpasua KpoBy mMaTepyl, BbINOSHEHHble
C UCnonb3oBaHMEM aBTOMaTMyecKoro aHanmsaTtopa IH-500, ceogunucb K nposefeHuto
CKPUHWHIA anfnoMMMYHHbIX aHTU3pUTpoLUUTapHbix aHTuTen (peareHT ID DiaCell I1-1I-1Il n
ID-kapTbl LISS/Coombs) n onpegeneHuto:
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1) rpynnbl Kposu no cucteme ABO c ncnonb3osaHvem ID-kapt DiaClon ABO/D + Reverse
Grouping;

2) deHoTMna 3puTpoumUToB crucTembl Rh, BKNtoUaa TMNMpPOBaHMe SpUTPOLIMTOB CUCTEMDI
Kell (K) c ucnonb3osanviem ID-kapt DiaClon Rh-Subgroups + K;

3) TnTpoB aHTMTen no cucteme ABO (aHTU-A M aHTK-B): HOpManbHbIX (eCTeCTBEHHbIX)
NOJIHbIX aHTUTEN Knacca IgM meTtogom arrntoTrHaumm B rene (ID-kaptol NaCl, Enzyme
Test and Cold Agglutinins) n UMMyHHbIX HeMONHbIX aHTUTen Knacca lgG (c ncnonb3osa-
Huem ID-kapt Coombs Anti-IgG).

MmmyHoremaTonornyeckue nccneoBaHmsa obpasua KpoBy HOBOPOXAEHHOIO Ha aB-
ToMaTnyeckom aHanmsatope IH-500 coctoanu:

1) B onpefeneHnn y HOBOPOXAEHHOIo aHTMreHoB no cuctemam ABO/Rh 1 nposeseHun
MATT ¢ ucnonb3oBaHvem ID-kapT gna HosopoxaeHHbIx ABO/Rh for Newborns;

2) onpepeneHun dbeHoTMNa 3pUTPOLUTOB cncTembl Rh, BKouaa TunnpoBaHmne sputpo-
uutoB cuctembl Kell (K) ¢ ncnonbsosaHuem ID-kapt DiaClon Rh-Subgroups + K;

3) nposegeHumn TMAIT: moHocneunduyeckoro (ID-kaptel Coombs Anti-lgG, ID-kapTbl
DC-Screening l);

4) onpepeneHun puckos remonusa B ID-kaptax DAT IgG-Dilution;

5) onpepeneHnmn cybknaccos MMyHornobynmHos IgG1 n 1gG3 1 oueHKe pUCKOB reMonu-
3a B ID-kapTax DAT IgG1/I1gG3;

6) nccnefoBaHWM CbIBOPOTKM HOBOPOXKAEHHOIO Ha BbiiBNEHUe rpynnocneumbunyeckmx
annoaHTuTen aHTK-B (knacca IgG) B ID-kaptax Coombs Anti-lgG co ctaHgapTHbIMUK
spuTtpouutamu rpynnsi B(lll) B HAI'T.

MpoBeneH AVHAMUYECKMI aHANN3 KNMHUYECKKX U TAOOPATOPHbIX AAaHHbIX Y pebeHKa ¢ MBH.

C ncnonb3oBaHMeM aBTOMaTUUYeCKOro aHanusatopa Sysmex XN-350 oueHeHO Konu-
yecTBO 3puTpoumToB (RBC), onpeaeneHbl KOHLEHTpaLmMA remornobuHa (Hb), rematokput
(Ht), cpenHunin o6bem aputpounta (MCV), cpefHee cogepkaHne remornobrHa B SpUTpo-
uute (MCH), cpeaHsasa KoHUeHTpauma remornobuHa B aputpoumnte (MCHC), abcontoTHoe n
OTHOCUTENIbHOE KONMYeCTBO peTukynoumTos (RET).

MapannenbHo 6bIMM NpoaHaNM3NPOBaHbl MapaMeTpbl, XapaKTepusylowmne cTerneHb
3penocT PeTUMKYNoLMTOB: GpaKkuma PeTUKyNoumMToB HuM3Kon dnioopecueHuymm (LFR),
bpakuma petukynouutoB cpepHen ¢nioopecueHummn (MFR), dpakuma petukynoumtos
Bblcokon dnoopecueHumnn HFR, a Takxke dppakuus Hepenbix peTukynouuTos (IRF), asna-
towaaca cymmon HFR n MFR KpoBu HoBopoxaeHHoro ¢ [bH B HeoHaTanbHOM nepuope.
M3yueH nokasaTtenb remornobuHa B petukynouuntax (Ret-HE).

[ns QOCTVXKEHUS NOCTABNEHHOW LieNnv nccnefoBaHusA 6binmn cpopmMynnpoBaHbl criegy-
loLme 3agaun:

1) npoBecTn aHann3 1abopaToPHbIX (MMMYHOreMaTONIOrMYECKNX) faHHbIX y bepeMeHHow
LLl. n ee HOBOPOXAEHHOTO pebeHKa;

2) NpoBeCcTU ANHAMUYECKUN aHanu3 3puUTPOLNTapPHbIX N PETUKYNOLUMTapHbIX MOKa3aTe-
new, ypoBHs GuUNMpyObuHa 1 Te4eHUss HEOHATANIbHOTO Neproaa y HoBopoXKaeHHoro L.

B PE3YJIbTATbl MW OBCYXAEHWE

KnuHnueckni cnyyanm

bepemeHHan xeHwwmHa L. 1986 r. p. Habnoganacb Bo BpeMsa b6epemeHHoCTM B [o-
pPOACKOM LeHTpe TpaHchy3nonornm yuypexxgeHusa 3gpaBoOXpaHeHUa «6-A ropopckas
KnvHuyeckas 6onbHuua» r. MuHcka. HabniogeHne n obcnefoBaHne npoBOAWAOCH B
COOTBETCTBUU C KIMHNYECKUM MPOTOKONIOM «MeanurHCKoe HabniofeHne n oKasaHue
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MEeAVLMHCKON NOMOLLM XeHLUMHAM C pe3yc-uMMyHM13aumein 1 apyrumm Gopmamm n3omm-
MYHM3aLMIN», yTBEPXAEHHbIM NOCTaHOBIeHNneM MUHUCTePCTBa 3apaBooXpaHeHus Pecny-
6numkm benapycb ot 30 gekabps 2022 r. N 128. B aHamHe3e 6epemMeHHON — BTOpUYHOe Hec-
nnogwve v 3 BbIkMAbILWA. [1py MMMyHOremMaToNIorMyeckomM nccnefoBaHmm 6bino yctaHoBe-
Ho: rpynna Kposu no cucteme ABO - O(l), no cucteme Rh — aHTureH D-oTpuuatenbHbii,
Rh-¢peHotun - Ccddee. B 28 Hepenb GepemeHHOCTU 6bln BBeAEH MMMYHOrNOOYINH ye-
noseka aHTupesyc aHTn-D (aHTM-RhD), noBTOpHO MMMyHOrnobynuH yenoseka aHTn-RhD
6b11 BBEZieH NoC/ie POAOoB B MepBble CYTKM Nocse poxaeHUs pebeHka.

B cpoke rectauum 38 Hepenb (267 aHeln) 6epeMeHHON XKeHLWMHe B NIAHOBOM NopAd-
Ke BbIMOSIHEHA onepaLAa KecapeBa ceueHnsa B KnnHnyeckom poannbHom gome MnHckom
ob6nactu. Poagnnca manbumnk ¢ maccol Tena 3680 r, poctom 52,0 CM C OLIEHKON MO LWKane
Anrap 8/9 6annos. MeanumMHCKas NOMOLLb OKa3blBaslacb B OTAENEHWN AJ1A HOBOPOXKAEH-
HbIX JeTell U B NeanaTpUYeCcKoM OTAENeHUN s HOBOPOXKAEHHDbIX (C MepuHaTanbHOWM
naTosiormer U HefJOHOWEHHbIX) COMMAacHO KNMHMYeckoMy npoTtokony «OKa3aHue meau-
LUMHCKON NMOMOLLM B HEOHATONOMMW», YTBEPXKAEHHOMY NpuKazoMm MuHucTepcTBa 3apa-
BOOXpaHeHus Pecny6numkun benapycb ot 18 anpensa 2022 r. N° 34. Bce faHHble NOJlyYeHbl
13 GopM NepBUYHON MeAULMHCKOW LOKYMEHTALMN aKyLIepCKO-TMHEKONOMMYECKON U
nepmatpuyeckomn cnyx6 Pecnybnunkn benapyco: «Mctopua pasButma HOBOPOXKAEHHOTO»
(dopma 097/y), «McTopua pogos» (bopma 096/y), «<MefMUUHCKan KapTa CTaLMOHapHOro
60nbHOro» (hopma 003/y).

Y mnageHua yctaHoBseHo: rpynna Kposu no cucteme ABO - B(lll), no cucteme Rh -
aHTureH D-nonoxutenbHoli, Rh-peHotnn — CcDee. Ha ocHoBaHWM pa3BuTua runepbu-
nupybrHemnmn (NpUpoCT coctaBun 6,4 MKMONb/N/4ac) K KOHLY 1-X CYTOK »KWU3HW, YPOBHA
remornobvHa Npu PoXXAEHUN HUXKE BO3PACTHOM HOPMbI U MOC/IeAYIOLEro ero CHYMXeHNA
co 140 r/n (npu poxaeHun) go 115 r/n (Ha 2-e CyTKM XM3HWK), nonoxuTenbHoro MATT 6bino
npepnonokeHo passmtue NGH.

Mo gaHHbIM NUTEpPaTypbl, HECOBMECTMMOCTb MaTepu 1 nnoga no cucteme ABO obe-
cneyrBaeT B onpeAesieHHON CTeNeH 3aWnTy oT ainoMMMyHm3aumm no cucteme Rh. He-
COBMeCTMMOCTb no rpynne kposu A(ll) mexxgy matepbio 1 nnogom cosgaet 90%-10 3awmuTy
oT annoummyHm3aumm K RhD-aHTureHy, a HecoBmecTMocCTb no rpynne Kposw B(lll) gaert
ToNbKO 55%-10 3awuty [3]. NoaToMy B laHHOM cilyyae HeobXxoAMMO 6blI0 YCTaHOBUTD re-
He3 remonmsa s NOCTaHOBKM AMarHosa u onpeaenntb nporHos tedeHna NbH ana sbi-
60pa ONTUMasNbHON TaKTUKWN BeAEHWA.

HecmoTps Ha obuwenpuHAToe ncnonb3osanue MAIT npu gunarHocTtuke FbH, cerogHa
3HaYMMOCTb 3TOrO TecTa ABMAETCA CMOPHON. KaK NOMOXUTENbHBIN, TaK U OTpULaTENb-
HbI pe3ynbTaT He UrpaeT onpeaenaAioLlen ponn B yCTaHOBNEHWI JaHHOMO AuarHosa. [lo
90% peTen ¢ nonoxutenbHboiM MAIT He UMEIOT NPU3HAKOB rEMOIUTMYECKON GoNesHN,
N HaobopoT — 6bIn cooblyeHnA 06 oTpuuaTtenbHoOM TecTe y mnageHues ¢ ABO - I'bH
[4]. OcobeHHO AnA HeoHaTalsbHbIX 3PUTPOLIUTOB OrpaHMYeHa YyBCTBUTeNbHOCTL MATT
K aHTU-A (IgG) 1 aHTK-B (IgG). MNMoaTomy B GONbLUMHCTBE ClyyaeB XapaKTepHble KIVHU-
yeckne cumntombl Npu ABO-HecoBmecTMMOCTM NpoTekatoT npu oTpuuatenbHom [ATT.
B cnyuae nopo3peHusa Ha I'BH HeAcHOro reHesa pekoMeHAyeTCA UCMOoNb30BaTb HENPAMON
aHTUrno6ynuHoBbIv Tect (HAIT), B KOTOPOM MCMONb3YIOT CbIBOPOTKY HOBOPOXAEHHOIO 1
CTaHAapTHble 3puTpouuntbl ABO (B 3aBMCUMOCTY OT FpynnoBOI NPUHaAIEXHOCTH pebeH-
ka A(Il) mnwn B(Il)), Tak Kak gaHHbI TeCT ABnAeTcA 6onee YyBCTBUTENbHBIM K MaTEPUHCKAM
anfioaHTUTeNaM B KpoBM Mnoda. B kauecTBe nabopaTopHOro AMarHOCTMYECKOro MeToaa
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WHTerpupoBaHHbIi OAX0A K AnarHOCTMKe
remMoniMTMYecKoin 60n1e3H HoOBOPOXKAEHHOTo No cucteme ABO: KNMHUYECKWI Cllyyait

B NocnefHve roabl NpeanaraeTca TakKe aHanus3 aHTUTeN, SMI0UPOBAHHbBIX C SPUTPOLINTOB
HOBOPOXAEHHOrO. [laHHbIN MeTOA COCTOUT B UCMONb30BaHUN NpreMa TENIOBO aounn
aHTWUTeN C NOBEPXHOCTW 3PUTPOLMTOB U Nocneayiolem nposegeHnn ngeHtndrkaumum
aHTuTen. AHanm3 3/11aToB BO MHOrOM 6osiee UyBCTBUTENEH K onpeaeNieHN0 UMMYHHbIX
aHTW-A 1 aHTU-B aHTUTEN MO CpaBHEHMIO C NPAMbIM nonucneLmbuyeckum aHTUrnobynu-
HOBbIM TECTOM, Y €r0 MO>KHO UCMOJIb30BaTb AOMOSHUTENBHO NP onpeaeneHun Tuna MbH.

[na yTouHeHmA anarHo3a Obino npoBefeHo NapasnenbHoe nccnefoBaHvie 06pasLoB
KPOBU MaTepu 11 HOBOPOXAEHHOrO pebeHKa.

YcTaHOBNEHO Hannuue B CbIBOPOTKE KpoBu MaTepu ABO-aHTHTeN, HanpaBneHHbIX MPo-
TWB aHTMreHoB HoBopoXxaeHHoro (MaTb O(l) — HoBopoxaeHHbIn B(lll)). CbiBOpoTKa KpoBU
MaTepwu He CoaepKana aHTUTen apyron cneynduyHocT, Kpome aHTU-A 1 aHTu-B. Sntoat ¢
3pUTPOUUTOB pebeHKa coaepan aHTu-B aHTuTena (IgG) B HM3KOM TUTpE.

bbin BoicTaBneH guarHo3s: NlbH (nsonmmyHusauua no ABO) P55.1. MenTywHo-aHemnye-
ckan GopMma, cpefHeTAXKenoe TeueHue.

M3BecTHO, uTo aHTUTeNa Knacca lgG gensaTca Ha yeTbipe OCHOBHbIX NoAKkiacca. AHTU-
Tena nopgknaccoB IgG1, 1gG3, IgG4 6ecnpenATCTBEHHO MPOHMKAKT yepe3 MnnaueHTy.
C yBenunuyeHnem nx KOHLEeHTpaumm B KPOBM MaTepu 1 pebeHKa NnoBbILLaeTcd BEPOATHOCTb
pa3sutna NBH. IHTEHCMBHOCTb remonnTMUYecKoro npouecca 3aBUcUT ot nogknacca IgG.
[JunarHoctnyeckoe 3HaueHne nmetot npexge Bcero IgG1 n IgG3, Tak Kak MMMYyHOrno6ynu-
Hbl 3TUX NOAKNACCOB HAMHOTO Jlerye B3auMogencTBYIoT € Fc-peLienTopamm Knetok, yem
1gG2 n IgG4. Kpome Toro, IgG3 obnapatoT 6osbluein ahpPMHHOCTLIO K peLenTopam Makpo-
daroB, uto 06BACHAET NX 60sIee BLICOKYIO rEMONIUTUYECKYIO aKTUBHOCTb. Y 6epeMeHHbIX
MEHLLMH XapaKTep U3MEHEHMA TUTPOB afNI0AHTUTEN MO CPaBHEHWUIO C HebepeMeHHbIMU
EHLWMHAMN N B AMHAMUYECKOM HabMofeHUN MOXET ObiTb PasfIMUHbIM: NOCTOAHHbIM,
CHUXAIOLWMMCA, BO3PACTaoLWMM M cKauywmm [5-7]. ECTb MHeHMe O TOM, YTO YacTas CMeHa
noabeMOB W CMAZOB TUTPA affIoAHTUTEN B MNEPBOV NOJSIOBUHE GepeMeHHOCTM ABNAETCA
XapakTePHbIM MPU3HAKOM UMMYHHOKOH(NUKTHBIX peakumin Mexay maTepbio 1 NiIogoM
[8]. HO HacKonbKO KpWTUYEH MOPOrOBbIA YPOBEHb aHTUTEN, MPU KOTOPOM MOXET pas-
BuUTbcA [BH, ocTaeTcA cnopHbim BonpocoM. B nccnegosannm Cariani L. 1 coaBT. noka3aHo,
YTO HeT onpeAeneHHbIX accoumaunin mexagy TMTpamm matepuHCKnx aHTn-A/B aHtuten IgG
knacca u puckom ABO - TBH [9]. OgHako B 6onbLuMHCTBe paboT no usyyeHuto ABO — I'bH
BbiSIBNIeHa KoppenAauusa mMexay BbICOKUMW TUTPaMK anioaHTUTeN y MaTepu 1 CTENEHbIO
TaxkecT ABO — I'BH. OgHuM nccnepoBateny cumtatot, 4to TUTPbI 6onee 1:64 yxke aBnaioTcA
KpuTuuHbiMK [10], apyrue — uto Tonbko TUTPbI 6onee 1:128 nnm 1:512 aBnaioTca onac-
HbimK [11, 12]. Y HoBOpoXxAeHHbIX ¢ BH 1 oTpuuatenbHbim MNATT yposeHb IgG3 uHorga
CJIMLWIKOM HU30K ANA AeTeKuuun B NPAMOM aHTUIOOYNMHOBOM TecTe, HO ero GbiBaeT fjo-
CTaTOYHO ANA pa3BMTUA remonmsa [13].

HosopoxaeHHbI pebeHok LL. nonyyan cnepyiollee neyeHve: BBefjeHe BHYTPUBEH-
HOro MMMYHOTNO0YMHa, GoToTepPanUA, HasHaYeHne GoNMeBON KUCNOTbI 1 BUTaMUHA D,
BbinvcaH B y1OBNETBOPUTENIbBHOM COCTOAAHUU Ha 19-e CYTKM »KU3HMW.

YunTbiBas pa3BuUTUE aHEMUW, MPOBEAEH ANHAMUYECKMIA aHaNU3 SPUTPOLMUTAPHBIX Y
peTnKynounTapHbIX Nokasatenen B obuiem aHanuse Kposu y peberka L. CooTBeTcTBy!10-
LMe AaHHble NpeacTaBfieHbl B Tabn. 1.

Kak BUHO 13 AaHHbIX Tabn. 1, y HOBOpoXaeHHoro pebeHka L. B TeueHne HeoHaTanb-
HOro Nepurofa OTMEUYAETCA CHUKEHME SPUTPOLUTAPHBIX NokasaTtenen (Konmyectso RBC
Ha nepBble CyTKM cocTaBuno 3,57x10'?/n n cHuaunocb po 3,14x10%/n Ha 18-e cyTKM).
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Ta6nuua 1
AnHamuKa s3pUTpOLMTapPHbIX NOKa3aTeneil y HOBOPOXAeHHOro pe6eHka LU.
Table 1
Evolution of erythrocyte indices in the newborn Sh.
TecT, ea. usmepenns
Cyr- X 'g‘ o B3 & °\°~
o = 5 = < = a s 5 w g
Hus- e T L < £ T O ? 3 3 ES z
L) T 8| 5| 8|8 g = 5 g 8 8
e £ % = = = & B = s | £ | %
1 3,57 140 38,1 106,7 | 39,2 367 17,6 | 64,1 1,1 16,5 11 2,2
2 2,93 115 32,0 109,2 | 39,2 359 18,4 70,1 0,9 18,3 1,0 2,5
11 3,12 115 314 100,6 |36,9 366 14,5 53,1 11 7,6 2,5 1,6
18 3,14 112 30,6 97,5 35,7 366 14,6 52,4 1,6 58 1,4 1,2
Ta6bnuua 2
AvHamMunKa peTUKyouMTapHbIX NoKasaTesnell y HOBOPOXKAeHHOro pe6eHka LU,
Table 2
Evolution of reticulocyte indices in the newborn Sh.
Tecr, en. usmepeHus
CyTKn RET
KN3HU 10° ;n RET, % IRF, % Ret-HE, nr RBC-HE, nr Delta-HE, nr
1 366,3 10,26 46,4 37,0 33,8 3.2
2 386,5 13,19 57,9 34,1 34,6 -0,5
11 80,2 2,57 36,4 31,8 32,3 -0,5
18 103,0 3,28 32,0 32,0 32,7 -0,7

YposeHb HGB Ha 18-e cyTkmu coctasun 112 r/n, HCT - 30,6%. Moka3atenu MCV, MCH,
MCHC, RDW-CV, RDW-SD, MacroR, MicroR, Hypo-HE, Hyper-HE coxpaHnanucb B npegenax
BO3PACTHOW HOPMbI.

Mpu poxpeHun y pebeHka L. ypoBeHb abCOMOTHOrO M OTHOCUTENIBHOTO KOuye-
ctBa RET coctaBun 366,3x10°/n (10,26%) ¢ nocnegyowmm noebiweHnem go 386,5x10%/n
(13,19%) Ha 2-e cyTKM KaK OTBET Ha pa3BuTue aHemmu. lNokasatenb IRF coxpaHanca Bbico-
K1M B TeUeHue BCero nepuopa HabnwogeHus (taon. 2).

3HayeHwue Ret-HE 6b1110 B Npefienax BO3pacTHOW HOPMbl Yy HOBOPOXIEHHbIX AeTel [14].
YBenuueHune nokasatens IRF, HopmanbHoe 3HaueHue coaepKaHunsA remoriobrHa B peTu-
KynoLuTax yKa3blBaloT Ha OTCyTCcTBME AedurLMTa XKefle3a B KauecTBe NPUYMHbI aHEMUN.

B 3AK/TKOYEHNE

BknioueHne nmmMmyHorematonormyecknx UCCnefoBaHWi, TakuxX Kak nonuv-/MoHocne-
unounyeckuit MAIT, a Takke HAI'T 06pa3LoB KpOBU HOBOPOXKAEHHOTO, AOMNOJIHATENIbHOE
nccnegoBaHyve dt0ata Nocsie NpoBeAeHUsA TeMI0BON 3M0LNN SPUTPOLINTOB Y HOBOPOXK-
feHHoro B HAI'T B COBOKYMHOCTU C KOMMJIEKCHBIM aHaNM30M KITMHUKO-TabopaTOpHbIX
rnoka3saTesiei (NoBbllleHWe KOHLUEHTpauuy 6unnpybriHa, CHUKeHe remornobrHa v ap.)
CyLeCcTBEHHO NOMOraloT B onpegeneHun reHesa [bH n onpegeneHnn TakTukn BegeHus
nauuveHTa.
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