BIHHUIIbKWI HALIIOHAJIBHMI MEJJUYHUI YHIBEPCUTET
im. M. I. IMPOT'OBA MO3 YKPAIHU

KanidikamiifHa HayKoBa mpars

Ha [paBax PyKONUCYy

T'PULIEHKO AHTOHIHA CEPT'TIBHA

YK 616-001.17:615.451.3

JANCEPTANIA

MOP®OJIOI'TYHI 3MIHU CEJIE3IHKHU IIYPIB 3A YMOB
TOEPTOMOLMCTEIHEMII 3AJIEXKHO BIJ BIKY

222 — «MenunuHa»

22 — «OxopoHa 310pOB’si»

[TonaeThest Ha 3700yTTS cTyIEeHs HoKTOpa (itocodii.

Jucepraliiss MICTHTh pe3yJbTaTH BIACHUX JOCHIIKEHb. BUKOpUCTaHHS i€,

pPEe3yIbTATIB 1 TEKCTIB 1HITUX aBTOPIB MAalOTh MOCWJIAHHS HA BIATIOBITHE JKEPEIIO

A. C. I'punenko

HaykoBi kepiBHUKH:

MaeBchkuit  Onekcannp €BreHiioBud, JOKTOp MEIMYHHMX HayK,

npodecop;

I'ynac Irop BanepiitoBuy, JOKTOp MEIMYHUX HAYK, podecop.

Biaaug — 2025



AHOTALIA
I'puyenko A. C. Mopdoiioriuni 3MIHM CENE3IHKM IIypiB 3a YMOB
rineproMouucTeineMii 3ayie)kHo Bif Biky. — KBamidikaliiiHa HaykoBa mpais Ha
mpaBax PyKOITHCY.

HucepTaiis Ha 3700yTTS HAyKOBOI'O CTYIEHs AokTopa (urocodii 3 ramysi
3HaHb 22 «OX0poHa 3710pOB’s» 3a crelianbHICTIO 222 «Meauiunay. — BIHHUIbKUN
HallOHAIbHUM  MenuyHui  yHiBepcuteT iM. M. . [luporosa MO3  Vkpainu,
Binnwnig, 2025.

VY nauceprauiiiHiii poOOTI HAaBEJEHO TEOPETHUYHE Yy3arajlbHEHHS Ta HOBE
BUPIIICHHS aKTyaJlbHOIO HAyKOBOTO 3aBJaHHs IIIOJI0 BCTAHOBJICHHS 3MiH
CTPYKTYPHU CEJIC31HKH IIYPIB Pi3HOTO BiKY, IO MOTJIUOIIOIOTHCS HA T XPOHIYHOT
rineproMouucTeiHemii.

JucepTartiiine AOCHIKEHHS 3/1MCHEHE BIAMOBIAHO J0 TUTAHIB HAYKOBUX
JIOCIIIPKEHD Binauiekoro HAIL[IOHAJIBHOTO MEIUYHOTO YHIBEPCUTETY
iMm. M. L. [luporoBa 1 € QparMeHTOM HayKOBO-IOCTITHUX poOIT Kadeapu
010s10r1YHOI Ta 3arajbHOl XiMii: « BIUIMB €K30r€eHHUX Ta €HIOT€HHUX YHHHUKIB Ha
0oOMiH riiporeH cyiab(diay Ta acoriioBaHUX 3 HUM METa0OIIYHUX MPOIECIB B HOPMI
Ta TpH mnarojorii» (Homep gAepxkaBHoi peectpamii 0113U006461), «Ponb
€K30TCHHUX Ta CHJOTCHHHX CIPKOBMICHMX CIIOJYK B MeEXaHI3Max YpaKeHHS
BHYTPIIIHIX OPraHiB Ta IUTONPOTEKIIl 3a PI3HUX MATOJIOTIYHUX CTaHIBY» (HOMEp
nep>xkaBHoi peectpartii 0119U001142).

ExcriepumenT mnpoBeaeHo Ha 64 Oumx O€3MOPOJHHUX IIypax-CaMIISX
(mepmanentHa Bara — 61-335T), mo orpumani 3 BiBapito BiHHUIBKOTO
HaIliOHATBHOTO ~ MeAu4Horo  yHiBepcutery iM. M. L. [luporosa.  IIpoTsirom
JOCIIHKCHHS] €KCIIEPUMEHTATBPHIUX TBAPUH PO3MOIIISIIN HA TPYIy KOHTPOIIO Ta
rpyny nociixy. KokHa 3 HUX moaiisiachk Ha MATPYIIN B 3aJIEKHOCTI BiJl BIKY, a caMe
— MOJIOJI IypH BikoM -2 micsiri, Jopocii mypu — 6-8 Micsiris, ctapi urypu — 24-26
MICSIIIIB.

XpOHIUHY CTIHKY TiNEpProMOIMCTEIHEMII0 MOJCITIOBAIN IUITXOM BBEJICHHS

D,L-tionaktoH romouucteiny rigpoxyopuay (Acros Organics, Itamnis) TBapuHam
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nociiiHol rpynu B 4031 200 MI/Kr Macu Tula BHYTPIIIHBOUITYHKOBO (B/1L1) HA 1 %
po3unHi kpoxmanbHoro remto (1 mi/100 r macu mypa) 1 pa3z Ha 100y npoTsirom §
TikHiB. Llypam rpynu koHTpomto B/m BBOAWIM 1 % pO3Y4MH KPOXMATBHOTO TeII0
(1 Mn/100 r macu mypa) 1 pa3 Ha 700y ynpoJIOBK 8 THXKHIB.

JUIst  TICTONOTrIYHOrO AOCHIIKEHHST 3a0upanu IIMAaTOYKUA CEJE3IHKH Y
MOTIEPETHBO 3BAKEHUX TBapWH BCIX TPy Ta BHUBYAIM 3a JOMOMOTOI0 METOJIIB
CBITJIOBOi 1 €JIEKTPOHHOI MIKpOCKOMIi. ['oMOreHaTu cene3iHKu Ta 3pa3Kud KpOBI
€KCIIEpPUMEHTAIBHUX WIYpIB BUKOPUCTOBYBAJIM ISl MPOBEACHHS OIOXIMIYHUX 1
71a00paTOPHUX TOCIiIKEHb.

[Ipy CcBITVIOBIM MIKPOCKOIII CENE3IHKU [HMAKMHUX MOJOOUX WYpis
BCTAHOBJICHO, 1[0 O3HAK HAOPSAKY YM 3arajeHHs HE CIIOCTEePIraeThesl, Karncyina Mae
pIBHY TJaJ€HbKY MOBEPXHIO. T-KIITHUHH YTBOPIOIOTh HAMTEMHIII IUISHKH OU101
NyJbIA 4Yepe3 MPUCYTHICTh MEPEeBAKHO MaUX JIM(OUHUTIB, SIKI yTBOPIOIOTH
nepuapTepialibHi MiXBH HABKOJIO IIEHTpABHUX apTepii. Cepes nmepuaprepialibHUX
MiXB HasBHA HE3HAYHA KUIBKICTh AamoONTHYHUX Tilenb. Dodikynn MICTAThH
repMiHaTHBHI IEHTpH, Makpodaru ta anmonToTudHi B-kinituau. MaprinaiabHa 30Ha
yTBOPEHA PI3HUMH THUIIAMHU MakpodariB Ta B-kiaiTnHamu kpaiioBoi 30HU. UepBoHa
IyJIbITa CKIAAAETHCS 3 TPUBUMIPHOT CITKH CEJIe31IHKOBUX TSKIB 1 BEHO3HUX CHHYCIB.
VY npomikKax MK TSHKaMU 3HAXOJATHCS KIITUHUA KPOBI, BKIIOYAIOUN €PUTPOLIUTH
Ta TPAHYJIONUTH. 3 CEJIE3IHKOBUMM TSDKAMHU TaKOX TOB’si3aHl JIMQOIUTH Ta
remonoeTu4Hi kimituan. CrocrtepiraloTbesi He3puli ¢GopMH KIITHH KpoBi. B
[IUTOTIa3M1 MakpodariB y YepBOHIi, a 1HOJI1 TAKOXK 1y OUTIN MyJbITi, BiAMIYatOTHCS
BIJIKJIAJICHHSI TEMOCHICPUHY.

3pini inmaxmui wypu HE TPOSIBISUIA O3HAK MATOJIOTI] y CTPOMI UM MapeHXiMi
cene3inku. CrnocTepiraeThCs HOpMalbHE PO3TAIIYBAHHS Ta CTPYKTYpa KOJAareHOBUX
BOJIOKOH, KpPYIIHI KPOBOHOCHI CYAMHHU 30€piraioTb perymsipHy ¢Gopmy,
SHOTEIONNTH 1 TTIaJIEHbKI MIOIIUTH iX CTIHOK HE 3a3HAI0Th MOP(OJIOTIYHHUX 3MiH.
OcHOBHI eneMeHTH 0101 MyJIBIK: epUapTepiaibHi MXBU, TEPMIHATUBHI IEHTPU Ta
MapriHajabHl 30HM JIM(GAaTUUYHUX BY3JIMKIB B ILUIOMY HE MAalOTh BIIXWUJIEHb BIJ

HOpMHU. T-KJIITMHU OTOYYIOTh LEHTPaNIbHI apTepili pPiBHOMIPHO PO3MOALIEHUMU
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IUIBHUMU rpynaMu peryssipHoi ¢popmu. [Homix T-nimpouutamu 3ycTpiuaroThes
MOOJMHOKI Makpodaru. B-kaiTuHU JTIM(PAaTUYHUX BY3JIUKIB XapaKTepU3YIOThCS
HOPMAaJIbHOIO MIUIBHICTIO PO3TAlyBaHHS 1 KUIBKICTIO. MapriHaibHa 30Ha BY3JIMKIB
01101 MyJIbIU € BY3bKOIO 1 IOCUTh YITKO OKpeclieHO0. YepBoHa myJiblia pi3HUTHCA
Bl MOJIOAMX TBapUH BIJCYTHICTIO MErakapiolMTIB Ta IHIIMX paHHIX (opM
remaTornoe3y. BkitoueHHs ninoycuuHy B TCTIONUTaX NPAKTUYHO BICYTHI.

[Tpu owiHIl CTaHy CENE3IHKU Cmapux iHMakmHux wypie BiIMIYalOThCS 3MIHU
HE JIMIIEe B MapeHXIMATO3HIM, ajle 1 B CTpOMajbHIA CKJIajoBii. BiazHavaerbcs
pPO3pOCTaHHS JIENIKATHOI CTPOMH; SIK y OUIM, Tak 1 B YEpBOHINA MyJbIl HasBHI
Makpodaru 3 KOPUYHEBUMM BKIIOYEHHSMHU JjinodycuuHy. Bigmiyaerbcs
30UTBIICHHS 3arajbHOi MUIOIl OUI0T MyJIbMK Yy TOPIBHAHHI 3 YEPBOHOIO ITYJBIION),
AKe B1IOyBa€eThCs EepeBaXkHO B 30H1 T-11M(OIUTIB 1 BiH0OpakaeThbest 30UTbIICHHSM
CTpoMaibHO1 30HM T-KJIITHH; 3a3BUYail yiTka Mexka Mk T- Ta B-niMmdouuramu crae
MeHII BUpakeHoto. CriocTepiraerbes BTpata MakpodariB MapriHajJbHOI 30HU, SKa
CYNPOBOIKYETHCS HAaKOMMYCHHSAM (Hi0po0JIacTiB; HEUITKICTh 1 1€30praHi30BaHICTh
caMoOi MapriHaJIbHOI 30HH, Yepe3 IO Mepexij MK OO0 Ta YEPBOHOKO ITYJILIIO
3HAYHOIO Miporo po3MuBaeTbes. Jeski T-mMdonuTy miagaroThes amnonToly, MK
IHITUMH  3pOCTA€ dYacTKa HDKHOI cTpoMu — (iOpoOsacTiB 1 PETUKYJIOLHUTIB.
Bim3HauaeTbcss HasSBHICTP MEHINOI KUIBKOCTI IUIa3MOIIMTIB  Cepejl KIITHUH
niMbaTUYHUX BY3JIHMKIB Ta MapriHanbHOi 30HM. OcHOBHa Maca B-KiIiTHH MaroTh
BHCOKE SJIEPHO-IIUTOIUIA3MATUYHE CIIBBIIHOIIEHHS 1 TiepXpoMaTuyHe sSapo. Mix
EPUTPOIMTIB UYEPBOHOI MYJBIN PO3TAIIOBYIOTHCS Makpodaru, TpaHyJIOUUTH 1
TiMGOIUTH, MEPEKa PETUKYIISIPHUX KIITHH Ta (iOpoOIacTiB CIONYYHOI TKAHUHU
TaKOK PO3POCTAETHCS.

[Ipu ricTonoriyHOMY JOCTIIKCHHI CEIE3IHKH MOJI00UX Wypie 3a VMO8
2inepeomoyucmeinemii BCTAaHOBJIICHO, IO Majo MiCIle 3HA4YHE ITIBUIICHHS
mpomideparii B-xmitiH y BiAmoBime Ha imomosicaxapui. B-mimdoruTth i
MJIa3MaTUYH1 KIITUHU 3pOCTAalOTh Y KUIBKOCTI; HasiBHI YUCJIEHHI npodidepyroul B-
nimpoObnactu y cynpoBol Mmakpodari. CrocTepiraeTbCs pO3IMIMUPEHHS] BEHO3HUX

CHUHYCIB YEpBOHOI IYJbIM, HASBHICTh CEpPEeJ EPUTPOLMTIB MErakapiolUTiB.
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Bin3HauaeTbcs HasiBHICTh Yy Makpodarax sk Ou10i, Tak 1 Y4epBOHOI MYJIbIIA HE JIUIIE
TEMHO-KOPUYHEBUX  BKJIIOYEHb  TIEMOCHUJIEpUHY, ale 1  JinodycuuHy.
Cnocrepiraetbes 1HGUIBTpaLis JTIMQPOIUTIB Yy YEPBOHY MYJbIly, HPOHUKHEHHS
OUIMX KJITHH KpPOBI Yy YEpPBOHY NYJbIY CYNPOBOMKYETHCS PO3LIMPEHHIM 1
«PO3MHUBAHHIM» MApPTriHATBHUX 30H JTIM(ATUUHUX BY3JIUKIB.

VY 3pinux meapun npu cinepeomoyucmeinemii BUSBICHI OUIbII BHPAKEHI
CTPYKTYPHI 3MiHU B OpraHi, MOPIBHSHO 3 MOJIOJMMU TBApUHAMU: 3MIHEHA IIUIBHICTh
1 MOpylleHa OpPraHi30BaHICTh BOJIOKOH HIUIBHOI CHOJIYYHOI TKaHUHU KamcCyju 1
Tpabekyn; siapa (iOpobiacTiB B Mekax Karcyid MarTh HE3HAYHUN HaOpsK.
CrnocrepiraeTbcs BakyoJiizallisi 1 B CyOKarncymsipHiil 30H1 cene31HKoBOi mysbnu. B
KJIITUHAX €MiTeN1albHOT BUCTHIIKU TAKOXK CIIOCTEPIraloThCsl 03HAKU BaKyosrizalii. B-
KJIITUHU  JTIM(QATUYHUX BY3JIMKIB 1 MapriHaJbHUX 30H [OKAa3ylOTh O3HAKH
npodideparlii: TpUCyTHI TepMIHATUBHI LIEHTPU, HASIBHICTb 3pUIMX TUIA3MOIIUTIB HE
JUIIIE B MEKax 017101, ajie 1 B YepBOHIM MyJIbIi. Y YepBOHIM MYJIbII1 BiI3HAYAIOTHCS,
cepen 1HMUX (OPMEHUX €JEeMEHTIB KpoOBi, Makpodard i3 BKIOUYCHHIMU
Jinogycluny.

HeraTtuBHui BIUIMB 3MOJCIBLOBAHOI rimepromMoIrmcreinemMii Ha MOp¢oI0Tio
Cele3iHKM OyB HAWOUIBII BUPAXKEHUM Y cmapux meapun. Binmidaerscs
MOTOBIICHHS Karcyiau; He Bcl PpiOpoOmacTu MIUIBHOI CIOIYyYHOI TKAaHMHU MaloTh
HOpMabHY  Mopdomorito.  Hikna  cTpoma, 30KpeMa  PETHKYJIOIMTH,
XapaKTepU3yIOThCS HEUITKUMH MEXKaMU, TEePUHYKICapHUMH HaOpskamMu Ta
HEPIBHOMIPHO 3a0apBIICHOIO, JICIIO 3E€PHUCTOIO ITUTOILIa3MOr0. HaBkojo CTIHKH
[EHTPAJTILHUX apTepiil MPUCYTHI CBITIII BaKyoJi30BaHi 30HU. [logasbiie morinvuHaHHs
amONTUYHUX TUIelb MakpodaramMu MIiABHUINYE KUIBKICTh MHX KIITHH Yy
nepuapTepianbHux MmixBaxX. CnocrepiraeTbes 30UTBIICHHS KUTBKOCTI 1 TIUIOINII
CBITJIMX TEPMIHATUBHUX IICHTPIB Ta MOsIBA TUIa3MOIIMTIB YCEPEANHI BY3IUKIB Ta X
MapriHaJbHUX 30HaX. Big3HA4YaeThCsd HASBHICTH ITOOJMHOKHX TI'€PMIHATHBHUX
IIEHTPIB, Oe3mocepeaHIM HACIIAKOM dYoro € (OpMyBaHHS TUIA3MOIUTIB, IO
MPUCYTHI Yy JTiM(pATUYHUX By3TuKaX. MapriHajibHl 30HU BTPA4yarOTh CBOIO YITKICTh

1, BIIMOBIAHO, MepeXiJi MK OUIO 1 YEPBOHOIO IMYJIBIIOI HE € BUpa3HUM. Mix
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4epBOHUX (OPMEHUX €JIEMEHTIB KpOBI BII3HAYAETHCS 3HAYHA KUIBKICTh
MakpodariB. Takox BapTO BIAMITUTH 3pOCTaHHA KUIBKOCTI MaKkpo@aris, 110 MICTATh
y CBOiM IUTOIIa3M1 BKJIFOYEHHS MO} YyCUUHY.

I[li [1maHi TOBHICTIO MIATBEPIXKYIOTbCI MOP(POMETPUUYHOIO  YACTHHOIO
nociipkeHHs.  JloCTOBIpHOI BIAMIHHOCTI y CIHIBBIJHOIIEHHI MDK 017010 Ta
YEPBOHOIO MYJBIOK CEJIE3IHKM HE CIOCTepIraioch s JKOJHOI 3 BIKOBUX
Kareropiii. TuM He MEHIN, CIOCTEPIraJoch 30UTBIIEHHS J0J1 OUTOT MyJbIU IS
TBapWH, M0 MIJAaBAIUCh XPOHIYHIN TIMEProMOIUCTEiHEMIT, I IESIKUX BIKOBUX
KaTeropii 1OCUTh BIAYYTHE. Y TBApPHUH 3pUIOT0 BIKY BiI3HAYAETHCS HAMOLIBII PI3KeE,
y TIOpPIBHSHHI 3 IHIIMMHU BIKOBHMH KaTE€TOPISIMU, PO3POCTAHHS OUIO1 MyNbIH Y
BIAMOBIAL HA JIiI0 XpOHIYHOI Trinepromouucreinemii. [lpu  mopiBHSAHHI
EKCIIEPUMEHTATBHUX TPYI BCiX BIKOBUX KaTEropid i3 KOHTPOJILHUMHU BUSBIISIETHCS
CTATUCTUYHO JIOCTOBIPHE 3MECHIICHHS KITBKOCTI MakpodariB 3 BKIHOUYCHHSIMHU
TinodyCuuHy B HUX. 3pOCTaHHS 3arajibHO1 IUIONI OUIOT My bl MIPUTAMaHHE BCIM
€KCIIEpUMEHTAIBHUM TpyNaM y TOpPIBHAHHI 3 TpylNaMH KOHTPOJIIO, MPOTE HE €
CTAaTUCTUYHO AOCTOBIpHUM. [IpH 11bOMY HAWOUIBII SICKPABO BUPAKEHUM 3POCTAHHS
YaCTKH JTIM(ATUIHUX BY3JIMKIB BITHOCHO Y€PBOHOI ITYJIBITH € CaM€ Y 3PLINX TBApHH.
Ha BigmiHy Bim yacTku OUL101 MyJbIH, KUIBKICTE MakpodariB 3 BKIIOYCHHSIMH
TnodyCMHY B YEPBOHIM IMyJbIll € CTAaTUCTUYHO JOCTOBIPHO OUIBIIOK 3a
KputepieM ManHa-YiTHI A1 BCIX TPhOX €KCMEPUMEHTAIBHUX IPYI BIIHOCHO TPy
KOHTPOJIIO.

[Ipy eneKTpOHHO-MIKPOCKOIIYHOMY JTOCHIJIKEHHI CENE31HKH I[HMAKMHUX
Monooux TypiB Oija MyJbla MpeAcTaBieHa TIM(OITHUMU BY3IHWKAMH, B IIEHTPI
SKUX BIIMIYaly TepMiHATHBHI 1IeHTpH. KTiTHHHA TOMyJIAIis MapeHXiMU BKITFOYasa
mimborutu, Makpodaru, mimMpoOsacTy, MIA3MONNUTH, PETUKYISPHI KIITHHH. B
repMIHATUBHUX IEHTpax JIMQPOITHUX BY3IHKIB XapakTepHUMHU Oynu (irypu
MiTo3y. YepBoHa Tmynbla TMPEACTABICHA EPUTPOIMTAMH, TPOMOOIMTAMH,
Makpodaramu Ta JiMporutamu. CUHYCOIIHI KanUIsIpU CEJIE31HKU OyJIu MOMIPHO
MMOBHOKPOBHUMH, B MPOCBITAX iX BUSBISUIM €pUTPOLUTH. EHIOTENANBHI KIITHHU

CTIHOK KamiJspiB MaJid BUIAOBXKEHY (pOopMYy.
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[Ipy yabTpacTpyKTypHOMY NOCHIIKEHH1 CEJIE3IHKU I[HMAKMHUX OOPOCIUX
IIypiB B OUIN MyJbIll OpraHy BUSIBICHO PETUKYJSIPHI KIITHHHU, JTIMQOIUTH,
Makpodary, Mmia3MOLUUTH, ACHJIPUTHI KIITHUHUA. SIK 1 B TpynHi MOJOJIUX TBapHH, B
repMIHATUBHUX IIEHTpaxX XapakTepHUMH Oynu ¢irypu wmiTo3iB. Maii cBITII
aimonuTy nepedyBail B OTOYEHHI Makpo(dariB Ta MOHOLUTIB. B yepBoHii mynbi
CIIOCTEPITaJid €PUTPOLUTH, TPOMOOIUTH, HEUUCENIbH1 JTIMQOIUTH, MOHOIIUTH,
makpodaru. OcTaHHI MajW BIIPOCTKH, a B IUTOIUIA3Mi IX BHSBISIIM TpaHYJIH
minodgycuuHy. B mpocBiTax CHHYCOITHUX KanUIspiB CeJIe31HKM HasiBH1 €PUTPOLIUTH,
TpoMmOouuTH. EHIOTE1abH1 KIIITUHU CTIHOK CUHYCO1/1IB Majii BUJIOBXKEHY (popMmy.

Y immaxkmuux cmapux 1ypiB B OUIM TyNbMi CeNe31HKU OyIu HasBHI
niMGOiaH1 BY3JIMKH 3 TePMIHATUBHUMH IEHTpamMu. B ocTaHHIX, Ha BIAMIHY BIJ
MOJIOAMX Ta 3pUIMX IIYpiB, 3HAYHO 3MEHINYBalIaCch KUIBKICTh KIITHH 3 (irypamu
MiTO31B. BusiBisiim Mani cBiTiIi, cepeniHi JiMpOIUTH, TIa3MOIUTH, Makpodaru. B
YEPBOHIN MYJbI CEJEe31HKH BIAMIYAIM €PUTPOIUTH, TPOMOOIIUTH, JTIMQOIUTH,
makpodarn. OctanHi MicTuiIn (parMeHTH (HarorUTOBaHUX EPUTPOIIUTIB,
TPOMOOIIUTIB, YHCEIbHI TpaHyu Jinodyciuny. [IpocBiTH CHHYCOITHUX KaIiIsapiB
HE PO3IIUPEHI, B HUX 30CEPEKYBATUCH (DOPMEHI €JIEMEHTH KPOBI.

IIpu excnepumenmanvuiti  cinepeomoyucmeinemii -y  MOJNOOUX  Wypis
CIIOCTEPITa€ThCs MOSIBA MOMITHHX €JIEKTPOHHO-MIKPOCKOIIYHUX O3HAK YpaKCHHS
NapeHXIMU  CeJle3IHKW. BUHABIEHO PO3BHTOK SIK JACCTPYKTHBHHX, TakK 1
KOMITEHCATOPHO-TIPUCTOCYBAIbHUX 3MiH. CHHYCOIIHI KaUIsipy Opra”y po3IIHpeHi,
MICTATh 3HAYHY KUIBKICTh €pUTPOLUTIB. EHIOTEMONUTH KamuisipiB Maju
BUJIOBXKEHY (popmy, HEepiBHI kpai. 3MIH 3a3HaBajM sK Oi1a, Tak 1 YEPBOHA IMyJbIIa
CeNe3IHKH. XapakTepHUMHU OCOOMMBOCTAMH B Oiumili mynbemi Oylu BiIHOCHE
3HWDKCHHST YHUCEIBHOCTI 3piaux T-miMdoruTiB, Ta migBHimeHHS B-miMdomuTis,
m1a3MoIuTiB, JiMpobmactiB Ta wMakpodarie. B TepMiHAaTUBHHMX IIEHTpax
niMGOiTHUX BY3JIHMKIB HasBHI uucenbHI JiMdoOnacTu. 3a3HaveHl KIITHHU
niuIsirand MOpQOJIOTITYHUM 3MiHAM, SIKI MPOSIBISJIUCH Yy BUIJISAL iX JECTPYKIII,
MiKHO3Y snep. YUepBoHa mysblla XapaKTepHU3yBajach HAsBHICTIO E€PUTPOLIUTIB,

TPOMOOLIUTIB, HEUTPOPUILHUX Ta €O3MHOPUILHUX IPAHYJIOLUHUTIB, a TAKOXK 3HAYHOI
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yucenbHOCTI T- 1 B-mimdouuriB, makpodariB. B ocTaHHIX BHSBISUIM TpaHyId
JnoQycuMHy Ta TeMOCHIEpUHYy, Bakyonl. HeWTrpodinbHI TpaHyJOLMTH Malld
YHCeJIbHI TPaHyJu, HE3HaYHYy KUIbKICTh OpraHed.

VY u1ypiB 3pinoco iky 3a ymos cinepeomoyucmeiremii IPOCBITU CUHYCOITHUX
KanuisapiB po3IIUpeHi. B HUX BUSABIAIM CKyHNUeHHS (OPMEHUX €JIEMEHTIB KPOBI.
Eputporuti Ta TpoMOOIIMTH B MPOCBITaX KPOBOHOCHHUX CYIWH CEJIE31HKH YacTO
nepeOyBanu Ha cTanii gerpagaiii. bina mynbna, sk 1 B MOJIOAUX 11YpiB, 3a3HaBaIa
OUTBIIOTO BJIMBY TINEPrOMOIMCTEIHEMIT, HIK YepBOHA. BiqMIHHOIO 03HaKOI Oyia
3HauHa 3arubens T-miMdouuTiB nugXom amomnTto3y. B repMiHaTUBHMX IIEHTpax
TiMGOiTHUX BY3JIUKIB Biamivanu mnpoiidepaliito B-mimdonuTis, nepeBakaHHs
3pUIMX IJIA3MOLUTIB. 3HAYHO 3pocTaja KUIbKICTh Makpodaris, MiJBUIYyBalach ix
¢yHKIIOHAIbHA aKTUBHICTh. He nMBIAYMCH HA 3HAYHY YHMCENBHICTh, Makpodaru
4acTo MiJIaBAIUCh AUCTPODIUHUM 3MiHaM. B OuTil mysbli CENE31HKU BUSIBIISIN
MiBUILIECHHS YHUCETBbHOCTI J1IMGOOIACTIB, CBITIUX 1 TeMHUX JiMdoruTie. B
YEpBOHIN MYJBIT BiAMIYaIN €PUTPOIIUTH, TPOMOOIIUTH, TPAHYJIOIHUTH, MEPEBAKHO
HelTpodIbHI. Makpodaru xapakTepusyBajaucCh TIMEPXPOMHUMH, EKCIEHTPUUIHO
PO3MIIICHUMH sijipaMHi. B 1uTOmIa3Mi WX KIITHH BiAMIYadd SK BTOPHUHHI
JI30COMH, TaK 1 3aJUIIKOBI TUTBI 3 BEJIHUKOI KUIBKICTIO JIETPUTY. BusiBisau
¢dbparmenTH GharorMTOBAHOTO MaTepiaay, B TOMY YHCII1 YePBOHUX KPOB’ THUX TLIEIb
1 TpomOonMTiB. CriocTepiraiy BKIIOYEHHS JINOPYyCIHHY.

[Ipu excnepumenmanvhiii cinepeomoyucmeinemii 6 ceae3inyi cmapux 1ypiB
BiIOyBaNMCh 3MIHM B YCiX CTPYKTYpPHMX KOMIIOHEHTax. B cTpomi cene3iHkH
BiIMIYaIM HAsBHICTh KOMIIOHEHTIB CIOJYYHOI TKaHWHU, 30KpEMa PETUKYISIPHUX
KIiTHH. BoHM Manmu BuIOBXKeHY (OpMy, TIMEPXpPOMHI Sapa; CIOCTEPIraeThCs
nepuHykieapHuii HaOpsik. B Oumiii mysbIi Cene3iHKW 3a JaHWX yMOB, SK 1 B
MOTIEPEIHIX TPpymax MAOCHITHUX TBApWH, BHU3HAYAIWCh AUISTHKA THOemi T-
TiMGOIUTIB, OCOONHMBO BHpaXEHI B MepHaApTEplaIbHUX JTIMQPOITHUX MiXBax.
JlimdoruTH, 110 MiIIaBaIMCh aMoONTO3y, Majdd TEMHI MIKHOTUYHI SApa XUMEPHOT
dbopmu. [lnazmounTH, B CBOIO 4epry, KUIBKICHO 3pOCTaId BHACIIIOK MIJBUILEHOI

npomideparii B-nimbonutis. [lnazmMaTiyHi KIITHHA 3HAYHO PI3HWIMCH, OCKIIBKU



9

crocTepiraid Taki, 10 Majau 30epexxkeHy Mopdosoriyny OynoBy Ta Ti, SKi
NPOSBIISIA  O3HAKM BUPAKEHUX CYOMIKPOCKOIIYHHUX 3pYLIEHb OpraHizali.
CuHyCOImHI CyauHU Oyad pO3IMIMPEHUMH, B HUX BHUSBISIM CPUTPOIUTH,
JEUKOIUTH, TPOMOOLUTH. B uepBOHIi MysbIll CrIOCTEpIrany YUCeabH1 TPOMOOIIUTH
Ta ix (¢parMeHTd, EpUTPOIUTH TNiAJaBAIMCh TreMoiizy. Bigmiuaaum Takox
IpaHyJIIpHI JEHKOLUUTH, IEPEBAKHO HEUTPOPLUIH, 3HAUHY KIIBKICTh Makpodaris. B
iX mUTOIIa3Mi BHSIBJISUTM BEJIMKI (paroCOMU, 3aJIUINKH JICCTPYKTHBHO 3MIiHEHHX
EPUTPOLIUTIB, TPAHYJIOUUTIB Ta TpoMOOUUTIB. KpiM TOro, BOHM Majid CKYITYEHHS
TEMOCHJICPUHY Ta TPAHYIIH JIIMO(YCIUHY.

[Tpu GioXIMIYHOMY AOCTIPKEHHI KpOBI Ta TOMOI€HATIB CENE31HKH IIypiB
pI3HOTO BIKY 3a YMOB TiNEproMOLMCTEIHEMII BCTAHOBJIEHO, HIO0 IEH MpOIleC
CIIPUYHHSIE TTOPYIIEHHS MPOTEOJITUYHOTO OalaHCy B CEJIE3IHIll, PO 10 CBIYUTH
3pOCTaHHS 3arajibHOI MPOTEOJITUYHOI aKTUBHOCTI. HailOuibll BHUpa)keH1 3MiHU
CIIOCTEPIraloThCs y TPYIl CTaApUX TBAPUH, CYITPOBOIKYIOTHCS 3HAYHUM 3POCTAHHAM
PIBHSI CEpUHOBHX MPOTEa3 y cee31HIIl ITypiB. 3pOCTaHHS PiBHS CEPUHOBUX ITPOTEa3
BiOyBajoCcs Ha TJ1 MIJBHINCHHS PIBHS 3arajpHOro Oinka. He Oyno BuUsABIEHO
MiBUIICHHS PIBHS MPO- Ta MPOTU3ANAIBHUX ITUTOKIHIB Y cene3inili. biasin Toro,
rineproMouucTeineMisi BUKJIMKajla J0CTOBIpHE 3HKeHHS piBHIB [JI-1b, 1JI-8, 1JI-6,
[®H-y, [JI-4 Ta IJI-10 y qopociaux Ta cTapux HIypis.

Takum YuHOM, TPOBEACHHI JOCTIIHKEHHS CEJe3IHKM Ha pPI3HUX PIBHAX
CTPYKTYpHOI Opranizailii y BCiX BIKOBUX TPyl MIAJOCTIAHUX IHTAaKTHUX TBapUH
MoKa3ajau, IO CTaH iX CEJE3IHKH pEeNpe3eHTyE HOpMaldbHy MOpPHOJIOrio
CTpOMaJIbHUX 1 MAPEHXIMATO3HUX €JIEMEHTIB. BCTaHOBIEHO, IO B CTPOMANILHUX Ta
MapeHXIMaTO3HMUX KOMIIOHEHTAaX CEeJe31HKM CTapuxX TBapWH BIKOBI 3MIHHU
MIPOSIBJITIOTHCSL Y BUTJISIII 3POCTAHHS YaCTKU HDKHOI cTpoMH y OuUTil Ta 4yepBOHIN
MyJbIl, B3HWKEHHS MMUIbHOCTI T-KIITHH y TepuapTepiaibHUX TIiXBax Ta
pPEaKTUBHOCTI B-KIIiTHH y pemTi 30H JIiM(QATHYHOTO BY3JIMKa Ta MapriHAIBHHUX
30Hax. TakoXX BiI3HAYAETHCA PO3MUTA Meka OUIOI Ta YEpPBOHOI MYJBIU 1

pO3pocTaHHs OL101 MBI BITHOCHO YEPBOHOI.
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JlocnimKeHHsl CTPYKTYPHOI OpraHizailii Cene3iHKH Pi3HUX BIKOBUX TPyl MpHU
3MOJIEIbOBAHIN TINEProMOLUCTEIHEMIT MOKa3aJid, L0 3arajbHi MOP(OIOriyHI
MPOSBU MATOJOTIYHOTO BIUIMBY XPOHIYHOI TINEPrOMOLMCTEIHEMII HA CENE31HKY
IIypiB BKJIIOYAIOTh B ceOe Je30praHizaiiio ii CTPOMaJIbHOTO €JIEMEHTY, MOSIBY
MIPOCBITIB y NepUapTepialbHUX MiXBax yepe3 3arudenb T-miM@OLUTIB anonTo3oMm,
MIABULIEHHS KUIBKOCTI T'€pMIHATUBHUX LEHTPIB B-kiiTuH 1 iHIbTpawii 3puinx
IUTa3MOIIUTIB B UEPBOHY IMYJIbITY Ta 3pOCTAHHS KUTBKOCTI BKJIIOUEHb JINOPYCIUHY Y
CeJIe31HKOBUX Makpodarax.

Ha tni rinepromoumcreinemii B TEWiHII HIypiB BCIX BIKOBUX TpYyIl
BIIMIYAETHCS 3POCTAHHS 3arajibHOi MPOTEOJIITUYHOI AKTUBHOCTI, OOYMOBJIEHOI
MepIl 32 BCE aKTHBAIIEI0 CEPUHOBUX MPOTEa3, METANIO03aICKHUX (PEPMEHTIB, a
TakoX (EPMEHTIB, 10 HaJeKaTh JI0 IUCTEIHOBMX Ta acrapariHOBUX IpOTeas.
[TopyiieHHsT TPOTEONITUYHOTO OalaHCy HE TMOB'A3aHE 13 MIABUIIECHHAM PIiBHSI
MaTPUKCHUX METAJIONpPOTEa3, IPOTE MOKE OyTH HACIIIKOM MOCUJIEHHS O10CUHTE3Yy
CEepUHOBHUX NpoTea3. [l0aTKOBUM UYMHHUKOM, IO NPU3BOAUTH 10 IOCUJIECHHS
AKTUBHOCTI MeTalo3aleXHUX (pepMeHTIB € nopyuieHHs Oanancy mixk MMII-1 Ta
TIMII-1.

Kaw4oBi cjoBa: cenesinka, mypu, Tromouuctein, H2S/cipkoBojaeHb,
rineproMouucTeineMis, IMCTaTIOHIH OeTa-CMHTa3a, MITOXOHpIi, eHIoTelianbHa

nuc(yHKITISA, BIKOB1 3MiHH, TIPOTEOi3, 3aNaJIeHHS.

ANNOTATION
Gritsenko A.S. Morphological changes in rats' spleen under
hyperhomocysteinemia depend on age. — Qualifying scientific work as a manuscript.
Dissertation for the Doctor of Philosophy degree in knowledge 22 "Health
care" in the speciality 222 "Medicine". — National Pirogov Memorial Medical
University, Vinnytsya, 2025.
The thesis presents a theoretical generalisation and a new solution to the

current scientific problem of establishing changes in the structure of the spleen of
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rats of different ages, which deepens against the background of chronic
hyperhomocysteinemia.

The dissertation research was carried out according to the scientific research
plans of National Pirogov Memorial Medical University, Vinnytsya. It is a fragment
of research works of the Department of Biological and General Chemistry: "The
influence of exogenous and endogenous factors on the metabolism of hydrogen
sulfide and associated metabolic processes in normal and pathological conditions"
(state registration number 0113U006461), "The role of exogenous and endogenous
sulfur-containing compounds in the mechanisms of damage to internal organs and
cytoprotection in various pathological conditions" (state registration number
01190001142).

The experiment was carried out on 64 white outbred male rats (permanent
weight — 61-335 g) obtained from the vivarium of National Pirogov Memorial
Medical University, Vinnytsya. During the study, the experimental animals were
divided into a control group and an experiment group. Each group was divided into
subgroups depending on age, namely, young rats aged 1-2 months, adult rats aged
6-8 months, and old rats aged 24-26 months.

Chronic stable hyperhomocysteinemia was modelled by administering D,L-
thiolactone homocysteine hydrochloride (Acros Organics, Italy) to animals of the
experimental group at a dose of 200 mg/kg body weight intragastrically IV) on 1 %
starch gel solution (1 ml/100 g rat weight) once a day for eight weeks. Rats of the
IV control group were injected with a 1 % starch gel solution (1 ml/100 g of rat
weight) once a day for eight weeks.

For histological examination, pieces of the spleen were taken from pre-
weighed animals of all groups and studied using light and electron microscopy
methods. Spleen homogenates and blood samples from experimental rats were used
for biochemical and laboratory studies.

Light microscopy of the spleen of intact young rats showed no signs of
swelling or inflammation, and the capsule had a flat, smooth surface. T cells form

the darkest areas of the white pulp due to predominantly small lymphocytes forming
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periarterial sheaths around the central arteries. Among the periarterial sheaths, there
are a small number of apoptotic bodies. Follicles contain germinal centres,
macrophages, and apoptotic B-cells. The marginal zone is formed by different types
of macrophages and marginal zone B cells. The red pulp comprises a three-
dimensional network of splenic cords and venous sinuses. Blood cells, including red
blood cells and granulocytes, are in the spaces between the strands. Lymphocytes
and hematopoietic cells are also associated with splenic cords. Immature forms of
blood cells are observed. In the cytoplasm of macrophages in the red and sometimes
also in the white pulp, hemosiderin deposits are noted.

Mature intact rats showed no signs of pathology in the stroma or parenchyma
of the spleen. The standard location and structure of collagen fibres are observed;
large blood vessels retain a regular shape, and endotheliocytes and smooth myocytes
of their walls do not undergo morphological changes. The main elements of the
white pulp are: periarterial vaginas, germinal centres, and marginal zones of lymph
nodules generally have no abnormalities. T cells surround the central arteries evenly
distributed in dense groups of regular shape. Single macrophages are found between
T lymphocytes. B-cells of lymph nodes are characterised by normal density and
number. The marginal zone of white pulp nodules is narrow and relatively well-
defined. Red pulp differs from young animals in the absence of megakaryocytes and
other early forms of hematopoiesis. Lipofuscin inclusions in histiocytes are
practically absent.

When assessing the condition of the spleen of old intact rats, changes are
noted in the parenchymal and the stromal components. There is an overgrowth of a
delicate stroma; the white and red pulp have macrophages with brown lipofuscin
inclusions. There is an increase in the total area of the white pulp compared to the
red pulp, which occurs mainly in the T-lymphocyte zone and is reflected by an
increase in the stromal zone of T-cells; usually, a clear boundary between T and B
lymphocytes becomes less pronounced. There is a loss of macrophages in the
marginal zone, which is accompanied by the accumulation of fibroblasts, fuzziness

and disorganisation of the marginal zone itself, due to which the transition between
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white and red pulp is largely blurred. Some T-lymphocytes undergo apoptosis;
among others, the proportion of the delicate stroma — fibroblasts and reticulocytes —
increases. There is a lower number of plasma cells among the cells of the lymph
nodes and the marginal zone. The bulk of B cells have a high nuclear-cytoplasmic
ratio and a hyperchromatic nucleus. Macrophages, granulocytes and lymphocytes
are located between the erythrocytes of the red pulp, and the network of reticular
cells and fibroblasts of connective tissue also grows.

Histological examination of the spleen of young rats under
hyperhomocysteinemia conditions revealed a significant increase in B-cell
proliferation in response to lipopolysaccharide. B lymphocytes and plasma cells
increase; numerous proliferating B lymphoblasts accompanied by macrophages are
present. There is an expansion of the red pulp's venous sinuses and megakaryocytes
among the erythrocytes. The presence in macrophages of both white and red pulp
includes not only dark brown inclusions of hemosiderin but also lipofuscin. There is
an infiltration of lymphocytes into the red pulp; the penetration of white blood cells
into the red pulp is accompanied by expansion and "erosion" of the marginal zones
of the lymph nodes.

In mature animals with hyperhomocysteinemia, more pronounced structural
changes in the organ were detected compared to young animals: the density and
organisation of the fibres of the dense connective tissue of the capsule and trabeculae
are disturbed; The nuclei of the fibroblasts within the capsule have slight swelling.
Vacuolisation is also observed in the subcapsular zone of the splenic pulp. Epithelial
lining cells also show signs of vacuolisation. B cells of lymph nodules and marginal
zones show signs of proliferation: germinal centres are present, and mature plasma
cells are present within the white and red pulp. In the red pulp, macrophages with
lipofuscin inclusions, among other blood cells, are noted.

The negative effect of simulated hyperhomocysteinemia on spleen
morphology was most pronounced in older animals. Thickening of the capsule is
noted; Not all dense connective tissue fibroblasts have normal morphology. The

delicate stroma, particularly reticulocytes, is characterised by indistinct borders,
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perinuclear oedema, and an unevenly coloured, somewhat granular cytoplasm. Light
vacuolated zones are present around the walls of the central arteries. Subsequent
uptake of apoptotic bodies by macrophages increases the number of these cells in
the periarterial sheath. There is an increase in the number and area of light germinal
centers and the appearance of plasma cells inside the nodules and their marginal
zones. The presence of single germinal centers is noted, the immediate consequence
of which is the formation of plasma cells in the lymph nodes. Marginal zones lose
their clarity, so the transition between white and red pulp is not pronounced. Many
macrophages are noted among the red-formed elements of blood. The increase in the
number of macrophages containing lipofuscin inclusions in their cytoplasm is also
worth mentioning.

The morphometric part of the study fully confirms these data. There was no
significant difference in the ratio between white and red spleen pulp for any age
group. Nevertheless, there was an increase in the proportion of white pulp for
animals exposed to chronic hyperhomocysteinemia, quite noticeable for some age
categories. In mature animals, the sharpest, in comparison with other age categories,
the proliferation of white pulp in response to the action of chronic
hyperhomocysteinemia is noted. When comparing the experimental groups of all
age categories with the control groups, a statistically significant decrease in the
number of macrophages with lipofuscin inclusions is revealed. The increase in the
total area of white pulp is characteristic of all experimental groups compared to the
control groups but is not statistically significant. At the same time, mature animals
have the most pronounced increase in the proportion of lymph nodes relative to the
red pulp. In contrast to the proportion of white pulp, the number of macrophages
with lipofuscin inclusions in the red pulp is statistically significantly higher
according to the Mann-Whitney test for all three experimental groups relative to the
control groups.

In an electron microscopic examination of the spleen of intact young rats, the
white pulp is represented by lymphoid nodules, in the centre of which germinal

centres were marked. The cell population of the parenchyma included lymphocytes,
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macrophages, lymphoblasts, plasmocytes, and reticular cells. In the germinal centres
of lymphoid nodules, mitosis figures were characteristic. Red blood cells, platelets,
macrophages and lymphocytes represent the red pulp. Sinusoidal capillaries of the
spleen They were moderately full-blooded; erythrocytes were found in the lumens.
The endothelial cells of the capillary walls had an elongated shape.

During the ultrastructural study of the spleen of infact mature rats, reticular
cells, lymphocytes, macrophages, plasma cells, and dendritic cells were found in the
white pulp of the organ. As in the group of young animals, the figures of mitoses
were characteristic in the germinal centers. Macrophages and monocytes surrounded
small, light-coloured lymphocytes. In the red pulp, erythrocytes, platelets, a few
lymphocytes, monocytes, and macrophages were observed. The latter had processes,
and their lipofuscin granules were detected in the cytoplasm. There are erythrocytes
and platelets in the lumens of the spleen's sinusoidal capillaries. The endothelial cells
of the sinusoid walls had an elongated shape.

In intact old rats, lymphoid nodules with germinal centers were present in the
white pulp of the spleen. In the latter, in contrast to young and mature rats, the
number of cells with mitosis figures was significantly reduced. Small light and
medium lymphocytes, plasma cells, and macrophages were detected. In the red pulp
of the spleen, erythrocytes, platelets, lymphocytes, and macrophages were noted.
The latter contained fragments of phagocytosed erythrocytes, platelets, and
numerous lipofuscin granules. Enlightenment sinusoidal capillaries were not dilated;
the form elements of blood were concentrated in them.

In experimental hyperhomocysteinemia in young rats, noticeable electron
microscopic signs of damage to the spleen parenchyma are observed. The
development of both destructive and compensatory-adaptive changes was revealed.
The sinusoidal capillaries of the organ are dilated, containing a significant number
of erythrocytes. The endotheliocytes of the capillaries had an elongated shape and
jagged edges. Both the white and red pulp of the spleen changed. The characteristic
features in the white pulp were a relative decrease in mature T lymphocytes and an

increase in B-lymphocytes, plasma cells, lymphoblasts, and macrophages.
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Numerous lymphoblasts are present in the germinal centers of lymphoid nodules.
These cells were subject to morphological changes, which manifested in their
destruction and pycnosis of nuclei. The red pulp was characterised by erythrocytes,
platelets, neutrophils, eosinophilic granulocytes, and a significant number of T- and
B-lymphocytes and macrophages. In the latter, granules of lipofuscin and
hemosiderin, vacuoles were found. Neutrophilic granulocytes had numerous
granules and a small number of organelles.

In mature rats under hyperhomocysteinemia conditions, the sinusoidal
capillaries' lumens are dilated. Accumulations of formed blood elements were found
in them. Red blood cells and platelets in the lumens of the spleen's blood vessels
were often in the stage of degradation. As in young rats, the white pulp suffered a
more significant impact of hyperhomocysteinemia than the red one. A distinctive
feature was the significant death of T lymphocytes by apoptosis. In germinal centres,
lymphoid nodules were noted for the proliferation of B-lymphocytes, the
predominance of mature plasma cells. The number of macrophages increased
significantly, and their functional activity increased. Despite their significant
numbers, macrophages often undergo dystrophic changes. In the white pulp of the
spleen, an increase in the number of lymphoblasts and light and dark lymphocytes
was detected. Erythrocytes, platelets, granulocytes, and mainly neutrophils were
noted in the red pulp. Macrophages were characterised by hyperchromic,
eccentrically placed nuclei. In the cytoplasm of these cells, both secondary
lysosomes and residual bodies with a large amount of detritus were noted. Fragments
of phagocytosed material, including red blood cells and platelets, were found.
Lipofuscin inclusions have been observed.

In experimental hyperhomocysteinemia in the spleen of old rats, changes
occurred in all structural components. In the spleen's stroma, connective tissue
components, particularly reticular cells, were noted. They had an elongated shape
and hyperchromic nuclei; perinuclear oedema was observed. In the white pulp of the
spleen, under these conditions, as in previous groups of experimental animals, areas

of death of T-lymphocytes were determined, especially pronounced in the



17

periarterial lymphoid sheath. The lymphocytes that underwent apoptosis had dark,
bizarre-shaped pycnotic nuclei. Plasma cells, in turn, increased quantitatively due
to increased proliferation of B-lymphocytes. Plasma cells varied considerably since
those with a preserved morphological structure and signs of pronounced
submicroscopic shifts in organisation were observed. Sinusoidal vessels were
dilated, and erythrocytes, leukocytes, and platelets were found in them. Numerous
platelets and their fragments were observed in the red pulp; erythrocytes underwent
hemolysis. Granular leukocytes, mainly neutrophils, and many macrophages were
also noted. Large phagosomes, remnants of destructively altered erythrocytes,
granulocytes and platelets were found in their cytoplasm. In addition, they had
accumulations of hemosiderin and lipofuscin granules.

During the biochemical study of the blood and homogenates of the spleen of
rats of different ages under conditions of hyperhomocysteinemia, it was found that
this process causes a violation of the proteolytic balance in the spleen, as evidenced
by an increase in overall proteolytic activity. The most pronounced changes are
observed in the group of old animals, accompanied by a significant increase in the
level of serine proteases in the spleen of rats. The increase in the level of serine
proteases occurred against the background of an increase in total protein level. No
elevation of pro- and anti-inflammatory cytokines in the spleen was found.
Moreover, hyperhomocysteinemia caused a significant decrease in the levels of IL-
1b, IL-8, IL-6, IFN-y, IL-4 and IL-10 in adults and old rats.

Thus, studies of the spleen at different levels of structural organisation in all
age groups of intact experimental animals showed that the state of their spleen
represents the typical morphology of stromal and parenchymal elements. It was
found that in the stromal and parenchymal components of the spleen of old animals,
age-related changes are manifested in the form of an increase in the proportion of
the delicate stroma in the white and red pulp, a decrease in the density of T-cells in
the periarterial vagina and the reactivity of B-cells in the remaining zones of the
lymph nodule and marginal zones. There is also a blurred boundary between white

and red pulp and an overgrowth of white pulp relative to red.
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Studies of the structural organisation of the spleen of different age groups in
simulated hyperhomocysteinemia have shown that the general morphological
manifestations of the pathological effect of chronic hyperhomocysteinemia on the
spleen of rats include disorganisation of its stromal element, the appearance of
lumens in the periarterial vagina due to the death of T-lymphocytes by apoptosis, an
increase in the number of germinal centres of B-cells and infiltration of mature
plasma cells into the red pulp and an increase in the number of inclusions lipofuscin
in splenic macrophages.

Against the background of hyperhomocysteinemia in the liver of rats of all
age groups, total proteolytic activity increases due primarily to the activation of
serine proteases, metal-dependent enzymes, and enzymes belonging to cysteine and
aspartic proteases. Proteolytic imbalance is not associated with increased matrix
metalloproteases but may be due to increased serine protease biosynthesis. An
additional factor leading to increased activity of metal-dependent enzymes is the
imbalance between MMP-1 and TIMP-1.

Keywords: spleen, rats, homocysteine, H2S/hydrogen sulfide,
hyperhomocysteinemia, cystathionine beta-synthase, mitochondria, endothelial

dysfunction, age-related changes, proteolysis, inflammation.
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BCTYII

AKTyaubHicTh TeMu. OpraHu KpPOBOTBOPEHHS Ta IMYHHOI'O 3aXUCTY
bopMyIOTh OJHY 3 HAWOUIBIII PEAKTUBHUX CUCTEM OpPraHi3My, IO 3/aTHA IIBUJIKO
pearyBaTH Ha JIit0 MOIIKOKYIOUUX (DAKTOPiB €K30- Ta €HAOTCHHOT'O MOXO/MKEHHS,
3a0e3mnedye MiATPUMAHHS CTajJOCTi BHYTPINTHBOTO CEpPEJOBUINA OpraHi3My Ta
BUPOOJICHHS aJanTalliiHuX MexaHi3MiB. J[aHa cucTeMa Mae KITIOYOBE 3HAYCHHS B
KOHTpOJII Haj Ol0JIOTIYHOI 1HAMBIAYATBHICTIO KOXXHOI JIoAWHU. BTpara mux
BJIACTHBOCTEH MPU3BOJIUTH JJO BAHUKHCHHS MHOKUHHUX ayTOIMYHHUX, aJIepPridHUuX
Ta OHKOJIOTTYHHUX 3aXBOPIOBaHb [93].

[IpoGnema mopyiieHHsT OOMiHY CIPKOBMICHMX aMIHOKHCJIOT CTa€ IIEHTPOM
yBaru 0araTboX JOCHITHUKIB. BUBYEHHSM JTaHOTO MUTAHHS IIKABWIKCH 1 paHIIIE,
KOJIM HaYKOB1 €KCIIEPUMEHTH MPOJIEMOHCTPYBAJIH SIK ITOPYIICHHS] 0OMIHY METIOHIHY
npu3BOAATH 10 Bakkux BpomkeHux Baj [[HC, mpore Ha chOroaHimiHiA JI€Hb
BCTAaHOBJICHO, II0 JAHWW CTaH YMHUTH CUCTEMHUH BIUIMB Ha opraHizMm. B Ykpaini
NOpYIIeHHS 00MiHY CIPKOBMICHUX aMIHOKUCIIOT peecTpytoTh y 10 % mopociux ocio
1 2 % nmiTelt Ta MUTITKIB. Y TAIlIEHTIB 3 CEPIEBO-CYIMHHUMHU 3aXBOPIOBAHHIMU
JTAaHWH TTOKAa3HUK KOJIMBAaeThCca B Mexkax 40-43 % (2, 3, 4, 177].

['omomnmcTein — CipKOBMICHAa aMIHOKHCIIOTA, IO € MPOMDKHUM IIPOTYKTOM
oOMiHy MeTiOHiIHY. B HOpMIi BiH € BaXKJIMBUM JJIsl OPTaHi3My, OCKUIBKHU MIITPUMYE
Ha TMOCTIMHOMY PIBHI BMICT HE3aMIHHOT aMIHOKUCIOTH MeTioHIHYy. OJHaK 3HAYHE
3pOCTaHHS WOTO KOHIIGHTpAIlii YMHUTh HU3KY HeraTuBHUX edekTiB [121, 122, 146,
155, 163, 187, 189]. Ilpu BmicTi roMorucTeiny BHIe 15 MKMOJIB/T TIarHOCTYIOTh
CTaH TieproMOIMCTeIHEMI1.

Nmepromonucreinemiss YWHUTH HETATUBHUM BIUIMB HA  OPTaHi3M,
3YMOBIIOIOUN YPaKEHHsSI BCIX OPTaHiB Ta CHCTEM 1 MPHU3BOAUTH 1O TOPYIICHHS
rOMEOCTa3y BHACHIIIOK HEMOXJIMBOCTI MIATPUMAHHSIMH HUMU (PYHKIIH Ha
HaJeXXHOMY piBHI. HaykoBa CHUIBHOTAa aKTHUBHO 3aliMAa€ThCs BUBYEHHSAM pOI1

TOMOILIMCTEIHY B MATOT€HE31 YUCIEHHUX 3aXBOPIOBaHb. [IpoTe, 10 ChOroAHIIIHLOTO
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yacy y BITYM3HSAHIN JITEpATypl HasiBHI JIMLIE HE3HAYHI1 JIaH1 3 IPUBOJY BILUIUBY MO0
Ha CTPYKTYpY Ta (PYHKILIII OpraHiB IMyHHOI'O 3aXUCTY.

3B’A30K po0OTH 3 HAYKOBHMHM IpPOrpaMaMi, IUIAaHAMH, TeMaMH.
HuceprarniiiHe JOCHIIKEHHsT 3[1iiCHEHEe BIANOBIAHO JO IUIaHIB HAayKOBUX
JIOCHIPKeHb  BIHHMIIBKOrO ~ HAI[IOHAJIBHOTO  MEAMYHOIO  YHIBEPCUTETY
iMm. M. I. [TuporoBa 1 € (parMeHTOM HAYKOBO-IOCHIIHUX poOIT Kadeapu
OioorivHo1 Ta 3aranpHOI XiMil: « BIITMB €K30r€HHUX Ta €HIOTeHHUX YMHHUKIB Ha
O0OMIH riIporeH cyab(]iay Ta acoIiiioBaHUX 3 HUM METa0OTIYHUX MPOIECIB B HOPMI
Ta TMpu mnarojorii» (HoMmep nepxkaBHoi peectpanii 0113U006461), «Ponb
€K30TC€HHUX Ta EHJOTCHHHX CIPKOBMICHHUX CIIOJIYK B MeEXaHIi3MaX ypaKCHHs
BHYTPIIIHIX OPraHiB Ta IUTOMPOTEKIII] 3a PI3HUX MATOJIOTIYHUX CTaHiB» (HOMEp
nepxkaBHoi peectparii 0119U001142).

Meta npocaigeHHsi — BU3HA4YEHHS OCOOIMBOCTEH MOP(MOJIOTIUHUX 3MIH
CTPYKTYPH CEJIe31HKU IIYpiB MPH MiABUIIEHOMY PIBHI TOMOIIMCTEIHY 3aJIe’KHO BiJl
BIKY.

3aBaaHHs JTOCTIIKEHHS:

1. BcTaHOBUTH TICTOJIOTIYHI OCOOJMBOCTI OYJIOBH CEJIE31HKHM I1HTaKTHHX
IIYpiB 3aJICKHO BiJ] BIKY B yMOBaX HOPMOTOMOITUCTETHEMI].

2. BusButn Mopdosioriuni 3MiHM CeJIe31HKHM IMYypiB PI3HOTO BIKYy Ha TJIi
rineproMonucTeiHeMii.

3. BcranoButn MophOMETpUYHI MapamMeTpu TICTOJIOTIYHUX 3MIH CEJIE31HKH
IIypiB PI3HOTO BIKY 32 YMOB TiIEProMoIicTeiHEMI].

4. BuzHaunTu 610XIMI14H1 TOKQ3HUKH B CEJIE31HII IYPiB PI3HOTO BIiKY 32 YMOB
riIeproMonuCcTeiHEMIT Ta OIIHUTH iX 3B’ SI30K 3 TICTOJOTTYHUMU 3MiHAMH.

06’ekm 0ocniodiceHHss — OCOOMMBOCTI TOMIKOHKEHHS Ta KOMITEHCATOPHO-
MPUCTOCYBAILHUX 3MiH B CEJIE31HIII IIYPIB MPHU MiJBUIIICHOMY PiBHI TOMOITUCTETHY.

IIpedmem OocniosxcenHs — TICTOJOTIUHI Ta 010XIMIYHI 3MIHU CEIE31HKU ITyPiB
MIPU TIIEProMOLKUCTETHEMIT B PI3HUX BIKOBHUX I'pyIax.

Memoou Odocnioxcenus: TICTOIOTTYHI — JUIsl DOCTIIKEHHSI MIKPOCKOTIYHUX

3MIH CTPYKTYp CeJ€31HKH; eJIeKTPOHHO-MIKPOCKOMIYHUM — JJI1 BU3HAYCHHS
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YIBTPaMIKPOCKOIIYHUX MPOSIBIB PEAKTUBHUX 3MiH y C€Je31HL1 IypiB; O10XIMIYHUI
— i1 00’€KTHBHOI OLIIHKM Mepediry KOMIIEHCATOPHHMX, MPUCTOCYBAJIBHUX Ta
JECTPYKTUBHUX MPOLECIB B CEJE31HII IIYPIB 32 YMOB 3/11ICHEHOT'O €KCIIEPUMEHTY;
CTaTUCTHUYHOTO aHajizy — Uil 3a0e3leyeHHs MepeAdadyeHUux OIMHMCOBOIO
CTAaTUCTUKOIO MIPOLIEAYP BU3SHAUCHHS CTATUCTUYHOI 3HAUYIIOCTI pO301KHOCTEHN M1k
rpynamMu HOpIBHSIHHS.

HaykoBa HoBH3Ha ojep:xaHMx pe3yJabTaTiB. B Xxoai mnposeaeHoro
JOCHIPKEHHSI  BIEpPIE BCTAHOBJEHI TICTOJOrIYHI, YJIbTPaMIKPOCKONIYHI Ta
O010XIMIYHI 3MIHM CeJe31HKM pI3HUX 3a BIKOM UIypiB Ta 3a YMOB

rinepromouucreinemii. Po3mmpeni yaBieHHs npo eicmonoeiuni (y MOJTOIUX TBAPUH

— TepuapTepiaigbHi IMIXBH MICTITh HE3HAYHY KUIBKICTh AMONTHYHUX TUICIb,
Gdoiikynu 3 repMiHATUBHUMHU LEHTpamMH, Makpodaramu Ta anonToTuyHUMU B-
KJIITUHAMU; MapriHajibHa 30Ha 3 PI3HUMM TUNaMu MakpodariB Ta B-xiiTuHamu
KpalioBOi 30HH; YepBOHA MYJIbIIa CKJIAJIA€ThCA 3 TPUBUMIPHOI CITKH CEJIe31HKOBHUX
TSDKIB 1 BEHO3HHMX CHHYCIB; B IIUTOILIa3M1 MakpodariB y 4YepBOHiH 1y OUTIH myJIbIi

Bi,IIKJIaZIGHH}I rCMOCHUACPUHY; YV AOPOCIUX TBAPUH — HOPMAJIBHC PO3TAlllyBAHHA Ta

CTPYKTypa KOJIarCHOBUX BOJIOKOH, KPYITHI KPOBOHOCHI CYIWHU 30€epiraroTh
peryisapHy ¢hopMy, €HIOTETIONUTH 1 IIaJeHbKI MIOIUMTH iX CTIHOK HE 3a3HAIOTh
MOPQOJIOTTYHUX 3MiH; T€pPMIHATUBHI LIEHTPH Ta MapriHajabHI 30HHM JIM(paTHIHUX
BY3JIMKiB B IIUJIOMY HE MalOTh BIIXUJICHb BiJl HOPMH; YEPBOHA ITyJIbIIA PI3HUTHCS BiJT
MOJIOAMX TBApWH BIICYTHICTIO METaKapiolUTIB Ta IHIIUX paHHIX (Qopm
reMaTornoe3y, BKIIOYEHHs JMOQYCIHWHY B TICTIONUTaX MPAKTUYHO BIACYTHI; Y

TBApUH CTapOro BIKY — 3POCTAaHHS YaCTKH HDKHOI CTPOMH Yy OUTM Ta 4epBOHIN

MyJbIl, 3HWKEHHS IMUIbHOCTI T-KIITHH y TepuapTepiaibHUX TiXBax Ta
pPEaKTUBHOCTI B-KIIiTHH y pemTi 30H JIM(QaTHYHOTO BY3/IHKa Ta MapriHAIBHHUX
30HaX; po3MHUTa Meka OiT01 Ta YEpPBOHOI MyJBIU 1 PO3POCTaHHS OLIOT MyNBITH

BITHOCHO YEpPBOHOI), yivmpacmpykmypui (y MOJIOAWX TBapuH — Oia mymbma

npejacTaBieHa JiMGOITHUMH BY3JIMKaMH; B T€PMIHATUBHUX LIEHTpaxX JIMEOiTHUX
BY3JIUKIB (DIr'ypH MITO3Y; CHHYCOIIHI KalUIspy MOMIPHO MTOBHOKPIBHI, B TPOCBITAX

iX BUSIBIISIFOTBCS €PUTPOLUTH; Y LIYPIB 3pUIOrO BIKY — B T€pMIHATUBHUX LIEHTPAX
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¢Girypu MiTO31B; B UEpBOHIN MyJbIi Makpodaru 3 BIAPOCTKAMH, B LIUTOIUIA3MI iX
Ipa”yiau JINoQyCIUHY; €HIOTEeMalbHl KIITUHU CTIHOK CHUHYCOiIiB BUIOBXKEHOI

(¢opMu; y 1IypiB CTAPOro BIKY — JIM(OINHI BY3JUKU 3 T€PMIHATUBHUMHU LIECHTPAMHU

3 3HAYHO 3MEHUIEHOIO KUIBKICTIO KIITHH 3 (irypamMu MiTO31B; Makpodaru 3
¢parmentamMu  (arolMTOBAaHUX  EPUTPOLUTIB, TPOMOOIMUTIB, YUCEIBHUMU
rpaHyliaMi JINOQYCIUHY; MPOCBITU CUHYCOITHUX KalUISIPiB HE PO3LIMPEHi) Ta
Oloximiyni (3HWKEHHS PIBHS CEPUHOBUX MpOTEa3 B JOCHII)KYBAHOMY OpraHi 3
BIKOM) 3MIHU B CTPYKTYpI CEJE31HKH LIYpIB PI3HOTO BIKY NMPU HOPMAIBHOMY PIBHI
TOMOLIMCTEIHY.

[Ipy ricTONOTIYHOMY JOCHIKEHHI BIEpIIE€ BCTAHOBJIEHO, IO Ha TIi

rineproMouucTeiHeMii B ceJe31HIIl MOJOIUX YPiB K T-KIITUHHI TepuapTepiaibHi

MiXBU, Tak 1 B-KIITUHHI BY3JIMKM 3a3HaBaid 3MiH; mpodjidepamis B-xiaitun
NPU3BOJUTH HE JIMIIIE 10 PO3POCTAaHb B MEXax O1I0T MyIbIH, alie 1 0 PO3IIUPCHHS
MapriHaJIbHUX 30H Ta 1HPUIBTpAIlli IUX KIITUH Y YEPBOHY MYJIbIY; KOHIIEHTPAIlis
T-xniTiH y mepuapTepiaibHUX MyQdTax 3HUKYEThCA, aje T-TMEGOIUTH TaKOX

HOUIBTPYIOTh Y YEPBOHY MYJBITY; YV JOPOCIUX TBAPUH — 3MiHEHA IIUIBHICTH 1

MOpYyIIeHAa OPTaHI30BaHICTh BOJOKOH IIIJILHOT CIIOJIYYHOI TKAaHWUHU KamCyld 1
Tpabekyn; sapa (iOpobiacTiB B MeXax KalcCyldd MalTh HE3HAYHUN HaOpsK;
BaKyoJizalis 1 B CyOKamncynspHIA 30HI CeJe31HKOBOi MyJblH;, B-KimiTuHU
niMpaTUIHUX BY3JIMKIB 1 MapriHaabHUX 30H 3 O3HaKaMH Ipodtidepalrii; y 4epBoHIn

myJbli Makpodard i3 BKIIOYEHHSMH JINOPYCIHMHY; Y IIYPIB CTAPOr0 BIKY —

JIC30praHizaIilo  CTPOMAJbHOTO €JIEMEHTY OpraHy, I[OsiBY TMPOCBITIB ¥y
nepuapTepiaibHUX MiXBax yepes 3aruoens T-I1iMEOIUTIB allonTO30M, ITiIBHIIICHHS
KUTBKOCT1 TepMIHATUBHUX IEHTPIB B-KiiThH 1 iHUIbTpaIii 3pUTuX TUIa3MOIUTIB B
YepBOHY MYJIBITY Ta 3POCTAHHS KUTBKOCTI BKIIOYCHB JIMOPYCIHHY Y CETE31IHKOBUX
Makpodarax.

Brnepiie Ha ynbTpaMiKpOCKOIMIYHOMY PiBHI BCTAHOBJIEHO, HIO CTPYKTYpPHI

3MIHU CEJIE31HKU Y MOJIOAUX HIYPIB 3@ YMOB TIEProMOIUCTEIHEMIT TPOSIBIASIOTHCS
PO3LIMPEHHSAM CUHYCOITHUX KAMUISIPIB 13 3HAYHOIO KUIBKICTIO €PUTPOLIUTIB; B O

Myl 3HWKEHHS YHCEIbHOCTI 3puiux T-mimdoruTiB, Ta miaBuileHHs B-
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TiM(OIUTIB, TUIa3MOLMTIB, JiM(poOIacTiB Ta MakpodariB; B TIe€pMIHATUBHUX
LEHTpax JIM(POITHUX BY3JIUKIB UACENbHI TIM(OOIACTU 3 JECTPYKIIEIO Ta MIKHO30M

anep; B Makpodarax 4epBOHOI MyJIbIH I'PaHyIU JIMOPYCIUHY Ta TEMOCUIEPHUHY,

BaKyoJIl; Y JOPOCIMX TBAPUH NPOCBITU CUHYCOITHUX KamUIApIiB PO3IIMPEHI 31
CKYIYEHHSIM (POPMEHHUX €JIEMEHTIB KPOB1; EpUTPOLIUTH Ta TPOMOOLUTHU B IPOCBITAX
KPOBOHOCHUX CYJMH CeJe31HKM Ha cTajii aerpajamnii; 3HauyHa 3arubens T-
aiMbonuTiB  OUI0i MyJABNM MUISXOM AalonTo3y; B TEePMIHATHUBHUX LEHTpax
mimboigHUX By3dIUKIB - mpoiidepanis B-mimdonuTie, mnepeBakaHHA —3pUIMX
IUTa3MOIIUTIB, 3pOCTaHHS KUIBKOCTI Makpodaris, NABUIICHHS iX (YHKI1OHATbHOI
aKTUBHOCTI; B LUTOMJIa3M1 Makpo(ariB 4epBOHOI MYJIbIU MICTATHCS K BTOPUHHI
J30COMH, TaK 1 3aJIMIIKOBI TUIBI 3 BEJIHMKOIO KUIBKICTIO ACTPUTY, (DparMeHTH
(arouMTOBaHOTO MaTepialy, B TOMY YHCII YEPBOHMX KPOB’SHUX TUIEHb 1

TPOMOOIIUTIB, BKIIOYCHHS JINMOPYCIUHY; Y CTapUX IIYPIB — B CTPOMI CEJIE€31HKHU

PETUKYJSAPHI  KIITUHM  BHJOBXEHOT (GopMH 1 TINEpXPOMHUMHU  SIIpaMH,
NepUHYyKJIeapHUN HAOPsK; B OUTIH mymbIi JUIssHKY TrOen T-1iMdonuuTis, 0co0IUBO
BUpaXX€H1 B mMepHapTepiaibHUX JTIMAOITHUX TiXBax, JIM(OLMTH IiIIaBAINCh
armonTo3y; IJIa3MOIMTH KUIBKICHO 3pOCTajyd BHACIIOK MiABUINEHOI mposideparii
B-nimMdomnuTiB; CHHYCOiTHI CYIWHHM PO3IIMPEHI, B HUX BUSBJISIN EPUTPOIUTH,
JEHKOLIMTH, TPOMOOILUTH; B YEPBOHINH IyJbIll YHCEIbHI TPOMOOIIMTH Ta iX
dbparMeHTH, EpUTPOLIUTH MiAAaBATUCh TEMOJI3Y; B IIMTOIUIa3M1 MakpodariB BeIuKi
darocomu, 3aIUIIKA JIECTPYKTHUBHO 3MIHEHHX EPUTPOIIMTIB, TPAHYJOIUTIB Ta
TPOMOOIIUTIB, CKYITYCHHS TEMOCUICPUHY Ta TPaHYIIU JINOPYyCIUHY.

[Tpu GioxiMiIYHOMY TOCHIKEHHI 3pa3KiB KPOBI Ta TOMOTEHATIB CEJIE31HKH
IIypiB Pi3HOTO BIKY 32 YMOB IieproMoIyMcTeiHEMIi BOEPILE TOBEIEHO 3POCTaHHs
3arajbHOI MPOTEOJNITUYHOT AKTUBHOCTI, OOYMOBJICHOI aKTHBAII€I0 CEPUHOBUX
mpoTeas, MeTalo3aleKHUX (EepPMEHTIB, a TakoX (PEpMEHTIB, IO HaJeXKaTh IO
[MUCTETHOBUX Ta acMapariHoBUX IpoTteas. Jl0JaTKOBUM YHMHHUKOM, 1110 TTPU3BOIUTH
JI0 TIOCUJICHHS aKTUBHOCT1 METall03alIe’KHUX ()EPMEHTIB € MOPYIICHHS OallaHCy M1XK

MMII-1 Ta TIMII-1.
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IlpakTuuHe 3HAYeHHS OTPUMAaHUX pe3yabTaTiB. OTpumani naHi
MOpPGOIOTiYHOTO, MOP(HOMETPUYHOTO Ta OIOXIMIYHOTO JOCHIIKEHb TKAaHWUHU,
3pa3KiB KpOBI Ta TOMOI€HAaTy CeJle31HKM IIypiB pI3HOrO BIKY 32 YMOB
rineproMouucTeiHemMii ~ cBiq4aTh ~ NPO  PO3BUTOK  HEraTUBHUX  TiCTO-,
yIABTPACTPYKTYPHUX Ta OIOXIMIYHHUX 3MiH CTPYKTYpU OpraHy, IO 3YMOBIIO€
HEOOXIIHICTh B TOJAJIBIIOMY TMPOJOBXKEHHS MOCTIIKEHb II0JI0 BUKOPUCTAHHS
BIJIMOBIAHUX KOPET'yIOUHMX 3aXO0/I1B.

Pesynpratu mocmigkeHb BUKOPUCTOBYIOTHCS B JICKIIHHUX Kypcax Ta B XOJi
IIPOBEJICHHS MPAaKTUYHUX 3aHATh Ha Kadeapax: TiCTONOr1i, IUTONOr1i Ta eMOpioJIorii
JIbBIBCHKOT'O HaIlIOHAJILHOTO MEAUYHOTO yHiBepcuTeTy iMeHi Jlanumna ["anuipkoro;
rictojorii Ta emOpiosiorii  TepHONIILCHKOrO  HAI[IOHAJILHOTO  MEIUYHOTO
yniBepcutety iMeHi I. SI. 'opbaueBcrkoro; 6ioximii HHII «InctutyT Gionorii Ta
MeaunuHn» KUIBCHKOTO HamioHANBHOTO yHiBepcuTeTy imeHi Tapaca IlleBueHka,
OTIEPaTHBHOI Xipyprii 3 TonorpadidHor aHaTOMi€r0 JIBBIBCHKOT'O HaIllOHAJTBHOTO
MEJIUYHOTO yHiBepcuTeTy iMeHi Jlanuna ["anuupkoro.

OcoOucTuii BHeCOK 3100yBaya. ABTOpka Opasa y4acTh y IOCTAHOBIII Ta
NPOBEJICHHI EKCIIEPUMEHTAIBHOr0 nocmimkeHHs. CaMocTiiiHO mpoBena 3a0ip 1
MiATOTOBKY MaTtepiaily JUIsl TiCTOJIOTIYHOTO JOCHIKeHHs. 3100yBauKOK 0COOUCTO
BUKOHAHO IaTeHTHO-1HGOPMAIlIMHUN TMOIIyK, aHaJi3 HAayKOBOi JiTepaTypu Ta
HamMCaHUM 11 aHAJITUYHUKM OIVIS, OIMCAaHl BCl TJIaBUM BIJIACHUX JOCHIIKEHD
AUcepTaliiiHoi poOoTH, 3IIHCHEHO pPO3pOOKY OCHOBHUX TEOPETUYHHX Ta
MPAKTUYHUX TIOJIOKEHb TIPOBEEHOTO JOCTiKeHHA. Pa3som 3 HaykoBHUMH
KEpIBHUKAMU TPOBEACHO aHalli3 OTPUMAHHMX pPE3ynbTaTiB 1 CcHOPMYyIbOBaHI
BHCHOBKH. EnexTpoHHO-MIKpOCKOMIYH1 JOCIKCHHS BUKOHAaHI1 3a
KOHCYJIbTATUBHOKO JTOTIOMOroto 1.0.H., mpod. 3. M. HebecHoi (kadenpa ricromorii
Ta eMOpionorii TepHOMIbCHKOTO HAI[IOHATHHOTO MEIMYHOTO YHIBEPCUTETY IMEHI
I. 5I. TopbadeBcbkoro). bioxiMidHi JOCTITKEHHS BHUKOHAHI 32 KOHCYJIHTATUBHOIO
nonomoroto 1.0.H, npod. O. M. CaBuyka (kadenpa Oioximii HHI[ «Incturyr
OloJorii Ta MenuuuH» KUIBCRKOro HalllOHAJIBLHOTO YyHiBepcuTeTy iMeHi Tapaca

[IleBuenka). ¥ CyMmICHHX 3 HayKOBUMHU KEpPIBHUKAMHU Ta KOJIETaMH IMyOJIIKaIisix
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3100yBayIll HaJekaTh OCHOBHI PE3yJIbTAaTH CTOCOBHO O10XIMIYHUX, TCTOJIOTTYHUX
Ta €JIEKTPOHHOMIKPOCKOIIUYHUX 3MIH Y CEJIE31HII1 IIYPiB MPH IIIeProMOLUCTEIHEMII.

AmnpoOauisi pesyabratiB aucepramii. OCHOBHI MOJIOKEHHS POOOTH
BUKJIJIeH1 Ta 00roBopeHi Ha XX MiKHapoHI HayKOBI KOH(pEpeHIli CTyIeHTIB
ta Mononux BueHUX «llleBueHkiBchbka BecHa: JlocsrHEHHS B Haykax IIpo
AKUTTS»(Kuis. 2023); VII MibkHapoaHiii HayKOBO-IPAKTUYHIN KOH(pEpeHIi
«Scientific research: Modern challenges and future prospects» (MioHxeH,
Himeuyunna, 2025); 11l MixknapoiHiii HayKOBO-TIpakTU4YHIN KoHpepeHilii «European
congress of scientific discovery» (Manpun, Icnanis. 2025).

Iyoaikanii. 3a Matepianamu qucepTarllii omy0IiKOBaHO 8 HAYKOBUX Mpallb. 3
HUX, 5 cTaTedt Ta 3 Te3. 2 CTATTI HANKCAaH1 OJTHOOCIOHO. 5 cTaTelt omyOJIKOBaHO B
HayKoBHX (paxoBUX JKypHajgax VYkpaiHu (2 BITHOCHUTBCS 10 MDKHAPOIHOT
HayKOMeTpuuHOi 6a3u Scopus, a 1 — 10 6a3u Web of Science). 3 Te3 ony0sikoBaHO

B MaTepiajiax MDKHAPOJHUX HAYKOBO-TIPAKTHYHUX KOH(EPEHIIIH.

CrpykTypa Ta 00caAr auceprauii. J(ucepraiis BHUKIaJeHa YKPaiHCHKOIO
MoBoro Ha 179 cropinkax (3 axux 144 CTOPIHOK 3aJIKOBOTO MAaITMHOMHCHOTO
TeKcTy). PoboTa ckiamaeTbest 3 aHOTallli, 3MICTy, TIEPEIIKY YMOBHHX CKOPOYCHBD,
BCTYIly, AHAJITUYHOTO OIJISAY JITepaTypH, 3arajJibHOi METOJAMKH W OCHOBHHX
METOMIB JIOCTIIKCHHS, YOTUPHOX PO3JAUTIB BIIACHUX JOCIIIHKEHb, aHATM3y M
y3araJibHeHHS Pe3yJIbTaTiB JOCIHIKECHHS, BACHOBKIB, CIIUCKY JIITEPATyPHUX JKEPETT
Ta JgoAaTtkiB. JlucepTaiiifHe MOCIIDKEHHS UIIOCTpoBaHO 37 puUCyHKamMH Ta 4

TAOJTUIIMMU.
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PO3JILI 1
3AKOHOMIPHOCTI CTAHOBJIEHHS TA BIKOBOI MOP®OJIOI'TI
CEJIE3IHKH B ITPOLIECI OHTOT'EHE3Y JIYOJIUHU. BILJIVB
TMEPTOMOIIMCTEIHEMII HA CTPYKTYPY TA ®YHKIII
CEJIE3IHKH (OI'JISI /] IITEPATYPH)

1.1. OcobnuBoCTI emOpioreHe3y Ta BIKOBOi MOP(OJIOTii Celie31HKH B MPOLEC]

THAMBITYATILHOTO PO3BUTKY JIOJUHU

Po3BuTOK iHAMBITYyyMa B OHTOTEHE31 BIiJOYBAE€ThCS Y BIAMOBIIHOCTI 10
BJIACTHBUX HOMY CTpaTeriii TeHOMy, TOOTO, CYKYITHOCTI 1 0COOJIMBOCTEN peaizallii
reHeTuyHoi 1H(MopMamii. B meBHI mepiogu BiOyBaeThCs 3alMyCcK MEXaHI3MIB
perymsmii  OKpeMuX TPyl TeHIB IMYHHOI CHCTEMH, BIATIOBIIAJbHUX 32
MOppOodYHKIIIOHAIPHE CTAHOBJICHHS, €IHICTh, €(PEKTOPHY 1 PETyJIaTOpHY
e(eKTUBHICT, HecnenupiyHUX Ta cHernu@IuHNX MPOIECiB IMYHHOTO 3axXHUCTY.
Onnak popMyBaHHS OKPEMUX CTPYKTYPHO-(YHKITIOHATBHUX €JIEMEHTIB 3a3HAYCHOT
CHUCTEMH 1 CTAHOBJICHHS CIIeU(IYHNX B3a€EMOJII MK HUMH HE € CYBOPO I'€HETUYHO
JeTepMIHOBAaHUMHU MPOIIECAMHU. Bouu XapaKTepU3yIOThCs BHCOKOIO
(GYHKITIOHATHHOIO TaOUTBHICTIO 1 Uy TJIMBICTIO 10 0araThOX PETYISTOPHUX (DAKTOPIB,
0 BIAKPUBAE MOMKIHUBOCTI NI KOPEKIl MOpPYIIeHb PO3BUTKY. JlocmimxeHHs B
JaHii Tay31 J03BOJIAIOTH PO3IIUPUTH YSIBICHHS III0JI0 0COOIMBOCTEH MOp(doreHe3y
OpraHiB KpOBOTBOPEHHS 1 IMyHHOT'O 3aXHCTy Ta CHPHUSIOTh PO3YMIHHIO MPUYHH
BPOJKEHUX, 1 HAOYTHX MATONOTIYHUX CTaHIB. AHATI3 HAYKOBUX JaHUX MTOKA3YE, 1110
npobiieMa eMOpioreHe3y Cele3iHKM He BTpadae CBO€i aKTyaJlbHOCTI 1 Ha
CHOTOJIHIITHIA JCHBb, BHACTIIOK CKJIQJIHOCTI MEXaHI3MIB opraHizailii iHIyKTHBHUX
B3a€MOJIH KIIITHH IIOTO OpraHy B MPOIIECI TICTO- Ta opraHorenesy [140, 145].

3akinanKa CeJEe3IHKH TOYHMHAEThCS Ha 4-6-My THXKHAX €MOpPIOHAIBHOIO

PO3BUTKY B TOBIII ME3EHXIMU JAOpCalbHOI Opuxki. BcTaHOBIEHO, 1[0 HA paHHIX
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eTanax OpraH sBJisi€e COOOI0 LIUIBHE CKYMYEHHsI KIITHH, SIKI TYCTO NPOHHU3aHI
KPOBOHOCHMMH CyAWHAMH. 3T0JIOM OJHA YacTHHA LUX KIITHH Ja€ MOYaTOK
PO3BUTKY PETUKYJISIPHIN TKAHUHI, a 3 1HIIOI (OPMYIOTHCS TEMOTIOCTUYHI €JIEMEHTH
aimponuTapHoro 1 MienonuTtapHoro psaiB. Ha 7-8-My THXKHSX HpeHATaJIbHOIO
PO3BUTKY B CeJ€31HLl BUSBJIAIOTH nepiii makpodaru [69]. @opMyBaHHS MUIKHX
CUHYCOIJIB BII0OYyBA€ThCS BHACIIJIOK BPOCTAHHS YHUCEJIBHUX CYJIWH Yy BOpOTa
cene3inku. Jlanmii mpouec npumnagae Ha 9-10- THKHI BHYTpPIILIHBOYTPOOHOTO
nepioay. Takox B 1€l 9ac MOXHA CIIOCTEPIraT HasiBHICTh HE3HAYHHX IMTOOIMHOKUX
OCTpIBIIIB €pUTPOINOE3y Ta MErakapiouuTH. 3a3HAu€Hl OCTPIBII 3a3BUYAM
PO3MIIIYIOTECS HABKOJIO apTepii. Bimomo, 1m0 epuTponmTH Ha JaHOMY eTarli
eMOpioreHe3y ByKe 3a3HAIOTh PO3MAy, @ OCHOBHOIO (PYHKIIIE€IO CENIE31IHKH € TIPOIIEC
nenonyBaHHs KpoBi. Ha 11-12-my TrxHSX 3’ sBistoThes nepini B-nimdouurtu, mo
PO3MIIIYIOTECSI HABKOJIO CYIMH. 32 TaHUMHU HayKOBIIiB, popmyBaHHs T-3a51exkHOT
30HM B CeJE3IHIl MO)XXHa crocrepiraTd mounHaroun 3 13-14-ro  TWXHIB
BHYTPIITHEOYTPOOHOTO PO3BUTKY Yy BUIISIAI CKymueHHS T-1iMEGONUTIB HABKOJIO
aptepiii [ 162]. Po3minieHi O11s HEHTpaJIbHOT apTepii YMCEIbHI PETUKYIISIPHI KIIITUHU
1 BoJOKHa (OPMYIOTH OINOPHUN Kapkac (cTpomy) cene3iHkd. B manmii mepion
MOYMHAETHCSA TIOALT IMyJAblM Ha OUTy Ta 4YepBOoHY. Bke Ha 17-my THXKHI
IIpeHATaIBLHOTO PO3BUTKY BiOyBaeThCs (DOPMYBaHHS MapriHAIBHOTO CHUHYyca. B-
3aJIe)KHA 30HAa BU3Ha4daeTbes 3 20-22-ro TWXKHIB (PETOTCHE3Y 1 XapaKTepU3yeEThCs
MOsIBOI0 JIM(ATHUHUX BY3JIMKIB HABKOJIO IEeHTpaidbHOI aprtepii. Kpim Toro,
CIIOCTEPITAEThCSl AKTUBHUM PO3BUTOK YEPBOHOI MyNbNH cene3iHku. J[o KiHis
3a3HAaYCHOTro mepioay po3mipu T-3amexkHOT 30HH 3HAYHO 30UTBIIYETHCS. 3POCTAHHS
YHCENBHOCTI JIM(ATHUYHUX BY3JIWKIB Ta MOSBAa B HUX TEPMIHATHBHUX IICHTPIB
npunanae Ha 29-30-i THxKHI BHYTPIIIHEOYTpOoOHOTO Tiepiony [ 140, 187].
CraHOBJICHHS OpraHy CYNPOBOJKYETHCS 3aMIHOIO TPOCTUX 1 IIUTBHHUX
KOHTaKTIB MDK KJIITHHAMH Ha JECMOCOMH 1 HAaNiBIECMOCOMH. XapaKTEPHOIO
BJIACTUBICTIO OyJja HAsABHICTh TaK 3BAaHOTO MEPEPO3NOJLTY TeTepOXPOMATHHY B
PETUKYJSIPHUX KJIITUHAX 10 mepudepii simep Ta po3UIUPEHHS MEPUHYKICAPHOTO

npoctopy. Ha 7-8-My THXHSIX eMOpioreHe3y reTepoXpOMaTHH PO3MilllyBaBcs OIS
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BHYTPIIIHBOI MOBEpXHi KapiojeMu. [00aWHOKI TpyJOUKH HOro BUSBISAIM OUIA
anepud, kapiominazma Oyna citioro. Ha 9-10-My THXKHAX pO3BUTKY COCTEpIrain
3HIDKCHHS BMICTY €yXpOMAaTHHY, a TeTePOXPOMATHH YTBOPIOBAB TPYAOYKH PI3HUX
po3MipiB. B pe3ynbpTari 1bOro KapioruiazmMa maja TEeMHUH Kojip, Oyiu HasBHI
HE3HAuH1 JUISHKY PO3LIKMPEHHS NepUHYyKIeapHoro npoctopy. Ha 11-12-My TroxHsIX
MPEHATaJILHOI0 OHTOTCHE3Y CIIOCTEPITaIA MiABUIIEHHS (PYHKIIIOHATIBLHOT 3/TaTHOCTI
PETUKYJIIPHUX Ta CHIOTSIAIBHUX KIIITHH, IO MPOSBIISAIACh BHCOKOO MOOUTBHICTIO
CYXpPOMATHHY SJIEP Ta MOCWICHOI MITOTHUYHOIO aKTUBHICTIO. B 1eii yac saepHuii
XpOMaTUH MaB IHTEHCHUBHE ocMiodUIbHE 3a0apBieHHs. [lepuHykieapHuil mpocTip
PO3IIMPEHUI, YTBOPIOBAB 10 NIEPUMETPY PIBHOMIPHI MEPETsHKKU. BeepeauHi Horo
BUSIBJISUTM  MUTKOJMCTIEPCHUN BMICT 31 CIa0KOI0 €JEeKTPOHHOI MIUIbHICTIO. Ha
JYMKY aBTOPIiB TPUYMHOK 3a3HAYCHUX 3MIiH € MPOPOCTaHHS KPOBOHOCHUX
KamuisipiB 1, SK HACHIJOK, KOHTAKT KJITUH OpPraHy 31 CTIHKOK CYJIWHH, IO
dbopmyeTbes. B sapax eHaoTemianbHUX KIITHH Ha 7-8 THIXKHAX eMOpioreHe3y
nepeBakaB €yXpOMATHH, 10 TIOB’SI3aHO 3 IHTEHCUBHUMH CUHTETHYHUMHU
nporecamMu B HuX. Ha 11-12 THKHSIX pO3BUTKY KUIBKICTh HOTO 3MEHIIIYBajlach, sapa
Maju OKpyriny dhopmy, MicTHiIH 1-2 sueplisi, XpOMaTHH pO3MiIyBaBcs 1udy3Ho, a
TaKOX CIIOCTEPIrasoch PO3IMIUPEHHS NEpUHYKIIeapHoTo mpoctopy [140, 145].

PerenpHuii aHamiz HAyKOBUX JaHUX BCTAHOBUB, IO MICIS HAPOKEHHS
cese3iHKa Mae OKpyTriy (opMy, 4iTKO BU3SHAYAETHCS 11 yacToukoBa OyaoBa. Karicymna
OpraHy myxKa, M sS30BI Ta €JACTHYHI €JIIEMEHTH PpO3BHUHEHI ciabko. B ckmimami
CTPYKTYPHHX KOMIOHEHTIB OL7101 MyJbIIM BU3HAYAIOTHCS BCl KIITUHHI €JIEMEHTH,
110 1 TPOTATOM MOCTHATAIBHOTO OHTOTeHe3y. Cepen MiMDOITHUX CTPYKTYP Y IbOMY
BiIi mepeBaxkatoTh Maii giMmdoruTa (50-72 %). B nepuaprepianbaux 1iMQpoiTHIX
MypTax BHUSBISAIOTH YHCETbHI MakpodaraabHO-TiM(DOiTHI 1 JdiMbOIUTapHO-
MIa3MOIUTapHO-MakpodaranbHi KOMIUJIEKCH. HasiBHI BOTHHINA  MIEIOMOE3Y,
dbopMyroTbest miMbaTUYHI BY3JIHMKH, JJIS SIKAX XapaKTepPHUM € TMPHUCYTHICTh
MapriHAJILHOT 30HU 3 HEYITKUMHU MexaMmu [22, 48, 49].

MakcuManbHuii MOpP(hOJIOTIUHUIT PO3BUTOK OpraHy NpHUMNaAae Ha MEpioj

JUTSAYOTO BIKYy, 110 BHU3HAYAETHCS IMIBUAKUM POCTOM, KOHTAKTOM 3 (hakTopamu
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OTOYYIOUOro cepenoBumia. Y Biui 1-3 pokiB 30uiblnyeThcss nuToma Bara JIB 3
LHEHTPAMH PO3MHOKEHHS. 3TIHO JaHUX JITEepaTypH, JIM(aTHU4HI BY3JIUKH €
HAMOIIBII JUMHAMIYHUMH CTPYKTYPHHMH KOMIOHEHTAMH Oil0i HynabOou. Ix
MOPPOPYHKIIOHATBHUM CTaH B1J0Opa)ka€ KPaTHICTh KOHTAKTIB 3 YYXKOPIIHUMHU
areHtamu. B oMy Billl 30UIBIIYETHCS TAKOXK KUIBKICTh 1 pO3MIpU €JIICOIAIB Ta
JiaMeTp BEHO3HMX CHHYCIB. Y CKJajl JiM(OIAHUX YTBOPEHb B JiTel BikoMm 1-3
POKIB MEpeBakatoTh Maljll, cepedHl JTIMQPOIUTH Ta PETUKYJIOUMTU. BiacoTkose
CIIBBIIHOIIEHHS 0JIACTIB 1 KIITHH 3 dirypaMu MiTo31B B 1,5-2,5 pa3u Ounblie, HIX y
HOBOHAPOJKEHUX JiTei [13].

B npyromy nutauomy Billli Maca opraHy He 3MiHIoeThcs. [lpouecu
nudepeHIitoBaHHS JTIMQPOIMUTIB aKTUBHI 1 MPOAOBXKYIOThCs A0 10-12 poxkis.
XapakTepHoi aJisi 3pUIoro BiKy OyJIOBH celie3iHKa Ha0yBa€ MPOTATOM IOHAIBKOTO
nepioay. 330BHI BOHA BKpUTa KallCyJIo0, IO MPEICTaBICHA €JIeMEHTaMU HIUTbHOT
BOJIOKHHMCTOI CIIOJIYYHOT TKaHMHM Ta TJIaJeHbKUMU MionuTamH. Bing kamcynu
BCEpEIMHY OpraHy BPOCTAIOTh YHCEIbHI TpaOeKynu. B ocHOB1 Oy/10BM NTapeHXIMHU B
JAHWW TIepioJl YITKO BHU3HAYAIOTHCS Ol1a Ta 4YEepBOHA IIYJIBIIH, IO YTBOPEHI
pPETUKYISApHOIO TKaHWHOI0. OcTaHHs QopMye cTpoMy cene3iHku. B Ouniit mynbii
OCHOBHUMH CTPYKTYPHUMHU KOMIIOHEHTAMH BHUCTYIAIOTh JTIM(ATHUHI BY3JIUKH Ta
nepuaptepiaibHi  diMpoinHi Mydtu. JliMpaTudHi BY3IMKH SBISIOTH COOOIO
ckyrmueHHs T- 1 B-mimdonuris, miasMaTtuyHuX KIITHHA Ta MakpodariB, OTOYECHUX
Karcysnow. Yepes HUX MPOXOIUTH IIEHTpabHA apTepid, BiJ SKOI paaialibHO
posranyxyroThes kanusipu [ 13, 22, 49, 145]. JlimpaTudni By3/IMKU B TaHUHA TIEP10]T
MMOCTHATAJILHOTO OHTOTEHE3Y MOAUICHI Ha YOTUPH 30HU: NIEpHapTepiaibHy, EHTP
PO3MHOXKEHHSI (TepMIHATHBHUN IICHTP), MaHTIiHY, KpahoBy (MapriHaJIbHY).
[lepuaprepianbHa 30Ha 30cepeKeHa HAaBKOJIO IIEHTPaIbHOT apTepii 1 mpe/icTaBiIeHa
T-nimporuramMmu Ta IHTEPAUTITYIOUMMH KiIiTHHaMH. LleHTp pO3MHOKEHHS
(repMiHATUBHUN TICHTP) — SBISE€ COOOI CKYMYEHHS PETHUKYISPHUX KIITHH 1
nponidepyrounx B-nmimpo6aacTiB Ta miia3aMaTUYHUX KIITHH B CTaH1 AU¢epeHIiaiii.
[Mogexyau BUusiBiIsit0TH Makpodaru 3 parouuTOBAaHUMHU BCEpeIUH1 TIMPOIIUTAMU YU

ix ¢parmeHTaMu |y BUDVISIAL  XpoMO(UIBHMX  Tineub. MaHTiiiHa  30Ha
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XapaKTEePU3Y€EThCsl HAasBHICTIO Manux B-mimdouuTtiB Ta He3HauHOi KuibkocTi T-
TiMGOIUTIB, TUIA3MAaTUYHUX KIITUH, MakpodariB. KpaiioBa 30Ha (MapriHaibHa)
cknagaerbes 3 T- 1 B-mim@ouuriB, Makpodaru Tyt nooaunoki. [lepuaprepianbHi
mimpoinHi MypTH TpeAcTaBiIeHI CKym4eHHsM B-mimMponuri, mia3MaTHuHUX
[49].

CTpyKTypHUMH KOMIIOHCHTAMH YEPBOHOI MYJBIIH € PETUKYJISIPHA TKAHWHA,
KJIITUHU KpOB1 1 OaraTouyucenbHI KPOBOHOCHI CY/IMHM, a TaKOX HasBHI BEHO3HI
CUHYCU Ta TyJblapHi Tsoki. BimomMo, 10 BEHO3HI CUHYCH — 1€ TOHKOCTIHHI
aHACTOMO3YIOUM CYIWHU JiamMeTpoM 12-50 MKM, BHCTENICHI €HAOTEI1OIUTaAMU
BepeTeHonoA10H01 (hopMuU. 330BHI €HIOTENIANIBHI KIIITHHHU iX OTOYEH1 BiIpOCTKaAMU
PETUKYJISPHUX KIITHH 1 BOJOKHamu, Oa3aibHa MeMOpaHa BincyTHsS abo € Ha
He3HauHuX auisHkax. Cene3iHkoBi (myJiblapHi) Tsbki abo Tsxki  biaspora
PO3MIIIYIOTBCS MDK CHHYCaMH Ta TPEJCTaBICHI €JIEMEHTAMU PETUKYJISIPHOT
TKaHUHU. MICTATh CKYITYEHHSI EpHUTPOLUTIB, TpOMOONMTIB, Makpodari i
IIa3MOLUTIB. B mynbmapHUX TsHKax IUIa3MaTHYHI KIITHHU HAaOyBalOTh KIHIIEBUX
ctafaiit nudepenitiamii. Takox CIOIM MITPYIOTh MOHOITUTH KPOBI 1 IEPETBOPIOIOTHCS
Ha Makpodaru [165].

Orxe, B TepiojJ IOHAIBKOTO BIKY celie3ilHka HaOyBa€ CTPYKTYpHOI 1
(GYHKIIIOHAJIBHOT ~ 3pUJIOCTI, 3a0e3MeuyrdYd TOMEOCTa3 OpraHi3aMy IUISXOM
OesrmepepBHOI Ta Y3rOPKEHO1 ISNIBHOCTI KINTHHHOI Ta TYMOPaJIbHOI JIAHOK
iMyHITeTYy. Ha BimMiHY BiJ IEHTpaJIbHMX OPraHiB KPOBOTBOPEHHS Ta IMYHHOTO
3aXUCTy, TEPIi 1HBOJIOTHBHI MPOIECH B Hil crocTepiraloThes B mepion 40-45
POKIB.

Jlst crapedoro BIKY XapakTepHUM € artpodis 4epBOHOI 1 OUTOT MynbIiu,
BHACTIZIOK YOTO OUIBIII YITKO BU3HAYAETHCA TPAOCKYJISIPHUW amapar CeJIe3iHKH.
[{uTomasma peTUKYISPHUX KIITHH YIIUTBHIOEThCA. KimbKicTh NMiMQpaTHIHHX
BY3JIUKIB 1 pO3MIpU iX LEHTPIB PO3MHOXKEHHS TMOCTYIOBO 3MEHIIYEThCS.
PetuxynsipHi BOJOKHA CTarOTh OUIBII LIUIBHUMH 1 HaOyBalOTh 3BUBHCTOTO

xapakTepy. B 4epBOHINM Mmysblli BU3HAYAIOTHCA BY3J1yBaTl MOTOBIIEHHS BOJOKOH.
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KinpkicTe MakpodariB 1 JIMQOIMUTIB 3MEHIIYETbCS, @ TYYHUX KIITHH 3pPOCTAE.
BusIBASIOTH TIraHTChK1 OaraTosiA€pHi KIITUHU — MErakapiouuTH. AKTUBHUMH €
MPOIIECH  PO3MAay EPUTPOLMTIB, IO BUPAKAETHCS 3POCTAHHSAM KUIBKOCTI
3aJ1130BMICHOTO MITMEHTY, IKHI PO3MILIYETHCSI B MIKKIITUHHOMY IIpocTopi [22, 49,
140].

AmHaii3 HayKOBUX JaHUX BCTAHOBHUB, IO BAXKJIUBY POJIb B IIPOIIECaX CTApiHHS
CEJIe3IHKHU BIIINPAIOTh KEMJIOHM — BUCOKOMOJIEKYJISIPHI OUIKH, SKI MPUTHIYYIOTh
npoxidepallifo  KJIITHH IMYHHOrO  3axucTy. BuaigeHi 3a  JOMOMOroro
xpoMatorpadiyHOro aHaji3y 13 KEHJIOHIB HU3BbKOMOJIEKYJISIPHI MENTUAN Ta(IuH 1
CIUIEHIH, € CYIpecopaMH aKTUBHOCTI 3a3HavyeHUX KiiTuH. [lomepennunk taduuny
CUHTE3YEThCS B JTIM(POIUTAX CEIE31HKH y BHUIJISAL JEHKOHIHY, HAOyBa€ aKTHUBHOI
dbopmu mIIIX0M 00MEKEeHOT0 MpoTeoi3y. CryieHiH 3a (PYHKITIEO € aHAJIOTTYHUM 0
TUMOTIOETHHY, 1110 CBITYUTH MPO CXOXKICTh IMyHOJIOTTYHUX MPOIECIB TA MEXAHI3MIB
CTapiHHS celie31HKU 1 TumMycy [97].

B crapeyomy Billi 3MIiHIOETBCS TakKoX 1 (QYHKIIS cene3iHkd. HanGimbIin
BUBUCHUMHU € TOpYyIIEHHA T-KIITHHHOI JIAaHKU IMYHITETY, IO NPOSBISIOTHCS
3HIDKCHHSAM mpoiidepatuBHOT BiamoBiai T-miMGOUMTIB, 3MEHIIEHHSIM CHHTE3Y
IIUTOKIHIB Ta IMyHOperynaTopHoro inaekcy CD4+/CD8+ y BiinoBib Ha MiOT€HH.
JloBesieHo, M0 IpH IMYHI3alii cTapuX MUIIECH BiOYBAa€ThCS aKTUBHA TPOYKIIISA
okcuay a3zoty (NO) ta ADK. CuHTe3 OCTaHHIX € CBIIYEHHSM MPO3anaibHOI
aKTUBHOCTI MoiMopdoHyKIeapHuX (HaromuTis, M0 MOB’sA3aHa 3 AUQPEPEHINAIIEI0
monoaux T-mimdorutie B Tx1, a iX MUTOKIHOBHM TIPO(DiIb TadTbMy€e TYMOpPaIbHY
IMyHHY BIJIITOBiJIb 1 CHHTE3 aHTUTLI Ta OUIBIIOI0 MIPOIO aKTHBYE KIITUHHY JIAHKY
imyHniTety [31].

Takum uymHOM, B TIporeci emOpio- Ta (eToreHe3y cese3iHKa 3a3Hae
OararouncenbHUX MOPQOJOTIYHUX  3MIH, M0 BU3HAYAIOTh OCOOJMBOCTI Ti
(GyHKITIOHYBaHHS B TOCTHATAJIBHOMY TMEpiOAl  1HAMBIAYaJIbHOTO PO3BUTKY.
CTaHOBNIEHHSI OKPEMUX CTPYKTYp OpPTaHy € BUCOKOCHEI[1ali30BAHUMH MPOLECaMH.
BuBueHHs 0co0MMBOCTEN OCTaHHIX 32 YMOB HOPMaJILHOTO PO3BUTKY Ta BIICYTHOCTI

BIUTUBY (PAKTOPIB PI3HOTO T€HE3Y € HA/I3BUYAMHO BaXKJIMBUM 3aBIaHHSAM. SIBIAIOUN
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co0010 KIHUEBUW MYyHKT AudepeHiianii KJIITHH IMYHHOI CHUCTEMH, CEJe3IHKa €
OpraHoM, L0 MPOTITOM TPUBAJIOIO MEPIOY MOCTHATAIBLHOIO PO3BUTKY 3a0e3meuye
3aXUCT OpPraHi3My BiJ] BIUIUBY €K30- Ta €HJI0reHHuX (hakTopiB. HakonmuueH1 3HaHHS
10/I0 OCOOJIMBOCTEH CTPYKTYPHOI Oprasizailii € moTy>KHUM 3acOo00M Yy BUSIBJICHI

MEXaH13MiB BIJHOBJICHHS 1X (DYHKIIIOHAJIbHOI 3JaTHOCTI.

1.2. MopdodyHKilioHaIbHI 3MIHM B CEJNE3IHIIl 32 YMOB BIUIMBY (aKTOpiB
pi3HOro resesdy. ['inepromonucTeiHeMiss IK TPUTep NATOJOTTYHUX 3MIH CTPYKTYPHU

Ta QYHKIIIH Cee31HKU

Opranu KpOBOTBOPEHHS Ta IMYHHOTO 3aXHUCTY (POPMYIOTH OJIHY 3 HAUOLIBII
pPEaKTUBHMX CHUCTEM OpraHi3My, IO 3JaTHa IIBUJKO pearyBaTH Ha Jiio
MOIIKO/UKYIOUMX (PaKTOpIB €K30- Ta EHJOTeHHOro IMOXO/KEHHs, 3a0e3mneduye
MiATPUMAHHS CTaJIOCTI BHYTPINIHBOI'O CEPEIOBUINA OpPraHi3My Ta BUPOOJICHHS
ajanTalifHuX MexaHi3MiB. JlaHa crucTemMa Mae KIIFOYOBE 3HAYCHHS B KOHTPOJII HA
O10JIOT1YHOIO 1HAMBIMYATBHICTIO KOXHO1 JIFOAMHU. BTpaTa muX BIacTUBOCTEH
OPU3BOJAUTH [0 BUHUKHEHHS MHOXXUHHMX ayTOIMyHHUX, aJepriyHux Ta
OHKOJIOT1YHHUX 3aXBOPIOBaHb [97].

XBopoOM oOpraHiB KpPOBOTBOPEHHS Ta IMYHHOTO 3aXHCTy € HaWOUIbII
MOIUPEHUMHU CEPENl TUTSYOTO0 HACENICHHS, OCKUIBKM came B I[bOMY Billl IMyHHa
CUCTeMa Bpa3IMBa 1 MIAAAETHCS MIKINIMBOMY BIUIMBY CEPEIOBHINA, BHACTIIOK il
byHKITIOHATBHOT HE3pinocTi. B mroaelt 3pinoro BiKy TpuBajiuil BIUIMB HETATUBHHUX
YUHHUKIB JTOBKIUIS 3yMOBIIIOE CTUMYJISIIIO TiM(AaTUIHOT CUCTEMH, @ OCOOIHBO T1€
CTOCYEThCSI TIepuPepUIHUX OPTaHIB IMyHHOTO 3aXHCTY, IO MOXKE MPU3BECTH [0
BUHUKHEHHS HE JIMIIEe BTOPUHHUX IMYHOJS(IIIUTHUX CTaHIB, aje 1 A0 BiAAAICHUX

HACIIJKIB, TAKUX K 3JI0SIKICHI HOBOYTBOPEHHS JIIMPoinHo1 TKaHnuuu [28, 63, 71].
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ToMy BaxnMMBUM € BUBYCHHS BIUIMBY YHHHHKIB PI3HOTO TEHE3y Ha
0co0auBOCTI MOP(HODYHKITIOHATTBHUX 3MIH CEJIE31HKH.

VY mypiB mepiony cTaTeBOro AO3piBaHHs IMicis BBeAeHHs Iukiodochany
cenesinka  30epirae  TuUmoBy  OymoBy. bira  mynema  mpeacraBiieHa
nepuaprepianbHUMu  JTIMGOITHUMU MyTamu, JOCTaTHBO BEJIMKUMU
TiM(paTUYHUMU BY3JIMKaMU, SIK1 OJEKYIM Malli repMiHaTuBHI HeHTpu. OnHaK 3a
JaHUX YMOB 3MEHIIYEThCS BiAHOCHA momia Outoi mynenu. Ha 1 1 7 noOy uei
noka3Huk Ha 28,5 1 40 % OyB HMXXKYMM, HDK B IpyIi KOHTpOJO. ['epMiHATHBHI
LEHTPU B paHHI Mepioau IOCiiay Maixke He Bu3HaudaroThes. Ha 15, 30, 60 noly
CKCIIEPUMEHTY BHSBJISUIM TOOJWHOKI TEPMIHATHBHI IIEHTPH, MPOTE JiaMeTp iX
3MeHIlyBaBcs. BusBIeH] 3MiHM TOB’S3yIOTh 3 TINOMUIA31€l0 OU10T MyNbIH, IO
OB’ sI3aHO 3 aroINTO30M 1 3MEHIICHHSIM PiBHA Mposidepallii KJIITHH y BIAMOBIIb Ha
Jit0 IMyHOJIeTpecanTa. B IIypiB penpoayKTHBHOTO BiKy TIe€pMiHATHBHI IEHTPH
yepe3 1-7 110 BUABISIN B OAUHUYHUX JTIMGAaTUUHUX By3JUKax, a Ha 15, 30, 60 100y
KUIBKICTh 1X 3pocTtana. BigHocHa moma 61101 mynsnu Ha 1-7 106y Ha 20,35 % 1
6,8 % Hmk4e KOHTpodto. [loka3HUKK JiaMeTpiB repMIHATUBHUX HEHTPIB TAKOXK €
MEHIIIMMHU B MOPIBHSIHHI 3 TPYIIOI0 IHTAKTHUX TBApUH. Y LIyPiB NEPIOTY BUPAKEHUX
CTapeurXx 3MiH Celie31HKa Bi3yalbHO 30epirae TUIOBY CTPYKTYPY, OJHAK BUSBIISIIH
MOPQOJIOTTYHI O3HAKH, IO MOYKHA BITHECTH JI0 IHBOJIOTHUBHUX. [{eHTpanbHi apTepii
MajH OUIBII TOBCTI CTIHKHM 32 PaXyHOK CKJIEPOTUYHUX 3MiH. CHOTy4YHOTKaHUHHI
Tpabekynu oprany notosieHi [30].

Kpim TOro, aHajgoriuyHi JOCTIIKEHHS JIEMOHCTPYIOTh, IO BBEJCHHS IIypam
nukinodocdany B 1031 200 MI/Kr MpU3BOAUTH 10 MPUTHIYEHHS B-KIITHHHOT JIaHKH
IMYHITETY, TPOSBISIOYNCh 3HAYHUM 3HIDKCHHSAM TpoleciB mposideparmii 1
mudepeHmianii miasMaTHYHUX KIINTHH. ABTOPH 3a3HAYarOTh, IO MPH BBEACHHI 3a
JaHUX YMOB IMYHOMOXYJSTOPIB OAaKTEPiaIbHOTO TOXOJDKEHHS CIIOCTEPIraeThes
30UTBIIICHHS TIMGATUIHUX BY3JIHKIB, 10 MICTSITh BEJIUKI reépMiHATUBHI IIEHTPH, a
TaKOX TilepeMisi Y4epBOHOI MYJIbIIN CeJIe31HKH [7].

[Ipy BmIMBI TOMO- 1 TeTEPOTOIIYHOTO CTPeCy Ha IMyHOMOPQOJIOTiIO

nimpoinuux opranis Ha 1, 3 Ta 14 100y B nepuaprepianbHux JdiMdoinuux Mmydrax,
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MapriHajbHIi 30HI, LEHTpaX PO3MHOKEHHS JIM(aTUUYHUX BY3JIHMKIB CEJIEC3IHKU
BIIMIYAJIOCh JIOCTOBIPHE 3MEHILIICHHS BMICTY MaiuxX JIMGONUTIB, 30UIbIICHHS
KUIBKOCT1 KJIITHMH 3 O3HaKaMU JECTPYKIIi 1 MakpodariB, 3HUXKEHHS MILUILHOCTI
PO3MIIIEHHS! KJIITMH HAa OJMHHULIO IUIOUIl, LI0 € MPOSBOM peakiii KIITUHHOTO
CIyCTOIIICHHS y BIAMOBIb Ha it cTpecy [7, 20, 30].

BHacnigok BIUIMBY 10HI3YIOUOTrO BUIpOMiHIOBaHHA B 7031 0,2 I'p Ha 5-10
100y JOCHDKEHHST B CeJE31HI[l IIypiB BIAMIYAETHCS amomnTo3 JiMQOIUTIB
repMIHATUBHUX LEHTPIB JIM(PATUUYHUX BY3JUKIB, BUPAXKEH1 MPOsBU (HaroluTapHoOi
AKTUBHOCTI, 1110 BHU3HAYAJIUCh TPHU EJIEKTPOHHO-MIKPOCKOTIYHOMY OCIiIKCHHI.
JlimporuTi 3MOPILYIOTHCA, 3MEHIIYIOThCS iX JIHIAHI PO3MIpU. XapaKTEPHOIO
0COOJIMBICTIO € BOJOKHHMCTA KOHJCHCAIIISI ITUTOIIa3MaTHYHOTO MATPHUKCY, a TAaKOXK
JECTPYKIIisl MITOXOHJIPIH, pO3MIUPEHHS KaHAIBIIIB TPaHyJIIPHOT €HIOTIa3MaTHIHOT
citku. Pazom 3 THM, ONPOMIHEHHS HIYpiB CYOJIETaJIbHUMHU J103aMH 10HI3yHOHYOTO
BUIIPOMIHIOBaHHS, a came 5,8-6 I'p CympoOBOKYEThCS 3MEHILIEHHSM KUIBKOCTI
HerTpod i, T-miMdoruTiB, ACCTPYKIIEI0 MeMOpaH Ji30coM Ha 6-Ty 100y
eKCIIepuMeHTy [22].

Han3BuuaiiHO aKTyaJlbHUMH Ha CBHOTOAHINIHIA JIGHh € JOCHIKEHHS 3
IIPUBOAY BIUIMBY OITIKIB IIKIpY HA 3MiHY CTPYKTYpH Ta (PYHKIIIH OpraHiB 1 CUCTEM.
IIpu excnepumenTtanbHii TepMiuniii TpaBmi II-III crymens y mrypiB Ha 14 100y
CIIOCTEPIrajii MOBHOKPIB’ s uepBOHO1 yNbMu. [lynbmapHi Tsok1 Oyiv 3BY)KCHUMH, B
HUX 3MEHIIYBaJlaCh KUIBKICTh KIITHH, OJIHAK XapaKTEPHOI OCOOJIMBICTIO
BHCTYyMANA ajeprizailis OmikoBuM AeTputoM. OCTaHHS MPOSIBISUIACH TPUCYTHICTIO B
TSDKaX 3HAYHOI KUTBKOCTI €03uHO(MTiB. [logekyau BUSBISUIH OCTPIBII 3 O3HAKAMHU
AKTUBHOTO EKCTPaMEAYJSIPHOTO TEeMOIoe3y, B SKOMY TMEpeBaKaIM KIITHHU
MIEJTIOIUTAPHOTO PsAAy. MerakapioluTH B 3a3HAYCHUX OCTPIBIMX MaH JCKUIbKa
s7iep, Mo WMOBIPHO € 03HAKOIO 1X MiABUINECHOI aKTUBHOCTI. bia mynba cene3inku
3a JJaHUX YMOB XapaKTEpH3yBajach HASBHICTIO TUIIOBUX BIKOBHUX 1HBOJIOTHBHUX
3MiH, a mnepuapTepianbHi JiMPOigHT MypTH Oyiau 301AHEHMMH Ha KJIITHHUA. B
miMpaTUYHUX BY3JIMKAaX HE BU3HAYAJIUCh CBITJIl LIEHTPHU. ABTOpaAaMU BCTAHOBIICHO

HasBHICTb O3HAK AUCHPOTEIHO3Y — LEHTPIB YEPBOHOTO KOJIBOPY Y CTPYKTypax Ouoi
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MyJIBIIH, IO Ha iX AYMKY € MPOSIBOM I'yMOpPaJIbHOI IMyHHOI BIJMOBIJI HA OMIKOBUM
npouec. ToMy B cene3iHLl IIypiB aKTUBYETHCS EKCTpPaMEAYJSPHHUI TeMOIMoes,
3pocTae 4YHUCeNbHICTh MerakapiouutiB. Ha 21-y o0y ekcrnepumMeHTy mpu
rICTOJIOTTYHOMY JIOCHIJKEHHI BHUSABISUIA 30UIbLIEHI 3a po3MipamMu JiM(paTuyH1
BY3JIUKM OUIO1 MyJNbIH, CTPYKTypa SKMX Oyna pizHOTHUNOBOIO. OnHI HE Malu
CBITJIOTO IIEHTPA, OJTHAK XapaKTePU3YBAIHNCH 3aI0BUTHHUM KIIITHHHUM HaCUYCHHSIM
nepuapTepiayibHUX T3, MPOCBITICHOI MapTIHAIBHOIO IUISHKOI. [HII BEeNUKi, 31
CBITJIMM LEHTPOM, B SIKOMY BH3HAYaJUCh rinepTpodoBaHi makpodaru, 3HayHa
KUIBKICTh JIIM(OIMTIB 3 PI3HUM CTyneHeM e(eKTOPHOro AugepeHIitoBaHHs,
omactai dopmu, Qirypu Mito3y, o3HaKH ¢daroruTapHoi aKTUBHOCTI. YepBoHa
MyJbIa TaKOXK MICTHJIA OCTPIBI[l MOBABJIEHOTO MIEJIONOE3Y 3 MErakapioluTamH,
OTOYEHUX TIOBHOKpOBHMMH cuHycamu. Ha 30-Ty m00y BHSBISUIM XapaKTepHi
IPOSIBU aKTUBAIlll TyMOPAJIbHOTO IMYHITETY Y BUTJISA/I Tinepruia3ii repMiHaTUBHUX
neHTpiB B-nmimdonurie. Ilepuaprepianpai mimdoinni mydtu Oynum Oarari T-
mimponuTamu, momitHa (aronurapHa aktuBailis MakpodariB. KpaioBa minsHka
TiMpaTUIHUX BY3JIUKIB € 30arayeHor0 KJIITHHAMH, 110 Ha TYMKY JOCIIITHUKIB MOXKE
CBIIYMTH TMPO aKTUBHY MITPAII0 3BIJICH Y YEPBOHY MYyJbIy IU(EPEHITIHOBAHUX
aimporuTis [8, 9].

Bceranorneno, mo B cTajii paHHBOI TOKCEMIl OMIKOBOTO YPaKCHHS CYIUHU
CeJe31HKH OyJiu pO3IIMpPeHi, TOBHOKPOBHI, TpoMOoBaHi. Karmcyma 1 Tpabekymnu ii
MOTOBIIEHI. YepBOHA MyJIbIIa XapaKTePU3y€EThCS HASIBHICTIO UITHOK MPOCBITIICHHS
o nepudepii Ta BEIMKOI KUIBKICTIO MakpodariB HaBKOJIO BEHO3HUX CHUHYCIB. B
011 MyJIBITl CIIOCTEPIraau 3pOCTaHHS MIUTFHOCTI CEPEIHIX Ta BETUKHUX TIM(OIUTIB,
MIa3MoOIuUTIiB. B repmMiHaTUBHUX IeHTpax JiM(AaTUYHUX BY3JUKIB HasBHE
BUTOHYEHHSI PETUKYJSPHOI CITKHM, IO OB ’A3aHO 3 MOCTYNOBUM 3aMILICHHSM B
CKJIaJIl peTUKYIISIPHUX BOJIOKOH Kosareny I Tumy Ha 3pini KoareHOB1 BOJIOKHA. Y
cTaii M3HbO1 TOKCEeMIi cene3inka Oyia rineprpodoBaHa, 30€piraaoch po3MIMPEHHS
1 KPOBOHAMOBHEHHSI CYIHMH 13 3MEHIIEHHSAM KLIBKOCTI MIKPOTPOMOIB B HUX. Y

YEpBOHIM MyJbIll HasBHA 3HAYHA KUIBKICTb EPUTPOLMUTIB, JTIMQPOIMUTIB PIZHOrO
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CTYINEHs 3pUIOCTI, 3pUIMX Ta HE3PUIMX IJIa3MAaTHYHUX KIITHH 1 (arouuTyrodux
Mmakpodaris [11].

3rifHO JaHUX JITepaTypH, HasBHI JOCIHIKEHHS, NMPUCBAYEHI BUBYEHHIO
BIUIMBY E€KCIIEPUMEHTAJIbHOIO KaHIEpPOreHe3y Ha KIITHHHHKA CKJIaa Ta
(yHKIIOHAIBHY aKTUBHICTH cese31HKHU. Uepes 1 Micsib micis BBeASHHS urypam 1,2-
JUMETWITIIpa3uHy Oula myJiblla Ma€ 30HaJbHY OyaoBy. Mexi JiMpaTHYHUX
BY3JIMKIB 1 MepuapTepiaibHUX JTIMPOITHUX MYy(T 30epiratoThCsi, OJHAK CTaIOTh
MEHII YITKUMH. ['epMIHATUBHO-(ONIKYISIPHUNA 1HJIEKC 3pOcTae, a JIMQPOITHUM
KOe(ILIEHT 3HMKYETHCS, BII0OpaXKatouu HAIMPY>KEHICTh TYMOPAIbHOTO IMYHITETY 1
4acTKOBO T-KIITUHHOI JIaHKM IMYHHOI BignoBial. JliameTp 1eHTpaiabHOI apTepii
3MEHIIYETHCS, a TOBIIMHA CTIHOK 30UTbIIyeThCs HA 12 %, 1110 MPU3BOAUTH IO POCTY
iHnekcy KepHorana, skhil CBIIYUTH MPO B3HIKEHHS MPOIYCKHOI 3/aTHOCTI
neHTpanbHoi aprepii. Ilicns 4-x MicsIiB eKCIepuMEHTY JIM(aTU4H1 BY3JIMKH
BTpavyaroTh MpaBwibHy ¢opmy. KuUIbKiCTh BTOPUHHUX BY3JIUKIB JOCTOBIPHO
30UTBbIIyEThCS B 2 pasu. ['epmiHaTUBHO-QONIKYISIPHUN 1HIEKC 3pOocTae, a
nimpoinauit KoedirieHT 3MiHIOEThCS He3HaYHO. [lnoma ¢otikyniB CKOpodyeThes 1
cknagae 25 %. 3MeHIIyeThCsl MIUPUHA MapriHaibHOI 30HU. JliameTp meHTpaIbHOT
aprepii ckopouyetbes Ha 21 %, a ToBIIMHA CTIHOK Ha 28 %, 110 MPU3BOIUTH 10
30utbmIeHHs 1HIeKcy KepHorana. binbmn BupaxkeHi 3MiHHM Ha 4-My MicAIll €
CBIIYEHHSM TOPYIICHHS HE JHIIEC MPOTUIYXJIMHHOI IMYHHOI BIAMOBIMI, ane i
MOXJIMBE MPOTPECYBaHHS HEOIIACTHYHHMX MPOIECIiB. 32 JaHUMHU IHIIHX aBTOPIB
BBEJICHHA 1,2-TUMETWITIIpa3suHy TPHU3BOJUTH JO 3MIH CIHIBBIHOIICHHS MIX
TiMbaTUIHUMU BY3JTUKaMH PI3HOTO JiaMeTpy 1 iX repMiHATUBHUX IEHTPiB. Uepes 4
MICSAIII TCHS 3aKIHYCHHSI BBEJICHHS KAHIEPOTEHY BiIMIYA€ThCSA OUIBII BHUpaKeHA
rimoriasisi By3JMKiB, B TOPIBHSIHHI 3 TaKOl 4epe3 | Micsaib AOCTIIKEHHS, KOIH
CIOCTepIrayii 3HaYHE CKOPOUYCHHS JiaMeTpy TePMIHATUBHUX IICHTPIB 1 MHUPUHU
MapriHalbHOI 30HM, CYTT€BE 3HWXKEHHS KUThKOCTI B- i1 T-mimdonuris, a Takox
3MEHIIEHHS JllaMeTpy mnepuaprepiaibHux mdiMpoinaux mydpt. Lle cBiguuth mpo
MPUTHIYEHHS JIOKAJIBHOTO IMYHHOI'O CTAaTyCy CEJIe31HKU MpU KaHUEpPOreHesi, LI0

CYNPOBOJIKYETHCA HEAOCTATHICTIO MPOTHUIYXJIMHHOI IMYHHOT BIAMOBIAL 1 MOXeE
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OyTH O3HAaKOW TMPUCKOPEHHS TEMIIIB 3IJ0sKICHOTO pocty [78]. 3a ymoB
EKCIIEPUMEHTATFHOTO KaHIIEPOT€HE3y Ta BBEICHHS IMUTOCTATHKIB Yy TKaHUWHI
CEeJIC31IHKM HAKOMUYYEThCS 3HAYHA KUIbKICTh TOKCHYHHUX MPOAYKTIB OKHCICHHS
minigiB. OctanHe 3yMoBIIeHO HaaMipHOO npoaykiieto ADK 1 qucbanancom gaHok
B CUCTEM1 aHTMOKCHUJAHTHOro 3axucty. [Ipm MopemtoBaHHI KaHueporeHesy 1,2-
JUMETUIT1IPa3uHOM NOPYLIYETHCS CUHTE3 [IIyTaTIOHNEPOKCHUIA3H 1
IIIyTaTIOHPEYyKTa3u B EHJOMJIa3MaTHYHIN CITHI Ha (OHI OKMCHOTO CTpecy Ta
auchYHKIIT TTyTaTIOH3aJI€KHOT JAaHKU aHTUOKCUIAaHTHOT cucTemu [20].

[Ipu MopmenroBaHHI Ha IMypax EKCIEPUMEHTAIBLHOTO IYKPOBOTO [ia0eTy
CIIOCTEPIraeThCs 30UIbIICHHAM KiibkocTi pS3+ B JIB cenesinku. P53+ — 610k, 110
pEryJloe amonTo3 CIUICHOIUTIB Ta 3[aT€H BIUIMBATU SIK HA 1HAYKIIO CHUHTE3Y
OpOAnoONTOTUYHUX (PakTopiB, Tak 1 Ha Horo npurHideHHs. [lpu cTumynamii ix
CUHTE3Y IMiJIBUIYETHCS MPOHUKHICTH MEMOpaH MITOXOHAPIN 1 BUKU IUTOXpomy C,
AKTUBYIOUM TPAHCKPHIIIIIO MpoanonToTuyHux OinkiB Bax, Noxa Ta pemnpecito
cuntesy Bel2. JloBeneHo, 110 pH IyKpOBOMY J1a0€Ti MOPYITYETHCS B3AEMOJIIS MIXK
p53+1Bcl2 B JIB cenesinku, mo € oHUM 3 (aKTOPIB PU3UKY PO3BUTKY ayTOIMYHHO1
MaToJIOTi, TaK SK BHUHHMKAE IUCOAIaHC TMPO- 1 AHTHANIONTOTUYHUX CTUMYJIB 1
MOKYTh BIUIMBATH Ha PIBEHb BWKHBAHHA CIUICHOIMTIB, IO MPOIYKYIOTh
BHCOKOAKTHBHI aHTUTLIA JI0 BJIACHUX aHTUTCHIB, B TOMY YHCIi 1 70 B-KIITHHHHUX
[16].

BBenenHs mrypaM HaHOYACTHMHOK MiJl TPU3BOJAWUTH 10 30UTBIICHHS
niMmbaTUYHUX BY3JIMKIB 32 PaxXyHOK 3pPOCTaHHS TEPMIHATUBHUX IIEHTPIB, [I€
BiIOYBaIOThCA TpolecH 01acTHOI TpaHcdopmarlii 1 pO3MHOKEHHs JTiM(OIUTIB, a
TaKOK 32 paXyHOK MaHTIIHO1 1 KpalloBOi 30H, J€ MPOXOAATH MpolecH AudepeHianii
KIITHH. 3a JYMKOIO aBTOPIB 3a3HAa4yeHI 3MIHM BUHUKAIOTh 4Yepe3 TMOPYIICHHS
rOMEOCTa3y, BHACHIIJOK pO37TaAiB MIKPOCJIEMEHTHOTO CTaTyCy oOpraHizmy. 12-
KpaTHE BBEJCHHS MiJl 3YMOBIIOE€ 3HWXCEHHS BITHOCHOI 00’ €MHOI MIUTBHOCTI
repMIHATUBHUX LEHTPIB, NepuaprepiaibHUX JIMPOiTHUX My T, 3MEHIICHHS
YUCEIBHOCTI KIITHH JIM(OIAHOTO POy 3a paxXyHOK 30UIbllIeHHS Makpodaris i

KJIITUH 3 O3HaKaMH JeCTpyKIii. Xapakrepum Oyyo NpUTHIYEHHs TpoJidepaTUBHOI
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AKTUBHOCTI KJIITUH JIM(QATUYHUX BY3JUKIB, a TaKOX MIABUIIEHHS TOTOBHOCTI
KJIITUH JI0 ananTosy [22].

3a yMoB nii rineprpasitaiii npoTsaroM 10-Tu JHIB COCTEPIraeTbesl MOMIpHE
3HMKEHHA JTIM(ONOeTHYHOI (QYHKIIT CeNe31HKH, 10 € OJTHUM 3 MPOSBIB 3arajbHOi
peakiii iIMyHHOI CHCTEeMH Ha BIUIMB CTpecoBoro ¢akropy. B momanpmomy e
OPU3BOJIUTE JO PO3BUTKY aAaNTallidiHUX 3MiH, IIO MPOSBISETHCS TMOSBOIO
miM(paTUYHUX BY3JIHMKIB 0€3 LEHTPY PO3MHOKEHHS, 3MEHUICHHSM pO3MIpY
TMGOITHUX CTPYKTYp 3 YIIUIBHEHHSM pO3MOAUlY B HHMX KIITHH 3a PaxyHOK
30UIBIICHHS YKMClIa MAJIUX JIMGOIMTIB HAa (POHI PI3KOTO MIABUILEHHS Mpoidepartii
KJIITHH B TEPMIHATUBHUX IIEHTPaX BY3JIHKIB. Pa3oM 3 MM 3pocTae YHCEIBHICTH
JIECTPYKTUBHO 3MIHEHHMX KIITHH, IO € HachiakoMm Tinokcii. [Ipu mpomoBkeHHI
BIUIMBY Ha OpraHi3M rimeprpasitaiii npotsiroMm 45 ni0 Bi1OyBa€eTbCsS CKOPOUYECHHS
rtonli T-3aneXHuX 30H OLT0T MyJIbIK MPU aKTUBAILIIl CTPYKTYpP BiINOBIJATbHUX 32
TYMOpPaJIbHUM IMYHITET (po3lIMpeHHs B-3anexHUX 30H 1 MOCHUJIEHHS B HHX
omactrpancdopmariii). Ilpy 1BOMY AECTPYKTHMBHI MPOIECH CTUXAKOTh 1
(bOpMYIOTECS CTIKI KOMIIEHCATOPHO-TIPUCTOCYBAIbHI 3MiHHU [43, 44].

[Ipob6nema mopyieHHsT 0OMiHY CIPKOBMICHUX aMiHOKHCJIOT CTa€ IEHTPOM
yBaru 0araTboX JOCIITHUKIB. BUBUEHHSM TaHOTO MUTAHHS IIKABWJIKCH 1 paHiIle,
KOJIM HaYKOB1 €KCIIEPUMEHTH ITPOJIEMOHCTPYBAIH SIK ITOPYIICHHS OOMiHY METIOHIHY
IPU3BOJATE 10 BaKkux BpopkeHux Ban [IHC, mpore Ha ChOTOAHINIHIN JeHB
BCTAHOBJICHO, IO JIAHWW CTaH YMHWUTHh CUCTEMHUH BIUIMB Ha opraHizMm. B Ykpaini
MOPYIICHHS 0OMIHY CIPKOBMICHUX aMIHOKHCIIOT peecTpyioTh y 10 % mopociux ocid
1 2 % nmiTelt Ta MUNITKIB. Y TAIi€HTIB 3 CEPLEBO-CYIUHHUMHU 3aXBOPIOBAHHIMU
JTaHWH ITOKAa3HUK KOJIMBAE€ThCA B Mexkax 40-43 % (2, 3, 4, 185].

["'oMorucTein — cipkOBMICHa aMiHOKHCIIOTA, IO € MPOMDKHUM TPOIYKTOM
oOMiHy MertioHiHy. [loTpamisitoun 10 opraHi3sMy 3 TPOAYKTAMU TBapUHHOTO
MOXO/KCHHSI, METIOHIH MATA€ThCS HU3I 010XIMIYHUX TIepeTBOpeHb. CrovaTKy BiH
ankuyerbcsi AT® 3 yTBOpeHHAM S-aaeHo3uIMeTioHIHY (S-AM). 3a gomomMororo
(dbepMeHTy IIUTUHO3WI-S-MeTUITpaHC(Pepa3u OCTAaHHIM Mepelae CBOI METUIIbHY

rpyny Ha nuto3ud B JJHK, yTBOprotoun npu 1pomy S-ajieHO3UITOMOLUCTETH (S-
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Al'). En3zum anenoswiromonucreinrigponasa (AIT) posmeritoe ioro 1o
azieHo3uHy 1 romouucteiny [160]. S-AM € BaxJIMBUM IPOMIKHUM MPOJYKTOM LIHX
peakiiii. Bin 6epe yuacts B MetuwiyBanni JIHK, PHK, OinkiB, mimiaiB, KpeaTuny,
docharuauinxoniny, aapeHamiHy. 3a3HaueHa HWoro poab B Moaudikamii
KkceHnoO10TukiB [15, 35, 109, 147].

B HOpMi romouucTeiH YTHII3YEThCS B OpraHi3Mi B  peaKIisx
peMeTHITyBaHHS, TpaHCCYIbQyBaHHs Ta AecynbdyBanns. [LInax TpanccynbhyBaHHS
PO3TMOYHHAETHCS 3 KOHICHCAIIIT IBOX MOJIEKYJI TOMOITUCTETHY Ta CEPHHY, BHACIIIOK
4oro YTBOPIOETHCS LUCTATIOHIH. Karanizye 11O peaxiiito
nipunokcanbdocharzanexxkuuii  ¢pepmeHT 1uctatioHin-B-cunraza (LUBC). B
NOJaJbIIOMY 3 ILMCTATIOHIHY TiJ BIUIMBOM IucTaTioHiH-Yy-mia3u  (LIJI)
YTBOPIOETHCS IIUCTETH, amiak Ta o-ketodytupar. I1in yac mporeciB peMeTHITyBaHHS
BIIOYBA€TbCSI ~ PECHMHTE3  METIOHIHY 3  TOMOIIMCTEiHY 3a  JIOIOMOIOIO
KoOanaminzanexxHoi MeTioHiHcMHTa3n (MC). HasBHuii Takoxx Ie OJUH HUIAX
pEMETHITYBaHHS 3a y4acTio (pepMeHTy OeTaiH-roMouucTein-S-mMmeTuinTpaHcdepasu
(BI'MT). O6unBa depMeTy € MUTO30JbHUMH 1 XapaKTEPU3YIOTHCS SIK [IMHK3ATICKH1
metuntpanchepazu. MC HasiBHA y BCiX TKaHMHAX OpraHi3My, B SIKOCTI METaJIbHOT
rpynu  BUKopuctoBye  N-5-metmnrerparigpodonar. BI'MT  BukopucroBye
SHJIOTCHHE MOXIAHE XOJiHy — OeTaiH Ta MPUCYTHIM B OUIBININ Mipl B TEYIHII,
KIpKOBIi pPEUOBHMHI HAJHUPHHMKIB, TKAaHWUHI MO3KY, CKEJETHIH MYCKYyJaTypi,
mwianedTi. [lpm  yTwiizamii  TOMOIMCTEIHY TUIAXOM  Aecyinb(yBaHHs, BIH
MIePETBOPIOETHCS Ha TiporeH cynbdin [5, 54, 56, 70, 73, 143, 151].

B mmasmi kpoBi rOMOUMCTEIH MPUCYTHIA y BHUIIISAL YOTHPHOX (HOPM:
TOMOITMCTEIH 3B’s3aHUN 3 OUTKamu, AuCynb(dinHa ¢popMa TOMOIUCTEIHY, BUTbHUN
TOMOITUCTEIH Ta TiodbHA (OpMa TOMONMCTEIHY. 3a JaHWUMHU OUTBIIOCTI aBTOPIB
HOpPMaJIbHUW PIBEHb WOTO B OpraHi3Mi 3HAXOAHUTHCS B MeXax 5-15 MKMOIB/II.
BcranoBneHo, 110 KOHIIEHTpaIlisi TOMOIMCTEIHY Bapilo€ 3 BIKOM Ta CTarTio. B
MOPIBHSAHHI 3 AITBbMHU, B JOPOCIUX OCIO BMICT Horo Buiuii B 2 paszu. IIporsrom
KUTTSI PIBEHb TOMOLMCTEIHY B KPOBI MIJBUILYETHCS, KOPEIIOIOYH 3 KOHLIEHTPAIIIEIO

Bitaminy B12 ta ¢onatis. B HOpMi BiH € BaXKJIMBUM [JIsi OpPraHI3My, OCKLIbKHU
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NIATPUMYE Ha MOCTIHHOMY PIBHI BMICT HE3aMIHHOI aMIHOKHMCJIOTH METIOHIHY.
OpHak 3HaYHE 3pOCTaHHS HOro KOHLEHTpaLli YNHUTh HU3KY HEraTUBHUX €(EKTIB
[128, 129, 153, 163, 171, 195, 197]. IIpu BMicTi TOMOLMCTEIHY BUILE 15 MKMOJIB/N
JIarHOCTYIOTh CTaH rineproMouucreineMii. HaykoBui BHIAUIAIOTH Taki #oOro
CTYIIEHI: JIETKUM, IPU SIKOMY TOMOIMCTEIH KOJMBAEThCA B Mexkax 15-30 MkMoIib/1,
nomipHuid — 30-100 Mxmow/1 Ta Baxkkuit — 100 Mmxmodib/1 1 6u1kIne [28, 36, 55, 126,
144]. TlomipHa rinepromonucTeinemisa y Biii g0 40 pokiB, SK MpaBUiIO, MPOTIKAE
6escumnTomHo. [IpoTe, pe3ynbTaTH MOCTIIKEHb, MPOBEACHUX B OCTaHHI POKH,
NoKa3aly, 10 HaBiTh piBeHb romouucreiny 10-12 MKMOJB/, IO € HOPMOIO ISt
oci0 crapuie 50 pokiB, MpU HASIBHOCTI CYNMyTHIX 3aXBOPIOBaHb (CeplieBO-CYJIUHHA
NaTOJIOT1s, XBOPOOU HUPOK) 1 pALY HIIUX (PAKTOPIB PU3HMKY, CIIIJI PO3TIIANATH K
noMmipHy rinepromorucreinemiro [32, 33, 37, 57, 79, 123, 146, 172].

J10 OCHOBHHMX IIPUYMH TIIEProMouucTeiHeMIT BIAHOCITh: T€HETUYH1 MyTallil
¢dbepMeHTIB, 110 KaTaJli3yIOTh peakilii MeTadoIi3My TOMOLMCTEIHY; IIKIJIUB1 3BUYKHU
— TAJIIHHSA, AJIKOTOII3M, HaJAMIpPHE CIIOKUBAHHS KaBU; MOPYIICHHS (PYHKIIH HUPOK;
BXKMBaHHg 1K1 Oaratoi Ha OUIOK, HEJOCTAaTHE HAIAXOMKEHHS BITaMIHIB;
3axBoproBaHHs opraHiB [IIKT — ractput, BupaskoBa xBopoba nuTyHka, BAPa3KOBUH
KOJIT, XBopoOa KpoHa, memiakis, eHTEepUT; OHKOIATOJIOTISA — PaK MOJIOYHOI 3aJ103H,
SIEUHUKIB, MNITYHKOBOT 3aJ103H, JIiM¢pobiacTHU Jieiko3 [52, 74, 78, 80, 111, 183,
190, 206].

['eHeTHYHI MPUYUHU TIIEPTOMOITUCTETHEMIT 3yCTPIYatOTHCS BITHOCHO PIIKO,
OJIHaK 3yMOBIIOIOTh PO3BUTOK BKKHUX MATOJIOTIH 1 HABITH CMEPTh B AUTSIYOMY BiIli.
JlocnmipKeHUMHU € BpPOJKEHI BaJM TEHIB METUJICHTETpariapodoraTpeyKTazu
(MTT®P), IBC ta MC. Myrtanii MTI'®P € naitbinpm BuBueHuMu. Yacrimie
3YCTPIYaIOThCA Ti, I TIOB’s3aHI 3 3aMIHOIO OJHOT0 HYKJICOTHAY B T'€HI, IO KOJIYeE
nanuii pepment. Bimomo C677T 1 A1298 C. B nepmioMy Bumanky BigOyBaeThCs
3aMiHa BaJIiHY Ha ajJaHiH, OO0 MPU3BOIUTH 10 CHHTE3Yy TEPMOJIa0LIbHOTO (DEpMEHTY,
KU XapaKTepU3yeEThCS 3HIKEHHSM aKTUBHOCTI HOTO y T€TEepO3UTOT Ta TOMO3ZUTOT
Ha 35-50 % 1 70 % BianoBigHO. HIIIA popma nedeKTy BUKIUKAE 3aMiHY II1yTamaTy

Ha anaHiH B C-KiHIIEeBOMY peryisitTopHomy aomeHi MTI'®P Ta cynpoBomXy€eThCs
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NnoMIpHOIO Tinepromouucreinemiero. Myrauii [IBC xapakTepu3yroTbcs 3HaYHUM
3pOCTaHHSIM KOHIIEHTpaIlii TOMOIUCTEIHY IJIa3MHU KPOBi, B OKPEMHX BHIIaJKaX Ha
80 % Ta mosiIBOI0 TOMOILIMCTETHYPI, SIBJIsIE COO0I0 MICEHC-MYTAallli Ta JieJelii ajaenei.
Binomoro Takox € myTtaiig reny A2756G, mo koaye MC, sika CylipoBOIKY€EThCS
3HIJKEHHAM AaKTUBHOCTI (EpMEHTYy Ta TiEeproMOLUCTEIHEMIEI0 CEPEIHbOTO
CTymneHst BaxXkocTi [25, 51, 65, 115, 119, 142, 152].

ExcriepumenTanbHi JAOCTIIPKCHHS HA TBapWHAX Jalld 3MOTY BCTaHOBHUTH
OCHOBHI MPUYMHHU TOKCUYHOCTI TOMOIIMCTETHY Ha opraHi3M. Ha cboronHimHii AeHb
HAyKOBI[l BHUAUISIIOTH OCHOBHI 3 HHX, a CaMe: aKTUBaIlii TOMOIMCTEIHOM
OKCHJIATUBHOTO CTPECY Ta CTPECY €HAOIUIa3MaTHYHOI CITKH, MIOPYIICHHS eKCIpecii
reHiB, TOMOLIMCTETHYBAaHHS OUIKIB, CTUMYJISALIIS TPOYKIIIT MEIaTOPIB 3aMajeHHs Ta
bi6po3y [53, 83, 84, 122, 125, 169].

Ponb roMorucTeiny B maToreHesi 0ararboX 3aXBOPIOBaHb HUHI aKTHBHO
BUBYaeThCs. Hapaszi meBHa KUIBKICTH pOOIT TPHUCBAYEHA BHUBUCHHIO HOTO
MOTIIKO/KYIOYOT 1T Ha €HIOTENIH CYJTMHHOT CTIHKH 1 y4acTi B PO3BUTKY YCKJIaHEHD
CEpIIEBO-CYIMHHUX Ta IepeOpOBacCKyIIpHUX 3axBopioBaHb [124, 135, 165, 186,
198]. BcTtaHoBneHo, 1110 y YOJIOBIKIB 3 PIBHEM TOMOIMCTEIHY, SKHI TEPEBUIILYE
BEpPXHIO MeXKy HopMHU Ha 12 %, pusuk iHQapKTy Miokapaa 301IbIIYETHCS B 3 pas3u.
3pocTaHHs HOT0 BMICTY B KPOB1 Ha KOKH1 5 MKMOJIb/JT BUIIIE HOPMHU ITPU3BOJIUTH J10
MiABUIIICHHS MMOBIPHOCTI MOSIBU KOPOHAPHOI maTojorii y 4osioBikiB Ha 60 %, y
x1HOK Ha 80 % Ta niepedpoBacKyIsspHUX matojorid Ha 50 % sK y 4OJOBIKIB, TaK 1y
K1HOK. ToMy TinmeproMoIucTeiHeMir0 BBaKaIOTh HE3AJICKHUM (PAKTOPOM PHU3UKY
MOPYIIEHb KOPOHAPHOTO Ta MO3KOBOI'0O KpoBooOiry [41, 42, 66, 81, 82, 98].

PerenbHuil aHani3 HayKoBOi JITepaTypu IOKas3aB, IO TOMOIMCTETH
CIPHUYUHSE YIIKOHKCHHSI EHIOTENIaTbHUX KIITHH Ta PO3BHTOK TPOMOO3iB.
Tpomborenna aist Moke OyTH OB’ si3aHa 3 MPUTHIYEHHSAM CHHTE3Y MPOCTAIUKIIIHY,
akTuBailiero V (akTopa 3ropTaHHS KPOBi, CHOBUIBHEHHSIM akTuBarlii mporeiny C,
0JI0Ka 1010 3B’ I3yBaHHS TKAHWHHOTO aKTUBATOpa IUIA3MIHOTEHY €HIIOTETiaIbHUMHU
kiituHamu. KpiM Toro, rinepromMorucTeinemis acoliiioBaHa 3 rineparperaiiero

TpoMOonutiB [176, 188]. BcTtanoBineHa poiab TrOMOLMCTEIHY B 3HM)KEHI CHHTE3Y
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EHJ0TENIEM pesakcyrodoro ¢pakropy — NO, cTUMYIIALIT TPOAYKLIi HEPOKCUHITPHUTY,
10 3yMOBIIIO€ 3aru0eb eniTeialbHUX KIITHH CYIUHHOI cTiHKH [94, 99, 100, 132,
152, 176, 192, 193, 196, 209]. doci>KeHHsS] OCTaHHIX POKIB IEMOHCTPYIOTh TaKOXK,
110 MTPU OKUCJICHHI TOMOIUCTEIHY reHepyroThcst ADK, SKi CHPHUYUHSIOTH PO3BUTOK
okcunatupHoro ctpecy [101, 118, 120, 138, 174, 177, 180, 199, 202]. Cnin
3a3HAYMTH, 10 B CTIHII1 CYJIUH BIH CTUMYJIIO€ OKUCJICHHS JIIII/IIB, B pE€3YyJIbTaTl YOTO
BUHUKAIOTH CIIPUSATINBI YMOBH JIIs ateporenesy [1, 26, 27, 29, 67, 87, 175, 184].

3HayHa KUTBKICTh pOOIT, MPUCBSYEHA BUBUEHHIO B3aEMO3B’ A3KIB M1’ PIBHEM
TOMOITUCTEIHY Ta PO3BUTKOM PI3HMX MATOJOTIYHUX CTaHIB, BHKOHaHA
criBpoOiTHUKaMu  Kadenpu OI0JIOTIYHOT Ta 3arajibHOi XiMmii  BiHHUIIBKOTO
HaIllOHAJBLHOTO MeJAUYHOro yHiBepcutety iM. M. . [luporosa [3, 4, 5, 23, 24, 25,
26, 27, 28, 29, 32, 33, 39, 43, 45, 46, 47, 52, 53, 54, 55, 56, 59, 60, 61].

TionakToOH TOMOIIMCTEiIHY aKTHUBYE arperamilo TPOMOOIUTIB, 1HAYKOBaHY
ADP, konareHoM Ta agpeHaniHoM. ABTOpKa 3a3Hayae, 110 TIEProMOIMCTeTHEMIS
HEraTUBHO BIUIMBA€ HA HYKJICOTHIHUM OOMIH, NMPU3BOJIUTH 10 3MiH aKTUBHOCTI
TPOMOOILIUTAPHKX, MIEUIHKOBUX Ta IUPKYIIOYUX (PepMEHTIB OOMIHY aJeHIJIOBUX
HYKJICOTHIIB BHACIIJIOK TMOPYIICHHS €Kchpecii BIANMOBIIHMX TE€HIB Ta iX
noCTTpaHCIsiiHy Moaudikamito. ['enepyroun A®K, BiH 1HaAKTHUBYE EH3UMU
HYKJICOTHAHOTO OOMIHY. B KiHIIEBOMY paxyHKy TMOpYIICHHS MeTaboi3My
aJICHIJIOBUX HYKJICOTHIIB CTBOPIOIOTH YMOBH JIJIs TIIIEPPEAKTUBHOCTI TPOMOOITUTIB
[23].

BceranoBnenuii BIUIMB XPOHIYHOI TimepromouucteineMii Ha MeTadoiizM
CIPKOBMICHUX aMIHOKHCJIOT B HHpPKax 3a YMOB TiloO- Ta TINEpPTUPEO3Y.
ExcriepumeHTanbHe  TOCHIIKEHHS JIEMOHCTPYE, IO TINEPrOMOIHMCTEIHEMIS
COpUYWHSE TIOpYIICHHS (YHKIIOHYBaHHA B HUPKax (PEPMEHTIB ITUKITY
pEMETUIIyBaHHSI ~ TOMOLIMCTEIHY  BHACHAOK  3HUKEHHS  aKTUBHOCTI  S-
ageno3unMetionincuHTeTasu (S-AMC) ta BI'MT, a Takox kaTtaboi3My LHUCTEIHY.
[HaykoBaHuii B UIypiB  TINOTUPEO3  BUKIMKAE TPUTHIYEHHS  MPOLECIB
pemeTwinyBaHHs Ta necynbyBaHHsA. [Ipm mbpOMy cCrOCTEpiraeThCs aKTHUBHE

3pOCTaHHS PiBHIB TOMOIIMCTEIHY Ta 3MEHILIEHHS BMICTY T1JIporeH cynbdiny [46, 47].
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[Tpu Baxkkii rineproMouucTeiHeMii Ha T A€IIUTY TAPOTeH Cynb(iay B
CEHCOMOTOPHUX JUISHKaX KOPH BEJIMKHUX MIBKYJb BUSBISAIOTBCS aTpOQIyHi Ta
JECTPYKTHUBHI 3MIHU HEHPOLHUTIB, BAKyOJIIpHA TUCTPOPis aCTPOLHUTIB, HOPYILIECHHS
CTpykKTypu  He#ponuio. CroocrepiraloTbcs  3HayHI  3MIHM B CYJUHAX
MIKPOLUPKYJISATOPHOTO pyciia CEHCOMOTOPHOI AUISIHKH, MOPYIIEHHS LLTICHOCTI
CTIHKMA KamnuIsIpiB, HEKPO3 E€HIOTENIaJbHOIO BHUCTEJIEHHS, NMPUCTIHKOBI TPOMOH,
MOBHOKPIB’ S cyauH [59].

HasiBHa gecTpykuii eHmoTeNnito, rinepmiasii rajJkuxX MIO3UTIB y CepeHii
oOosoHIl aopTH. JlOCHIKEHO BaKyoJsipHY AUCTpOo(ir0 CapKOIUIa3Mu, BTpaTy
NOCMYTOBaHOCTI MIO(Q10puJ, 3HAYHI JAUISHKM HEKpO3y Ta JIEHKOUUTaApHY
i UIbTpaIito Miokapay [3, 27].

TpuBani KIHIYHI JOCHIPKEHHS BCTAHOBWJIM, IO TIMEProMOIUCTEiHEeMis
ACOIIIOETHCS 31 3HMKEHHAM (pakiiii BUkuay Ha 18 % Ta moripiieHHsIM eHa0TeNii-
3anmexHoi BazoawnATamii Ha 42 %. ['oMOIMCTETH BHUCTyMHae MPEIUKTOPOM
KaJbIIMHOBAHUX Ta YCKIQJAHEHUX aTEPOCKIEPOTHUYHUX OJIAIIOK, 3YMOBIIIOE
pEMOJICITIOBaHHSl CYAWH, TiNepTodir0 Ta MPUTHIYEHHS CHUCTOMIYHOT (QYHKIT
Mmiokapna [32, 33, 92, 93].

3a yMOB TiOJaKTOHOBOI TIMEProOMOIMCTEIHEMIl MIABUIIYETHCS AKTUBHICTH
IPOIIeCiB TIEPOKCHIAIIIl JIMiIB Ta OKMCHOI Moaudikaiii OUTKIB B MIOKapi.
BinmigaeTbcs 3pocTaHHS MaJIOHOBOTO JiajbJETiAy Ta KapOOHUIBHUX TPyl OLIKIB.
Takoxx rimeproMonucTeiHeMiss 3yMOBIIOE€ PO3BUTOK IMTONI3Y KapiOMIOIHTIB,
minBumeHHss B KpoBi piBHIB ACT Ta K®K. ABTOpOM 1OBeIeHa CTaTh-
cnenu@ivHICTh 3a3HAYCHUX 3MIH. Y YOJIOBIKIB HETATUBHUW BIUIUB BUPAKCHHIM
OinpIe, MO MOB’SA3aHO 3 MABUINEHOI0 0a3aibHOIO Mpoaykilieto B Hux ADK Tta
BHCOKOIO aKTHUBHICTIO MPOIIECiB mepokcuaaiii [39].

JlaHi HAYKOBOI JiTepaTypH CBII4aTh, 1[0 TOMOIMCTEH 3aT€H CIIPUUYUHATH
PO3BUTOK HEAJIKOTOJIBHOI JKMPOBOI XBopoOw medinku. Kpim Toro, Ha oHi
IYKPOBOro AiabeTy 2-ro TUIYy Ta MIABUILEHOrO PIBHS TOMOIMCTEIHY BUHHKAIOTh
YMOBH JJisl YpaK€HHs TKAaHUHHU TEYIHKH. ABTOpU 3a3HAYAIOTh, L0 TPUBAIUMN

MpUHOM IYKPO3HIKYIOUMX 3acO0IB CTa€ MNPUYUHOIO TINEProMOIHUCTEIHEMIT,
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BHACIIZOK HeJocTaTHOCTI BiTamiHiB B12 Ta BY9. Hacnigkom 1poro € mopyuieHHs
MPOIIECY PEMETUITYBAHHS TOMOIIMCTEIHY 1 BIIMOBIAHO I11€ OUIBIIIOT0 3pOCTaHHS HOTO
B opranizmi [50, 51].

Takum YMHOM, TINEProMOIUCTEIHEMIS YHUHUTh HETaTUBHUM BIUIMB Ha
OpraHi3M, 3yMOBIIOIOYHM YPaKCHHS BCIX OpraHiB Ta CHCTEM 1 HPU3BOJAUTH [0
MOPYIIEHHS] TOMEOCTa3y BHACIIIOK HEMOXIIMBOCTI MIATPUMAHHAMU HUMU (QYHKII1H
Ha HaJIeKHOMY piBHI. HaykoBa CHilbHOTa aKTHMBHO 3alMa€ThCs BHBYCHHSIM POJTi
TOMOIIMCTEIHY B MATOT€HE31 YUCIEHHUX 3aXBOPIOBaHb. [IpoTe, 10 ChOrOAHIIIHHOTO
yacy y BITYM3HSAHIN JITEpAaTypl HasiBHI JIMIIE HE3HAYHI1 JIaH1 3 TPUBOJY BILUIUBY MO0
Ha CTPYKTYpY Ta GyHKIIIi OpraHiB IMyHHOT'O 3aXUCTY, 3a3HAUYCHI HUXKYE.

JlimponuTu excrpecytoTh Ha cBoiil moBepxHi NMDA-peuenTopu, 3maTHi
B3aeMoOJiATH 3 roMoructeinoM. [lim HOro BIJIMBOM B KIIITHHAX 30UTBIIYETHCS
kutbKicTe ADK, BMicT Ca2+ ta AT®. Kpim Toro, rineproMmonucTeiHeMisi CTUMYITIOE
npoaykuiro gimdorutamu IFN-y 1 TNF-a, 3anmiroroun mnpoteinkinazy, HAJIDH-
okcuaasy 1 NO-cuHTaszy. HacnigkoM Takoro BIUTHBY € 3aru0essb JiM(OIUTIB MUISIXOM
anonrto3y. ABTOpPHU 3a3HAYal0Th, 1[0 B KPOBOHOCHOMY PYCIIi MOCTIMHA CTUMYJISIIIS
KJIITHH IMYHHOT CUCTEMHU 3a JaHUX YMOB IIPU3BOIUTH 10 ii BUCHAKEHHS [34].

3riHO JaHUX IHIIMX aBTOPIB, TOMOIMCTEIH B3a€EMOIE 3 I1HOTPOIHUMU
perenTopaMu TiyTamaty, Mo akTUBYIOThCS NMDA. AKTuBalis IUX PerenTopiB
IPU3BOIUTS JI0 TIOCUJICHHS BX01y 10HIB Ca2+ BcepenHy KIIITUHU 1 3pOCTaHHS PiBHS
A®K, akTuBaiii mporeciB MepeKUCHOTO OKUCICHHS JIMIIB 1 allONTO3Y JTIM(OIIUTIB.
Cnig 3a3nauntd, 1o Onokaga NMDA-penentopiB T-KIITHH TOMOUKCTEIHOM
npurniuye cuate3 MPHK 1 mocunenns cexpenii INF-y, TNF-a, IL-10. Onqnokpatae
BBEJICHHS MIOT0 CYIPOBOIKY€ETHCSI BUPAKEHUM 3HUKEHHSIM yucia T-1iMpOnuTIB 11X
cyomomyssriit [136]. Ha mymky aBTOpiB 11e¢ 0OYMOBIICHO MiJBUIICHHIM EKCIpecii
MOJICKYJI re3ii SIK 0 €HIOTETIONMTIB, TaK 1 70 JTIM(OIUTIB, IO 3a0e3Medye aare3ito
TiMGOIUTIB 10 CYIMHHOI CTIHKH 1 THM CaMUM, CKOPOUYECHHS IyJy MUPKYITIOIOUYUX
aimdoruTie. He BUKIIOUEHO, 1110 YaCTUHA 1X eNIMIHY€e BHACTIA0K akTuBarii NMDA -
perenTopiB 3 HACTYITHUM pO3BUTKOM amonto3y. OmHak 3a yYMOB XPOHIYHOI

rINeproMOUUCTeIHEMIT Yy TBapuH HaBMaku OyJoO 3apeecTPOBAHO 3POCTaHHS
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yucenbHoCcTl T-mMdouuTiB 3a paxyHok T-nmroroxkcnunux. Ilpum BBeaeHHI
roMoructeiny 1 pas Ha 700y MPOTITOM TIDKHS Y TBapWH, OUYEBUIHO, aKTUBYIOTHCS
MEXaHI3MU aJanTailii, Mo J03BOJISIIOTh 1HAKTUBYBATH aMIHOTION SIK KCEHOOIOTHK.
Bucoki 1031 TOMOLMCTEIHY MONIKOIKYIOTh TKAHUHHI CTPYKTYpPU CEJE31HKH, IO
CYINPOBOJIKYETHCS PO3BUTKOM ayTOIMyHHUX pEaKIliid, CBIIYEHHSM YOr0o € pi3Ke
3pOCTaHHs KOHIIEHTpAIlli BCIX IIUTOKIHIB 1 0oco0nuBo [L-17A [62].

[Tpu BruMBI roMoICTeiHY Ha JiMporuT B naiienTis 3 [XC BusBieHo, uio B
KYJIbTypl KJIITUH NepUPEepUyHOi KpOBI MPH HOro 3pOCTaHHI aKTUBYBaJuCh Fas-
peuentopu T-xenmepiB Ta ix miranaun CD178. PanniM Mapkepom amnonrto3y Oyiia
excrpecist APO 2.7. B noganpiioMmy Ha MeMOpaHi KJIITHH 3’ SIBJSUIMCH HETaTHUBHO
3aps/pkeHi  Qocdoninign B ocHOBHOMY  dochartunuicepur. Ilpu  1mpomy
KoHIeHTpalis Bcel-2, mo B HOpMI 3axulliae KJIITHHU BiJl allONTO3y 3MEHIIYBAJIaCh,
PU3BOJITYM /10 iX 3arubeni [1, 2, 3, 4].

Ha  wmomeni  donar-iHaIyKoBaHOiI — TINEProMouMCTeiHEMII  BUSBJICHA
HecTaOuTbHICTE TeHOMHOI JIHK cenesiHku mypiB, 10 BUPAXKAETHCS 3HUKEHHSIM
MOKA3HUKIB €JIACTOB’SI3KOCTI 1 MOJIEKYJISIPHOI MacH, a TaKOX IIJIBUIEHHSIM il
noctymnHocTi rigpoinizy JIHK-a3oro I ta pectpuxrazoro EcoRI [33].

BimoMo, mo roMomnucTeiH 37aTeH 3adydaTHCh B TIPOIECH METadOoJI3My
MITOXOHAPIN KIiTHH, maBumyoun mpoaykiiito ADK 1 pieens ioniB Ca2+, 1mio
IPU3BOJIUTE JI0 PO3JaJIiB TKAHMHHOTO JUXaHHS 1 3pOCTaHHS MOTEHIliary MeMOpaH
oprasen. 3ajay4aloyuch JI0 MITOXOHAPIaNbHOTO MeTadoni3My T-miMQOIHUTIB,
3YMOBIIIOE iX TepenporpaMmyBaHHs. 3a3HadeHi 3MiHM B T-KIITHHaX 3alycKaroTh
MEXaHI3MU PO3BUTKY CTPECY E€HAOIUIa3MaTHYHOTO PETUKYIyMa, IO B CEJE3IHIN
MIPOSIBIIIETHCS MiNBHIEHHM iX MapkepiB — p-elF2a, p-PERK, IRE-10, XBP-1 [90,
141].

Bakka rinmeproMorucTeineMisl CTa€ TPHYMHOI 3amanbHOi audepeHiamii
MOHOIIUTIB B YEPBOHOMY KiCTKOBOMY MO3KY, 3yMOBIIIO€ 3pOCTaHHS B TIa3Mi KPOBI
piBHiB TNF-a, IL-6, mpoaykuito cynepokcun aniony, IFN-y. ABTop 3a3Hauae, 1o
aHAJIOTTYH1 MPOIECH 3a JJAHUX YMOB CIIOCTEPIratOThCs 1 B MEPBUHHUX CIUICHOIUTAaX

ITypiB, @ IPUIMHOIO € AKTUBALIISI TOMOIIUCTETHOM OKCHAATUBHOTO cTpecy [205].
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[TigBuIIEHU piBEHb TOMOLUCTEIHY CIPUYUHSIE AllONTO3 CTOBOYPOBUX KIIITUH
YEepBOHOr0 KICTKOBOTrO MO3Ky muisixoM aktuBauii JNKI1 (N-tepMmiHanpHa KiHaza
ciMelicTBa MIOTE€H-aKTUBOBaHUX MPOTETHKIHA3) [77].

B mitepaTypl € Tako 3rajiku Ipo Te€, 0 TOMOIMCTEIH 3HAYHO MOCHIIIOE
npoiidepaiiro B-nmimboruTie B cenesidmi. [IpuunHy gaHoro siBUINa JOCTIIHUKH
OB’ SI3YIOTh 3 akTHBalli€to nporeinkinazu C ta simepHoro dakropy kanna B (NF-KB)
[207].

Buxonguu 3 BHIlle 3a3HaYEHUX JAHUX, TOMOLMCTEIH 3/1aT€H MOPYILIyBaTH
(YHKIIOHYBaHHSI OKPEMHMX JIAHOK IMyHHOI CUCTEMH LUISIXOM 3aru0ei KITuH abo ix
HaJAMIPHOT T1IEePCTUMYJISAIIII, IO B CBOIO YEPTY, IPU3BOIUTH 10 BUCHAKEHHS CUCTEMU
B 1uiomy. [Iporte, 1 10 CbOroAH1 BIIICYTHI JlaHi HIOJ0 3MiH CTPYKTYpHU OpraHiB
KPOBOTBOPEHHS Ta IMYHHOIO 3aXHCTy, TOJIOBHUM YHWHOM CEJIE31HKH, 32 YMOB
rinepromonucreinemii. ToMmy BHBYEHHsS OCOOIMBOCTEH MOP(MOIOTIUHUX 3MiH
CeJIe31HKH Ha CBITJIOONTUYHOMY Ta YJIBTPACTPYKTYPHOMY PIBHSX IPH IMiIBUILIECHOMY

PIBHI TOMOITUCTEIHY € aKTyaJIbHUM 3aBJIaHHSM.
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PO3JILI 2
3ATAJIbHA METOJMKA i OCHOBHI METO/U JOCJIJUKEHD

2.1. 3aranpHa MeTOaUKA Ta 00’ €KTH HOCIIIKEHHS

Jlochminn Ha eKCHepUMEHTAIIBHUX NIypax TMPOBEACHI 3 JOTPUMAHHSIM
MDKHApOJHUX PEKOMEHJIaliid MPO BUKOHAHHS MEAMKO-010J0TTYHUX JOCTIIKEHb 3
BUKOPUCTaHHSAM TBAapWH BIAIOBIAHO JO «3arajbHUX NPHHIMIIB poOOTH Ha
TBapuHax», 3aTBeppkeHnMHM | HarmioHaneHuM konrpecom 3 Oioetuku (Kwuis,
VYkpaina, 2001) 1 moropkeHe 3 MOJ0KEHHAMH «EBpONEChKOi KOHBEHIIIT 13 3aXUCTY
XpeOCTHUX TBApHH, SKi BHKOPHUCTOBYIOTHCS B EKCIICPUMCHTAJIBHUX Ta IHIIAX
HaykoBuX munsix» (Ctpacoypr, @paniis, 1986) [20]. Komiretom 3 6ioeTuku
BiHHUIIBKOTO HAIIOHAJBHOTO MeauyHOTro yHiBepcutery 1iMm. M. I. [Tuporosa
3aTBEp/KEHO, II0 POOOTa BHUKOHAHA 13 JOTPUMAHHSIM €THYHUX TPUHIUIIIB
(mpotoxoa Ne 8 i 17.10.2019 p. i mporokon Ne 4 Bix 18.05.2023 p.).

ExcnepumenT mnpoBeaeHo Ha 64 OutMx Oe3MOpOAHUX IIypaX-CaMIaX
(mepmanenTtHa Bara — 61-335r1), mo otpumadi 3 BiBapito BiHHHIIEKOTO
HaIllOHAJBLHOTO MeIUYHOTO yHiBepcuteTy iM. M. . [Tuporosa. JlaboparopHi mypu
3HAXOJUJIWCh B 3BHYAHMX YMOBax BiBapii0 3 12-rONMHHUM PEXKUMOM JEHB/HIY,
BOAY 130amancoBaHui rpaHyIbOBAaHUN KOPM OTpUMYyBaiu ad libitum BiANOBIIHO A0
BCTAHOBJICHUX HOpM. Uepe3 3a3HadeHi yMOBaMHU JOCHIKCHHS TPOMDKKH Yacy
TBAapUH BHWBOJWIN 3 EKCIEPUMEHTY, 3HEKHBIIOIOUM METOJOM JeKamiTamii Ta
BUKOPUCTAaHHSM TIOMEHTAJIOBOTO HapKo3y (TiomeHTan Hatpito 100 mr/kr B/0d).
I[Ipouemypu, mo nepeadadeHi eKCIEPUMEHTOM BUKOHYBAJIM B POMikKax yacy 3 9%
no 10%. 3aranpHuii cTaH MypiB, KiTBKICTH CIOKMTOTO KOPMY Ta BOJH OLIHIOBAIH
moAeHHo. KoHTposibHE 3Ba)KyBaHHs IITyp1B MPOBOINUIN KOXHI 7 1i0.

[TpoTarom mociipKeHHs eKCIIEPUMEHTATLHUX TBAPUH PO3MOIUTSUIA HA TPYITY

KOHTpOJIIO Ta rpymny gociainy (puc. 2.1). KoxHa 3 HUX MOAUIATIACH HA MIATPYIH B
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3QJIKHOCTI BiJl BIKY, a caMe — MOJIO/I1 IIypH BiKoM 1-2 micsili, 1opocii mypu — 6-8
MICSLIIB, cTapl ypH — 24-26 micauiB. XpoHiuHy cTidKy ['T1 MmonemoBaiy nuisixom
BBeseHHd D,L-TionakToHn romouucteiny rigpoxiuopuay (Acros Organics, Itamis)
TBapUHAM JIOCHIHOI rpynu B 11031 200 MI/Kr Macu Tula BHYTPILIHBOILTYHKOBO
(B/n) Ha 1 % po3uuni kpoxmaiabHoro remo (1 ma /100 r macu nrypa) 1 pa3 Ha 100y
MpOTAroM 8 THKHIB. J{aH1 HAyKOBOI JIiTepaTypu CB1IYaTh, 1110 B/III BBEICHHS TaKO1
71034 TI0JIAKTOHY TOMOLMCTETIHY 3a0e3euye 3pOCTaHHs PiBHS MOr0 B KPOBI LIYpiB
OuIbIlIe, HK Y 2 pa3u Ta HE COPUYMHSE 3aruOesl iX 3a YMOB TPUBAJIOTO BBEJICHHS.
Hlypam rpynu KOHTpOJO B/l BBOAWIM 1 % po3unH kpoxmanbHOro reito (1 mi

/100 r macu mrypa) 1 pa3 Ha 100y YIIPOJOBXK 8 THXKHIB.

I'pymua
eKCHepHMeHTAILHAX
; mypiB \
Konrpoabha rpyna Hocainna rpyna

i Mooxi (n=11) MoJozi (n=11) i
: E
2 Jopocai (n=11) Jdopoci (n=11) p- ol
ot 2
= =
= _ :

- Crapi (n=10) Crapi (n=10) -

] I

D,L-tiosakrony I'n
rigpoxjiopuay B/m (200
MI/KI Macu mypa) 1 p/n

60 1iod

1 % p-n KpoXMaJILHOTO
resito B/m (100 mur/100 ¢
macu mypa) 1 p/in 60 xio

Puc. 2.1. 3aranpHuil 1U3aitH JOCTIKEHHS 3 PO3MOUIOM TBAPUH HA TPYIIH.
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2.2. MeToau JOCIIIKEHHS

2.2.1. JIabopaTopHi Ta 610XIMIYHI.

Peaxmuesu i oonraonanns. 1lin yac NTOCHIIKEHHST HAMH BUKOPUCTOBYBAJIUCH
Takl peakTUBHU: Ti00apOiTypoBa KUCIOTA, 2,4-TUHITPOPEHIIT1IPA3HH, KBEPLUUTHUH,
TPUXJIOPOIITOBA KUCIIOTA, (hepoTioliaHaT amoHito, kazeid, NaOH, 0,05 M (pH=7,4)
dbocdarumii oydep, CTUJICHIIaMIHTETPAOILITOBA KHCJIOTa (EATA),
deninmermicynbhonigTopus (PMSF).

Kpim Toro, nonatkoBo Bukopuctano HacTynHi peaktusu: 0,05 M Tpuc-HCI
oydep (pH=7,4), Tween-20, cyxe momnoko, bpendopn poszuun, H,O,; nepBunHI
AQHTUTLIA JUII MATPUYHUX METAIONPOTETHA3; MOJIKJIOHAbHI aHTU-KPOJISTUl aHTUTLIA
KOHBIOTOBaHI 3 MEPOKCHIIAa30l0 XpOHY, CyOCTpaT IS TMEpPOKCHIA3W XPOHY O-
deninenaiamin (OPD) BupoOHunTBa dpipmu «Sigmay, CIIA.

Jlo mepeniky oOnamHaHHs Bxoawnu: Hablp «Homocysteine EIA» (Axis-
Shield, Amnrmis), aBromatuunuii anamizarop STAT FAX 303 / PLUS,
cnexkrpodoromerp CD-26, imyHodpepmentauii Hadip «Rat TGF beta 1 Platinum
ELISA» (eBioscience, ABcrtpis), Habip CPB-UDA-BECT (Bekrop-bect, P®D),
amapaTr JUIS TMPEnapaTUBHOTO BEPTUKAILHOTO JUCK-enekTopodopesy (BioRad,
CIIA), nenrpudpyra CM-6M «ELMI»; uentpudyra Allegra 64R «Beckman
Coultery»; wikporutanmetnuid pinep BupoOHunTBa ¢ipmu «BioTec» CIIA;
cnexkrpodoromerp «Smart Spec Plus» BupoOHunTBa dipMu «BioRady», CIIIA;
aBTOMATHYHI TINETKH Ta go3atopu «Humapette»; MarHiTHI MIIIAJIKH, MINETKA
aBTOMATHYHI, TEPMOCTATH 1 T.A. € TPOAYKI€I ¢ipM, MO MPAIIOIOTH 3TITHO
cragmapty ISO 9001; mmactukoBuii madoparopHmii mocyn (TUTAHIIETH IS
IMyHO(DEpMEHTHOTO  aHajidy; IUIAHIIETH 3 HECOPOYIUOl  MOBEPXHEID;
enmenaopdbu, mpobipku Ta iHIIE oTpuMaHo Bix (ipmu Sente-Lab; cxistHui
naboparopHuil mocyj (KojiOW, cTakaH, MpoOIpKH, HWIIHIAPU Ta 1HIIE) (PipMU

Simax.
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BioxiMiuH1 qOCHIIKEHHS MPOBOAMWINCHL Ha 0a3i kadeapu O10J0TIUHOI Ta
3arajgpbHOl  XIMIi 1 HAyKOBO-JOCHIHOI KIJIHIKO-A1arHOCTUYHOI jabopatopii
BiHHUIBKOTO HAaIllIOHAJBHOTO MeAu4Horo yHiBepcutery iM. M. L. [luporosa
(cBimonrtBo Ne 04915 MO3 VYkpainu npo aTecTaiii), a Takox kadenpu O1oximii
HHII «Iactutyt 61070rii Ta Menuuuan» KHY imeni Tapaca llleBuenka.

Memoouxa 3abopy i npucomysanHs 3paskie mamepiany O0Jsi O0CAIOHCEHHSL.
KpoB y 11ypiB 3a0upanu npu npoBeJeHH1 AeKaniTalli, 1aji ii HeHTpudyryBaiu npu
1500 g 20 xB 1 Temneparypu 18-22 °C, BigOupanu aqikBOTH CHPOBATKH KpPOBI B
npoOipku Eppendorf ta 10 MOMEHTY BUKOHAHHS BJIaCHE JOCIIKEHb 30epiraiu npu
temnepatypi -20 °C.

Cenesinky Bunansiau, nepdysyBanud xoiaoaaum 1,15 % po3unHOM Kaliro
XJIOPUY, TOMOT€HI3YBAJIM B CKJIITHOMY TOMOTEHI3aTOP1 3 Te(hJIOHOBUM MECTHKOM B
cepenoBumli 1,15 % xamiro xnopuny (cmiBBigHomeHHs 1:3) mpu 3000 o6/xB.
npotsroM 5 xB. ['omorenatu uentpudyryBam 30 xB. npu 600 g, BimOupanu
QITIKBOTH TIOCTSAJIEpHOTO cynepHaTaHTy B npoOipku Eppendorf ta 36epiranu npwu
temrepatypi -20 °C.

Pigui comoyucmeiny 6 cuposamyi xkposi NOCIIJDKYBaId 3a JOTOMOTOIO
Habopy «Homocysteine EIA» (Axis-Shield, AHrmisi), BHUKOPUCTOBYIOYH
OpUTIHAJIbHI THCTPYKIIi (ipMHU-BUpOOHMKA. [IpHHIIMI METOAUKH TIOJISITaE B
HACTYITHOMY: 3B’si3aHMM 3 OUIKaMU IUTa3MH TOMOIIMCTETH BiTHOBIIIOETHCS 10
BUTRHOTO TOMOIIUCTEIHY, SIKMil 3rogoM meperBoproeThess B SAH. Bmict SAH B
3pa3kax Bu3HauaBcsi MerogoMm IDA. B nyHku muiaHmeTiB, Ha CTIHKaX SKUAX
aacopOoBani antutina 10 SAH, nomaBanu mo 25 MKII CTaHAAPTHUX PO3YUHIB (3
BimomMumu KoHIeHTpaiisiMu SAH), KOHTpobHUX TIPOO Ta MPOO CUPOBATKH KPOBI,
200 Mk MoHOKIOHAMKHUX aHTH-SAH-anTutin. [HkyOyBanm 30 xB. mpu 18-25 °C.
JIyHKM BiIMHBaJIHM BiJl HA/UIMINKY HE3B’ 3aHUX PEarcHTIB, BHOCKIN B HEX 100 MKII
depmenty Ta iHKyOyBanu mie 20 xB. pu 18-25 °C nys yTBOpeHHS Ha TBepAin ¢asi
komiiekcy AT-AI'-AT-en3um. [loTiM JIyHKM 3HOB BIAMHBAJIM Bl HAIJIUIIKY
He3B si3aHuX peareHTiB 1 BHOcHIH 100 MKII CyOCTpaTHOTO pO3UHMHY, SIKUW pearye 31

3B’SI3aHUM Ha TBepAi ¢a3l eH3UMOM 3 YTBOPEHHSIM 3a0apBJIEHOI PEYOBHUHH,
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iHkyOyBasnin 10 xB. mpu 18-25 °C. Peakuito 3ynussuiin 100 MKJI CTON-pO34MHY 1
doromerpyBanu npu 450 uM (audepenuiitnui GuibTp 630 HM) HA aBTOMATHYHOMY
anamizatopi STAT FAX 303/PLUS. YUytnusicts Habopy ckianae <I,0 MKMOJIB/II,
koedimieHT Bapiatii <10 %.

PexoMeH10BaHa IHCTPYKIII€IO IHTEPHPETALlis Jlana30Hy PiBHIB TOMOILIUCTETHY
Taka: HU3BKUM piBeHb — 5,6-8,4 mkmonb/n, cepennii — 10,0-15,0 Mxmoub/i,
Bucokui — 20,0-30,0 MKMOJIB/I1.

Bmicm  manonosoco Odianvoecioy (M/[A) Bu3Hayanum 3a peakiier 3
Ti00apOiTypoBoto kucioroto. [Ipu HarpiBanHi B Kuciaomy cepenoBuii MJIA
YTBOPIOE 3 Ti00apOITYpOBOIO KHCIOTOIO 3a0apBlIEHUN KOMIUIEKC YEpPBOHOIO
KOJIbOPY 3 MaKCHMyMOM CBUIONOTIMHAHHA Tipu 535 HM. [l po3paxyHKiB
BHKOPUCTOBYBAJIM MOJISAPHHI KoedimienT exctunmii — 1,56x10° cm™' M,

Pigni  xapboninonux epyn npomeinié BU3HAYAIU 3a peakiiero 3 2,4-
muHiTpodenunriapasudom [9]. Ilpu okuCHEHHI MNPOTEiHIB B anmipaTHUHUX
aMIHOKHCJIOTaX YTBOPIOIOTHCS KapOOHIJIbHI TPYITH, @ BOHH 32 YMOB B3a€MOIi1 3 2,4-
TUuHITpodeHUITIApa3uHOM  (HOpMYIOTh (EHUITIIPA30HK 3 TIEBHUM CIIEKTPOM
norJiMHaHHA Ha JoBXUHI XBUI1 490 HM. Jo 0,1 M1 roMoreHary cene3iHKH J101aBajin
0,5 M1 0,5 M HCl, 0,2 m11 0,2 % po3uuny 2,4-nunirpodenuirigpasuny y 0,8 M HCL
Cywmim inkyOyBanu 10 xB. ipu 20 °C, ocamxysanu niporeinu 0,3 miu 10 % po3uuny
CCI3COOH, uentpudyrysanu 10 xB. mpu 3000 06/xB. Ocaa nBa pa3u MpOMHUBAIH
1,0ma 5 % pozunny CCI:COOH, unentpudyrysanu 10 xB. mpu 3000 06/xB. o
ocany niporeiniB qomaBanu 1 mut 0,9 % pozunnay NaCl i 1 mu 5 % po3unny NaOH.
[akyOyBanu 20 xB. mpu 20-22 °C. DoTOMETpit0 MPOBOIWIN HA JIOBXKUHI XBHII1
490 am.

Axmuenicmos COJ/] omiHIOBaNIM 3a CTyNEHEM IHTIOyBaHHS OKHCHEHHS
KBEPIICTHUHY.

Pieni monexyn cepeonwvoi macu (MCM) B cupoBaTIli KpOBI Ta TOMOTEHATaX
CEJIE31HKM €KCIEePUMEHTAIbHUX TBAPUH BU3HAYaiu 3a meTtojoM Jligpmmuus P. 1. Jlo
0,2wmn  mna3mMu  KpoBi  (romoreHary) gomaBanu 1,8 ma 10 %  pozuuny

TPUXJIOPONTOBOT KUCIOTH, HeHTpudyryBanu npu 3000 06/xB. 30 XB., BIAAUISIIH
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cynepHaranT. Jlo 0,5 Ma cynepHatanTy JoAaBalid JAUCTUIBOBAaHY BOIY Y
cniBBiHomeHH! 1:10, BU3Hayanu ONTHYHY IIUIBHICTH HA JOBXKHHI XBWI1 254 HM
(xatabomiyauit nmyn MCM;) ta 280 M (amabomiuauii nyn MCM,) Ha
cnektpooromerpi CD-26. PesynpTaTh JOCHIKEHb HAIAalOTBCI B YMOBHHUX
OJMHUIIAX, SIK1 BIMMOBIAAOTEH MOKA3HUKAM ONTUYHOI IIIJIBHOCTI.

Bmicm 3acanvnux ¢hocghoninioie B roMoreHaTax CeJIe31HKH JTOCTIIKYBaIH
eKCTPaKI[IHHO-(DOTOMETPUYHUM  METOJOM 32  YTBOPEHHsIM  TiipodoOHOTO
KOMIUIEKCY 3 (hepoTioliaHaToM aMoHio [56].

Pigni TGFp Buznauanu merogom [DA 3 Bukopuctanuam Habopy «Rat TGF
beta 1 Platinum ELISA» (eBioscience, ABCTpisi), KOPUCTYIOUHCH THCTPYKIIIEIO
bipMu-BUpOOHUKA. 3pa3ku cUpoBaTKU KpoBi 10 IPA mociiKeHHs TOTYBalId TAKUM
quHOM: 710 20 MKJI cpoBaTKu KpoBi gojaaainu 920 mxi OydepHoro pozuuny (PBS,
1 % Tween 20, 10 % BSA), 30 mxn 1 M HCI, nepemimryBanu, iHkyOyBaiau 60 xB.
npu KIMHaATHIA TeMmreparypi, HehTpamizyBanu gomaroun 30 mxa 1 M NaOH Ta
nepeMiITyBau.

B nyHku miaHimieriB, Ha CTiHKaxX SKux ajacopOoBani aHtutiia no TGFp,
nomaBanu 1o 80 Mki OydepHOro poszumHy, 20 MKJI CTaHIAPTHUX PO3YMHIB (3
Bimomumu KoHueHtpamismu TGFB — 0; 31,3; 62,5; 125; 250; 500; 1000;
2000 nr/mut), KOHTPOJIBHUX MpoO Ta MPOO CHPOBATKH KPOBi, T€PMETHU3YBAIH
aJre3uBHOIO TUTIBKOIO, 1HKYyOyBanmu 2 roa. mpu 18-25°C nHa meiikepi. JlyHku
BiIMMBAJIW BiJ HQJIMIIKy HE3B S3aHMX pearcHTiB, BHOcWIM B HuX 100 MK
kon toraty antutin 10 TGFP 3 GioTMHOM, repMeTH3yBajau aAre3uBHOIO ILTIBKOIO,
iHkyOyBanu 1 rox. mpu 18-25 °C. Jlami nyHKM 3HOB BIAMUBAIM BiJ HAJJIUIIKY
HE3B’s13aHUX peareHTiB 1 JoaaBaiu 100 MK €eH3UMHOr0 KOH 1orary (CTpenTaBiIuH-
MepOoKCHIa3a XpiHa), TepMEeTU3yBAIN aAT€3UBHOIO TUTIBKOIO, iIHKYOyBanu 30 xB. mpu
18-25°C. JlyHkm BiZMHBaIMd BiJl HAUIMIIKYy peareHTiB, BHocwim 100 MK
xpomoreny — tetpametunoeHzuauny (TMB-cyOctparty), inkyOyBanu 30 xB. ipu 18-
25°C B TeMHOMY MNpuMIllleHH], peakuilo 3ynuHsau 100 MK cTON-po3unHy, a
dboTomeTpito nmpoBoAWAM TpH AoBkUHI XBWiIl 450 HM (audepeHuiinuil QuUIBTP

630 umM) Ha aBroMatuuHoMy aHamiizatopi STAT FAX 303/PLUS. Koeditient
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Bapiauii ckinagae <10 %, aHanmitTnyHa yyTiuBicTh MeTony — 7,8 nr/min TGF. Ilpu
0OYMCIIEHH] pe3yJIbTaTiB HAMU BpaxOBYBaBCs (pakTop po3BeAEHHS IPOoO.

C-peaxmusnuti 6inox (CP5) B cupoBatill KpoBl Bu3Hadasi MeTojoM [DA.
Uyrnusicte Habopy ckmanae <0,05 mr/m, a koediumient Bapiamii <10 %.
JocnimkeHHs mpoBoauiIoch Ha aBromaTuuHoMy aHanizaropi STAT FAX 303/PLUS
npu 1oBxkuH1 XxBuil 450 uM (qudepenuiinuii putbtp 630 HM).

Busuennsa 3acanvnoi npomeonimuunoi akmuenocmi. 3arajbHy aKTUBHICThb
npoTeiHa3 y TOMOreHeaTax CeJIe3lHKM aHajli3yBajd METOJOM BHU3HAYEHHS
Ka3eTHOJMITUYHOI aKTUBHOCTI B Moaudikamii. 500 Mk romoreHaTy TKaHUH
nosoawm 0,05 M (pH 7,4) dochataum 6ydepom 1o 06’emy 1 mi. [epeminryBanu
ta noxaBanu 1 mi 4 % kazeiny. [lotim inkyOyBanu npotsrom 30 XB. y TepMOCTaTi
npu +37 OC. Peaxitito 3ynuHsI goaaBaHasM 3 mi 15 % TXO 3 mocaigyrouum
nentpudyryBanasm npu 2000 06/xB. 30 xB. HagocanoBy piauHy BimOupanu Ta
BU3HAYaJll E€KCTUHLIIO 1npu aoBxkuHI XxBwil 280 HM. KoHTponbpHHMIl 3pa3ok
CKJIaJlaBCcsl 3 CyMilli KaseiHy, BiamoBigHoro docdatHoro Oydepa 1 TXO vy
OJIHAKOBUX CIHIBBIIHOMIEHHAX. Ka3elHOMTUYHI OIWHHI[I OOYHCIIOIOTHCS 34

dbopmyiioro:

K.o/1mr.0u1ka = AE»>g0 X K/A, (21)

ne AE — E xonocroi mpobu - E gocmimkyBanoi nmpoou; K — 1,3; A — KiTbKICTb
Oinka B mpo0Oi (Mr).

% 1HT10yBaHHS BU3HAYA€MO 3a (hOPMYJIOHO:

[1-(E2/EN] %100 %, (2.2)

ne E; — 3HadueHHs onTHYHOT MIUTEHOCTI TPOOH 3a MPUCYTHOCTI iHTi0iTOpa; E|
— 3HAYEHHS ONTUYHOI IIUIBLHOCTI MpoOu 6e3 1Hriditopa.
Jns npurotyBaHHs 4 % Ka3eiHy MIITOTOBJICHUN pEaKkTUB Macor 4T

po3uunsu B 80 mu1 0,05 M pocdarnoro 6ydepa pH 7,41 1,6 v 1 M NaOH. Cymim
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3aJMIIaNy Ipyu KIMHATHIN Temmepatypi Ha 40 xB. aisa HaOyxaHHs. Jlam kun'aTuinu
15 xBunuH Ha BoJsHIN Oani. [licis oxonomkyBanu, pH po3unHy ka3zeiHy J10BOIUIU
1o 7,4 1 M NaOH ta noBoamnu 06’em 10 100 ma dpochataum 6ydepom.
Busnauenusn pienie MMP y ecomocenamax cenezinku wyypis. JlOCIiIKEHHS
BMicty MMP y romorenarax cene3iHKy NpOBOAMIIN 32 JOMOMOrow merony IOA y
96-1yHKOBUX MIKPOIUIAHIIIETaX 13 MOTJIMHAIYOK 3[IaTHICTIO 3T1IHO CTaHJIapTHOI
METOAUKHU JIJIsi pO3YMHHUX OUIKIB [48]. AHTUreH po3Boauiu 3a gonomoror 0,05 M
Tpuc-HCl-0ydepi, pH 7,4 1o xoHueHTpamii 1 MKr/Mia Ta iHKyOyBaJid B JIyHKax
riaHmeTiB mpu remneparypi 4 °C ynpoiosxk Houl. [Ticis 1HkyOanii, 1y1s BUgaaeHHs
aHTUTEHY, 110 HE 3B’s3aBCs, JYHKH MpPOMHUBAIM OydepoM i iMMOOLTI3allii.
brnokyBanHs HecnenupiYHUX MiCIlb 3B’ sI3yBaHHS MPOBOAMIM METOIOM 1HKYOAIlii 3
5 % PO3YMHOM 3HEKUPEHOTO MOJIOKa MpoTsarom oxHiel rogunu npu 37 °C. Ilicns
1HKyOaIli JyHKH BiaMHUBaIK pobouuM Oydepom 3 BMmicTom 0,1 % Tween-20 Ta
IHKYOyBaJId 3 PO3YMHOM NEPBUHHUX AHTUTUI JUIsl MATPUYHUX METAIONpPOTEiHa3,
po3BeneHHst akux Oyno 1:3000 Bmpomosx onniei rogunu npu 37 °C. Ilotim
IPOBOAMIIN BIAMUBKY pobouum 6ydepom 3 0,1 % Bmicrom Tween-20 Ta iHKyOyBamu
3 BTOPUHHUMHU aHTHUTUIaMH, KOH IOTOBAaHUMHU 3 TIEPOKCHUIA3010 XPOHY (PO3BEICHHS
1:3000) omny romuny mpu 37 °C. Ilicas 3akiH4eHHS 1HKYyOarii JyHKH Ie pas
BinMuBainu 6ydepom 3 BmicTom 0,1 % Tween-20 Ta iHKkyOyBamu 3 cyObcTpaToM O-
deninennuaminy (OPD), konnentpamieto 0,4 mr/ma possenenomy y 0,05 M
docharno-urpatnomy Oydepi 3 momaBanHsM 30 % H>O, mna Bizyamizamii
3B’sI3yBaHHS BTOPUHHUX aHTUTLI. llepokcumasHy peakiiio 3yNUHSIN ILUISTXOM
nonaBaras 100 mxa 1 M H,SO4 wepes 10 xB. OnTudHe MOTIMHAHHS BUMIPIOBAIN
Ha JIOBXXHKHI XBHJI 492 HM 32 JIOIMTOMOTOI0 MIKPOIUIAHIIIETHOT'O CIIEKTPOGOTOMETpA.
Hocnioocennss xinvkicnoco emicmy 6Oinka. KinbKicTh OLIKa BU3HAYAIU
meronom Bradford [75]. Ocranniii mossirae B 3maTHOCTI OapBHuKa Kywmaci
niaMaHTOBO-CHHBOTO (G-250 3MiHIOBAaTH 3a0apBIICHHS TPH 3B’ S3yBaHHI 3 OUIKOM,
MpU [IbOMY MAaKCUMYM MOTJIMHAHHA 3MIIIY€ThCS BIAMOBIAHO 3 465 no 595 um. 3a
JTAHWX YMOB KOHLIEHTpaIlisl OapBHUKA, 1110 3B’ s3aJ1aCh 3 OLUIKOM MPSIMOIIPONOpIiiiHa

KUIBKOCTI OLIKY B MpoO1.
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Jlns BU3HAYeHHs KOHIEHTpalii Ouika no mpobu noxaBanu 30 % po3uuH
NaOH, nuctunboBany Boay Ta poOoumii po3uuH peaktuBy bpendopa. us
MPUTOTYBaHHS POoOOYOro PO3UMHY 3MIIIYBAJIM CTOKOBUW PO3YUH peakTuBy, 95 %
etanos 1 88 % oprodochopHy KHUCIOTY Yy CHIBBIIHOIIEHHI 2:1:2 Ta M0BOAMIH
Boj1010 10 00 emy 100 mu. lo ckiiamy cTokoBoro po3uuHy Bxoauiau 10 ma 95 %
eranony, 20 ma 88 % oprodocdhopHoi KucAOTH Ta 35 MI KyMaci JiaMaHTOBOTO
CUHBOTO. I[HTEHCHBHICTH 3a0apBJeHHSA, K€ YTBOPIOBAIOCH uepe3 2-5 xB.,
BUMIPIOBIA CIIEKTPOPOTOMETPUYHO HA JOBKHHI XBUJIi 595 HM IPOTH KOHTPOITIO,
SKAW 3aMICTh TpoOM MICTUB JAUCTWIbOBaHY Boay. KonueHtpaimiro Oiunka y
JOCIIHPKYBAaHOMY 3pa3Ky BHU3HAYalM 3a KajdiOpyBaJbHUM rpadikoM 1 BUpaXKaIU Y
MT/MJI.

Ilpucomysannsi npob6 ona enexkmpoghopesy. [ns OTpuUMaHHS SKICHOT
iHbopMaTUBHOT KapTuHU y mnomiakpuwiamigHomy remi ([TAAIT) BUKOPUCTOBYIOTH
METOJl KOHIIEHTpYBaHHs 3paskiB 3a gomoMororo TXO. [lnsg uporo 3pas3ku B
MIKponpoOipkax 3MimyTh 3 55 % TXO y cmiBBigHomeHH 1:1 1 3aiuimaioTs Ha
10 xB. Ilicns nentpudyryBanus mnpotarom 5 xB. npu 10 000 g 31uBaroTh
HAJI0Ca0BY PiIUHY 1 10Aa0Th 0,5 MII alleToOHy Ha Mpo0y Ta 3HOBY LHEHTPU(P YT YIOTh.
[Ipoueypy 3 alleTOHOM MOBTOPIOIOTH 2-3 pa3u, MICJs IbOT0 3pa3Ku 3aJUIIAI0Th Ha
HIY JIJIS BUTIAPOBYBAHHSI 3aJIUIIKIB alleTOHY.

[Ticns BUMmMapoByBaHHS 3pa3Ku PO3UMHSIOTH y Oydepi 11 enekTpodopesy, mo
mictuth 0,01 M Tpuc-HCI 6ydep, pH 6,8, 2 % monemmncynsdar Hatpito, 10 %
caxapo3y Ta 0,01 % OpomdenonoBoro cuHbor0, y criBBimnomenHi 1:1. Jlns auck-
enexkTpodope3y 3pa3Kyd IMPOrpiBajid MPOTATOM 2 XB., B CBOIO 4epry IpoOu s
SH3UM-CJIeKTpodope3y HAarpiBaHHIO HE ITi/IIaBaJIH.

Juck-enekmpoghopes 6  noniakpuramionomy —eeni  3a  NPUCYMHOCMI
oooeyuncynrvghamy nampiro. J1ist oTpuMaHHs eeKTpodoperpaMu MpOBOIMIN TUCK-
enexktpodopes 3a Mmerogom Jlemmiti. Kamepa st BepTuKaabHOTO elekTpodopesy €
IJJACTUKOBUM PE3€PBYapoOM 3 aHOAHUMHU Ta KaTOAHUMHU Oy(depHHMH BiJICIKaMU, B
SKUX MICTAThCA BiamoBimHi enekTpoau (Bio-Rad laboratories inc., 2015). Jlns

JOCJIIJIPKEHHSI TOTYBQJIM TUIACTHMHU TEJII0 TOBUIMHOKO 1 MM, 3actocoByBanu 12 %
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ITAAT B siKOCTI TeIIO0 JIJIsi PO3AUICHHS MAaKpPOMOJIEKYJI, @ TAKOX BUKOPUCTOBYBAIU
4% IIAAI' B sikoCTi Teno JUisl KOHIIGHTpAIlli TOCHIKYBaHUX 3pas3kiB. Jlms
MIPOBEJICHHS €JIEKTUYHOTO CTPYMY Yepe3 eNEeKTPOId B KaMepi A popesy roTyBalu
enekTpoaHuil Oydep, sikuit mictus Tris, ThinuH Ta noaenwicynbdatHatpito (JJCH).

I'enb nnsa poznuenHs makpomonekyn (12 % ITAAIDY) gonaBanu Mix aBoMa
3a(p1KCOBaHUMH B MOJIOKEHH1 CKEIBLSAMH, SIK1 OyJIM 3aKpiruieHl 60pTaMu BHU3Y 1 O
O6okam. Ilicmss BHeCeHHsS Telt0 O4iKyBaJiM | Troj [0 MOBHOI MoJiMepu3alii
OCTAHHBOT0. 3pa3KH, AKI MICTATh OUIKM MOMIIIAIN y JIyHKH, chopmoBaHni B [TAAT
JUISL KOHIIEHTpAIlli, KOTPU BHOCWIM HaJl TeJieM sl PO3JUICHHS, B SIKOMY BXXE
Bi0yack mosiiMepu3aiiis. EnekTpoau kamepu sl BEPTUKAIBHOTO eJIEKTpodopesy
(MaTepian — MaTHHA) MAKIOYAIN 10 THI3Aa Jpkepena kubiieHHs PowerPac Basic
Power Supply (Bio-Rad). Ilpu npoBeaeHH1 q0cCiiay 3aCTOCOBYBAIA CUITY CTPYMY
19 MA B yac mpoxoKeHHs O1UTKOBOTO BMICTY 3pa3KiB Yepe3 relib I KOHIICHTpAITii.
B ¢a3i npoxomkeHHsT OLIKOBOTO BMICTY 3pa3KiB depe3 reib i PO3JUICHHS —
3acTocoByBasM cmity ctpymy 38 MA (Bio-Rad laboratories inc., 2015).

[Ticns 3aBepieHHs 3a3HAYEHUX MPOLIECIB, OTPUMAHUN TeNb 3a0apBIIIOBAIU
po3unHoM Kymaci G-250 (0,125 %), mo mictuth 96 % eraHon, 130mpomnaHoi, a
TaKO KOHIIEHTPOBAHY OITOBY KUCIOTY. Jlaii miacTuHy reiro mpoMuBaiu B 8 %
PO34YHHI OITOBOI KUCJIOTH MPOTATOM roauHu. 3a gomomororo kamepu CANON
IXUS 185 dotorpapyBamu B mudpoBomy dopmati. [ocmimxkeHi 3pa3ku
aHaNI3yBalM, BUKOPUCTOBYIOYM TMpOTpaMHE 3a0e3MedeHHs Big JiabopaTopii
TotalLab — CLIQS Gel Image Analysis Software.

Ananiz ¢ppaxyii nenmuorozo nyiy memooom xpomamozpagii, ujo nooinsie 3a
posmipamu. Jns po3auieHHs (pakilii MEeNTUIHOTO YTy BUKOPHCTOBYBAIU
xpoMartorpadiro, Mo po3MOUILE 3a pO3MIPOM. ATIKBOTH 00'eMOM B 1 MJI HAHOCHITH
Ha KoJoHKY 3 cepamexcom XK 15 B 0,05 M Tpic-HCI 6ydepi, pH 7,4, 3 nogaBanHsIM
130 MM NaCl. CrabuipHa MBHAKICT, HaHeCeHHS ckiamama 0,5 mur/xe. Jlus
KaJIIOpyBaHHSI KOJIOHKM BHUKOPHCTOBYBAJIM CTaHIAApPTHI MapKepHI PEYOBUHU 3

B1JIOMOIO MOJIEKYJIIPHOIO MacoIo.
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2.2.2. I'icTonoriyxi.

JUIst CBITJIOONTUYHOTO JAOCHIKEHHSI BIAOMpAIM IIMATOYKU CEJIE31HKU Y
3aBYACHO 3BaXKEHUX TBApHUH BCiX rpyI. Bixibpani 3pa3ku ¢ikcysanu B 10 % po3uuni
dbopmainy, Npu bOMY TPUBAIICTH TAHOTO MPOLIECY HE nepeBuiyBaia 1 — 2 qo0wu.
3a3HaueHuil (ikcaTop MOMEPEeKYE MPOILECH ayTOPO3LISIJIEHHS Ta CTabuti3ye
KJIIITUHYU 1 TKAHWHU JJIs 1X MOJabIIoi 00poOKH, Ta BUKOPUCTAHHS B MpOIeaypax
3a0apBienHs. HactymHum eranom Oyiio MOpoBedeHHs Aeriaparaiii 3pas3KkiB B
CIIUpTax 3pOCTarouoi KOHIIEHTpaIlli Ta 3aJiuBKa B mapadiHoBi OJOKH. 3 TOTOBUX
OJIOKIB ~ BUTOTOBJSUIM  3pI3M  TOBIIMHOIO  4-5 MKM, 5Kl 3a0apBiiroBaiu
reMaTOKCHJIIHOM 1 €03WHOM. ['iCTOJIOTIYHI TpernapaTtd BUBYAIU 3a JIOMIOMOTONO
ceitimoBoro Mmikpockoma SEO SCAN Tta (oTOmOKyMEHTYBadu 3a JOMOMOTOIO
Bimeokamepu Vision CCD Camera 3 CHCTEeMOI BHUBOAY 300paKeHHS 3

riCTOJIOTIYHUX Mpenaparis.

2.2.3. I'icToxiMiuHI.

Jliss BUBYCHHSI JUHAMIKA KOMIICHCATOPHO-TIPUCTOCYBAIBHUX TIPOIIECIB
CeJC3IHKM TIPpH  TIMeProMoIycTeiHeMii  OCOONMBUN  1HTEpeC IPEACTaBIIsIE
JOCIIJDKEHHSI  KIIFOYOBOTO  (DEpMEHTY IUKIYy TPHKApOOHOBUX  KHUCIOT —
CYKIIMHATIET1IpOoreHa3n. [ iICTOXIMIYHO BUSIBIISIIIN II€H MITOXOHIpiadbHUN (hepMEHT
3a Merogom Haxmaca. Lli mociimkeHHs 3iHCHIOBAIM Ha 3pi3ax, BUTOTOBJICHUX B
MIKpPOTOM-KpiocTaTi 3 He(IKCOBAHOT TKAHWHU Ta BUKOPHCTAHHSIM HITPO-CHHBOTO
teTpazonto. Ocan y BUTIIAAL TpaHyn qudopMa3zaHy CUHHBOTO KOJBOPY CBIIYMB PO
HASIBHICTH 1 JIOKAJI3aIiI0 €H3UMA.

J1yist BUBYEHHSI 0COOTMBOCTEH HAKOTTMYCHHS TIIIKOTEHY B KIIITUHAX CEJIE31HKH
3pisu 3abapBioBaiM 3a jgomoMoror0 peaktuBy lludda, micns momepeaHboOl

00po0Okwu #oaHot0 KrucmoToro (PAS-peakiis) B Mogudikarii [Ilabamama.

2.2.4. ENeKTpOHHO-MIKPOCKOIIIYHI.
Jlist MPOBEJACHHS CyOMIKPOCKOIIYHUX IOCIIIKEHD CEJIE31HKHU

EKCIEePUMEHTAIBHUX IIIYPIB 3a0Upau 3pa3ku oprany po3mipomM 1 MM Ta dikcyBanu
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B 1% po3unnHi 4oTupboxokucy ocmito 3a Kondinpaom. Jlam mnpoBoauin
3HEBOJHEHHS y CHUpTax 3pocTarouoi koHueHtpaiii (70 %, 80 %, 90 %, 100 %) ta
anetoHi. OTpuMaHy CyMilll 3aJIMBaJId B €MIOH-apajAUT, BIAMOBIIHO 10 CTAaHJAPTHUX
MeToauK. 3 OJOKIB BHUTOTOBJISIM HAMIBTOHKI 3pi3M, sIKi 3a0apBiioBaiv
TOJYiIAMHOBUM CHHIM 1 3a XasT. [licns momepeaHboi opieHTalli HA HAMIBTOHKUX
3pizax Ha yabrparomax LKB III (IIeemis) Ta Reihart (ABCTpisi) BUTOTOBISIIH
yIBTPATOHKI 3p13H, SIKI KOHTpAcTyBaju 2 % pO3UYMHOM ypaHUIaleTaTy Ta IUTPATOM
ceuHuo. Ilpenmaparu pocnijpkyBanu Ta (QororpadyBanu Mmix €JIEKTPOHHUM

Mmikpockornom [TEM-125K nipu 36u1bmiennsx B 4—10 Tucsd pas.

2.2.4. CTaTUCTUYHOTO aHAJII3Y.

CratuctnuHy 0OpOOKY OTpHMaHUX pe3yJbTaTiB OCHIKCHb MPOBOJIMIH,
BUKOPUCTOBYIOUM KoMIl toTepHi nporpamu Origin 7.0, TotalLab 2.01 ta Microsoft
Excel. OmiHroBaiu cepeHi 3HAYEHHs MOKa3HUKIB Ta iX MOXUOKY. JloCTOBIpHUMU

BBaKaJId BiAMIHHOCTI pu p<0,05.



65

PO3/ILI 3
BIOXIMIYHI 3MIHU CEJIE3IHKH IIIYPIB PI3HOI'O BIKY 3A YMOB
TMIEPTOMOIIMCTEIHEMII

[NimepromouucreineMiss — NATOJOTIYHUN CTaH, JUIsl SKOTO XapaKTepHUM
HiIBUIIICHUN PiBEHb TOMONKMCTEIHY B KpoBi. OCHOBHOIO TPHUYHHOI PO3BUTKY
3aXBOPIOBAHHS € TEHETUYHO OOyMOBIIeHI JAedeKTH Ha piBHI (EepMEHTIB Ta
Ko(akTopiB, MO0 3ajdydeHi y MeTaboi3M TromonucTeiny. OKpiM Te€HETHYHO
JETepMIHOBAHUX JI€(PEKTIB, TINEProMolUKUCTeIHEMIsI MoOke OyTH CIpUYMHEHA
HEBIIMOBITHICTIO MK JIETOI Ta MmoTpedaMHu oOpraHizmy, 30KpemMa JaediluToM
NEBHUX BITaMiHIB, HETAaTUBHUM BILJTUBOM CIIOCOOY YKUTTS, IIKIJJTUBUMH 3BUYKAMH,
a Takok OyTH HACIIJKOM 3aCTOCYBaHHS JESKUX JIIKAPChKUX 3ac00iB. Ha choromni
HAKONMMYEHUI 3HAYHMNA MacuB [aHUX, IO BKa3y€ Ha ICHYBaHHS IO3UTUBHOT
KOpEeJsAIii MK MIJBUIIEHUM PIBHEM TOMOIIMCTEIHY B TUTa3Mi KPOBI MAIlI€EHTIB Ta
PU3UKOM DPO3BUTKY CEpIEBO-CYIMHHHUX, HEMpOJEreHepaTUBHUX 3aXBOPIOBAHb Ta
3MOsIKICHUX HOBOYTBOpeHb [113]. 3poctaHHs piBHS TOMOIIUCTEIHY TaKOX
CIIOCTEPITa€ThCsl MPHU CTapiHHI OpraHi3My — pIiBeHb TOMOITUCTEIHY B KpOBI
CTATUCTUYHO 30UTBINTYETHCS KOXKHI JECATh POKiB nmourHatoun 3 60 pokiB. bepyuun o
yBaru pesyiabTatd poOiT Hu3ku aBTopiB [117, 131], a TakoX HAmIMX BIACHUX
nocmpkeHb [156, 158], MokHa 3p0OWTH BHCHOBOK IIOJ0 KOMIUIEKCHOTO BILIUBY
MiABUIIEHUX PIBHIB TOMOIIMCTEIHY, SIKUI peali3yeTbcs Ha PiBHI Oararb0X OpraHiB
Ta cucTteM. Hes3BakarouW Ha 3HAYHY KUIBKICTh MYyOJIKaIid 3 MpoOJeMaTUKH
MaTOreHEe3y TimeproMoIucTeiHeMii, TOYHI MeEXaHI3MH, 3a JIOIMOMOIOK SIKUX
BiMOyBa€eThCS  peanmizailis HETaTUBHUX €(EKTIB HAMJIUIIKY TOMOIUCTEIHY,
3aJMIIAIOTHCA J0 KiHIS He 3’ sicoBaHUMU. € MeBH1 (pparMeHTapHi JaH1 MO0 BIUTUBY
TOMOITUCTEIHY Ha OKpeMi OpraHd YW CHCTEMH, NPOTE€ BOHH TOTPEOYIOTH
y3araJibHEHHS Ta JOMOBHEHHS, IO aKTyalli3ye TPOBEICHHS J0JaTKOBHUX
JOCJIIJIPKEHb JUIs 3'siIcyBaHHS NaTo(1310JI0T1i rinepromonucteinemii. bescyMHiBHO,

MPOTEOII3 € OHUM 3 (DYHIAMEHTAIBHUX MPOIIECIB, 110 JIEKaTh B OCHOB1 0aratbox
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KUTTEBUX (YHKIIM, a BiITaKk, MOro MOPYIIEHHS, IO MOXYTb BHpa)XaTHCS B
HaJMIpHIN akTuBalii ado, HaBMAaKW, y MPUTHIYEHHI aKTUBHOCTI MPOTEOJITUYHUX
(GepMeHTIB, € OJJHUM 13 MYCKOBUX MEXAHI3MIB PO3BUTKY PI13HUX MMATOJOTIH.

OckiIbKM cele3lHKa € OpraHoM IMYHHOI CHUCTeMH, 1o Oepe ydacTb y
aKTUBAIIll Ta KOHTPOJ1 IMyHHUX PEaKUid, JOUUIBHUM € JOCHIKEHHS, CIPSIMOBaH1
Ha 3’sCyBaHHS (YHKI[IOHAIBHOTO CTaHy CEJIe31HKM 3a TilNeproMoIHCTeiHeMIl.
[Toxi6H1 mochimkeHHsT € HEOOXITHUMH 3 OIISIAYy Ha Tou ¢akT, mo y Oaratbox
BMITaJKaX  MATOJIOrI, acoIliioBaHl 13  HAKOMUYEHHSM  TOMOIIMCTEIHY,
CYNPOBOJIKYIOTbCS TOPYIICHHAM Y (PYHKI[IOHYBaHHI IMYHHOT CUCTEMH. 3 1HIIOIO
00Ky, IHTeHCHBHa Tmpoiidepaliisi IMyYHOKOMIIETEHTHUX KIITUH € OJHIEI0 3
MOJIMBHX TPWYUH 3POCTaHHS pIBHA TOMOIUCTEIHY. 3TiHO JIOCHIIKCHb
Schroecksnadel et al. [165] imynna BiamoBige Thl-Tumy crpusie po3BUTKY
rinepromMmounucTeiHeMii 1 Moxke OyTH OCHOBHOIO JIE€TEPMIHAHTOIO MPOrPECYBaHHS
3axBoproBaHHs. Qin Zhang et al. [155] mokasanu, mo akTuBHI (OPMHU KHCHIO, SIKI
YTBOPIOIOTBCS B pe3yJIbTaTl CAaMOOKHCIICHHS TOMOIIMCTEiHYy, OepyTh ydacTh B
YK npomideparrii B-miM¢omnuTis.

Otxe, 3aBAaHHSAM IILOTO €Tany poOOTH OyJ0 JOCTIIUTH aKTUBHICTH PI3HUX
poTea3 — CEPUHOBHUX, METANO3AJICKHUX, IMUCTETHOBUX Ta aclapariHoBUX — Yy
CeJIEe3IHINl IIYpiB 3 eKCIEPUMEHTAIBbHOI Tirmepromolcreinemiero. Takox Oyio
JOCIIPKEHO BMICT MAaTPUKCHUX METAJIONpOoTeiHa3, CEpPUHOBHX IMpOTea3 Ta
IIUTOKIHIB. 3TiTHO 3 OTPUMAHUMHU HAMH pPE3yJIbTaTaMU, TIMEPrOMOIUCTEIHEMIs
CIPUYUHSE TOPYUICHHS TMPOTEOJTITUYHOTO OallaHCy B CENE3iHIl, Mpo IO
HacaMIiepe]i CBIAYUTH 3POCTaHHS 3arajbHO1 MPOTEONITUYHOI aKTUBHOCTI (TabIl.
3.1). Tak, aktuBHICTB Oyna Bumoro B 1,54, 1,37 ta 1,76 pasu y cenesiniri nrypis rpym
Ne 1, No 2 Ta Ne 3 mopiBHSIHO 31 3HAUEHHSIMH Y BIIMOBITHUX KOHTPOJIbHHUX TPYIIaXx.
Sk 6aunMo, HaWOLIBIII BUPAKEH] 3MIHM CIIOCTEPIralucs y TPYIi CTapuX TBAapHUH.
Baprto BimMiTHTH, 10 y CeNE3IiHII MIypiB KOHTPOJIBHOI Tpynu mis rpymu Ne 3
3HAQYEHHS 3araJIbHOI MPOTEOTITUYHOT aKTUBHOCTI OyJIO HUXKYE, HIXK Y KOHTPOJ1 JJIst

rpyn Ne 1 ta Ne 2 (nuB. Tta6u. 3.1). Lle Moxe OyTu moB's3aHO 3 BIKOBUMHU 3MiHAMU
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KJIITUHHOTO MeTaboii3My, a came 3 (PI310JIOrYHUM 3HUKEHHSM 1HTEHCHUBHOCTI
MIPOTEOJTI3Y 3 BIKOM.
Tabnuys 3.1
Po3moaist mpoTeoiTHYHOI AKTUBHOCTI Yy ceJie3iHIi 1ypiB 3

rinepromouucreinemiero (M+m, n=10)

I'pyma #1 ['pyna #2 I'pyna #3
Kont- | 'omommc- | Kont- | I'omormc- Kount- | 'omomnuc-
[Toxazuuku . . .
pOJIb TeTH pOJIb TelH pOJIb TelH
YM.OJI/T TKAaHUHHU
3arajpHa
) 6,13+ 9,45+ 8,14+ 11,17+ 4,01+ 7,07+
MPOTEOJIITUYHA
. 0,30 0,47* 0,40 0,557F 0,20 0,341
aKTHUBHICTD
Meraso3anexHi 4,91+ 6,30+ 5,48+ 7,06+ 2,99+ 4,73
dhepMeHTH 0,23 0,30* 0,27 0,357 0,13 +0,21%
CepuHOBI 1,14+ 2,41+ 2,25+ 3,18+ 0,88+ 2,19+
nmpoTeasu 0,05 0,12* 0,11 0,15F 0,04 0,11%
[ucTeinosi Ta
. 0,08+ 0,74+ 041+ 0,93+ 0,14+ 0,15+
acrapTWIbHI
0,004 0,03* 0,02 0,047 0,007 0,007
poTeasu

Ipumitku: * — p<0.05 pizHUIA JOCTOBIPHA TOPIBHSIHO 3 KOHTPOJIEM IS TPYTH #1;
T — p<0,05 pi3HULA JOCTOBIpHA MOPIBHSAHO 3 KOHTpoJIeM st Tpynu #2; £ — p<0,05

PI3HUII JOCTOBIPHA MOPIBHSIHO 3 KOHTPOJIEM JIUIS TPymH #3.

Jliist Toro, o0 3'1cyBaTH BHECOK MPOTEa3 3 Pi3HOI0 OyI0BOIO KATATITUYHOTO
IEHTPY Y MOPYIISHHIX TPOTEOTITUYHOTO Oatancy, OyJI0 BU3HAYEHO IIPOTEOTITHYHY
AKTUBHICTh 3a TPHUCYTHOCTI B I1HKYOAaIliifHOMY CepefoBHINI AESKUX IHTIOITOPIB
nporeas3, 30kpema, EJITA ta TIMC®, saxi € iHri0iTopaMyd METalO3aJIeKHUX Ta
CEpHMHOBHX ITPOTEa3 BIAMOBIIHO. ByJio BUABIEHO, I1T0 aKTUBHICTh METAIO3AJIC)KHUX
dbepmenTiB y cenesinii mypiB 1-i Ta 2-1 rpyn 3pocrana B 1,28 pasu, a B cene3iini
mrypiB 3-irpymu —y 1,58 paswm. [TigBumieHHs] aKTHBHOCTI CEpUHOBHUX ITPOTEa3, OUIBII
BUPAXKEHE, HIK y BUMAJIKY METAJI03aJIe:)KHUX (PEPMEHTIB, OYJI0 BUSIBJICHO Y CEIE31HITI

TBApUH BCIX €KcHepuUMeHTalbHuX rpyn. Tak, y mypiB rpynu Ne 1 akTHBHICTbH
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CEepMHOBUX IpoTeas 3pocia y 2,1 pa3u; y mypis rpynu Ne 2 —y 1,4 pasu, a y mypiB
rpynu Ne 3 —y 2.4 pa3zu. BusHaueHHsI aKTUBHOCTI, OIIOCEPEAKOBAHOT LINCTETHOBUMU
Ta/ab0 acmapariHOBUMHU IpOT€a3aMH, BHUSBWIO JOCTOBIPHE 3pPOCTAHHS IHOTO
MOKa3HMKA y cese3iHIl TBapuH rpynu Ne 1 — akTUBHICTB y 9,2 pa3u nepeBullyBaja
3HAUEHHS Yy CeJe31HL1 TBapUH KOHTPOJIbHOI Ipynu. Y TOH XK€ 4ac aKTUBHICTB,
Orocepe/IKoBaHa IUCTEIHOBUMHU Ta/ab0 acmapariHOBUMU MpoTea3aMu, 3aIullanach

Ha PiBHI BIATIOBITHOTO KOHTPOJIIO B ceie3inill mypiB rpynu Ne 3 (nuB. Tadi. 3.1).
Jist 3'acyBaHHS MOXJIMBUX TPUYMH IMIJBUILEHHS aKTUBHOCTI MpoTea3 y
IIypiB 3 TINEProMOIMCTEIHEMIEI0 HaAalll BU3HAYAJIM BMICT METaI03aJIeHKHUX
(depMeHTIB, a camMe MaTPUKCHHUX METaJIoNpoTea3 Ta CepuHOBHX mporeas. Harmri
pesynbrati (Taba. 3.2) mokasalid, M0 TIMeproMOIUCTEIHEMIs] CYNPOBOIKYETHCS

3HAYHUM 3POCTaHHSIM PIBHS CEPUHOBUX MPOTEa3 y CENe31HIIl IypiB.
Tabnuys 3.2
BwmicT 3arajbHoro 0ijika, MATPUKCHUX METAJIONPOTEa3, TKRAHUHHOTO
IHTI0ITOPY MATPUKCHUX MPOTEa3 Ta BMICT CEPUHOBUX MPOTea3 y ceje3inmi

ypiB 3 rinepromouucreinemicro (M+m, n=10)

I'pyna #1 I'pyna #2 I'pyna #3
Iloxa3uuknu Kont- | 'omomumce- | Kont- | I'omorc- Kour- | I'omormc-
poib TETH poib TETH poib TETH

MI/T TKAaHUHU

3araibHuN O1710K 23,13+ 44,72+ 18,83+ 38,60+ 19,75+ 33,65+
3,57 11,37* 2,41 11,857 6,93 7,291

MI/T TKAaHUHU

CepunoBi

0,28+ 0,47+ 0,11+ 0,37+ 0,34+ 0,68+
npoTeasu

0,02 0,12* 0,04 0,12F 0,01 0,09%
MatpukcHi

YM.OJI/T TKAaHHHHU

METaIoNpPOTea3n

0,20+ 0,24+ 0,24+ 0,29+ 0,26+ 0,34+
MMP-1

0,01 0,02 0,01 0,01 0,01 0,01%

0,35+ 0,35+ 0,43+ 0,33+ 0,39+ 0,31+
MMP-2

0,03 0,02 0,03 0,01 0,01 0,02%

0,20+ 0,22+ 0,30+ 0,23+ 0,29+ 0,21+
MMP-3

0,03 0,04 0,06 0,02F 0,01 0,01%
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[IponosxenHs tabdiu. 3.2.

0,28+ 0,27+ 0,41+ 0,27+ 0,42+ 0,19+
MMP-10

0,04 0,03 0,04 0,017 0,03 0,02%

0,25+ 0,20+ 0,28+ 0,22+ 0,31+ 0,21+
MMP-8

0,01 0,02 0,01 0,017 0,01 0,021

0,33+ 0,34+ 0,49+ 0,37+ 0,51+ 0,38+
TIMP-1

0,02 0,04 0,04 0,017 0,02 0,01%

Hpumitkm: * — p<0.05 pi3HULA TOCTOBIPHA MOPIBHSAHO 3 KOHTPOJIEM JUIsl Tpynu #1;
T — p<0,05 pi3HULA TOCTOBIpHA MOPIBHSIHO 3 KOHTpoJieM st Tpynu #2; £ — p<0,05

PI3HULISL TOCTOBIPHA MOPIBHAHO 3 KOHTPOJIEM JIJIsl TpyNH #3.

Haii6inbin BupaxeHi 3MiHA OyJi0 BHUSBICHO y ulypiB rpynu Ne 2 — piBeHb
cepuHoBux mporea3 ckmanas 0,37+0,12 Mr/r TKaHUHU y TOPIBHSHHI 3
0,11£0,04 mMr/r TKaHUHHU y CeJIe31HIl TBAPUH KOHTPOJIBHOI IPYNH. 3pOCTaHHS PIBHS
CEpUHOBHUX TpOTea3 BimOyBajgoCs Ha TJl MIABUILCHHS PIBHS 3arajbHOro OUIKa —
piBeHb 3aranpHOro Oinka 3poctaB y 1,9, 2,1 Ta 1,7 pasu y cenesinmi mypis 1-1, 2-1
ta 3-1 rpyn BignoBigHo. HaBmaku, piBai MMII-2, -3, -8 ta -10, a Takox TIMII-1
OyJu 3HAYHO 3HMKEHI B cenesinili mypiB rpyn Ne 2 ta Ne 3 (nuB. Tabmn. 3.2). Y Toi
xke dvac, piBHi MMP-2, -3, -10 ta TIPM-1 3Haxomunucs B Mexax KOHTPOJbHHX
BEJIMYMH y cene3iHii mypiB rpynu Ne 1 (nuB. Tabn. 3.2). Cnig 3a3Ha4uTH, OO0 B
CeJIC31HIII ITyPiB BCIX €KCIIEPUMEHTAIBHUX TPYH OYIJI0 BUSIBICHO ITIIBUIIICHHS PiBHS
mutie MMII-1 —y 1,2 pa3u y nrypiB rpyn Ne 1 ta Ne 2 ta B 1,3 pa3u — y mypiB rpymnu
Ne 3 (nuB. Tabm. 3.2).

Hust toro mo6 3’scyBaTH, YW TPHU3BOJUTH TIMEPrOMOIMCTETHEMIsT [0
PO3BHTKY 3alaJbHOTO IPOIECY Y CEJIE3iHIll OyJIo MpoaHadi30BaHO ITUTOKIHOBUM
npodine oprany. Hamu ©He Oyno BHSIBICHO TIABUINEHHS pIiBHS TMpO- Ta
MPOTU3ANAIBHUX ITUTOKIHIB y CENE31HIIl MIypiB i3 TimeproMorucTeinemMicro. binpir
TOT0, TIMEPTOMOITMCTETHEMISI BUKJIMKAJA TOCTOBIpHE 3HMKeHHS piBHIB JI-1b, 1JI-8,
UJI-6, I®H-y, 1JI-4 ta UI-10 y urypiB rpyn Ne 2 ta Ne 3 (tabn. 3.3). PiBenn ycix
nociiiKyBaHux HUTOKiHIB (kpiM IDH-y) y cenesinmi urypiB rpynu Ne 1 He

B1JIPI3HSIBCS BiJl 3HAYEHb KOHTPOJIO (IUB. Ta0. 3.3).
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Tabnuys 3.3
BmicT nuTOKIHIB y ceJie3iHIi mypiB 3 rinepromouucreinemMicro (M+m, n=10)
I'pymna #1 ['pyna #2 I'pyna #3
Kont- | 'omommc- | Kont- | I'omormc- Kout- | 'omomnuc-
[Tokazauku . . .
poJib TEeiH poJib TeiH poJib TeiH
YM.O0JI/T TKAaHUHHU
TNE.q 0,26+ 0,26+ 0,27+ 0,26+ 0,28+ 0,29+
0,02 0,02 0,02 0,01 0,02 0,02
I.1b 0,19+ 0,19+ 0,28+ 0,20+ 0,23+ 0,16+
0,02 0,01 0,01 0,01 0,02 0,01%
.8 0,28+ 0,27+ 0,37+ 0,31+ 0,33+ 0,24+
0,02 0,03 0,01 0,01 0,01 0,02%
L6 0,24+ 0,24+ 0,33+ 0,25+ 0,35+ 0,21+
0,03 0,02 0,01 0,017 0,02 0,02%
IFN-y 0,19+ 0,13+ 0,21+ 0,15+ 0,24+ 0,17+
0,02 0,01* 0,01 0,02 0,01 0,01%
0,28+ 0,28+ 0,36+ 0,31+ 0,32+ 0,25+
-4 0,02 0,03 0,05 0,02 0,02 0,01%
0,30+ 0,29+ 0,47+ 0,37+ 0,41+ 0,32+
10 0,01 0,03 0,01 0,037 0,01 0,01%

Ipumitku: * — p<0.05 pizHUI JOCTOBIPHA MOPIBHSIHO 3 KOHTPOJIEM IS TPYNH #1;
T — p<0,05 pi3HULA TOCTOBIpHA MOPIBHSAHO 3 KOHTpoJIeM st Tpynu #2; £ — p<0,05

PI3HUII JOCTOBIPHA MOPIBHSIHO 3 KOHTPOJIEM JUIS TPYyIH #3.

Ha cporonni 4iTki MexaHi3MH, IO JIEKaTh B OCHOBI ITOCUJICHHS MPOTEOIII3Y
32 HAKOMWYECHHS TOMOIIMCTEIHY, JTOCTEMEHHO HE 3’SICOBaHi, MPOTE 3 OIISIAY Ha
ITUPOKUHN CIIEKTp MPOTea3, aKTUBAIlIS SKHX Ma€ MICIIC TIPH TIeproMoIMcTeiHeMii,
HE BUKJIIOUEHUM € 3aIyYEHHS JEKUIbKOX B3a€EMO MIACUIIOIUNX MexaH13MiB. [lepi
3a BCE, 3pOCTaHHS aKTUBHOCTI MPOTEONITHYHUX (PEPMEHTIB B CEJE3iHII HIypiB 3
rineproMonucTeiHeMi€El0 MOKEe OyTH HACTIIKOM TIOCWJICHHS CHHTE3y HOBUX
MOJIEKyd (DEPMEHTIB, 110 YACTKOBO MIATBEPIKYETHCSI JOCTOBIPHUM 30UTBIICHHSM
BMICTY Ol7Ka B CeJIe31HII HIypIB YCIX €KCHEPUMEHTAJIbHUX Tpyd. Y UUIOMY, Y

mitepaTypl 3 MpoOJeMATHUKKA NAaTOTE€HETUYHUX OCHOB PO3BUTKY MOPYUIEHb 3a
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rineproMouucTeineMiero € Hu3ka myOosikaiii [188], 1e BcTaHOBIIEHO, IO €KCIIpeCis
JeAKUX TEHIB 3MIHIOEThCS y TMAIll€EHTIB 3 IIMM 3aXBOpPIOBaHHsM, abo y oci0 3
MIABULIEHUM PIBHEM T'OMOLUMCTEiHYy. BmiMB roMonucrteiny Ha piBeHb €Kcrpecii
TeHIB MOXE pealli30BYBAaTHCS 4epe3 MOPYLIEHHS OKHWCHO-BIIHOBHOTO OanaHCy y
BIJIMOBIJIb HAa PO3BUTOK OKCHAATHUBHOTO CTpecy. 3-MOMDK OCHOBHMX NPUYUH
BUHUKHEHHS OKCHJIATUBHOTO CTpPECy 3a HAKOMHYEHHS TOMOIMCTEIHYy € HOro
ayToOKHCHEHHs. llell mporec CympoBOMKYETHCS YTBOPEHHSIM HH3KH AKTHBHHX
dopM kucHto [134], 1 npu 3HAYHUX KOHUEHTpAIISIX TOMOIIMCTEIHY, 1110 3a3BUYail Ma€
MICIIE Ha TJI1 CYNyTHIX METa0O0IIYHUX NOPYIIEHb, CIPUYNHSIE IIBUAKE BUCHAKEHH S
AHTHUOKCUJIAHTHOI CHCTEMH, a OT)KE 1 3CyB pIBHOBaru B OIK JOMIHYBaHHS
NpoOKCHUIAaHTHUX peakiiid. Alge-Priglinger et al. [64] B cBOiX ekcrniepuMeHTax Ha
KyJbTYpl KJIITHH MITMEHTHOTO eMITeNII0 CITKIBKA JIOAMHU TOKa3ajiu, 10
OKUCHIOBAJIBHUM CTpec Mpu3BOAUTH J10 3poctanHs BMicty MPHK mns MMP-1 i
MMP-3. Ha mincraBi 1iporo ¢akTy MOKHA TPHUITYCTUTH, IO IiJBUINCHHS PiBHSI
MMP-1 y cene3iHIl mypiB 13 TINEProOMOLUCTETHEMIEID MOXeE OyTH HaCIiAKOM
1HAYKIiT 6iocuHTe3y 11KOTO (hepmenTty [103].

3 iHIoro 00Ky, OKMCHIOBaJIbHA MOJU(IKAIliS KIITUHHUX OUTKIB aKTUBHUMU
dbopmMaMu KMCHIO, & TAKOXK 1X N-TOMOIMCTETHIIFOBAHHS TOMOIIMCTEIHOM € CUTHAJIOM
70 TPOTEOMITUYHOT aerpajamii MoaudiKoBaHHX OUIKIB 3 METOI 3aIro0iraHHs
HAKONMUYECHHIO MOJEKYJI 3 TMOTEHI[IHHO UUTOTOKCUYHUMH, MpOo3anaibHUMHU,
MpOTPOMOOTHYHUMHU  BIAacTUBOCTsAMU  [68, 121]. Bapro BigmiTuTH, 110
TOMOIIMCTEIHUTIOBAHHS OLIKIB, BIUIMBAIOYHM Ha iXHI (PI3MKO-XIMIUHI BJIACTHBOCTI Ta
010JI0TIYHY aKTHUBHICTh, MOXE BHUKJIMKATH YyTBOPEHHS AaHTHUTUI, 30Kpema,
ayTOAHTUTLIA MPOTH N-TOMOIMCTEIHITLOBAHUX OUIKIB BUSBJSAIOTHCS B IUIa3Mi
TMAIlEHTIB 3 MIBUIIICHUM PIBHEM TOMOIIMCTEIHY.

AmHani3yroun Hail pe3yJabTaTH, MOKHAa BUCYHYTH NPHUIYLICHHS, 1110 3HAYHE
MiABUIIEHHS aKTHBHOCTI CEPUHOBHX TMpOTea3 y CeNle3iHll TBapuH 13
rineproMonucTeiHeMi€l0 TOB'SI3aHO 3 TOCWJICHHSAM CHHTE3y HOBHUX MOJIEKYI
npotea3. OCKUIbKU Cele31HKa MICTUTh cyOnomnyisiiii MmakpodariB Ta HeUTpoQ B,

1[0 EKCIPECYIOTh IIMPOKUH CIIEKTP CEpUHOBUX IpoTeas [85, 88], 3pocTanHs BMICTY
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Ta aKTUBHOCTI CEPUHOBHUX MPOTEA3 y CENE3IHI[l IIYPiB 13 TINepProMOLHUCTETHEMIEIO
MOKe OyTH CBIIYEHHSM MEBHUX 3MiH (DYHKIIOHAJIbHOI aKTUBHOCTI IMYHHUX KIIITHH
CEJIE31HKH.

HesBaxkaroum Ha Te, 10 3HAYHA YacTUHA KIITUHHUX METal03aleKHUX
dbepMeHTIB Mpe/icTaBlIeHa MATPUKCHUMHU METaJIONpPOTea3aMHu, Hallll Pe3yyibTaTu He
JO3BOJISIOTh  TPUIYCTUTH, IO INJIBHIICHHS AaKTUBHOCTI METaJI03ICKHUX
(dbepMeHTIB y celie3iHIIl IypPiB 13 TINEeProMOIUCTETHEMIEIO TIOB'SI3aHO 3 MOCUIICHHSIM
6iocunTesy MMII-2, MMII-3, MMII-8 Ta MMII-10. [1leBHOIO MipOtO TIBUILICHHS
AKTUBHOCTI ~ METAJIO3AJICKHUX  (PEpMEHTIB y  celie3lHll  mypiB 13
rinepromMouucTeiHemMiero Moxe OyTu pesynbratroM aktuBaiii MMII-1, npo mio
CBITYUTH TMIJBUIICHHS PIBHSA 1bOro ¢GEepMEHTy Yy Cele3lHIll IIypiB BCIX
EKCIIEpPUMEHTAIBHUX TPYyM. Y TOM ke 4ac, 3HKEHHS PIBHS KJIIFOYOBOTO 1HT10ITOPY
maTpukcHuX Mmetanomnporea3 TIMII-1 moxe OyTu AOJATKOBMM UYWHHHUKOM, IO
npu3BoauTh A0 aktupaiii MMII-1 y cenesinmi mypiB rpyn Ne 2 ta Ne 3. Cuin
MIAKPECInTH, 10 OCKUIbKKM aktuBaiis MMII-1 dacto cnocrepiraeTbest Tpu
aHTioreHe3i Ta pO3BUTKY paky [76, 91] oOrpyHTOBaHUM € MpPOBEIEHHS OLIBII
JIETATbHUX JIOCIIIJKEHD (G yHKITIOHATILHOTO CTaHy CeJIe31HKU npu
rineproMonucTeiHeMii.

BpaxoByroun  OaraTopiBHEBHH  KOHTPOJb  aKTHBHOCTI  MAaTPUKCHHUX
METaJonpoTeas, 0 BKIIOYAE SK TPAHCKPUIIIIAHY, TaK 1 MOCTTPAHCKPUIIIHHY
CKJIQZIOBY PETYJISIi aKTUBHOCTI (DEPMEHTIB, HE BHKIIOYCHUM € 3aIy4CHHS came
MOCTPAHCKPHUIIIIMHIX MEXaHI3MIB Y 3MIHU aKTUBHOCT1 MAaTPUKCHUX METAJIONPOTEA3
y Ccene3iHIll ImypiB 13 Trinmepromonmcreinemiero. Tak, 30kpeMa, € JaHI IIOJ0
3IaTHOCTI JIEIKUX CEPUHOBHX TMPOTEa3 [iATH OE3MOCEPEeHbO Ha MOJEKYITY
mpoMMII [189], oOymoBIOI0UM y Takuii crocid iXHE MEPETBOPEHHS B aKTUBHY
dopmy. AxtuBoBani MMII, y cBoro depry, 3a KacKaJHUM MEXaHI3MOM
CIIPUYHMHSIIOTH akTuBaIlli permtd MMII, mo npu3Boauts A0 amiutidikaiii CurHany
akTuBalii nporeonizy. buibm Toro, € podotu [69], y gAKuMX MOKa3aHO 3AaTHICTb
TOMOIIMCTEIHY SIK Oe3mocepeHbo, a TakoxX depe3 curHanbHui misx ERK/MAPK

[148] aktuByBaTn npoMMII.
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Jlemo HeouiKyBaHUMU € OTPUMaH1 HaMU PE3YJIbTATH 100 BIACYTHOCTI 3MIH
y PIBHI IIpo3anajbHUX HUTOKIHIB y cene3iHil mypiB rpynu Ne 1 Ta 3HMKEHHS piBHSA
UUMX LHUTOKIHIB y I1nypiB rpynm Ne2 ta No3. Taki pe3ynbratd y IUIOMY HeE
y3TO/UKYIOTBCSl 13 3arajJbHUM YSBICHHSM IIPO TE, IO CHUCTEMHE 3allajicHHS €
HEOOXIIHOIO CKJIQJOBOIO TMaToreHe3y rimepromoructeinemii. Ha choromni €
noctatHid macuB pooiT [133, 182], uio 40BOASATH ICHYBaHHS TICHOI KOPENALIi MIXK
IiIBUIIICHHSAM  KOHIICHTpAIlii CHpPOBATKOBOTO T'OMOIIMCTEIHY Ta PO3BUTKOM
cUCTeMHOro 3anaiieHHs. CaMe IUTOKIHU € KJIFOYOBUMH MOJICKYJIAMH, 32 JIOTIOMOT OO0
SIKUX OMOCEPEIKOBYIOThCSI HETaTUBHI €PEKTH 3a TIeProMOIIMCTEIHEMIEI0, Y TOMY
YHCITI i PO3BUTOK TAKUX CYITYTHIX YCKJIaJHCHb, K aTEPOCKIICPO3 Ta IMOB's13aH1 3 HUM
TpoMOOTHYHI siBUIAa. Hammmu monepeaHiMu JOCTIKEHHIMH OYJI0 BCTAHOBJICHO
HasSIBHICTB 3aMaJIbHOTO mpotiecy y cepiti [158] ta muroBuaHii 3am03i [160] nrypiB i3
rineproMonucreineMicro. Ha BinMiHy Bl BUIIEBUKIAJACHOTO, pE3yJIbTaTH
BU3HAYCHHS PIBHSA ITUTOKIHIB y CEJE3IHIl IIYypiB 13 TINMEeProMOIHUCTEIHEMIEIO
CBIIUaTh MPO BIJICYTHICTh 3alajibHUX IMPOIECIB y CENe3iHIl IypiB 3 III€I0
MaTOJIOTI€10.

VY3arajapHIOIOUM OTPUMaH1 pPE3ylbTaTH, MOXHa 3pOOUTH BHCHOBOK, IO
rineproMouucTeiHeMisl BIUTMBAE HA TMPOTCONITHYHHN OajaHC y CeJe3iHIll IIypiB
pizHOroO BiKy. Lle nmposBiseThCs y 3pOCTaHH1 3arajabHOI IPOTEOJITUYHOT aKTUBHOCTI,
OoOyMOBJICHOI TEpII 3a BCE AKTHUBAIIEI0 CEPUHOBUX IMPOTEA3, METAIO3aJICKHHUX
dbepMeHTIB, a TaKOX (PEPMEHTIB, IO HAJICKaTh JIO IIUCTETHOBUX Ta acmapariHoBUX
nporteas3. [lopymieHHsT MPOTEONITHYHOrO OajdaHCy HE IOB'S3aHE 13 ITIBUIIECHHIM
piBHA MaTpPUKCHHUX METAJIONpOTea3, MPOTe MOXKE OYyTH HACIIIKOM MOCUJICHHS
OlocMHTE3y CEepHHOBHX TMpoTea3. J(0oJaTKOBUM UYWHHUKOM, IO TPHU3BOAHUTH IO
MMOCWJICHHS aKTHBHOCTI METaJ03aJIe)KHUX (PEPMEHTIB € MOPYIICHHS OanaHCy Mix
MMII-1 ta TIMII-1.

PesynpTaTi mochimpKeHb MaHOTO PO3ALTY AUCEpTallii BimoOpakeHl HaMH B
OJIHIM MDKHApOJHIA CTATTi, IO BIHOCUTHCS 10 MDKHAPOJHOI HAYKOMETPUYHOT

6a3u Scopus [159] Ta 1BOX Te3ax HAYKOBO-MpaKTU4YHOI KoH(pepenmii [17, 18].
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PO3JILT 4
MIKPOCKOINIYHA BYJOBA CTPYKTYPHUX KOMIIOHEHTIB
CEJIE3IHKH IIYPIB PI3HUX BIKOBUX I'PYII 3A YMOB
EKCIHEPUMEHTAJIBHOI INIEPTOMOIMCTEIHEMII

4.1. Mopdosoriuna XapakTepUCTHKa CEJIe3IHKA Ta IMYHHUX HPOLECIB Y

MOJIOAMX HIYPiB KOHTPOJIbHOI TPyIU

3rilHO 3 JAaHUMU JITEepaTypH, OKpeMi BIIJUIM B KOXKHOMY JIMGOiTHOMY
OpraHi CJijJ OLIHIOBAaTU IHAMBIAYaJbHO, a JUIsI XapaKTEPUCTUKU 3MIH y LHUX
BIJIJIVIaX CJIiJi BUKOPUCTOBYBATH OTMHUCOBY, a HE 1HTEPIPETAIIiHY TEPMIHOJIOTIIO
[110]. Takum YMHOM, HAIl OINHKC CTaHy CEJIE3IHKH Yy KOHTPOJBHIA Ta
EKCIIEpUMEHTAIBHUX TPYIax MHIypiB PI3HUX BIKOBUX TPyl 0a3ylOThCs B MEPILY
Yepry Ha OIIHI TaKUX OKPEMHUX OJMHUIIb, K MeprapTepiaabHi JiMQOITHI MiXBH,
aimdoinHi ¢Goaikynw, KpalioBa 30Ha Ta depBoHa mnyiubna. LI cTpykTypu
OI[IHIOBAJINCh, B MEPIINYy Yepry, Ha MpeaMeT 3MiHM PO3MIpy Ta KIITHHHOCTI
(KUTBPKOCTI1 KJIITHH Ta KJIITHHHOTO CKJIAY).

Po3BuTOK repMiHaTUBHUX LIEHTPIB B TiMPoigHUX (HOIKYIax CIIi1 Bi3HAYaATH
SIK TIOCWJICHHH a00 3MeHIIeHMH. THIIOBMMH KIITMHHMMH 3MIHAMH, SKI MOXKHA
crocTepiraTd Iiciisi 30BHINIHIX BIUIMBIB, € 3MiHa pO3Mipy Ta MIUIBHOCTI
nepuaprepiaibHUX MiXB Ta/ab0 MapriHambHOI 30HW, a TaKOXK 3MiHA KUIBKOCTI
domikymiB i3 repmiHaTUBHUME 1ieHTpamu [ 105].

OxpiM TOTO, BapTO BI3HAYUTH IOIUIBHICTH TOPIBHSIHHS ypaKeHHS OyIIb-
SIKO1 31 CTPYKTYP CeJIe31HKH 3 BIIMMOBTHUMHU KOHTPOJISIMH, IIT00 BU3HAYUTH JTiarla30H
HOPMAJTLHOT T1CTOJIOTIi Ta CIUPATHCH HA TIEBHI HOPMaIbHI O3HAKH.

SIKII0 TOBOPUTH MPO MOJIOAMX IYPIB BIKOM 1-2 MicAll, CTaH iX CEIE3IHKH,
LUUJIKOM JIOT1YHO, pENpEe3eHTye HOpPMalibHy MOpP(OJIOrito CTpOMaJibHUX 1

MapeHXIMaTO3HUX €JIEMEHTIB.
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Cmpoma TnpelcTaBieHa KarcCyliol — €03MHO(LUIbHI KOJareHOBl BOJIOKHA
MalOTh PETYISpHE PO3TAllyBaHHS, IMOMDXK HHUX CIOCTEpIraloThCsl MOOJMHOKI
crutomieni sanapa ¢iopodaactiB (puc. 4.1A). O3Hak HAOpsKy 4YM 3amajeHHs He
cnocrepiraerbesi. OliHKa MaTOJOTTYHOTO CTaHY CEJIE31HKU TaK0XK BKJIIOYAE 1 OLITHKY
penbedy MOBEPXHI KarcCylu — BIICYTHICTh 3MOPIIOK 1 HEPIBHOMIPHUX BIMHAHb Ha
HIA TOBOPUTH NPO CTAOUIbHY KUIBKICTh KJIITUH OUI0i 1 4YepBOHOI MyJbIU. AJKe
XapaKTepHUH ()eCTOHYACTHIA BUTIIS TTOBEPXHI KAICYJIM CBITYMTH TTPO 3MCHIIICHHS
pO3MIpy Oprany BHACI1I0K 3HAYHOI BTPATU JIM(OLHUTIB 1 epUTPOLMTIB. Y BUNAAKY
KarcyJii CeJIe31HKH MOJIO/IMX IIYPiB 3 TPYIU KOHTPOJIIO, BOHA Ma€ PiBHY TTIAJCHBKY
noBepxHio (nuB. puc. 4.1A). Big kancyiau B riauOMHY OpraHy BIATamy>KyHOTbCS
TpabeKyIH, 10 TaKOXK MAaIOTh BC1 KJIACUYHI O3HAKH IIUILHOT CIIOJYYHOT TKAHUHU —
nooauHoK1 (iOpoOnacTu, po3MiacTaHi MDK KOJAreHOBHUX BOJIOKOH — 0e3
po3iiapyBaHb ui HaOpskiB (puc. 4.1B).

Sk BigoMO, JBOMa OCHOBHUMH (DYHKI[IOHAJIBHUMH 30HAMH TapeHXIMHU
CeJIE31HKM € reMaToreHHa YepBOHA MyJiblia Ta JiMdoinHa O6ina mysnbna. [Ipu ominIm
CTaHy MapeHXIMU CeJIe31HKH B OUIBIIOCTI B MIEPIIY YepPry yBary 3BepTaroTh caMe Ha
OUTY mMyJIbITY, aJKe caMe BOHA IMiIIA€ThCS PEAKTUBHIIINM 1 OLTBIIT BUPA3HUM 3MIHAM
111 BIUTMBOM 30BHIIITHIX YHHHUKIB [97].

bina nyavna minpo3ninseTbes Ha IepuapTepianbHi  JIMQOITHI TIXBH,
GdoiKynu 3 TepMIHATUBHUMHU IIEHTpaMH Ta KpaloBi a00 MapriHajibHI 30HH. Y
MOJIOZMX TBAapWH TPYMU KOHTPOJIO Bi3HAYAETHCS THUIOBAa opraHizamis T- 1 B-
aimbonuTiB. T-KIITUHUW YTBOPIOIOTH HAWTEMHINI MIMSHKA OUT0T MyJbIU Yepe3
OPUCYTHICTh ~ TEepeBaXHO  Manux  JiMdoruTiB.  KiiTuHU  yTBOPIOIOTH
nepuapTepiaibHi MXBH HABKOJO IEHTPAIbHUX apTepiil, SKi Ha TICTOJOTIYHUX
300pOKEHHAX MAIOTh PETYJSIPHY OKpyray ¢opMy 1 CTiHKY, YTBOpPEHY
€03MHO(PUTPHUMHU BOJIOKHAMH 3 TPUCYTHIMH MDK HUMH CIUIOMIEHUMHU SIPAMH
kiituH (puc. 4.1B). T-nimdonutn maroTe Benmke rinepxpomModiibHe SapO 1 TIPU
HOpPMaJbHOMY CTaH1 CEJIE31HKH YTBOPIOIOTH CYIUIBHY Macy KJIITHH Maibke Oe3
MpocBITiB. J[pyrow CkJIagoBOIO MepuapTepialibHUX IMIXB € PO3TalloBaHI

KOHIICHTPUYHUMU IIapaMU PETUKYJISAPHI BOJOKHA 1 CIUIOUIEHI PETUKYIISIPHI
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KIITUHU. [{ikaBo BIAMITUTH HAasBHICTh CEpe]l NMepuapTeplaibHUX MIXB HE3HAYHOT
KUIBKOCT1 amONTUYHHUX TUIEIh, 110 HE € O3HAKOK MaToyorii 1 CBIJYUTH IPO

HOPMaJIbHUU Mepedir IMyHHUX MPOIECIB B opradi (auB. puc. 4.1B).

Puc. 4.1. Ctpoma Ta 6una mynbla MOJOAMX IIYPIB 3 KOHTPOJBHOI Tpymu. A:

KOJIareHOB1 BOJIOKHA Karcynu (KOpHYHEeBa CTpiIka); b: KojareHoBi BOJOKHA
Tpabekyn (kopuuHeBa ctpinka); A, b: sapa didpobnacTiB (dopHi cTpinku); B:
nepuaprepianbHa mixsa, yrBopeHa T-miMmdonuramu (3e1eHa CTpiika); MeHTpaTbHa
aprepis (OTAaKUTHUM OBaN); aMOMTHYHI TIIBIS (4epBOHI cTpinku); [': mMakpodaru
TepPMIHATUBHOTO IEHTPY (ITOMapaH4eBa CTPLIKa), MUQPEPEHIIHOBaH] TIA3MOIUTH

(>KOBTI CTPNKM); MapriHaiabHa 30Ha (3eneHuit oBan). A, b, B, I' x1000.

JpyToro ck1agoBor0 017101 mMyabu € GOITIKYIIH, 0 MAOTh OUTBII TIM(OIHTH
B (ONIKYJIIpHOMY IEHTPi, SKHA OTOYECHHWI 30HOI0 MaHTii a00 KOpPOHOI0, IO

CKIaJaeThesl 3 Manmx 1 cepemnix JimdponutiB (puc. 4.1IN). Domikynmn MOXYyTh
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MICTUTH T€PMIHATUBHI LIEHTPHU, 5Kl YTBOPIOIOTHCA MPU AHTUIE€HHIA CTUMYIISLIL 1
3a0apBIIOIOTHCSI MEHII IHTEHCUBHO BHACIIJOK MPUCYTHOCTI MEHILIOI KUIBKOCTI
KJIITUH, MICTSITh Makpodaru Ta anontoTuuHi B-kimitunu [187].

Tperst cknamoBa 0101 mynabnu — KpalioBa, a00 MapriHajibHa, 30Ha — I
VHIKaJlbHa JUISHKA CEJIe31HKM, pO3TalllOBaHAa HAa MEX1 YEpBOHOI NyJbIH 3
nepuaprepialbHUMU MiXBaMH 1 posikyiaamu (nuB. puc. 4.11°, puc. 4.2A). bararo xTo
BBa)Kae ii OKPEeMHUM BIJJIUIOM, a HE YACTUHOIO O1JI01 MyJIbIIU, BOHA TPU3HAYCHA JJIsI
CKPUHIHTY CUCTEMHOTO0 KpPOBOOOIT'Y Ha HasiBHICTh aHTUTE€HIB 1 MATOTEHIB 1 Biirpae
BOXJIMBY DPOJb y HpouecuHry aHTureHiB [145]. dakTtuyHOo, MapriHaibHa 30Ha
yTBOpEHA PI3HUMH TUTIaMH Makpodaris Ta B-kimituaamu kpaiioBoi 30Hu. Kpim Toro,
0araTto THUIIB KJIITHH, NMPUCYTHIX B KPOBi, pO3TalllOBaHI B MapriHajibHIA 30HI SK

MPOXiJIH1 KJIITHHU, BKIIOYAOYH JTIM(POIIUTH Ta TPAHYJIOLUTH.

Puc. 4.2. bina Ta yepBoHa MyJblIa MOJOAUX HIYPIB 3 KOHTPOJBHOI Irpymu. A:

MapriHajibHa 30Ha (3€JIeHUH OBall); TUIa3MONHUTH (KOpU4YHEB1 CTpinku). b:
PETUKYJISPHI KIITUHU (YOpHA CTpUIKa); Makpodarn 3 TEMOCHUACPUHOM (CHHS
CTpiITKa); Makpodaru 3 JnodycruHoM (3eneHa ctpinka); A, b: mimdonutu (4epBoHi

ctpinkun); A, b x1000.

[lepexomom Mix 017100 Ta YEPBOHOIO MYJIBIIOIO € KpaiiloBa 30HA, a 3’ € THAHHS
MK KpailOBOIO 30HOIO Ta YEPBOHOIO MYJBIIOI0 HE 3aBXKIU 4iTKe (IuB. puc. 4.2A).
Yepsona nynvna cene3iHKU y TPYI KOHTPOIIO CKIIAIAETHCS 3 TPUBUMIPHOT CITKH

CEJIe3IHKOBUX TsDKIB (TsoKiB bimbpota) 1 BeHO3HUX cHHYCIB. Cene3iHKOBI TsKi
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CKJIJA0ThCS 3 PETUKYJISIPHUX BOJIOKOH, PETUKYJISIPHUX KIIITHUH 1 Makpodaris [ 154].
PetukynsipHi KIITUHU BBaxaroTbCs MioiOpoOnactamu (puc. 4.2b) 1 MOXYTb
BIJIICPaBaTH MEBHY POJIb Y CKOPOUYEHHI cee3iHkH [162].

VY mpoMiKKax MDK TS)KaMHM 3HAXOJATbCA KIITMHH KpOBi, BKJIIOYAIOUYU
CpUTPOIIUTH Ta TPAHYJIOUMUTU. 3 CENE3IHKOBHUMH TSHKaMH TaKOX IIOB’s3aHi
TiMGOoIUTH Ta reMomnoeTuyHi KiaituHu (auB. puc. 4.2b). Makpodaru uepBoHOL
MyJIbIU aKTUBHO (aroimuTyIOTh 1 BUJAISIOTH CTapi Ta MOIIKOHKEHI ePUTPOIIUTH.
ExcTpamenymisipHe KpOBOTBOPEHHSI € MOMIMPEHUM Y YEpPBOHIH IMyINbIi TPU3YHIB,
0Cc00JMBO Yy (eTaIbHUX Ta HEOHATAIBHUX TBapUH. T0OX MU MOKEMO CIIOCTEpiraTH i
He3pUIi GOpMHU KIIITUH KPOBI.

TumoBoro 3HAXiAKOW € BIKJIAAEHHS TEMOCHICPHHY B IUTOILIA3MI
MakpodariB y 4epBOHIM MyJbIli, a 1HOA1 TakoX y Ouniid mynemi (auB. puc. 4.2b).
Hacmpasai nirmenTtu 3aiiza (ToOTO reMocuiepyH 1 GepuTHH) € HAUMOIUPEHIIIUMHU
mirMeHTaMu B Makpodarax uepBoHoi mynenu [140]. 3amizo 3 reMoryo0iHy
(paroTOBaHNUX EPUTPOLIUTIB IEPETBOPIOETHCS HA FEMOCUIEPUH JUIsl 30epiraHHs B
cenesini. Llepoin 1 minmodycuuH, oTpruMaHi B pe3yibTaTi OKUCICHHS JIII/IB, TAKOX
3a3BHYAl 3yCTPIUAIOTHCS B CEJIE31HIT, X04a iX KIJTBKICTh MEHIIA, HXK TEMOCHICPUHY
[187].

[likaBuM € TOM (pakT, 1O IMPHU OMKCI YEPBOHOI MyJBITM 3HAYHA yBara 4acTo
IPUAUBIETBCS caMe OUTUM KIIITUHAM KpOB1. AJIKe BUSBJICHHS 3HWKEHHS KUTBKOCTI
TiMGOIUTIB YEPBOHOI IMYJIBIU CBIMYUTH MPO 3HAYHE CHUCTEMHE 3HIKEHHS iX

KIIbKOCTI.

4.2. Mopdosoriuna XapakTepUCTHKA CENe3IHKA Ta IMYHHHX TPOIECIB Y

MOJIOZIUX IIYPIiB 3 XPOHIYHOIO TIMEPTOMOIUCTETHEMIEIO

OCK1TbKY ceJie31HKa € OCHOBHHUM OPraHOM IMYHHOT CUCTEMH, 1110 O€pe y4acTh

B aKTHBaIlll Ta KOHTPOJ1 IMYHHUX pEaKIil, [IIIKOM JIOTITYHUM € JOCI1PKEHHS
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BIJTUBY TOMOITUCTEIHY Y MiBUIIEHUX KOHIICHTPAIIISIX caMe Ha el OpraH.

[Ipu omiHIl cTaHy CeNE31HKU IIypiB, 0 MIAAAIUCH CUMYISIIl XPOHIYHOT
CTIMKOI rimepromMoiucTeiHemMii MU 3BEpTaJiM CBOK yBary B IEepUIy 4epry Ha
€JIEeMEHTH OUI01 IMyJIbIU IIBOTO KPOBOTBOPHOTO OpraHa, aJKe caMe JIIMQOIHUTH €
HalOUIbII YYTJIMBUMHU JO MOJIOHOrO BIUJIMBY. 3TrIJHO 3 JaHUMHU JITEPATYpPH,
XpOHIYHA TINEProMOLMCTEIHEMISE 30UIbLIYE BUPOOJEHHS BHYTPIIIHBOKIITUHHUX
PCaKTUBHHMX BWJIIB KHCHIO, TaKUM YWHOM BIUIMBAIOYM HA TIJBHINCHHS PiBHS
npodidepariii siMmdornuTie. B cBoro depry, pe4oBUHH, 110 OOPIOTHCSA 3 BUIBHHUMU
paguKaiamH, 3MEHUIYIOTh npoiidepanito  JIMQOLMUTIB, CIPUYUHEHY
rinepromouucTeinemMiero. Muiii 3 rineprucreineMieo (piBeHb B IJ1a3M1 CTAHOBUB
20,3 +/- 2,9 mpotu 2,6 +/- 0,6 Mxn y kouTpoi, p<0,05), Maiu 3Ha4YHE MiABUIIECHHSI
npoiidepaiii B-xaiTuH y BiANOBiIR Ha Jinomnoiicaxapun. TakoX BapTo
BIJI3HAYUTH, IO TINEPTOMOILMUCTEIHEMISI MOXKE 30UIBIIUTH CHPUHHATIUBICTE B
TMGOIUTIB 10 3aMaIbHOrO MPOTPECYBAHHS aTEPOCKICPOTUUHUX ypaxeHb [204].

Cmpoma cene3iHKu MOJIOAUX TBapUH 3 EKCIEPUMEHTAIbHOI TPYIu He
3a3Hajia BITYYTHUX 3MIH — IIUTbHA CIOJyYHAa TKAaHWHA KarcCylu 1 TpaOeKys He
IPOSIBJISIE O3HAK pO3IIapyBaHHA YU MOPQOJIOTIYHUX 3MIHM KIITHH — slpa
MOOJMHOKMX  (Pi10poOIacTiB  po3iuiacTaHi MDK ~ XBHJSICTUMH  BOJIOKHAMH
eo3nHo(UIBbHOTO Konareny (puc. 4.3A). KpoBOHOCHI Cy/IMHU CEJIE31HKH Yy i rpymi
TaKOXX HE MPOSBISAIOTH O3HAK MATOJIOTIYHUX 3MiH. MOXKEMO CIocTepiraTu sjapa
IIaICHPKUX MIOIUTIB Ha KITHH €HA0TeNi0 0e3 maTojorii (puc. 4.3b).

B excniepuMeHTanbHUX TpyHax HAHIMOBIPHIIIO € JIOKAJI3aIlisl 3MIH caMme y
Mexax 0inoi nyavnu. T-n1iMpOIUTH, pO3TalIOBaHI My(dTaMU TOBKOJIA IIEHTPATbHUX
apTepid, MPAaKTHYHO HE NPOSBIAIOTH 3MiH B MOpPQOJIOTii, Xoua KIITUHU HE
YTBOPIOIOTh HACTUIBKHM IIUIBHUX TEMHHUX CKYIUY€Hb, 110, IMOBIPHO, MOSICHIOETHCS
HasBHICTIO OUIBIIOTI KUTBKOCTI Makpodaris, 1o, 3 OZHOTO OOKy, 3HHUIIYIOTH
nocTpaxaam 1 AedeKTHI KIITHHU, 3HIKYIOUM YWCICHHICTh X MOmynsmii, a 3
IHIIOTO, MalOTh HUXYE SICPHO-LIUTOIIA3MATUYHE CHIBBIAHOIICHHS 1 TOMY
GbopMyIOTh CBITIIIIMHI 3araibHUX (OH nepuaptepianbHoi MydTu (AuB. puc. 4.3b,

puic. 4.3B, 4.3T).



Puc. 4.3. Ctpoma Ta mapeHxima cejae31HKA MOJIOIUX IIYPIB 3 TPYIH 3 XPOHIYHOIO

rinepromonucreinemiero. A: sapa (iOpobnacTiB (4OpHI CTPUIKK); KOJAreHOBI
BOJIOKHA Karcyiu (KOpUYHEBa CTPiJIKa); BEHO3HUN CHHYC (3eseHuit oBain); b: sapo
TJIaJIEHBKOT0 MioIuTa (3eJieHa CTPLIKA); SApo eHjoTenionuTa (>KoBTa cTpiika); B:
B-nimdoruty (4epBOHI CTPUIKH); TIA3MOIUTH (3€7IeH1 CTPUIKK); [': mMaprinaigpHa

30Ha (>koBTHI 0Ban); b, B, I': Makpodaru (dopHi ctpinkn). A, b, B, I' x1000.

[TigBummeHuii piBEeHb TOMONMCTEIHY B TIUIa3Mi BBAKAETHCSA HE3AICIKHUM
dakTopoM pusHKy atepockiepo3y. OmHAK MexaHi3MH, 3a JOMOMOTOI0 SIKHUX
rineproMonucTeiHeMiss 1HAYKYE aTepOCKIepO3, JHUIIE YACTKOBO PO3YMIIOTHCS.
Brmnue romonmcreiny Ha mpomidepamiro T mimdoruTiB Ta HOro MexaHI3MHU
JOCIIHKYBAIIA Y HOPMATBHUX Ta «TIMEPrOMONUCTETHEMIYHUX)» MUIIICH.

[TinBumeHnii piBeHb TOMOIMCTEIHY Ta CIOPIMHEHWX CIIONYK, TAaKUX SK

IMCTEIH Ta TIYTaTiOH, 3HAYHO TMOTEHIIATI3yBadl TMpOTideparito i 4acTKOBO
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iHri0yBanu anonto3 y T-nimdonuTax, ane He Majiu NPSMOro BIUIMBY Ha cruisyl T-
kaituau [203].

B-nimdornuTy 1 iX moxiaHi, Iia3MaTU4H1 KJIITHHHU, B CBOIO Yepry, HaBIIAKH,
3pOCTalOTh Y KUIBKOCTI, PO 10 MOKHA CYAUTH MO UIUTBHOCTI PO3TAIlyBaHHS LUX
KINTUH y JIMGOITHUX BY3JIMKaX CEJEe31HKM TBAPUH 3 JIAHOI €KCIIEPUMEHTAIBHOT
rpynu (auB. puc. 4.3B). Tyt HasBHI uucieHHi npomaidepyroui B-nimdodractu y
CynpoBoJii Makpodaris, 10 3AIMCHIOIOTh aHTUTCH-3aliekHy AudepeHiiamio B-
KJIITHH TIepe] iX TMEpPeTBOPCHHSIM Ha TUTa3MOIUTH. [L1a3MOIMTH JTOCUTH JIETKO
TU(dEpEeHIIIoBaTH 3a OKPYTJI0 a00 OBaJbHOK (POPMOIO, Ta HASBHICTIO BEJIUKOT
KUTBKOCT1 TEMHO-0JIAKUTHOT ITUTOIIIIA3MH 3 OJI1J1010 IEPUHYKJICaPHOIO 00JIACTIO, 110
BijNoBiae amapary [ompmxki. JlaHl KIITHHH MalOTh Kpyrie, EKCIEHTPUYHO
pO3TalllOBaHE SIAPO 3 TPYOMM XpOMATHHOM, pO3TalioBaHuM y ¢opmi mudepdiara
(cuini KoJeca).

Ornanu miTeparypu MOKa3yloTh, IO B 0araTh0X BHIMAJAKax MAaTOJOrII,
NOB'SI3aHI 3 HAKOMWYEHHSM TOMOIMCTEIHY, CYNPOBO/KYIOTHCS TOPYIICHHIM
(GbyHKIIIOHYBaHHS IMYHHOI CHCTeMH. 3 1HIIOTO OOKy, IHTEHCHBHA TIpoJtidepartis
IMYHOKOMITETEHTHUX KJIITUH MO€ TMPU3BECTH JO0 HAKOMUYEHHS TOMOIUCTEIHY.
Hamnpuxman, mxepena MmoBiIOMIIAIOTH, IO IMyHHa BiamoBigs Tumy Thl copuse
pO3BUTKY B-kimituH 1 Moe OyTH TOJIOBHMM BHU3HAYAJIBHUM (HaKTOPOM
IPOrpecyBaHHs TOPYIIEHb, TOB’SI3aHUX 3 Timepromorucreinemiero [165]. ITumri
JTOCIIJDKEHHSI TaKOX JIGMOHCTPYIOTh, IO peakTHBHI (HOPMU KHCHIO, IO
YTBOPIOIOTHCS BHACTIOK aBTOOKMCHEHHS TOMOITUCTEIHY, OepyTh y4acTh y IHIYKITI1
npodmidepartii B-nimpornuris [204].

Oninka CcTaHy uepeoHoi nyabhu Yy CEIE3IHIII MOJOAWX WIypiB 3
EKCIIEpUMEHTATBHOI TPYIH MOKa3ajia TeBHE PO3IIMPEHHS Y BEHO3HUX CHHYCaX, 10
MOKe OyTH O3HAKOIO peaKIlii Ha 30BHINTHINA BIUTMB Y HE3HAYHOMY HAOPSKaHHI ITUX
cynun (puc. 4.4A). Sk BiIoMO, B YEpBOHIN IMyJNbII HIYpIiB Ta MHIIEH MOJOIUX
TBApUH MPOJOBKYETHCS EPEOIr KPOBOTBOPHUX MPOIIECIB HE JIUIIE YEPBOHUX, aJle 1
IHIIUX (OpPMEHHX €JIEeMEHTIB KpOBI, TOX BHSBICHHS CEpell EpUTPOIUTIB

METrakapiolMTIB HE € BIAXWJIEHHSM Bl HOpMH (nuB. puc. 4.4A). Il kiiTuHH, SK
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BIIOMO, € TIONEpPeAHUKAMU TPOMOOILUTIB 1, JIOCATAIOUM BEIUKUX PO3MIPIB,

PO3MaIal0ThCA B MOIAJIBIIOMY Ha MTOOJIMHOKI KPOB’ SIH1 TUTACTUHKH.

|5 ENERLS

Puc. 4.4. YepBona Ta Oina mymbna MOJOAMX IIypiB 3 TPYNU 3 XPOHIYHOIO

rinepromonucTeiHeMicro. A: wmerakapionmuT (KOBTa CTpUIka);, Makpodaru 3
reMOCHACPUHOM (YOpHI CTPUIKK); Makpodard 3 JinopycumHoM (KOpUYHEBI
cTpiiku); b: iHd1mpTpallig MI1a3MOLKTIB y YEPBOHY MYJbITY (TIOMapaH4yeBl CTPLIKH);

aimdountu (depBoHi ctpinku). A, b x1000.
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Takox nyXe I[IKaBOIO € HasiBHICTh Yy Makpogarax sik Ou10i, Tak 1 4epBOHO1
OyJapd HE JIMIIE TEMHO-KOPUYHEBUX BKIIOYEHb TEMOCHIEPUHY, IO €
($1310JI0TTYHUM HACIIKOM po3Mnany (arolMTOBAHUX HHUMH EPUTPOLMTIB, aje 1
minopycuuny (auB. puc. 4.4A). Amxe BiIOMO, 10 caMe JINOPYCHUH € TUM
MIMEHTHUM BKJIIOYEHHSIM, SKE€ B CEJIE3IHI[l XapaKTepU3ye IHTEHCUBHICTh IPOLIECIB
OKUCHEHHSl JMiAiB, [0 SKHUX, LUIKOM IMOBIPHO, NPHU3BOAUTH 3POCTAHHS
KOHIICHTpaIlii B IIbOMY OpraHi BiJbHUX KHUCHEBUX pAJMKATIB. IO € THUIOBOIO
CUTYaIIi€l0 JIs1 XpOHIYHOI rinepromouucteinemii [ 187].

Sk yxe 3raayBanoch, MpH OLIHII CTaHY CEJIE31HKH IiJl BILTMBOM XPOHIYHOI
rinmepromornucTeineMii BapTo, B MEpIIy Yepry, 3BEpPTATH yBary Ha JiMQOLIUTaApHY
CKJIAZIOBY He JiuIIe 01101, ane 1 4epBoHOi mysbnu. [{ikaBo BiA3HAYUTH 1HOUIBTPAIIIO
X KJIITHH 1 y YepBOHY MYJbITY, IO € XapaKTepHOIO 03HAKOIO iX mpodideparii y
BIJINOBIIb HAa oOKcuaatuBHUM ctpec (puc. 4.4b). KinbkicTh ApiOHMX KIITHH 3
TeMHUMU sapamu (T-miM¢oIuTIB) Ta MIa3MaTUYHUX KJIITHH, K1 MOXKHA BITI3HATH
32 XapaKTepHUM MAJIFOHKOM Te€TepOXpPOMATHUHY B SApi, TOBOPSATH MPO 3POCTAHHS
BiJICOTKA JIIM(MOUUTIB Y YEPBOHIN MyJbIIl y BIAMOBIIb HA CTUMYJISIIIO XPOHIYHOT
rineproMmonucteineMii y tBapuH. [loaiOHe MPOHMKHEHHS OLIUX KIITHH KPOBi Y
YepBOHY  MYJbIY  CYNPOBOJKYETHCS  PO3UIUPEHHSIM 1  «PO3MHUBAHHIM)»
MapriHaIbHUX 30H JIM(PATHIHUX BY3JIUKIB, 1110 HE € HACTLILKH YITKO OKPECICHUMH,
K y rpyni KoHTpoJiro (iuB. puc. 4.31).

VY miACYyMKy 11010 MOJIOAMX ILIYpiB 3 KOHTPOJIBHOI Ta €KCIEPUMEHTAIBbHOT
TPyl BapTO BIJ3HAYWUTH BIJICYTHICTH BIAYYTHUX MOP(}OJIOTIYHUX 3MIH Yy CTaHi
CTPOMHU Ta YEPBOHOI MYJbITN MPU CUMYJIAIIT XPOHIYHOI rinepromoructeinemii. [Tpu
1poMYy K T-KIITHHHI IeprapTepianbHi MiXBU, Tak 1 B-KIITUHHI BY3JIMKU Y TBapUH
3 eKCIIEpUMEHTATBHOI TPy U, 3a3HaBaiu 3MiH. [Ipomideparris B-kiaiTuH npu3BoauTh
HE JIUIIIE 0 PO3POCTaHb B ME¥Kax OUI01 MyJIbITH, ajie 1 10 pO3MINPEHHS MapTriHATIBHUX
30H, IO CTAOTh OUTBII POSMUTUMH Ta IHQPIBTPAIlI]l WX KIITHH Y YEPBOHY MYJIBITY.
[ToBeninka T-KIITUH came y MOJIOAMX TBAPUH € HE TAKOIO OJHO3HAYHOIO, ajKe 1X

KOHIIGHTpAIlisl y TMepuaprepiaibHuX My(dTax Ieu0 3HHXKYETbCS, L0 MOXHA
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MOSICHUTH 3pOCTAI0YOI0 aKTUBHICTIO MakpodariB. Tum He MeHI, T-KIITUHU TaKOXK

IHQUIBTPYIOTh Y YEPBOHY IYJIbITY.

4.3. Mopdosioriuna XapakTepUCTUKA CEJIE3IHKH Ta IMYHHUX MPOIECIB Y

3pUIUX LYPIB KOHTPOIBHOI IPyNu

Sk BimOMO 3 JiTepaTypH, 3HWKEHHS (YHKIII HUPOK, Ne(dIUUT XapuyBaHHS,
JEperysislliss LUKy METIOHIHY Ta AediuUT Ko(PakTOpiB PEMETHIIIOBAHHA Ta
TpaHCCyNMb(ypallii TOMOIMCTEIHY BUKIMKAIOTh MiABUIICHHS PIBHS TOMOIIUCTEIHY 3
BikoM [150]. Came TOMYy JMOUUIBHOI € OI[IHKA CTaHy OpraHiB MijJ BIUIUBOM
rineproMouucTeiHeMii y pi3HUX BIKOBUX IpyNax TBapUH.

Jlopoci mypu BikoM 6-8 MICSIIIB 3 KOHTPOJIBHOT TPYIU HE MPOSIBIISIIN 03HAK
MaTOJIOTIi y CTPOMI UM MapeHXIM1 CEJIe31HKH.

JleTasibHa OIlIHKa CTaHy €JEMEHTIB CTPOMH IILOTO OpraHa IoKasasa
HOPMaJIbHE PO3TalllyBaHHS Ta CTPYKTYPY KOJAreHOBHUX BOJIOKOH, BiJICYTHICTbh 3MiH
y (opMi uu 3epHUCTOCTI sapa (PidpodracTiB, ki GOPMYIOTh CHONYYHY TKAHUHY
Karcyjiu Ta TpaOekysd. SKIIO roBOPUTH MPO KPYIMHI KPOBOHOCHI CYJIWHH, BOHU
30epiraroTh peryssipHy (GpopmMmy, eHIOTSITIONUTH 1 TJIaJeHbKI MIOIIUTH iX CTIHOK HE
3a3HaI0Th MOpQooriuHuX 3MiH (puc. 4.5A,B).

OcHoBHI eneMeHTH 0101 MyJbIU: MEepUapTepiaibHi MiXBU, T€PMIHATUBHI
[IEHTPH Ta MapriHAIbHI 30HU JTIM(DATUIHUX BY3JIUKIB B IIJIOMY HE MAIOTh BIIXUJICHb
Bil HOpMU. T-KIIITHHHA OTOYYIOThH IEHTPAIbHI apTepii pIBHOMIPHO PO3MOIUICHUMHI
IIUTBHAMHY TpynamMu peryisipaoi popmu. OCHOBHA Maca KIIITHH TIeprapTepiaTbHUX
My}T, BIATOBIAHO O HOPMATBHUX XapaKTEPUCTHK JTIM(POIUTIB, XapaKTEPUIYEThCS
BEJTUKUM OKPYTIUM IEHTPAIBHO PO3MIIIEHUM TimepXpoMaTuyHuM siapoM. [Tomixk
T-niMmdonuTaMu 3yCTpidaroThC TaAKOX MOOJUHOKI Makpodaru, 1o BUPI3HAIOTHCS
HE HACTUIbKU PETYISIpHOI0 (POPMOIO siipa Ta 30UIbIICHHSIM YaCTKH LIUTOIIIa3MU B

KIITHHI (IUB. puc. 4.5b).
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ﬂ : B Ya. a s> ;}i \ I "‘:-"-: u r"u,‘
Puc. 4.5. bina Ta depBoHa Mmysblla 3pUIUX IIYPIB 3 KOHTPOJLHOI Tpymu. A:
IEHTpaIbHI apTepii (>KOBTI OBAJIN); CHAOTEIIOMMUTH (3€JICH1 CTPIIKK); MapriHaibHa
30Ha (3eneHuid oBan); b: Makpodaru (KOBTI CTPUIKH); IUIa3MOIUTH (KOPHYHEBI
ctpiikn); A,b: rnamenpki mionuTH (4E€pBOHI CTPUIKHM); B: eHmoTeniii BEHO3HOTO
cUHyCy (3KOBT1 CTPULIKHM); KOJareHOB1 BOJOKHA (pokeBi cTpiiku); I': Makpodaru 3
BKJIFOUCHHSIMU TEMOCHICPUHY (KOPUYHEBI CTPUIKH); TIM(OIUTH B UEPBOHIHN MYJIbITI

(cuni ctpinkn). A x400; b, B, I' x1000.

B-ximituan  nmiMpaTUYHUX ~ BY3JIHMKIB  XapaKTEPU3YIOThCS  HOPMAIBLHOIO
IIUTBHICTIO PO3TAIIyBAaHHA 1 KUIBKICTIO. KIITHHU 3MIHIOIOTBCS Bil HE3pUIUX
MOTIEPETHUKIB 3 BUCOKUM SIIEPHO-IIUTOTUIA3MATUIHUM 1HJEKCOM 1 TIEPXPOMHHUM
aapoM y (yHKUIOHaNbHI AudepeHiiiiioBani Mmia3MoOUUTH 3 01110-0a30p1IbHOIO

LIUTOIUIA3MOI0 Ta E€KCLHEHTPUYHUM sijipom (auB. puc. 4.5b). MaprinainbHa 30Ha
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BY3JIMKIB OUIOI MydbOM y LI KOHTPOJIbHIA TpyIi € BY3bKOIO 1 JOCHTh YITKO
okpecieHoto (AuB. puc. 4.5A).

YepBoHa mynbla CENe31HKU 3pUIMX LIYPIB 3 KOHTPOJIBHOI IPYNH PI3HUTHCA
Bl MOJIOJUX TBapWH 3 IBOTO X JOCIIIKCHHS BIJCYTHICTIO METakapiolMTIB Ta
IHIIUX paHHIX (OPM reMaTonoe3y, aJKe KPOBOTBOPEHHS B CENE3IHII ISl TaKUX
€JIEMEHTIB, SIK TPOMOOLIMTH YX €pPUTPOLIUTH IPUTAMAHHE JIUILIE JIJISl TBAPUH FOHOTO
BIKY. SIK yXe 3rajyBajoch, YepBOHA MyJibla MPEACTaBICHA BEHOZHUMHU CUHYCaMHU
Ta arjioMeparaMmu 1mo3a CyJMHHUX (GOPMEHMX €JIEMEHTIB KpOBI — TsKIB biuibporta.
BeHo3Hi cunycu MaroTh TUTIOBY OY/I0BY, BUCTEJICH] €HJIOTETIEM, 3 €03MHO(P LITLHUMU
KOJIareHOBUMH BOJIOKHAMHU y iX ckniaji (puc. 4.5B).

Sk ye 3rajyBajioch, YEpBOHY MYJIbILY HEMOXJIMBO OXapakTepu3yBaTu 0e3
OILIIHKK OUIMX KJITHH KPOBI, MPUCYTHIX B Hiil. Makpodaru, mo ¢arouuryoTh
YepBOHI KPOB’sIHI TUIbLA, MICTATh B c001 remocuaepun (puc. 4.51"). Brmouenns
o yCIUHY B TICTIOIUTAX MPAKTHYHO BiACyTHI. JIIMPOIMTH TakoX MPUCYTHI Y
YEpBOHIN TMyJbII, MPOTE iX KUIBKICTh HE TMEPEBUIIYE HOPMY — HAJJIUIIKOBOL

1HGUIBTpAIIl ITUMU KITITHHAMH HE CIIOCTEPITraeThCsl.

4.4, Mopdosioriuaa XapakTepUCTUKA CEJIC3IHKH Ta IMYHHUX MPOIECIB Y

3pUTHX IIYPIB 3 XPOHIYHOIO T1IIeProMOIUCTETHEMIEIO

Orinka cTaHy CeNe31HKHU 3PUIUX TBAPHH 3 TPYIH 3 MOJICTIOBAaHHAM XPOHIYHOT
rinepromMonucTeiHeMii moka3ana OUTBII BUPAXKEHI, HDK Y MOJIOAUX MIypiB, O3HAKH
BiIXWICHb Y MOp(doJorii 1, BiAMOBITHO, PYHKITIOHYBaHHI IILOTO OpPTaHa.

IIpu ornsai ctpoMm Hamu Oyino BiIMIYEHO JEMIO 3MIHEHY IIMUIBHICTB 1
MOPYIISHY OPraHi30BaHICTh BOJIOKOH IIUIBHOI CHOJYYHOI TKAHWHHM KaIlCyjiau 1
Tpabekyn (puc. 4.6A). Uepes po3iiapyBaHHsI BOJOKOH Ta MOSBY JAPIOHUX BaKyOJb
MDK HUMU KaIcyJia 3arajoM BUIJISJIa€ PO3MUTOLO, il MEX1 HEeUITKI. K10 3BepTaTH

yBary Ha KJIITHHH, IOMITHO, sijipa (piOpoOiacTiB B Mexkax Karcyjiud po3MillIeHl He
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TaK OpPraHi30BaHO 1 MapajieibHO OJIHE OJHOMY, SIK B KOHTPOJI, JIESIKl S/ipa MarOTh
HE3HAUYHUN HAOpAK, 110 B1IOOpa)Ka€ThCSA y OUIbLI HEPIBHOMIPHOMY 1 Omiiomy ix
3a0apBiIeHH] Ta 3MiHI (OPMH — BOHAa CTa€ HEPETYJSIPHOIO, uUepe3 M0 sapa
BUTJISIJIAI0OTh HEOMHOPIAHUMU. HeoOXiIHO TakoX BIA3HAUWUTU BaKyoJi3allil0 SIK
O3HaKy HaOpsKy 1 B CyOKamncyjsipHi 30HI ceJe31HKOBOi mynbnu ((iosieToBi

CTPUIKH).

Puc. 4.6. Crpoma Ta Oura mynbla 3pUIMX IMIypiB 3 TPYNU 3 XPOHIYHOIO
rinepromMonucTeiHeMiero. A: po3MUTI KOJIAr€HOBI BOJIOKHA Karcynu (KOpPUYHEB1
CTPUTKM); BaKyoJl B Karcymi(3eJeHl CTPUIKK); CYOKarcCyJsipHa BaKyoJIi3allis
(piomeroBi cTpinkm); sapa ¢GidpodmactiB (dopHi crpinkm); b: Bakyomizamis
eHpoTenito (4epBoHi cTpinku); B,I': moineHi Mo nepuaprepianbHi MiXBU (KOBTI

oBanu). A, b x1000, B x200, " x400.
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BapTo 3BepHyTHM yBary Tako)X Ha CTaH CHJOTENII0 B KPYIMHHUX CYAWHAX
CeNe3lHKM — B KIITUHAX EMITeIlalbHOI BHUCTUJIKUA CIHOCTEPIraloThCA O3HAKHU
BaKyoJIi3allii, [0 € TUIIOBUM MPOSIBOM MMATOJOTIYHOIO CTaHy KIITUH (puc. 4.6B). Sk
BIZIOMO 3 JITEpaTypH, OJHHUM 13 MEXaHI3MIB BIUIMUBY HAJIMIPHOI KOHIIEHTpaIlil
TOMOILIMCTEIHY €  HITPO3WIIOBaHHSA.  EHAOTenmianbHI  KIITUHH  MOXYTh
JNeTOKCU(IKYBaTH TOMOLMCTEIH 4Yepe3 BUBUIBHEHHS OKCHAY a30Ty, WIO
cynpoBoKyeThesl miBuIIeHHsIM piBHS Nos3 MPHK [139]. lle sBasie coboro
3aXUCHUN MEXaHI3M IMPOTH HECIPUATIMBOTO BIUIMBY romouucteiny. Ilpu mpomy
BiIMIYa€THCS, 110 XPOHIYHUN BITUB BUCOKOTO PiBHS TOMOIIMCTETHY MPU3BOJIHUTH JI0
3HMKEHHSI BUpOOHUIITBA a00 noctynHOCTI NO, 1110 TSITHE 32 c00010 O€3MepenikoIHe
OKHCJTFOBAJILHOTO TIONIKOKCHHS, OIMOCEPEIKOBAHE TOMOITUCTETHOM, 1 YTBOPCHHS
MEPOKCHUHITPUTY.

I"oMorucTein MOKe BIUTMBATH HA aKTHBHICTH TIIYTaTIOHIICPOKCHIA3H, TAKUM
YUHOM 3MIHIOIOYM MIKPOOTOYEHHSI TMPU TMOIIMPEHHI PEaKTUBHUX (OPM KHUCHIO.
EnnotenianpHa riyTaTioHIIEpOKCHIa3a KaTaai3ye BITHOBJICHHS IMMEPOKCHUIIB BOTHIO
Ta JIIIIB 10 BIATIOBIHOTO CIIUPTY, 3an00irarouu OKUCIIOBaNIbHIN iHakTHBaIil NO.
I'omonmcTein, B cBoro uepry, 3Hmwkye piBeHb MPHK rmyraTionnepokcumasmu,
rajgbMyr4H MoA10H1 3aXucH1 MexaHi3mu [178].

Came TOMYy HasBHICTh BaKyoOJI30BaHOI LHUTOIUIa3MU Ta Jaedopmarris
EHJIOTEIIIF0 KPYITHUX CYAWH CEJEe31HKH MOXEe OyTH IMOSCHEHA HITPO3UIIOBAHHSIM,
CIPUYMHEHUM TPUBAJIOO JI€I0 HAAMIPHUX KUTbKOCTEH TOMOILIUCTETHY.

[Tpu ornszi 61101 My IBIU HABITH HA MAJICHBKUX 30UTBIIEHHSX MIKPOCKOITY B
04l KHJIA€ThCS y’K€ XapaKTepHa KapTHWHA MepuapTepialbHUX IMiXB, yTBOpEeHUX T -
KJIITHHAMH — BOHU MAIOTh BUTIIAT «MOICHUX MUJLTIOY». Takuii BUTIIST TPUTAMaHHU I
UM eJIeMEHTaM 01101 yJIBITH Yepe3 YacTKOBY 3aruOeinb T-m1iM(OonnTiB amonTo3oMm
MOMIK HEBPaKEHWMH KIIITHHAMH, IO CTBOPIOIOTH TEMHHUH (POH 3 YHCICHHUMH
OUTMMHU OTBOpPAaMHM BiJI 3aru0OIMX cyciaiB (puc. 4.6B, 4.61").

JlitepaTypHi Jxepesia BKa3yloThb Ha OJUH 3 (PAKTOPIB HETaTUBHOTO BIUIMBY
XpOHIYHOI Timepromoructeinemii came B JiMdoruTax. [liaBuIeHHS pIBHS

TOMOIIMCTEIHY B IUIa3Mi TIOB’si3aHe 3 mapajieiabHuM TinoMetwrtioBanHsaM JIHK
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mim¢onuTie. [lopymenHs HeBunaakoBoro natepHy metwmoBanHs JIHK moxe
MPU3BECTH 10 HEBIAMOBIIHOI €KCIpecii TeHIB 1 COPUSHHSA PO3BUTKY MATOJIOTi y
mimgonuTax, 1 T-kmituHax 30kpema [200].

B-xiituHM nTiMQpaTUYHUX BY3JIMKIB 1 MapriHalbHUX 30H, B CBOIO 4Yepry,
MOKa3yloTh O3HAKW Mpoiidepalii — MNpUCyTHI repMiHATUBHI LEHTPHU, HASIBHICTh

3pUTKX TUIA3MOLIM/IIB HE JIUIIE B MeKax 01101, aje 1 B YepBOH1M myJbIi (puc. 4.7A).
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Puc. 4.7. llapenxima cene3iHKM 3pUIMX WIypiB 3 TPYNH 3 XPOHIUYHOIO
rinepromMmonucTeiHeMiero. A: mIa3MonuTy (KopuaHeBi cTpisikn); b, B: kpaitoBa 30Ha
TiMbaTUIHUX BY3JUKIB (KOBTI 0Bajm); TiMpornTtu (3eneHi ctpitkn); [': makpodaru
3 TEMOCHIEPUHOM (YOpHI CTpUIKK); Makpodaru 3 JnopycruuHOM (YEepBOHI

ctpinkm). A, b, B, I' x1000.

[Tpu oMy KpaiioBa 30HA BY3JIMKIB HE € PO3IMIMPEHOI0, MPOTE Ma€ JEII0

po3muti Mexi (puc. 4.7b, B). 3nauna kimbKicTh dimMdoOaacTiB i miMdOIHTIB
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CBIIYUTH MPO PEAKTUBHY BIAMOBIb IIUX KIITUH HA XPOHIYHY 10 MiJIBUIICHUX
PIBHIB TOMOLIMCTEIHY.

VY camiii 4epBOHIA MyJdbIl BiI3HAYAIOTHCA MPOLECH, W0, SK 1 Yy
eKCTIEePUMEHTAIBHIA TPyl MOJOAUX TBApPWH, CBIAYATh HA KOPUCThH IMABUIICHHS
PIBHSI OKCUJJATUBHOI'O CTPECY — Cepel IHILNUX (POPMEHUX €JIEMEHTIB KPOB1 MPUCYTHI
Makpodaru 13 30JI0TUCTO-KOPUYHEBUMH BKIIIOUEHHSMH HITMEHTY JNodycuuHy
(puc. 4.77). Sk yxe 3rajayBajioch paHillie, MOsSBa bOTO MIrMEHTY € CBITYEHHSIM
BUCOKUX PIBHIB OKHMCHEHHS JIMiAiB, O YOro MPU3BOJUTH HASIBHICTh y TKaHHUHI

peakTuBHUX (hopM KucHIO [187].

4.5. Mopdosoriuna XapakTEepUCTHKA CEJIE3IHKA Ta IMyHHUX HPOIECIB Y

CTapuX IIypiB 3 KOHTPOJIbHOI TPyIHU

3rifHO 3 JaHMMH JITepaTypu, Takl MPOIECH SK OKUCIIOBAIbHUU CTpec,
IHAKTUBAIIIS IUISIXY CHHTA3U OKCHUJY a30Ty Ta AUCHYHKIIIS MITOXOHAPIH, OB’ sI3aH1
3 TOPYIICHHSM MeTaboJi3My TOMOIIMCTEIHY, MPU3BOAATH JIO JereHeparii
crapitounx TKaHuH [150]. Okpim TOTrO, Cene3iHka, SK OAWMH 3 OCHOBHUX OpraHiB
IMYHHOTO 3aXHCTy 3a3Ha€ 3MiH, B MEPIIy 4Yepry, caMe B JiM(ATHYHIN CKIIaI0BIMH,
MOB’ SI3aHMX 31 CTapiHHAM opraHi3my. Lli 3MiHK mpuTaMaHH1 TPyIi KOHTPOIIIO, 10 HE
3a3HaBajla MOJIETIOBAHHS XPOHIYHOI TIMEProMOIUCTeiHEMII, TBapWUHH 3 SIKOT
JOCSTIIH BiKy 24-26 MiCSIIiB.

[Tpwm o1iHIli cTaHy CeNe31HKY UIypiB 3 Ii€i Tpynu HaMu OyJH BiIMiYeH1 3MiHU
HE JIWIE B MApEeHXIMATO3HIH, aje 1 B CTPOMAaJbHIA CKIAJOBIM MaHOTO IMyHHOTO
oprany. OCKUIBKM CTpOMaJIbHI KJIITHHU 3a0€3MeuyloTh OCHOBY IS OpraHizamii
CeNe3iHKH, OYJI0 JOCIIHKEHO CTPOMaJbHI KIITHHH, SIKI CIPUSIOTH (POPMYBAHHIO i1
KapKacy.

B Toif uwac, sk gocuth TpyOl €JIEMEHTH CTPOMH, YTBOPEHI IIUIHLHOIO

CIIOJIYYHOIO TKaHMHOIO — KarcyJjia 1 TpaOeKyju, He 3a3HaI0Th 3 BIKOM BIIUYTHHUX
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MOP(OJOTriYHUX 3MIH, HAMHU BIJI3HAYAETHCS PO3POCTAHHS JIE€IIKATHOI CTPOMHU —
peTuKynonuTiB Ta (PiOpo0IacTiB, IO YTBOPIOIOTH MEPEXKY HABKOJIO 00JacTi
MapriHajibHOI 30HM, sIKa CTa€ MIUIbHIMOK. Ha Hamy AyMKy, L€ CBIJYHUTH IPO
Hakonu4ueHHs1 (HiOpobIacTiB y 1ik 00JacTi Ta B MekaxX YEpBOHOT Ta OUIOT MyJIbIU
3aragoMm (puc. 4.8A). IloniOHi maHi Hamu OyJi0 BUSIBIEHO 1 Y JIITEpaTypHUX

mxepenax [89].

Puc. 4.8. Ctpoma 1 yepBOoHa myJblia CENE3IHKUA CTapHWX IIYPiB 3 KOHTPOIBHOI

rpynu. A: siapa ¢iopo6mactiB (k0BT cTpuikn); B: Tsoki binmbporta (3eneHuil oBan);
A,b,B: konarenoBi BojgokHa (YOpHI CTPUIKK); sapa GiOpoOIacTiB (3eNeHi CTPUIKK);
b,B: sapa ¢i6pouutiB (kopuuHeBi ctpinku). [: makpodaru 3 minodycumHOM

(aepBoni cTpinkn). A, b x400, B, I' x1000.

Kancyna cenme3iHku cTapwx TBapuH Ma€ JENI0 PO3MUTHH KOHTYp, SApa

¢$i6pobmacTiB Karcyau i TpabeKyI 30epiratoTh piBHOMIpHE 3a0apBICHHS 1 YITKICTh
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KOHTYpIB, iX (opMa €m0 po3pi3HAEThCA MOMDK KIITUH — Jeski (pidpodiactu
30epiraloTh «KJIACHYHY» CIUIONIEHY (hOpMY, OCKUIBKMA caMi KIIITHHU PO3IUIACTaH1
MDK KOJareHOBUMH BOJIOKHAMH. 3 1THIIOTO OOKY, Aesiki (pi0po0IacTu MalTh JEII0
HECTaHAapTHY MOP(OJIOTiI0 — OKPYTJIl TEMHI SApa, IMOBIPHO TaKi 3MIHU OB’ A3aH1
31 CTapIHHAM KJIITHH Ta 3HWKEHHAM iX (DYHKI[IOHAJIbHOT aKTUBHOCTI — 1€ (p10pOoLuTH
(puc. 4.8b, 4.8B).

[lepm HiK mepedTH 10 OMHCY MAapEeHXIMATO3HOI CKJIAJ0BOI CENe31HKH
CTapuX TBApUH BapTO BIJI3HAYMUTU HASBHICTH SK y OUII, TaK 1 B UepBOHIN MyJIbIIi
MakpodariB 3 KOpUUHEBUMHU BKJIIOUEHHSIMU Jinodycuuny (puc. 4.81°). Sk Bimomo,
JTNo(yCIUHH € MIr'MEHTHUM BKIIFOUEHHSIM CTapIHHSA, TOM MOT0 MosiBa y KOHTPOJIbHIN
rpyMi IypiB CTapeyoro BiKY € JIOTTYHOIO, a/IK€ PIBEHb META00I13MY KIIITHH CTPOMHU
Ta TMapeHXIMHM 3aMOBUIBHIOETHCS, Pa3oM 13 MPOLECaMH EKCKpelii HemnoTpiOHMX
KJIITUHI PEUYOBHUH.

Ili criocTepexeHHs CIBNAAA0Th 3 JaHUMHU JITEpaTypH, SKI BII3HAYAOTH
3HIKEHY (paroluTapHy 3aTHICTh 1 BAPOOHUIITBO aKTUBHUX ()OPM KHUCHIO B CTapUX
Mmakpodarax 1 Heirpodinax [130, 167].

Sximo ropoputH mpo OLTy MyJbMY, yBary INPUBEpPTAE IMOB’S3aHE 3 BIKOM
30UTBIICHHS 3arajibHOi i1 TUTONII Yy TIOPIBHSHHI 3 YEPBOHOK IYJBIOK, SKE
BiIOyBa€ThCsl TEPEBAKHO B 30H1 T-MMQOIUTIB 1 BiIOOpa)a€eThCs 30LTBIIICHHIM
cTpoMasibHOT 30HM T-KIiTHH. OHOYACHO BIiIMIYA€ThCH, IO 3a3BUYAM UiTKa MexkKa
Mix T- Ta B-mimdorutamu cTae MEHII BUPAKEHOIO Y CTapiiux TBapuH (puc. 4.9A).
3arajoM CKJIaIa€ThCs BpaXXEHHs, M0 BiAOyBaeTbcs BTpaTta Makpodaris
MapriHaJbHOI 30HHU, fKa CYNPOBO/KYEThCS HaKOMUYeHHsIM (iOpoOnacTiB y
cene3iHkax crapux ImypiB. Kpim TOro, BapTO BiI3HAYATH HEYITKICTH 1
JI€30praHi30BaHICTh caMOi MapriHAIBLHOT 30HH, Yepe3 IO Mepexia Mk OuUTor Ta
YEpPBOHOIO MYJIBIIOI0 3HAYHOIO MIPOIO PO3MHUBAETHCSI.

OcuoBHa Maca T-nmiMQoONIUTIB, MO OTOYYIOTH IEHTPAIBHY apTepito, HE
dbopMye OUIbIIIE HACTUIBKH CYIIJIBHOI TEMHOI MacH — JACSAKI KIITUHU MiAAAI0ThCS
amornTo3y, MDK IHIIMMHU 3pOCTa€ YacTKa HDKHOI cTpoMu — (iOpoOaacTiB 1

PETUKYIIOIUTIB.
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Puc. 4.9. Uepsona i Oia mysibma cele3iHKA CTapuX IIypiB 3 KOHTPOIHHOT TPYIIH.
A: makpodar 3 remocuaepuHom (3eneHa ctpinka); A,b: sapa ¢ibpobnactiB 1
PETUKYJIONUTIB (3KOBTI CTPUIKHM); siapa TiMQpOnuTIiB (4OpHiI CTpinkw); b: BeHO3HI
CUHYCH (3eJIeHUI 0BaN); KIITHHU HIKHOI CTPOMU (YEPBOHI CTPUTKH); Makpodaru 3

ninodycuuaoM (0iri ctpinku). A, b x1000.

B-nmimdouutn y crapux opraHi3mMax MarOTh MEHINY IMyHHI pEaKTUBHICTh —
KJIIITUHU MEHII IHTEHCUBHO PEaryioTh Ha MOSIBY AaHTUTEHIB, 10 CIPUYMHIOE HIDKUUI

piBEHB IMYHITETYy. Y BHIMAJKy HAIIOTO JOCIIIKEHHS BapTO BIA3HAUUTU HASBHICTH



94

MEHIIIOI KUIBKOCTI TIJIa3MOLIMTIB cepell KIITUH JiM(paTUYHUX BY3JIUKIB Ta
MapriHaiabHOi 30HM. OCHOBHAa Maca B-KIITHUH Ma€ «CIUISTYU» BUTIIAI — KIITUHU
MalOTh BHCOKE SIAEPHO-LUMTOIUIA3MATUYHE CIIBBIAHOLIEHHS 1 TilEpXpOMaTUYHE
AIp0 — TUIOBA KapTWHA CTOBOYpPOBUX KIITHH. Takuil QyHKIIOHaNbHUN cTaH B-
TM(GOIUTIB MOXKHA TMOSICHUTU 3arajlbHUM 3HWKEHHSM IMYHITETY 3 BIKOM Ta
BIJICYTHICTIO IMYHHOT'O TIOJIpa3HUKA y TBAPUH IPYNU KOHTPOJIO (IuB. puc. 4.9A).

KinitiHn 4epBOHOI TyNabNU PO3MOAUIEHI MK BEHO3HUMH CHHyCaMu Ta
Tsxkamu bineporta (nuB. puc. 4.8B, puc. 4.95). BapTo BigzHauuTH «po30aBICHHS»
YEepBOHOI MYJIBIH K €JIEMEHTAaMHU 01101 — 3-MOMIK €pUTPOIIUTIB PO3TAIIOBYIOTHCS
Makpodaru, rpaHyJOUUTH 1 JIMPOLMUTH, TaK 1 CTPOMH — Mepexa PEeTUKYISPHHUX
KIITHH Ta (G10po0iacTiB CHOMYYHOI TKAaHMHU TaKOX po3pocTaeTbes. Sk yxe
3raJlyBajioCh paHilie, Makpodaru 4YepBOHOI MYJIbIH HAKOMUYYIOTh HE JIMIIE
TEMOCHUJICPUH, 10 € CBIUEHHSM YTWJIi3allli HUMHU YEPBOHUX KIITHH KpPOBI, a 1
MITMEHT cTapiHHs — JinodycuuH (auB. puc. 4.9A,b).

3aranomM Mop¢oJIOTTYHUHN aHaJli3 CTaHy CeJIe31HKH MIYyPiB BiKy 24-26 MICAIIIB,
0 HE 3a3HAaBAJIM BIUIMBY TIJIBUIICHUX PIBHIB TOMOITUCTEIHY BiT0Opakae
CTaHJAPTHI 3MIHU IILOTO IMYHHOT'O OpraHy TOB’s3aHi 31 CTapiHHAM OpPTaHI3MY:
3pOCTaHHS 4YacTKHM HIKHOI CTpoMHM y OUTiM Ta YEpBOHIA MYJbBII, 3HUKCHHS
mIbHOCTI T-KJIITHH y mepuapTepiaibHUX MiXBaX Ta PEaKTHBHOCTI B-KmiTwH y
pemTi 30H JTiMGAaTHYHOTO BY3JIMKA Ta MapriHAJIbHUX 30HaX. TaKOX BiI3HAYAETHCS
po3MuTa Mexa OUTO0i Ta YEPBOHOI MYJBIH 1 PO3POCTaHHS OLT01 MyJIBIU BIIHOCHO

YEpPBOHOLI.

4.6. Mopdosoriuna XapakTepUCTHKA CENe3IHKA Ta IMyHHHX TMPOIECIB Y

CTapUX NIypiB 3 XPOHIYHOIO TIEPTrOMOIUCTETHEMIEIO

[Ipu ornsial craHy cene3lHKM CTapux IIypiB, LI0 3a3Hajld XPOHIYHOT

rIIeproMOLUUCTEIHEMIT, CIOCTEPIralOThCS MATOJOTIUHI NPOSBU SIK Y CTPOMAJIbHUX,
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TaK 1 y napeHxiMaTo3Hux eineMmeHnrtax. [Ipu ornsal ctpomu, HamMu Oyid BiAMIYEH1
MIEBHI 3MIHM HaBITh y TpyOiil ii CKJIagOBIH, 110 HE BIAMIYAIOCH Yy >KOJHIA Tpymi
EKCIIEPUMEHTY OKpIM 3pUIMX TBapUH 3 €KCIIEPUMEHTAIbHOI Ipynu. Mexi Karncyiu
BUIJISIIAIOTh PO3MUTUMU YE€PE3 HEUITKICTh KOHTYPIB KOJAreHOBUX BOJIOKOH (pHC.
4.10A). 3arajoMm Kamcyjda BUIJISIJA€ JICIIO TOTOBIICHOK Yepe3 puxie
po3TallyBaHHs MX BOJIOKOH. He Bci (iOpoOnacTy mUIbHOT CHOIYYHOI TKAHUHU
MarTh HOpMaJIbHY MOP(OJIOTII0, a/I)KE€ HE BC1 si/ipa CIUIONICH], IESIK1 € OKPYTIIUMH 3
NepUHyKJIeapHUMU HaOpsikamu B KiliTHHaX. HikHa cTpoma, 110 mpoHusye sik Ouy,
TaK 1 YEPBOHY IMYJbILY, XapaKTEPU3YEThCS JEII0 PO3PUXIICHOI0 CTPYKTYpOIO —
BIIPOIIATI  PETUKYJIOIMHUTH TEX  XapaKTePU3YIOThCS HEUITKUMH  MEXKaMH,
NepUHYKJICApHUMHU HAOpsSKaMu Ta HEPIBHOMIPHO 3a0apBIICHOIO JACIIO 3€PHHUCTOIO
uTorasMoro. Lli xapakrtepHi 0O3HaKu BpaKeHHsS KJIITHUH, IMOBIPHO, TOB’s3aHl 3
MiIBUIIIEHOIO TCHEPAIi€I0 PEaKTHBHUX (OPM KHUCHIO, CIPUYMHEHOIO XPOHIYHUM
BIUTMBOM IIJIBUIIEHOT KOHLIEHTpAIli TroMouucTeiny. Taki pajukaid MaroTh
TOKCUYHHMM BIUIMB Ha KJIITHHU Ta CIPUYMHIOIOTH OKHUCHEHHs (ocdomimiais, mo
CYNPOBOJIXKYETHCS MOPYIICHHSIM MEMOpPAHHUX CTPYKTYD, SIK B MEXKaxX KIITHHH, TakK
1 B 1azManeMi. Po3mupeHHs NIHUCTEpH TPaHYISIPHOTO €HIOIIa3MaTUYHOTO
PETUKYIIOM, 10 OOpeTbCsl 3 1HTOKCHUKAIIEI0, TPOSIBISETHCS y TOSB1 CBITIHX
BaKyoJb y IuToruiazmMi KiaituH (puc. 4.10B).

[TapeHnxiMaTO3H1 €JIEMEHTH CEJIe31HKH Y CTApUX TBAPUH TAKOXK HE JIUIIAIOTHCS
6e3 3MmiH. [lepuapTepianbHi TixBU, YTBOpeH1 T-mimMdoruTaMu, MarOTh YUCICHHI
CBITJII OTBOPH, IO POOJIATH Il 30HU CXOXKMMH Ha moifaeHi munmo (puc. 4.10B).
HaBith Oe3mocepeHhO HABKOJO CTIHKH IIEHTPAJbHUX apTepiii MpUCYTHI CBITIII
BakyomizoBaHi 30HM (puc. 4.10I'). IMOBipHO, II€ TOSICHIOETHCS YACTKOBOIO
3arubemmo T-KIiTHH y 3B 53Ky 3 mapanenbHuM TinmometwiaioBanHsM ix JIHK,
MOB’SI3aHUM 3 XPOHIYHO ITIIBUIIEHUM PIBHEM TOMOIMCTEIHY B IJIa3Mi KPOBI, IO
MICSIIIIMA BIUJIMBAB HA Il Ta 1HIII KJIITUHU cele31HKU. TaKkoK HE MOYKHA BUKJIIFOYATH
BXKE 3raJlaHnii HETaTUBHUM BIUIMB OKCHUJATHBHOTO CTPECY, IO TAKOX MICSAISIMU
CIPUYMHIOBAB IHTOKCHUKAIIIIO SIK CTPOMU, TaK 1 TAPEHXIMU TaHOTO IMYHHOI'O OpraHy.

Opniero 3 peakuiid HA CyKyHHICTh LMX MATOJIOTIYHUX BIUIMBIB cepell T-KIITUH €
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anonrto3. lloganpiie moraMHaHHS ANONTUYHUX TUIEb Makpodaramu (JIMB. pHUC.
4.10b) minBuIly€e KUIBKICTh LMX KIITHH Yy NEepHapTeplaibHUX MiXBax OJHOYACHO

J0aar04Hu CBITJIMX IIISIM J0 3arajJbHOro TECMHOI'O (I)OHy OuX 30H.

Puc. 4.10. Ctpoma i mapeHxiMa CeJIe31HKH CTapuX MHIypiB 3 TPYIH 3 XPOHIYHOIO

rineproMonucTeiHeMiero. A: KOJIareHOBI BOJIOKHA (3€JieHA CTPUIKA); MOTOBIICHHS
Karcyiau (YOpHUid oBaN); HAOPSK y mepuHyKieapHuit 3011 hidpodnacty (dhioneToBa
cTpinka); b: mepuHykimeapHuil HAOpSK y PETHKYISIPHUX KIITHHAX (Y4EepBOHI
CTPUTKH); Makpodar 3 MOTITWHEHUMHU allONTUYHUMU TUTBIIIMH (PKOBTa CTpiika); B:
MPOCBITH TIepUapTEePiaabHOl MIXBH 3 AONTUYHUMH TUTbLAMHE (3eneHi oBanm); [
MEePUBACKYJSIPHA BaKyoi3ailiss OUIS TEHTpaJTbHUX apTepiii (KOBTHH OBa);

repMiHaTUBHUU LIEHTp (4epBoHuii oBan). A, b, B, I' x1000.
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B-kniTuHM YacTo pearyroTh Ha 3O0BHINIHI MOJPa3sHUKU Mposridepaliero,
30UTBIIEHHSIM KUIBKOCTI 1 IUIOIII CBITJIMX TF€PMIHATUBHUX LIEHTIB Ta MOSIBOIO BCE
HOBHUX TFOTOBHX J0 POOOTH IJIA3MOLIUTIB yCEpEAUH] BY3JIMKIB Ta iX MapriHaJbHUX
3oHax. [IpoTe y cTapux TBapuH He BapTO 3a0yBaTH MPO TaKUX (HaKTOP, K 3arajabHe
MPUTHIYEHHA POOOTH IMYHHOI CHUCTEMHU 3 BIKOM, B-KIITHHM BXe HE € TaKUMU
PEaKTUBHUMHU y CBOIH BiJIMOBI/I.

JetanbHuil orunsin ctaHy B-kiIiTHHHOI CckiIaaoBoOi JiM(GAaTUYHUX BY3JIUKIB
JI03BOJISIE€ BiJ3HAUNTH HASBHICTH MMOOIMHOKHUX T€PMIHATUBHHX IICHTPIB, 10 BKA3y€E
Ha peakuiio B-KI1THH Ha XpOHIYHY TineproMouucreinemito (auB. puc. 4.100°, puc.
4.11B). be3anocepeaniM HACIIIKOM TOSIBU F€PMIHATUBHUX IIEHTPIB € (HOPMYyBaHHS
TUTa3MOIMTIB, 110 MPUCYTHI y JiMpaTuuHux By3nukax (puc. 4.11A). Li knituau
BIJI3HAUAIOTHCS JENI0 3MIleHUM Ha nepudepito sapom. Tum He MeHmn, Oina
yJiblia po30aBs€ThCS 3HAUHOIO KUTBKICTIO PETUKYJIIPHUX KIITHH 1 PiOpobiacTis,
[0 TIOMITHO TI0O PO3pOCioMy €03uHOpUIbHOMY (OHY HaBKOJO JiM(oOIacTiB,
TiMGOIUTIB 1 TIA3MOIMTIB. MapriHaibHl 30HM BTpadyarOTh CBOK YITKICTH 1,
BIJIMMOBIZTHO, TIEPEXi MiXkK O1IOK0 1 YepBOHOIO MYJIBIIO0 HE € BUpa3HuM (puc. 4.115,
muB. puc. 4.11B). Takox Bi3yalbHO PO3MHTTIO IILOTO TEPEXOJy CIpHSIE
iHpUIBTpalis B-KIITHH B 4epBOHY MYJbITY, IO CYHPOBOJKYETHCS iX IMOSBOIO
MOMI)X YEPBOHMMHU KJITHHAMH KPOBI 1 TpyNmKaMH TPOMOOLUTIB (JIUB. pHC.
4.11B).

Orinka cTaHy 4YepBOHOI MYJBIU TaKOX MIATBEP/KYE YCKIATHEHY BIKOM
MATOJIOTIYHY M0 XPOHIYHOI TIMeproMOnMCcTeiHeMIi Ha CeJle31HKY. 3-TIOMDK
4epBOHUX (POPMEHUX €JIEMEHTIB KPOB1 PO3TAIIIOBAHNX B BEHO3HUX CUHYCAX 1 TSKAX
binbpora Big3HauaeThCs 3HAYHA KUIBKICTh Makpodarip, MO YTHII3YIOTh CTapi i
BpPaXKCH1 €JIEMEHTH, HAKOMUYIYIOYH TEeMOCUIEPUH TIPH TIEPETPaBICHH]I T€MOTI00IHY
(muB. puc. 4.11B). Takox BapTO BIAMITHUTH 3pOCTaHHS KUIBKOCTI Makpodaris, Mo
MICTSITh y CBOi/ ITUTOTINIA3M1 BKITFOUEHHS JINO(YCIHUHY, 3pDOCTaHHS KUTBKOCTI SIKOTO
CBIJIYUTH HE JIUIIE PO 3aKOHOMIPHI IPOLIECH CTAPIHHS OpraHy, ajie 1 mpo 3pOCTaHHS
OKCHJIATUBHOTO CTPECY, CIPUIMHEHOT0 HAKOMMUYEHHSIM PEaKTHUBHUX (OPM KHCHIO

IT1JT BIUTMBOM XPOHIYHO1 Tinepromoructeinemii (puc. 4.1110).
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Puc. 4.11. Crpoma i nmapeHxiMa CeJe31HKH CTapuX HIypiB 3 TPYHH 3 XPOHIYHOIO
rineproMonucTeiHeMIer0. A: TNIa3MOLIMTH (3KOBTI CTPUIKKM ); b: peTUKYIApHI KITITHHA
(uepBOH1 cTpuiku); B-ximiTHHM y 4YepBOHIM mynbmi (4opHi CTpiiku); B:
repMIHATUBHUN TEeHTp (YepBOHUN oOBad); Makpodarn 3  BKIIOYCHHSIMU
remocunepuny (6umi crtpinku); b, B: wmapriHanpai 30HM (3kOBTI oBanm); [

Makpodaru 3 BKIIOUeHHSIMU Jinodyciuny (cuni crpinku). A, b, B, I' x1000.

Y miacyMKy BapTO BiI3HAUWTH, WIO 3arajlbHi MOPQOJIOTIUHI MPOSIBU
MATOJIOTIYHOTO BIUIUBY XPOHIYHOI TIMEPrOMOIMCTEiHEMII HA CENEe31HKYy IIypiB
BKJIFOYAIOTh B ce0e HEe3HA4YHy JIe30pTaHi3aliio ii CTPOMAIBHOTO €JIEMEHTY, MOSBY
MPOCBITIB y TIepHapTepiaTbHUX MiXBax yepe3 3arudenb T-miMQOIHTIB anonTo3om,
MiBUIIEHHS KUTBKOCTI TePMIHATUBHUX LEHTPIB B-kiiTuH 1 iHQLIBTpamii 3pinmux
TUTa3MOLIUTIB B UYEPBOHY ITYJIBITY Ta 3pOCTAHHS KUTBKOCT1 BKIIFOUEHB JIMOPYCHUHY Y

cene3iHkoBUX Makpodarax. Bci mi  3MiHM  O4eBHMAHO OynM  BHKIMKaHI
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MOJIPA3HIOIOYOI0 JII€0 HAaAMIPHUX J03 TOMOLMCTEIHY, 30KpeMa OKCHUIATUBHUM
CTPECOM, HITPO3WIIOBAHHSM, 1110 IPUTHIYYE MEXaHI13MHU aJlanTailii KJIITUH J0 [[bOTO
ctpecy Ta rinoMmetuinoBanasM JIHK kiaiTuH.

Pe3ynbTaTi AOCHIKEHb HAHOTO PO3AUTY JIHcepTallii BiTOOpakeHl HaMHU B
OJIHIA MDKHApOAHINA CTaTTI, IO BIIHOCUTBHCSA 10 MIKHAPOJIHOI HaYKOMETPUYHOI
6a3u Scopus [95], oaniii ctaTTi y haxoBomy xypHaii Ykpainu [106], Ta ogHix Te3ax

MDKHAPOJHOT HAYKOBO-TIPAaKTUUHO1T KoH(pepeHuii [18].
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PO3JLI 5
MOP®OMETPUYHUIN AHAJI3 TICTOJOTTYHAX 3MIH CEJIE3IHKUT
[IIYPIB PI3HOTO BIKY 3A YMOB I'MEPTOMOIIUCTEIHEMI{

JUIst OLIHKHM BIUIMBY XPOHIYHOI TiNEProMOIMCTEIHEMII HA 3arajJbHUN CTaH
CEJIe31HKH Ta MPOSBU AHTUIE€H-3aJIEKHUX IMYHHUX TPOLECIB Y Hill B pi3HOMY Billl
HamMu OyJIO MIPOBEICHO MOPIBHAHHS AUCKPETHHUX 1 O€3MepepBHUX 3MIHHUX Y LIYpPIB
TPHOX BIKOBUX Tpyn (MOJIO1, 3pii 1 cTapi). JluckpeTtHi 1 6e3nepepBHi 3MIHHI HAMU
OyJ10 MiJpaxoBaHoO 1 BUMIPSIHO BIAMOBINHO, 32 Aonomororo nporpamu Fiji:lmagel, y
KOHTPOJBHUX TpyHax Ta Tpymnax, OO0 NiAJaBaAINCh MOJYISIIlT XpOHIYHOT
rineproMounucTeiHemii.

Mop@domnoriyni 3MiHH y celie3iHKax IIypiB, MOB’s3aH1 3 IepediroM IMyHHHUX
NPOIIECIB B HUX, MU OI[IHIOBAJIM, NMPOBOJISYM MOPIBHAHHS CIIBBIIHOIICHHS TUION]
OUT101 Ta YEepBOHOI MyJBIN CEJE3IHOK TBapWH TPHOX BIKOBUX KaTETOpid Mixk
KOHTPOJBHUMHU Ta EKCIEPUMEHTAIbHUMH TpynamMu. AJpke came Oiga ImyJiblia
(cepenHs IIIOIIA SKOI y CEJIE31HIN 3JI0POBOTO OpraHi3My ckianae mpudauzao 20 %
BIIHOCHO YEpPBOHOI) yTBOpPEHA TepHApTepiAIbHUMU TIXBaMH Ta 1HIIHUMH
KOMITOHCHTaMH BY3JIMKIB, 10 BiAMOBINalOTh 3a dopmyBanHs T- 1 B-mimdonuTis
BIZIMOBIIHO. TOMY IIIJTKOM JIOT1YHO TOBOPUTH IMPO 3POCTAHHS aKTUBHOCTI IIHOTO
IMyHHOT'0 OpraHa MpH 3pOCTaHH1 TAKOT'O CITiBBIIHOIICHHS Ha KOPUCTD OLTI0T IyJIBITH.
BumiproBanHs poBOAMIHACH 11 8 ITUGPOBUX 300pakeHb, OJep>KaHUX Bix 4 TBapUH
3 KO’KHOI 3 IIECTHU IPYIl, OTPUMAHKX 31 CBITJIIOBOTO MiKpockoma Ha 30ubmienHi X200.

Jlns BIpHOT'O BCTAHOBJICHHS CITIBBIIHOIICHHS MDK TOYKaMHU LHQPOBOTO
300pakeHHS Ta MIKpomMeTpamu, ipu ¢oTorpadyBaHHI Ha 300pakeHHsT HAHOCUIIACh
MmipHa mkaita Ha 0,05 mMm. Ha Hamry gymKy, BUMIpIOBaHHS TUIOMII BY3JIMKIB 01101
MyJIBITH Ta BU3HAYCHHS iX J0JI1 BIIHOCHO YePBOHOI1 IYJIBITH, PO3TAIIOBAHOT HABKOJIO,
XapakTEepU3ylTh  Takl MOpoUecH Yy  CeNe3lHIll, SK  aHTUTCH-3aJIe’KHE
nudepenmiroBanass B- 1 T-mimdornuTiB y BiANOBIAR Ha BIUIUB XPOHIYHOT

rineproMouucteineMii, ix aeaudepenuiainito y nimdpodnactu, hopmyBaHHs 3 B-



101

TiMGOIUTIB AUPEPEHIIHOBAaHUX TIa3MOLUTIB, 34aTHUX A0 BUPOOJIEHHS AHTUTLI,
Too. O4eBHUIHO, 1110 TaKl IMYHHI MPOLIECH MAlOTh Pi3HY JAUHAMIKY mepeoiry ass
PI3HUX BIKOBUX I'PYII.

IMOBIpHMIT TOKCUMYHHMI BIJTUB XPOHIYHO MiJBUILEHUX PIBHIB FOMOLUCTEIHY
Ha (YHKIIOHYBaHHS CTPOMAJbHUX 1 MapeHXIMAaTO3HUX CKJIAJIOBUX CEJIE31HKU (B
nepury uyepry, Ooporb0a 3 OKCHUIATUBHUM CTPECOM SIK (DAKTOpPOM BpPAKECHHS)
OLIIHIOBAJIM 3a JOMOMOTrOI0 JIUCKPETHOTO IMapamMeTpy — Hamu Oylio MiJpaxoBaHO
KUTBKICTh Makpodaris, 1m0 MICTATh Y €001 BKJIIOUEHHSI MITMEHTY JiNo(QycuuHy,
OCKUIBKM caMe€ IIeil MIrMEHT € NpsIMUM MPOAYKTOM OOpOTHOM TICTIOLMTIB 3
TOKCUYHOIO JII€}0 PEaKTUBHUX (HOPM KHUCHIO Ha CKJIaaoBi kiituHu. KpiMm Toro,
TnoQyCMH € TIOKa3HUKOM CTapiHHsS KJIITHUH, a/pKe BUIOMHH SIK «IITMEHT
CTapiHHSAY, 10 CYMPOBOJKYE YIMOBUIBHEHHS TMepediry MeTaOoIYHUX IMPOIIECIB B
kaiTuHL. [ikaBuM ns Hac Oys0 OUIHUTHU PIBEHBb 3POCTaHHS LIOTO BKIIOYEHHS Y
PI3HUX BIKOBHX I'pylax TBAPUH 3 XPOHIYHOIO TINEPrOMOIIMCTEIHEMIEID BITHOCHO
KOHTPOJTIB.

Jlns migpaxyHKy KUIBKOCTI MakpodariB 3 BKIIOUYEHHSIMH JIHHOQPYCIUHY
BukopuctoByBanin miarin “Cell counter” B mporpami Fiji:Image]. IlimpaxyHoxk
3MIACHIOBAIM JJIE KOXHOT 3 IIeCTH Trpyn (TphOX KOHTPOJBHUX Ta TPbOX
eKCTIEPUMEHTAIBHUX BIJMOBIIHO O TPHOX BIKOBHX KaTeropiil) Ha 20 1mudpoBux
300paXKeHHAX YOTUPHOX TBApHWH 3 KOKHOI rpynu Ha 30uabmieHHi x1000. Bei nani

obpobisuncs B Excel.

5.1. Ominka CHIiBBiIHOMICHHS TUIONII OUTOT Ta YEPBOHOI MyJbIH Y MAPEHXIMI1
CEJIE3IHKM MDX KOHTPOJIbHOIO Ta E€KCIEPUMEHTAIBHOI0 TPyMaMu TPhOX BIKOBHX

KaTeropii TBApuH

OckulbkM  TpU  MEpeBIpIl  BUMIPIOBAaHb 3  KOHTPOJBHHUX  Ta

EKCIEPUMEHTAIBHUX TPYH TBAapUH PI3HUX BIKOBUX KATEropii Ha HOPMAaIbHICTb
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po3noany, rpadiku He BiamoBiganu Kpuiii ['ayca, Hamu AJisi BU3HAYCHHS
JOCTOBIPHOCT1 BIIMIHHOCTEN MIX Ipynamu OyJi0 3aCTOCOBAaHO HeMapaMeTpUYHUN
Kputepiii ManHna-YiTHi.

3rifH0O 3 HAUIMMU  BHUMIPIOBAaHHSIMHU, JOCTOBIPHOT  BIAMIHHOCTI Yy
CIIBBIHOIIECHHI M OUIOI0 Ta YEPBOHOIO MYJIBIIOI0 CEJE31HKU HE CIIOCTEPIraioCh

JUTSL %KOJTHOI 3 BIKOBUX KaTeropiit (puc. 5.1).

CepegHe 3HauyeHHAa poni 6inoi
NyAbNu cenesiHKgdO YePBOHOI
KOHTpOA X Ta
eKcnepumeHTaNbHMXErpynax TsapuH
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Puc. 5.1. CepenHe 3HaueHHS 4YacTKW OUI0T MyJbIU CEJIE31HKH 10 YEPBOHOI 31
CTaHJAPTHUM BiIXUIECHHSAM: 'KOHTPOJIGHA IPyIIa MOJIOIUX TBAPHH; “TPyIIa MOJIOIUX
TBapHH 3 XPOHIYHOO T1IEPrOMOLKUCTEIHEMICIO; KOHTPOIIBbHA IPyIIa 3pIINX TBAPHH;
‘rpyma 3piIMX TBApHMH 3 XPOHIYHOKO TiIEPrOMOLMCTEIHEMIEI0; "KOHTPOJILHA IPyIIa

CTapuX TBApHH; °rpyma cTapux TBApHH 3 XPOHIYHOKO TIIEPrOMOLMCTEIHEMIETO.

TuMm He MEHII, HaMH CIIOCTEPIrajgoch 301IBIICHHS Ol OUTOl MyNbId IS
TBApHH, MO MiJJaBAIINCh XPOHIYHIN TileproMorucTeiHeMii, IIS JeIKUX BIKOBHX
KaTeropii — JAOCUTH BimuyTHE. SIKIIO M1 KOHTPOJBHOI TPYIMH MOJOIUX TBAPUH
CepellHE 3HAYCHHSI IIHOTO MoKa3HuKa ckianae 0,17 (mepmmii kBaprens 0,15; TpeTiit
kBaptenb 0,2), TO s Trpynu, TBapuHU SKOI MiAJaBajuCh XPOHIUHIN
rineproMouucteinemMii, BoHo craHoButh 0,33 (mepmmit kBaptens 0,30; Tpetiit

kBapTteinb 0,32). [loka3Huku gaHOro napaMerpa 3 000X BUILE3TaIaHUX TPy MAIOTh
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HE3HAYHE CTaHJAAapTHE BIAXWIEHHS (pUC. 5.2), MO0 TOBOPUTH MPO BIACYTHICTH
PaUKAIBHOTO PO3POCTAHHS UM 3MOPIIEHHS OUIO1 MyJIbIIN y CeIe31HKAX 1 € HLIKOM
JIOTIYHUM JJI1 MOJIOAMX TBapHH, IMyHHa CHCTEMa SIKMX NepeOyBae y aKTUBHOMY
CTaHi.

CniBBigHowWweHHA naouwi 6inoi nynbnu ao

YepBOHOI Y KOHTPO/IbHUX Ta
eKCnepumMeHTa/IbHUX rpynax
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Puc. 5.2. [HauBiAyanbHi MOKa3HUKY YaCTKU 01101 IMyJIBITN CEJIE31HKH 10 YePBOHOT
31 CTaHJAPTHUM BiIXWJICHHSAM: 'KOHTPOJBHA TPylla MOJIOAMX TBAPHMH; >TpyIa
MOJIOZIMX TBAapUH 3 XPOHIYHOKI TillEpPrOMOLUCTEIHEMIEIO; SKOHTPOJIBHA TIPyIa
3piIMX TBAapWH; “Tpyna 3piIMX TBapUH 3 XPOHIYHOIO TiNEProMOIMCTEIHEMIEIO;
SKOHTPOJIGHA TpyNa CTapUX TBAPHMH; °Trpyma CTapux TBapUH 3 XPOHIYHOIO

rineproMonucTeiHEMIETO.

VY BUMaAKy TBapWH 3pUIOT0O BiKy, HE 3Ba)KalOUW HA BIICYTHICThH IOCTOBIPHOL
PI3HUII MK KOHTPOJIBHOIO Ta €KCIIEPUMEHTAIBHOIO TPYIOI0, MOKEMO BI3HAYUTH
HAWOUIBII pi3Ke Y MOPIBHAHHI 3 ITHIIMMH BIKOBUMHU KaTETOPISIMU PO3POCTAHHS 01101
MyJIBIIH Y BIATIOB1/Ib HA 10 XPOHIYHOI TinmepromMonucteinemMii (nus. puc.S.1). Sxmio
JUTSI KOHTPOJIBHOT TPYMH I1i€1 BIKOBOI KaTeropii TBApUH CEPEIHE 3HAYEHHS JAHOTO
nokaszauka ckianae 0,23 (mepmmit kBaprens 0,19; tpetiit kBaptens 0,27), To mus
rpynu, TBAapUHU SKOI MiAMABAINCH XPOHIUHIN TimepromMonucteiHemii, BOHO
ctaHoBuTh 0,61 (mepmmii kBaprens 0,48; Tperiii kBapTenb 0,73) — MpaKTUYHO B TpU
pa3u Buie. IMOBIpHO, Taki MOKa3HUKH MOXKHA TOSCHUTH BIAMOBIAIIO IMYHHHX

KJIITUH Ha TOCTIMHO MiJBUIIEHUNA pPIBEHb TOMOIMCTEIHY, 110, Y CBOI 4Yepry,
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MIPOBOKY€ MOJPa3HEHHs Yepe3 MOB’S3aHl 3 HUM Peakilii HITPO3WIIOBAHHS, a TAKOX
COPUYMHEH]I HUM IIJIBUILEHI KOHILIEHTpalli peakTuBHUX (popMm kucHio. OOuasa
NpOIECH OYEBUIHO HETaTUBHO BIUIMBAIOTh SK HAa CTPOMalbHI, Tak 1 Ha
MAapeHXIMATO3H1 CKJIAJIOB1 CEJIE31HKU TBapHUH 3 €KCIIEPUMEHTANbHOI rpynu. Takox
yBary npuBepTae JOCUTh 3HaUHe cTaHaapTHe BiaxuieHHs (0,21), 1m0 € cBiAYeHHSIM
OUTbII PEaKTUBHOI'O PO3POCTaHHS OUIO1 MyJbIU Yy NEAKUX IIYpIB Y MOPIBHSAHHI 3
TBapUHAMU 3 TIET K Tpynu (IUB. puc. 5.2).

Takoxx BapTO 3BEpHYTH yBary Ha Te, 1110 IJIoIa OU101 MyJblu nepedyBae He
JIMIIE M1 BIUTMBOM MpoleciB mposidepallii 1 30UIbIIeHHS KITbKOCTI OUTUX KIIITHH,
aJyie TaKoX MOJKE JICHIO 3MEHIIYBaTHCh B CHIJIY 3arv0ei YacTHHH 3 HUX MUIIXOM
arionTo3y Yepe3 MoB’sI3aHUMU 3 TIIBUIICHUMH PIBHSIMH TOMOIIMCTEIHY TPOIICCaMU
napanensHoro rimomerwmoBanHs JIHK mimdonurie. [lopymieHHsT HEBHUITaIKOBOTO
narepHy metvttoBanHs JIHK Mosxe mpu3BoAMTH O HEBIANOBIIHOT €KCITpecii reHiB
1 CIpUSTHHSI PO3BUTKY MaToJI0T11 y JiMdoruTax [200].

O1iHKa TOTEHIIHHOTO 3POCTAHHS YaCTKU 017101 MyJIBITH BITHOCHO YE€PBOHOI y
IpyIi CTapux TBAapUH IIiJ] BIUIMBOM XPOHIYHOI TiMEproMouucTeiHeMil Mmokasasa
BIJICYTHICTh JIOCTOBIPHOI PI3HMIII MDK KOHTPOJIBHOI Ta EKCIEPHUMEHTAIBLHOIO
rpynamMu. THUM HE MEHIN, BapTO BIA3HAYMTH BCE XK OUIBIIY IUIONIY, 3alHATY
TiM(paTHIHUMU BY3JIMKaMH y TTAPEHXIMI CEJIe31HOK, 110 3a3HaJI BIUIMBY XPOHIYHOT
rineproMouucteineMii. SIKIo s KOHTPOJIBHOI IPYIMH MOJIOJMX TBAPUH CEpPEIHE
3HAuUEHHS IIbOTO MoKa3HuKa ckianae 0,23 (nmepmmii kBapTens 0,16; TpeTiii KBapTehb
0,28), To s TpyINK, TBAPUHU SIKOT MIATaBATMCH XPOHIUHIN rimeproMonucTeinemii,
BoHO cTtaHOBUTH 0,48 (mepmmii kBaptenb 0,35; Tpetiii kBaprens 0,6). Taki
MOKa3HUKU MOXHA TOSCHUTH CTPUMAHOIO IMYHHOIO PEakKIi€l0 Ha 30BHINIHI
YUHHUKW, TIOB’SA3aHOI0 3 BiKOM TBapuH. J[lemudepenmiamis B-mimdomnutie y
nimdobiacty, GopMyBaHHS TEPMIHATUBHUX IIEHTPIB Ta MpoTideparrist KIITHH HE €
HACTUTHKM TMHAMIYHOIO, SIK Y MOJIOJMX TBapWH Ta TBapWH 3pinoro Biky. Tum He
MEHIII, TEHJEHIIIS 0 PO3POCTaHHA OLI01 MyNbIH, a OTXKE, 1 PO3BUTKY IMYHHOI

BIIMOBI/I1 HA TIIEPrOMOIIUCTETHEMIIO BCE JK CIIOCTEPITa€ThCS.
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5.2. O1iHKa KUIbKOCT1 Makpo(aris 3 BKIOUECHHIMU JINOPYCUHUHY Y UEPBOHIN
MyJIbIl CEJNE3IHKH TBAapUH KOHTPOJBHHUX Ta EKCIEPUMEHTAIbHUX TPyl TPbOX

BIKOBHUX KaTeropii

[TigpaxyHKku KUIBKOCTI Makpogaris, 10 HAKOMUYYIOTh Yy COOl BKIIOYEHHS
minodyCcuuHy, € TOKa30BUM Y OIlIHIIl PIBHS OKCHJATHUBHOTO CTPECY B TKaHWHAX
CCJIC3IHKH y TBApHWH 3 CKCIIEPUMEHTAIBHUX TPYI ITiJl JOBFOTPUBAJIUM BILUITHBOM
MiBUIICHUX PIBHIB TOMOILMCTEIHY, a/DKE, SK BIJIOMO, IS PEYOBUHA ITiABHUIIYE
KOHIIEHTpPAI[II0 aKTUBHUX (OpPM KHUCHIO B TKaHMHAX, 30UIBIIYIOUM iX
BHYTPIITHBOKIITUHHE BUpOoOieHHs [204]. IloOymoBa rpadikiB HOPMaIHHOTO
pO3MOJIUTY Ha OCHOBI JIaHWX MiJpaxyHKYy He Tokaszajiia KpuBoi ['ayca, TOXX Hamu
3HOBY OyJ10 3aCTOCOBaHO KpuTepii MaHHa-Y1THI JIJIsl TOPIBHSHHS T'PYIIL.

[Ipu mopiBHSAHHI €KCIEPUMEHTAJbHUX TPYI BCIX BIKOBHX KaTeropii i3
KOHTPOJBHUMHU HaMH OyJIO BHUSIBJICHO CTATUCTUYHO JOCTOBIPHE 3TITHO KPUTEPIIO
ManHa-YiTHI 3MEHIIIEHHS KUIBKOCTI MakpodariB 3 BKIIOUYEHHAMH JIMOQYCIIMHY B
HuX (puc. 5.3). 3arasom 11e CBITYUTH HA KOPUCTH 3pOCTAHHS OKCUAATUBHOTO CTPECY
1 60pOoTHOU 3 peaKTUBHUMH (OpPMaMU KUCHIO.

Skio y Mojiogux TBapuH B KOHTPOJBHIN TPyIi B CEPEeIHHOMY B TOJIi 30py
npu 36ubmenHi x1000 cnoctepiraerbes 8,25 KIITHH 3 MMOMYCIUHOM (TIEPIITHit
KBapTedb 7; TPEeTid KBapTenb 9,25), TO mis Tpymnu, TBAPUHHU SKOI IMi/I1aBaIUCh
XPOHIYHIN TiMmeproMonucTeiHeMii, KTbKICTh KIITHH B CEPeIHbOMY CKiagae 14,85
(mepruit kBapTens 14; Tpetii kBapTenb 16). CTaTUCTUYHO JOCTOBIPHE 3POCTAHHS
KUTBKOCT1 KJTITHH 3 30JI0TUCTO-KOPUIHEBUMH BKIFOUEHHSIMH MO YCIIUHY CBITIUTH
PO TIJACUICHE OKUCHUM CTPECOM HAKOMHMYEHHS BEJIMKOI KUTBKOCTI arperoBaHUX
oinkiB. L{i arperatu mMOTITMHAIOTHCS MaKpoayTodari€ro Ta pearyioTh Jaji 3 IHIIUMHA
KIITUHHUMUA ~ KOMIIOHEHTaMH, YTBOPIOIOYM JINOMYCUHUH, SIKUM 3 4acom

HaKOIIMYYETHCS B JII30COMaJIbHIN cuctemi [116].
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KinbKiCcTb KNiTUH 3 BKAOYEHHAMMU
ninodycuymHy y noni 3opy y 3pisax
cenesiHKu

42,9%,**

I

Puc. 5.3. Cepenne 3HayeHHS KUIBKOCTI MakpodariB 3 BKJIOYEHHSIMHU
ninodycuyHy y 1o 30py: 'KOHTPOJIbHA IpyIla MOJIOIUX TBAPHH; “TPyIa MOJOIAMX
TBapHH 3 XPOHIYHOO T1IEPrOMOLMCTEIHEMICIO; *KOHTPOIIBbHA IPyIIa 3pIINX TBAPHH;
‘rpyma 3pinMX TBApHMH 3 XPOHIYHOK TiIIEPrOMOLMCTEIHEMIEI0; "KOHTPOJILHA IPyIIa
CTapuX TBapuH; °rpyma cTapux TBAPHMH 3 XPOHIYHOIO IiEProMOLUCTEIHEMICIO. * —
BIIMIHHICTh BiJi KOHTPOJBHOI TPyHH JaHOi BIKOBOi KaTeropii JOCTOBiIpHa MpH
p<0,05; ** — BITMIHHICTb BiJT KOHTPOJIbHOI I'PYITH MOJIOJIMX TBAPHUH JOCTOBIpPHA ITPHU

p=<0,05.

Sxkio y mrypiB Bikom 6-8 MiCsITiB B TPYIIi, 1110 HE 3a3HaBajia BIUTMBY XPOHIYHO
MIABUIIEHUX PIBHIB TOMOIIUCTEiHY, B CEPEIHHOMY B ITIOJII 30py MpHU 30UTBIICHHI
x1000 cnocrepiraerbest 11,55 KIITUH 3 BKIIOYEHHSIMHU MTICMEHTY JINOPYCIUHY
(mepruit kBaptens 10,75; Tpertiit kBapTensb 12), TO Uil eKCIIEPUMEHTANTBHOT TPYIIH
KUTBKICTh KIITHH B cepeqHboMy ckiagae 17,3 (mepmuii xBaptenb 16; Tperiid
kBaptenb 18,25). Jlns 1miel rpymnu, SK 1 A7 MOJIOUX TBAPWH, HAsIBHE CTATUCTUYHO
JIOCTOBIpHE 3POCTAaHHS YacTKH MakpodariB 3 BKIIOYCHHAMH JIMOQYCIUHY, M0
MoKaszye OOPOTHOY IMUX KIITHH 3 HACTIAKAMH IMiIBUIIIEHHS PiBHS PEaKTUBHUX (HOPM
KHCHIO B TKAHWHAX IOTO iIMyHHOTO opraHa. [Ipu mboMy BapTO 3BepHYTH yBary, 1o

B 000X rpymax CTaHJapTHE BIAXWJICHHS HE € 3HAYHUM, a OTXE, Ha BCIX 3pi3ax
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YOTUPHOX TBAapHH 3 00OpaHOi IpynH KUIbKICTH Makpo(ariB 3pocTae CHiBPO3MIPHO
(Tabm. 5.1).
Tabnuys 5.1
IHoka3HukH KiNTbKOCTI MaKpOQAariB 3 BKINYEHHAMH JINOPYCHUHY Y

KOHTPOJIbHMX i eKCIIEPUMEHTAJBbHHUX IPYNIAX TPHOX BIKOBUX KaTeropiu

[Tone Moot Hopocmi Crapi
0Py Kontpons | Excriepument | Kontpons | Excriepument | Kontpons | ExcriepumMenT
1 9 12 10 16 27 35
2 8 14 12 14 38 52
3 6 16 14 18 36 46
4 11 12 10 15 36 45
5 10 13 11 20 44 47
6 6 15 10 17 40 38
7 9 15 10 18 31 40
8 10 14 11 19 39 47
9 6 16 12 16 38 45
10 8 15 11 20 38 48
11 9 14 11 18 40 41
12 7 16 12 17 44 43
13 8 15 14 19 37 39
14 9 17 12 14 31 41
15 10 18 11 17 35 43
16 6 15 11 18 29 36
17 9 16 10 19 39 42
18 13 14 16 41 39
19 10 15 13 17 39 45
20 7 16 12 18 41 46

[Tpu cTatucTUaHOMY MOCHTIKEHHI TU(DPOBUX 300paKeHb YEPBOHOT MYJIbITN
CEJIe3IHKHM CTapuX TBApHUH 3 KOHTPOJIBHOI TPYNU B CEPEAHHOMY B TOJI 30py TpPH
30utbmienHi x1000 cnoctepiraerbess 37,15 KIITUH 3 BKIIOYEHHSMU HITMEHTY
ninodyciuny (mepmuii kBaptenb 35,75; Tpetik kBaptenb 40), B TOH 4Yac, SK JJIsI

EKCIEPUMEHTAIbHOI TPYIH, II0 3a3Hajla XPOHIYHOIO BIUIMBY IiJIBUIIIEHUX
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KOHLIEHTpal[li TOMOLMCTEIHY, KUIbKICTh KIITUH B CepeaHbOMYy ckianae 42,9
(mepumit xkBaptenb 39,75; Tperiii kBaprens 46). Bapro BiA3HAUMTH 3arajibHe
MIJBUIICHHS KUIBKOCTI BIAKJIAJeHb JINOQYCUMHY B CeEJE3iHIl TBapuH 3
KOHTPOJIBHOI TPYIH, IO HE 3a3HaBaJi HETATHBHOTO 30BHINIHHOTO BIUIMBY. Lle
MOB’5I3aHO, B MEpILy 4Yepry, 3 TUM, IO B CTapil0uOMYy OpraHizMi JinoycuuH
BIJIKJIAJTA€THCS 32 IPUPOJIHUX YMOB B CUITY 3alIOBUIBHEHHSI META0O0IIUHUX MPOLECIB
B KJIITWHAX, SIK HEBHBEJCHI HarpOMaKEHHS MPOAYKTIB, 1[0 MalW B BHUBOIUTHCH
BHACJIIJIOK TPOIIECiB eKCKpelii. | HaBiTh Mpu TaKUX MIJBUIIEHUX KOHIICHTPAIISX
[[LOT'0 MITMEHTY B CE€Je31HLI1 TBAPUH 3 KOHTPOJIbHOI IpyNH (IOCTOBIPHO OUIbIIIE, HIK
y MOJIOAMX TBapHH IPYIH KOHTPOJIIO), X KUTBKICTh Y 3pi3ax CeNe3iHKH TBapHUH, IO
3a3HAJIM XPOHIYHOTO BIUIMBY MIABUIICHUX PIBHIB TOMOIIUCTEIHY, € JOCTOBIPHO
OuThIION (AUB. puc. 5.3). 3riHO 3 ITUMU TAaHUMHU, MOKEMO TOBOPUTH MPO J10JIATKOBI
NPUYMHUA HAaKOMHUYEHHS JNoQyCcuuHy y Makpodarax ceiie3iHKM TBapuUH 3 JaHOI
IpyHu — y CTapOMY BIIIl, SIK 1 Y BUTIAJKY MOJIOAIINUX TBAPUH, MAaKpO(aru BCTYNAIOTh
B 60pOTHOY 3 OKHUCHUM CTPECOM, CIIPUYMHEHUM TIeproMOIUCTETHEMIETO.

3aranom, 3a pe3yibTaTaMu OOpPOOKHM TUCKPETHUX Ta Oe3MepepBHUX TaHUX
MipaxyHKIB Ta BUMIPIOBaHb Yy CEJIC3IHIII TBApUH PI3HUX BIKOBUX KaTeropii 3
KOHTPOJBHUX Ta EKCIEPUMEHTAJbHUX TPYI, BApTO BIAMITUTH, IO 3POCTAHHSI
3arajibHOi IUIOIII 017101 MyJbIM MPUTAMaHHE BCIM €KCIIEPUMEHTAILHUM TpyIaM Y
MOPIBHSAHHI 3 TpynamMyd KOHTPOJIO, MPOTE HE € CTATHCTHYHO JTOCTOBIpHUM. [lpwm
IIbOMY HaWOLIBIN SICKPAaBO BUPAKEHUM 3POCTAHHS YACTKU JTIM(DATUUHUX BY3JIHKIB
BITHOCHO YEPBOHOI MYJIBIIH € CaM€ y JIOPOCITUX/3pUINX TBAPHUH, 11O CBIAYUTH MPO
HaWIHTEHCUBHIII TTpoliecH mpoidepartii JiMpOIUTIB came y 111l BIKOBIH KaTeTropii.

Ha BigmiHy Big yacTku 017101 MyJbIH, KUTBKICTh MaKpo(ariB 3 BKIFOYCHHIMHU
TnoQyCIUHY € CTATUCTUYHO JOCTOBIPHO OLTBIIOKO 32 KpuTepieM MaHHa-YiTHI 1Jis
BCIX TPHOX E€KCHEPUMEHTAIBHUX TPYIl BITHOCHO IPYI KOHTPOJIIO, 1110 TOBOPUTH PO
pEaxIliro Ha XPOHIUHY TINEProMOIMCTETHEMIIO HE JIHIIIe JTIM(OIIHTIB, a i Makpodarin
Ta MPO BIUIMB TOMOLUCTEIHY Y HAAMIPHUX KUIBKOCTSIX Ha METa0OJIYHI MPOIIECH B

KJIITUHAX.
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PO3/L]I 6
VJIBTPAMIKPOCKOIIIYHA BYJIOBA CTPYKTYPHHUX
KOMITIOHEHTIB CEJIE3IHKH II[YPIB PI3HUX BIKOBUX I'PVYII 3A
YMOB EKCIHEPUMEHTAJBHOI T'IIMMEPTOMOIMCTEIHEMII

6.1. CyOMikpocKomiuHa OpraHi3alis ceje3iHKM IHTAKTHUX IIyPiB PI3HOTO BIKY

6.1.1. YapTpacTpykTypHa OymoBa CEJ€31HKH MOJIOJIUX IIYpiB KOHTPOJIBHOT
TpyIu.

B Momonux mrypiB KOHTPOJIBHOT IPYIHA CTPYKTYpHA OpraHi3allis CeJIe3iHKH
BIJNOBiaJIa BIKOBUM MeXaM HOpMH. bina mynbna mpenactaBiieHa JTiMQOiTHUMHU
BY3JIMKaMH, B IIEHTP1 AKUX BiAMIYaJIM TepMiHATUBHI HeHTpU. KiliTHHHA MOTYIIsIis
napeHxiMu BKIroyana JiMdorutd, Makpodaru, mimdoOIacTH, IIIa3MOIUTH.
BupizHsim Takoxk peTUKyIspHI KIITHHU. JliMdoruTn Ou1ol MynbIu Cele31HKU
IIypiB MaJld TIMEPXpOMHI s/pa, KapiojgeMa ix Oyna CYHUIbHOIO, TepeBakaB
reTepoXpoMaTHH. Spa po3MIITyBaIUCh B IEHTPI KJIITHH, 3aiiMaau iX OCHOBHHI
00’eM. B muTorurazmi BiaMivanu puOOCOMH, MITOXOHAPIil, KaHAIBIl TPaHYJSIPHOT
€HJI0TUTa3MaTHYHOI CITKH (puc. 6.2). [TnazmMonuTu 1iMGOiTHUX BY3JIUKIB CEJIC31HKU
XapaKTepU3yBAIUCh MEPEBAKAHHIM T€TEPOXPOMATHHY B SApaxX, M0 PO3MILTYBaBCS
nig Hykineojgemoro. EyxpomatuH maB nudys3He po3MimieHHS B Kapiomiasmi. B
MIa3MaTUYHUX KITITHHAX BUSBISLIN MIEpeBakHO ofHe snepie. Crnocrtepiramu goope
PO3BUHEHY TPaHYISAPHY €HAOIIA3MAaTUYHY CITKy Ta pUOOCOMH B IMTOILIa3Mi
IIa3MONMTIB. Bapro 3a3HauWTH, 10 B TEPMIHATHBHUX IEHTPaX JMQOiTHUX
BY3JIUKIB XapakTepHuMu Oynu ¢irypu mitosy (puc. 6.1).

UepBoHa myJblia CENE31HKU IIYPiB KOHTPOJIBHOT Tpynu Oyia mpejcTaBiIeHa
EepUTPOLIUTAMH, TPOMOOLIUTAMU, Makpodaramu Ta JiMmpountamu. Makpodaru Manu
BEJIMK1 po3MipH. Sapa iX po3MillyBaIMCh B LIEHTP1 KIITHH a00 3MILYBaJIUCh 10

MOJIIOCIB. ['eTepoXpoMaThH y BUTJISII TPY0YOK JIOKAII3yBaBCsl 0€3M0CepeIHbO il
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kapioneMoro. OctanHsi popmyBana iHBariHaiii. [{lutonnasma makpodaris mictumna

YHUCeIbHI J130COMHU Ta parocoMu, popmyBaia BiApocTku (puc. 6.3).

g N
= il wL D Ll - L.m"i
Puc. 6.1. EnextpoHorpama cese3iHky MOJI00T0 ITypa KOHTPOJBHOI Ipymiu. S po

CEe

miasmonuta (1), mmromiasmMa miuasmoruTta  (2), KaHalubll TpaHyJISPHOT

€H0IUIa3MaTHYHOI CITKH. 30uIbiieHHs X9000.

i-" %

Puc. 6.2. CyOMiKpOCKOITiYHA OpTraHi3allis CEJIe3IHKH IHTaKTHOTO TIypa. Smpo

aimpormTa (1), murornazma miMdoruta (2), pomoonuTH (3). 36impmenas x9000.
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Puc. 6.3. ExexrpoHorpamMa cene3iHKA MOJIOA0TO iHTaKTHOTO mrypa. [lepumwmt (1),

uToruiazMa esjpotenionura (2), eputpouut (3), mManuil cBiTaui JiMborut (4).

30urbirenas xX9000.

CuHycOiH1 Kanmuisipu cene3iHKu OyJld TMOMIPHO TOBHOKPOBHUMH. B
MPOCBITaX iX BUSBISINM €PUTPOLMTH. EHmOTEnmianpHI KIITHHU CTIHOK KamuIsIpiB
Maju BHUIOBXKEHY (opmy. fnpa iX BepeTeHONOAIOHI 3 BUPAXKECHUMHU SACPHUMHU
nopamu. ['pyiKu reTepoXpoMaTHHY JIOKaNIi3yBaJIUCh ITiJ1 HyKJIeoJeMoto. Biqmivanu
HasgBHICTH 1-2 snmepenb. B muromiasmi eHAOTENIONUTIB CHOCTEpIraad 4YuCeIbHI

BaKyoJIi, HE3HAYHY KUIBKICTh OpraHen (IuB. puc. 6.3).

6.1.2. CyOMiKpOCKOIIiYHA OpraHi3aimis CeNe3IHKH 3pUIMX MIypiB TPYIH
KOHTPOJTIO.

Jlopocni 1mypu KOHTPOJBHOI TPymH MaiM 3arajibHI 3aKOHOMIPHOCTI
VIBTPACTPYKTYPH CeJe3iHKu. B Oiuniii mynbmi oOprady BHSIBICHO PETUKYISPHI
KIIITHHY, JTiMpomuTH, Makpodard, IUIa3MoIuTH, AeHApHTHI KiaituHA. Cepen
TiMGOIUTIB BUPI3HSIIM Maji (CBITII Ta TeMHi) 1 cepemHi. SIk 1 B rpymi MOJIOANX
TBapWH, B TEPMIHATHUBHUX IIEHTpaxX XapakTepHumu Oynu Qirypum mitosiB. Maii

cBiTii niMmponutr nepedyBaan B 0ToUueHHI MakpodariB Ta MoHOIUTIB. Kapiomema
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aiM(ponuTIB Majla BUpaxkeH1 mopu. B ix sapax mepeBakaB reTepoxXpoMaTtvH, a
€yXpOMATHH PO3MILIYBaBCs MNEPEBAKHO B LIEHTPAJIbHIN yacTuHi anpa. LuTomnazma
TiMGOIUTIB Majia BUIJISAA BY3bKOi CMYXKKH, B HI CHOCTEpIrajJd HEYUCEIbHI

opranenu (puc. 6.4).

Puc. 6.4. EnexktpoHorpama ceje3iHKH 3puIOro IHTAKTHOTO Imypa. Smapo
mimboruta (1), nuroruasma niMmdonura (2), sapo cepenuboro giMmdonuTa (3),

[UTOIUIa3Ma cepeHboro JiMdornuTa (4), MoHOIUT (5). 36u1bmenas x9000.

Makpodaru Oi01 MynbIH CENE3IHKKA 3pUIHX MIypiB XapaKTepU3yBaIUChH
TINepXpOMHUMH SIAPAMH, T€TEPOXPOMATHH PO3MIIIYBABCA Yy BUIIISAI 00igKa Tij
HyKJIeoJaeMoto. EyxpoMaTrH X KIIITHH 3aiiMaB IIEHTpajbHE TOJIOKEHHS B sapi. B
UTOIIa3M1 MakpodariB Oy HasBHI JTI30cOMH, (HarocCOMHU, BaKyoJi, MITOXOHPII,
koMmrieke [ompmxki (puc. 6.5). [logexynu Binmivanu cepemni TiM(OIUTH, IO MaTu
okpyriy dhopmy. SAnpa iX po3MiNyBaTUCh €KCIICHTPUYIHO, TIEPEBAKAB €YXPOMATHH,
a TETepOXpOMATHH Y BHIJISLAI TPYIAOUOK JIOKATi3yBaBCs OE€3MOCEpPEaHBO ITij
kapionemoro. IluTommasma cepemnix niMQonuTiB MicTuiaa Jg00pe PO3BUHEHY

rpaHyJsIpHY €HJI0IIa3MAaTUYHY CITKY, MITOXOHAPIi, 1i30COMU, puOOCOMH (AHB. pHC.
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6.4). MoHoUUTH OUIOT MyIBOU CEJIE31HKU 3a3HAYEHOI IPYNH €KCIEPUMEHTATBHUX
TBapUH BIIPI3HSUIUCH OOOOMOAIOHMMH UM MIAKOBOMOAIOHUMHU TINEPXPOMHUMU
anpamMu. B 1muTonigasMi MOHOIMTIB BUSIBJISUIM JII30COMM, MITOXOHJIpIi, MOMIPHO
PO3BHHEHY TPAaHYJSPHY €HIOIUIa3MaTHYHY CITKY. [lna3zmMouuTu B 3puUTMX IIypiB
KOHTPOJBHOI ~TIPynu  Majd EeKCLUEHTPUYHO  pO3MILIEHI  OKpyIJl  sjpa.
['etepoxpomMaTH B HUX MaB BHIJISJ CHOUIb KOJeca, €yXpOMaTHH 3aliMaB
LEHTpaJIbHE MOJIOKEHHs B siipi. [{uTonnasma mia3zMaTUYHUX KIITHH BIAPI3HSIIACH
n00pe pO3BUHEHOI0 TPAHYISIPHOIO EHJOIUIa3MAaTUYHOIO CITKOIO, LIMCTEpHAMU

KoMrIuiekcy ['ombmki (nuB. puc. 6.4).

Puc. 6.5. YnprpactpykrypHa OyaoBa CeJIe3IHKH 3pUIOro Imypa KOHTPOJIBHOT
rpynu. SAnpo makpodara (1), nuroruazma makpodara (2), mizocomu (3), hparmeHT

nimboruta (4). 36umbmenas x9000.

B 4epBoHiii yIbITi CENE31HKH 3pUTMX TBAPUH TPYITH KOHTPOIIO CIIOCTEPiramu
EPUTPOIIMTH, TPOMOOIUTH, HEUYUCENbHI ITIMGOIMTH, MOHOIUTH, Makpodaru.
OcTaHHi Manu BiJPOCTKH, a B IIUTOIUIa3MIi iX BUSBISUIA TpaHynu Jinodycuuny. B
MPOCBITaX CHHYCOIMHMX KAMUISPIB CEJIE31HKH HAsBHI €PUTPOIMTH, TPOMOOIIUTH.

EnporenianpHi KIITHHU CTIHOK CHHYCOINIB MaiW BHAOBXKEHY dopmy. Sapa ix
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OBaJIbHI, TINEPXPOMHI, 3 MEpPEBaAKAHHSIM TIe€TepOXpOMaTHHY. B 30HI opraHen

€HJOTEIIOUMTIB  BUSABIEHO KOMIUIEKC ['ONbIKI, KaHalbIll TCpaHyJIspHOI

€HJI0TUIa3MaTUYHOI CITKH, MITOXOHAPIi, Bakyoui (puc. 6.6).

ﬁ.-‘;r = 4‘_ . §

Puc. 6.6. EnekrpoHorpama cene3iHku 3pijoro iHTakTHoOro mypa. Epurporur (1),
TpoMOoIuT (2), simpo enporemiouurta (3), ¢pparment mimdouurta (4), GparmMeHT

Makpodara (5). 36utbmenns x9000.

6.1.3. EnexTpoHHO-MIKpOCKOIIIYHA OpraHi3allis CeNe31HKN CTapuX IHTAaKTHUX
ITypiB.

B cenesinii ctapux nrypiB npu eIeKTPOHHO-MIKPOCKOTIYHOMY JOCIIKEHH1
BUSBIICHO, III0 OPTaH MPEACTABICHUM 01100 Ta YePBOHOIO IMYJIbI0I0. B Oumiil mynbmi
cene3iHku Oynu HasBHI JiM(OITHI BY3IMKMA 3 TEPMIHATUBHUMH IIeHTpamu. B
OCTaHHIX, Ha BIAMIHY BiI MOJOAMX Ta 3pUIMX IIYypiB, 3HAYHO 3MEHIIyBAJIACh
KUTBKICTB KIITHH 3 irypamu MiTo3iB. BusiBisuim mani cBitii, cepeani JiMporuTH,
IIa3MOLIUTH, Makpodarun. Mami cBiTii JgiMmpouuTH Maiau OKpyriy ¢GopMmy.
OcHOBHUH 00’€eM [HMX KITHH 3aiMano sapo. Sapa wmamux TiMQOIHTIB

XapaKTCPpU3yBaJIMCh IICPCBAKAHHAM KOHIACHCOBAHOIO XpOMATHUHY, CYXPOMATHH
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JIOKaJi3yBaBCsl B LIEHTPI s/ipa, BiAMiUaiu MEPEBaKHO OJIHE sjaepiie. B nuromnasmi
JaHUX KJIITUH OpraHeiad Majd MapaHykjeapHe posramyBaHHsA. CrocTepiraiu
HasIBHICTh pUOOCOM, MITOXOHP1H, IPaHyJIIPHOI €HI0IIa3MAaTUYHOI CITKH, JII30COM.
Makpodaru Ou10i HyJNblNM CeNe3lHKH Oyau BENHMKI 3a pO3MipaMH, BOJIOAUIH
BiIpocTKamMu. fnpa  Makpodaris  3MINyBaJIMChb A0  MOJIOCIB  KJIITHH.
['erepoxpomaTviH y BUTIIIAA1I OOIKa pO3MilllyBaBcs M SAEPHOIO OOOJIOHKOIO, a
€yXpOMAaTHUH MaB LEHTpaJibHE MOJIOKEHHA. B uuromnasmi makpodariB Oynu

qyucesbH1 Ji30coMu, parocomu (puc. 6.7).

-y L e ! . -
R il T e il

Puc. 6.7. CyOMiKpOCKOIliYHA OpraHi3allis CeJIe3IHKH CTaporo Iiypa Tpynu

KoHTpoto0. Snpo makpodara (1), muromazma makpodara (2). 36inemenus x9000.

Tako>x BUSBIISITN KaHABII TPAHYISIPHOT €HA0TIIa3MaTUYHOT CITKHA, KOMIUIEKC
INompxi Ta MiToxoHpii. [Tma3MaTUdHI KIITHHA MaJld TUIIOBY OpraHizaliro. Smpa
iX TIMepXpOMHIi, TETePOXPOMATHH 3aiiMaB OUIBITY YaCTUHY SApa y BUTISII
rpyaodok. [{uTomnasma Biapi3HAIACh 3HAYHUM PO3BUTKOM KaHABI[IB TPAHYISIPHOT
€H/IOTUIa3MaTUYHOI CITKH, IUCTEPH KOMIUIEKCY [ ombmxki, pudocoM, MITOXOHIPIH

(puc. 6.8).
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Puc. 6.8. EnextpoHorpama cesie3iHKM CTaporo iHTakTHOTo mrypa. lurornazma

wazmoruTa (1), ssapo miasmormra (2). 36unbmenHs x9000.

B uepBoHill mynbmi Ccene3iHKU BIAMIYAIM EpPUTPOLUTH, TPOMOOIUTH,
mimboruty, Makpodaru. OcrtaHHi MicTHIH  ¢parMeHTd  (arouuTOBAHUX
EPUTPOLIMTIB, TPOMOOLMTIB, 4YHUCENbHI TpaHynu ginodpycuuny. IIpocitu
CUHYCOITHUX KamisipiB Oylud HE PO3IIMPEHi, B HUX 30CEpeKyBalIucCh (GopMeHi
eJIeMEeHTH KpoBi (puc. 6.9).

EnporenianpHi KIITHHY CTIHOK KamJIspiB Maiu BUAOBXKEHY GopMmy. SAmpa ix
Oynu oBanpHUMH. [eTepoxpomMaThH y (GOpMiI CMYKKH JIOKali3yBaBCs i
Kapiosemoro. B 30H1 opranen BigMivany KaHAIbBII TPaHyISIPHOT €HAOMIa3MaTUIHOT
CITKH, MITOXOH/IPIi, ITUCTEpHU KOMILIEKCY [ ob/Ki, Bakyosi. bazansHa memOpana
Ta eHJOTUIIaTbHE BUCTEICHHS CHHYCOI/IB XapaKTEPU3yBAINChH HASBHICTIO (heHECTP

(puc. 6.10).
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Puc. 6.9. EHCKTpOHHO;MiKPOCKOHiHa opraHisaﬁiﬂ cee3iKH cTaporo Irypa
KOHTpOJbHO1 rpynu. Jlimborut (1), eputporutu (2), rpomOo1uTH (3). 30UIbIICHHS
x9000.

B S e TR, Y EETA

e

Puc. 6.10. EnerpoHdrbaMa CEJIE31HKH CTapOTo mypa KOHTPOJILHOT Tpynu. SAipo
enoremonuTa (1), muromiasma egaorerionuTa (2), epurporut (3), TpoMoonuT (4).

30inbmenus X9000.
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6.2. CyOMIKpOCKONIYHI 3MIHM CE€JE€31HKM UIypiB PI3HOrO BIKYy MpHU

rineproMouucTeineMii

6.2.1. VYiubTpacTpyKTypHI 3MIHU CEJE31HKM MOJOAUX IIypiB 3a YMOB
rineproMouucTeiHemii.

Y Monoaux mypiB BBeIEHHS TOMOIMCTEIHY MpOoTAroM 60 IHIB IPHU3BOIUIO
JI0 TIOSIBH TIOMITHHUX EJICKTPOHHO-MIKPOCKOIIIYHUX O3HAK YpPaKEHHsS IMapeHXIMHU
Celle3iHKU. BUSBIECHO pO3BUTOK SK JECTPYKTHBHHX, TaK 1 KOMIIEHCATOPHO-
NpUCTOCYBaIbHUX 3MiH. CUHYCOIHI Kanuisgpu oprany Oyiu po3LIUpPeHi, MICTHIH
3HaYHY KUIBKICTh €pUTPOLMTIB. EHmOTENIONMTH KanuisipiB Majld BHIOBXKEHY
dopMy, HepiBHI kpai. fnpa iX OynM NMEepeBa)kKHO OBAJIbHUMH, TIIEPXPOMHHUMHU.
[Mutomnasma  KJIITHH  MICTWJIa  opraHend 1 BkiwoueHHs.  Kapionema
XapaKTepu3yBaJlach JIOKAJbHUM PO3IMIMPEHHSIM MEPUHYKIEAPHOTO MPOCTOPY.
['eTepoxpoMaTiH y BUTIISA1 MIUIBHUX CKYITYEHB JIOKATI3yBaBCsl 0€3MOCEPETHBO i
SIIEPHOIO0 000JIOHKOIO.

B Monoaux mrypiB 1ocaiaHOT Tpynu 3MiH 3a3HaBajau SK Oija, TaK 1 YepBOHA
IyJIbIIa CeJe31HKH. XapaKTePHUMHU OCOOJMBOCTSMHU B OUTiIH MyJbIi OyiM BiTHOCHE
3HI)KCHHS YUCEIBHOCTI 3piaux T-miM¢onuTiB, oaHaK miaBUIeHHS B-miMdomnuTis,
ma3MoIuTiB, JiMpobmactiB Ta wmakpodarie. B TrepMiHaTUBHHMX IIEHTpax
niMGOiTHUX BY3IUKIB HasgBHI uyucenbHI JMiMpoOractn. BoHun mamu Benwki siapa
OoKkpyryioi abo HenmpaBWwIbHOI (OpMH, B SKUX TMEPEBaKaB €yXpOMaTHH, a
reTepOXpPOMATHH PO3MINIYBABCS Yy BUTIIAAI TPYAOUOK Tia Hykieosnemor. [lopwu
KapioJieMd B WX KJIiTHHAX Oymum posmupeHumu. l[lurommasma mimdobracTis
MICTHJIa BEJMKI YHCENIbHI MITOXOHJpIi, IO NMPH €IeKTPOHHO-MIKPOCKOIIIYHOMY
JOCIIHPKCHH] BUSBISUIMCH TIEPEBAXKHO B TMapaHyKICapHUX AUITHKaxX. BoHu Oynu
30UIbIlIEHI B pO3MIpax, OKpYrii, HAaOpsAKIl, KPUCTH iX NpocBiTIeHl. Takox

BiJIMIYajy HasBHICTh BUIbHUX pubocoM (puc. 6.11).
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Puc. 6.11.  EnexrtpoHorpama  cele3iHKM  MOJIOAOTO  Iypa 3

rinepromonucreinemietro. Makpodar (1), mmazmonut (2). 30utsmenas x9000.

[TnasmonuTi  cmocTtepiraiu Ha mnepudepii TepMIHATUBHUX LICHTPIB
miMOITHUX BY3JMKIB CeJe3iHKA. BapTo BIAMITUTH, IO 3a3Ha4yeHl KIITHHU
HiIaraasd MOp@oJIOTIYHUM 3MiHaM, SIKI TPOSBISIUCH Y BHUIJISAL iX JECTPYKIIi,
MIKHO3Y saep. Sapa miazMonuTiB Oyiu 31e0UThIIOT0 OKPYTIMMHU a00 OBaJIbHUMU,
PO3MIIIYBAIUCH EKCIICHTPUYHO, MICTUIIM KOHJIEHCOBaHUM XpoMmaTuH. [{uTormasma
MIa3MaTUYHUX KIITUH MOJIOJUX TBApWH JOCIIAHOI TPYIU XapaKTepu3yBallach
HAsSBHICTIO PO3IIMPEHUX KAHAIBI[IB TPAHYJSIPHOI EHJOMJIa3MaTUYHOI CITKH,
pubocom. MiToxoHpii Oyiu 30UIBIIIEHUME B pO3Mipax, Majii HAOPSKJIL, a OJAEKY U
JECTPYKTYpPOBaH1 KPUCTH, MPOCBITICHUN MaTpukc (nuB. puc. 6.11). [Inazmartnuni
KIITHHU TiepedyBanu B oToueHHI MakpodariB. OctanHi Manu pi3Hy popmy — Bin
OKPYTJIOi 10 BUIOBXKEHOI (0BabHOT). Sapa MakpodariB MICTUIIN SIK T€TEPO-, TaK 1
eyxpoMatuH. B muTomiazMi iX croctepiraid 4HCeNbHI JTi30coMH, (HarocoMu, Io
CBITYHJIO TIPO BHCOKY aKTHUBHICTh IHUX KIITHH. BUSBISIIM HE3HAYHY KUTBKICTH
MITOXOHpiil. B 3a3HaueHill Tpymi eKCIIEpUMEHTAIbHUX HIYPiB BiAMIYATH TaKOXK
npomideparniro aiMpoOracTiB, KIITHHE 3 GirypaMd MiTO3y, a, OTKE, aKTHBHI

npoiiecu noaury aiMpouutis (puc. 6.12).
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Puc. 6.12. EnexTpoHHO-MIKPOCKOITIYHI 3MIHM CEJIEe31HKH MOJIOJIOTO Iypa MpHU
rineproMonucreineMii. SAapo mimdonmra (1), muroruazma gimdoruTa (2),

eputpout (3). 36utbmenHs x9000.

YepBoHa mysbla CENe31HKU MOJOIUX IIypiB, SSIKUM BBOIWIM TOMOITUCTEIH,
XapaKTepu3yBaJlach HAsBHICTIO €PUTPOILIMTIB, TPOMOOIUTIB, HEUTPODLILHUX Ta
€03MHO(PUIHHUX TPAHYJIOIMTIB, a TAKOXK 3HAYHOI yrcenbHOCTI T- 1 B-nmimMdonuTis,
MakpodariB. Makpodaru B IUTOILIA3M1 MaJId TIEPEBAKHO JTI30COMH Ta (Harocomu,
nepeOyBaiu B aKTUBHOMY CTaHl. B HHMX BUSBISUIM TpaHyld THOQyCIUHY Ta
reMocHIepuHy, Bakyoui. HeWTpoduibHI TpaHyJOIMTH Malld YHCENbHI T'PaHyIH,
HE3HAYHY KUTBKICTh opraHen. Eo3nnodinu Oynu mooIMHOKUMH, 1X HAsIBHICTh MOXKE
OyTH CBIIYEHHSM MIrparii KIITHH y BiJMOBiJb Ha aKTHUBAIIII0 IMyHHOTO 3aXUCTY
Opra”i3aMy 3a yMOB XPOHIYHOTO BIUIMBY TieproMonucTeiHeMii Ta ydacti y
dbopmyBaHHI peakTUBHOCTI opraHy. [[uTomnasma ix Oyma Oarara Ha cnerudidyHy
3epHHUCTICTh, $Ka BiApI3HATACh OUIBIIMMH pPO3MIpaMH y TIOPIBHSAHHI 3

HerTpodinamu (puc. 6.13, 6.14).
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Puc. 6.13. CyOMIKpOCKOIIYHI 3MIHHM YE€PBOHOI MYJBIM CEJIE3IHKU MOJIOJOTO

nrypa npu rinepromoicreinemii. TpomooruT (1), Manuii cBiTaui gimpouut (2),

rwazMoruT (3), eputpouut (4). 36unbmenHs x9000.

g - - in & A r : =1 ﬁ "—r .
Puc. 6.14. YnpTpacTpyKTypHI 3MIHM YE€pPBOHOI MYJBIHU CENE31HKH MOJIOAOTO
nrypa 3a yMoB rinepromoructeinemii. TpomOonut (1), makpodar (2), eozuHodin

(3), eputponurt (4), mimborurt (5). 36umsmenHs x9000.
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6.2.2. CyOMIKpoCKONiYHa OpraHizalis CeJe31HKH 3pUIMX IIypiB NpH
rineproMouucTeiHeMIi.

MopentoBaHHsI  CTIMKOi  TiMEProMOIMCTEiHEMII Yy JOPOCIMX  ULIypIB
MPU3BOAWIO /10 MOSIBU OUIBLI BUPAXKEHUX 3PYIIEHb YJIbTPACTPYKTYPH CEJE3IHKU
TBapuH. [IpoCcBiTH CHHYCOINHMX KamuispiB OyJd PO3MMUPEHUMH. B HUX BUSBISIIH
CKymU4eHHs (OPMEHUX E€JEMEHTIB KpOBl, a camMe EpUTPOLUTIB, TPOMOOIIMTIB,
rpanynouuTiB. EHjoTeniaapH1 KIITHHU CTIHOK CYJMH Majid TINepXpOMHI sjpa,
reTepoXpoMaTHH y BUTJIAI IIUIBHOTO 001/1Ka po3MILLyBaBCs MiJ] KapiojJeMolo, a B
LEHTP1 BiAMIYadu CBITJII JUISHKH eyxpomaTuHy. [lojexkynu KOHTypu sepHOI
OOOJIOHKM  E€HAOTENIONUTIB OyJld HEUITKUMH, 3JIeTKa pPO3MHUTHUMH. Snpa
PO3MIIYBAIHCH TIEPEBAKHO EKCIIEHTPUYHO, MalId OKpyTriry dopmy. B murormazmi
EHAO0TETIaNbHUX KIITUH BUSBJISUIM MITOXOHJIpii, pUOOCOMHU Ta YMCENbHI BaKyOIl.
Eputporuti Ta TpOMOOIIMTH B MPOCBITaX KPOBOHOCHHX CYIWH CEJIE31HKH 4acTO
nepeOyBay Ha CTaAll Aerpajarii.

EnexTpoHHO-MIKPOCKOIMIYHI ~ JOCHIPKEHHSI  CEJIE3IHKM 3pUIMX TBapHH
BUSIBJISUTH, 10 Oifla TyJibla, sIK 1 B MOJIOJUX IYpPiB, 3a3HaBajia OLIBIIOrO BIIMBY
rineproMouucTeineMii, Hik 4YepBoHa. BigMiHHOIO 03HaKOI Oyia 3HaA4YHA 3arudenb
T-miMdoIUTIB MUIIXOM anomnTo3y. BiabImicTh JTIMGOIUTIB MaIl OKPYTay (hopmy.
Anapo iX po3MimyBajioch B IIEHTPI, B JEAKUX KIITHHAX sapa Oynu 3MOpIIEHI.
Kapionema xapakTtepu3yBajiach MOPYIIEHHSIM IUIICHOCTI, MOMITHI ii 4YMCENbHI
iHBariHaiii, xpoMatuH OyB BHpa)X€HO KOHJeHCOoBaHUM. [luTommazma orouyBasna
A71po MTiM(OIUTIB Y BUTIISAI 00iKa, MICTHIIA BEJIUK1 HAOPSKIII MITOXOH/PI, Y STKUX
CHoCcTepiraiv JeCTPYKIito KpucT. KaHambIll TpaHyIsSIpHOT €HAOMIA3MATHYHO1 CITKH
TaKoX Oynm HaOpsAKIMMu, po3mupeHuMu (puc. 6.18). B repMiHaTHBHUX IEHTpax
niMbOoiTHUX BY3TUKIB BiaMivanu mpoiideparito B-mimdonuTie, mepeBakaHHS
3pinux TurazMoruTiB. OCTaHHI MiJUIITany YIbTPACTPYKTYpHUM TiepebyaoBam. B
OLTBIIOCTI TJIa3MAaTHYHHUX KIITHH sApo Oymno 06o0omomiOHuM, SACpHI MOpH
pO3MINpPIOBAINCh. [ eTepoxpoMaTH (QOpMYyBaB TPYNOYKH Ta CKYMYEHHS, SKi
PO3MIITYBAJIUCH TI1JT HYKJICOJIEMOI0. B MIISHIN CBITIMX ABOPHUKIB IUIA3MaTHYHUX

KIITUH CHOCTEpIraji HAaOpsAKIl MITOXOHJAPIi 31 3pyHHOBAaHUMHU KpHUCTAMHU Ta
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pPO3LIMPEH] KaHANbI[l TPaHyJISIPHOI EHJoIUIa3MaTU4HOi CiTku. HeoOxigHo
3a3HAYMUTH, 10 B AaHIM MIAJOCHIAHIN rpymni TBapUH 3HAYHO 3pocTajia KUIbKICTh
Makpodaris, MOiABUIIYBaJach iX (QyHKIIOHaNbHA aKkTUBHICTH (puc. 6.15). He
JUBJISTYMCH HA 3HAYHY YHCENIbHICTh, MAKpO(daru 4acTo niAaaBauch JUCTPOYIUHUM
3MiHaM. Slapa iX OynM MIKHOTUYHUMMU, Majdu 3ariuOJeHHS KapiojeMHu, OCTaHHS
JOKaNbHO BTpayaja O3HAKM IUIICHOCTI. ['eTepoXpoMaTHH pPO3MIIIYBaBCs
MapriHajibHO y BUIISIAL TpyAaodok. [{uromnazma makpodarip Oysna mepernoBHEHa
YHUCEJIbHUMH JI130COMaMHM, (parocomMmaMu, BKIIIOUEHHSIMH. BinMmiuanu ¢parmeHTH
EpPUTPOLIMTIB, TPOMOOILMTIB, TpaHyIu JINOPYCUHHY, CKYMYeHHS (EepUTHHY.
Mirtoxonpii 30UIBITYBAIUCh B poO3Mipax, OyJau MPOCBITIEHUMH, B HUX JEIb
MOMITHO MOHa OyJsio BigaudepeHiitoBaTd Kpuctu. B OUTi mymbmi cele3iHKu
JIOPOCTUX IIYypiB BUSIBISIN MIABUIICHHS YHCEIBHOCTI J1iM(pOOIACTIB, CBITIUX 1
TeMHHX JIIM(OIUTIB, IO CBIMYUIIO MPO aKTUBHY IMYHHY BIATOBIAL CEJIC31HKH Ha

3pOCTaHHS KOHIIEHTpaIlii TOMOIIMCTEIHY B I1a3Mi KpoBi (puc. 6.16).

1" 3

Puc. 6.15. EnexTpoHHO-MIKPOCKOIIYHI 3MiH

U CeJIe3IHKU JOPOCJIOro Iiypa Mmpu
rinepromonucreinemii. Ilurommasma wmakpodara (1), sapo makpodara (2),

miasMonut (3), miMmdonurt (4), rpomoorut (5). 36inpmenHs x9000.
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Puc. 6.16. CyOMIKpOCKOIIYHI 3MIHHM CEJE31HKH AOpPOCIOro IIypa 3a YMOB
rinepromonucreineMii. SAapo wmakpodara (1), nurToruiazma Makpodara (2).

30unbirenas X9000.

B uepBoHill mynbmi Ccene3iHKM BIAMIYAIM EpPUTPOLUTH, TPOMOOIUTH,
IPaHyJIONUTH (TIepeBa)KHO HEUTpodIbHI). Bynu HasBHI TakoX 1 €o3MHOPLIH 3
KPpYIMHUMH TpaHylamu. Makpodaru, mo 3aiiMaid OJHE 3 TOJOBHHX MICIb B
YepBOHIM MYJbIIl OpraHy 3a JaHUX YMOB, XapaKTePU3yBAIHUCH TIMEPXPOMHUMH,
EKCIICHTPUYHO PO3MIIICHUMH sApaMu. B muToriasmi mux KIITHH BiAMIYaau sK
BTOPUHHI JII30COMH, TaK 1 3aJHUINKOBI TUIBIS 3 BEIHKOI KUIBKICTIO IETPHUTY.
BusiBnsimm  dparmenTn  parormmuToBaHOr0 Marepianxy, B TOMY YHCII YEPBOHUX

KpOB’SIHUX TijeIp 1 TpomOonuTiB. CriocTepirany BKIOUYSHHS JiMOQyCIHUHY (pucC.

6.17).
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Puc. 6.17. YiuprpacTpyKTypHi 3MIHM YEPBOHOI MYJBIHN CEJIE3IHKU JIOPOCIIOTO

mypa npu rineproMmonucteinemii. Jlimgorwut (1), makpodar (2), epurporut (3),

TpoMOo1uT (4). 36utbIeHHsT X9000.

PRl e o
Puc. 6.18. EnekrpoHorpama cele3iHKM JOpOCIOro Iypa 3a YMOB

rinepromormcteinemii. Aapo mimdonmra (1), murTomnmazma mimdorura (2),

MitoxoHAIpii (3), HeTpodin (4), Tpombonut (5). 30imemenas x9000.
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6.2.3. EneKTpOHHO-MIKPOCKOIIIYHI 3MIHHM CEJE31HKH CTapUX ULIypIB MpH
rineproMouucTeiHeMii.

BBenenHns crapuMm miypaM TOMOLHMCTEIHY CYIpPOBOJKYBAJIOCh HaWOLIBII
BHUPAXEHUMU 3MIHAMHU YJIbTPACTPYKTYPHUX KOMIIOHEHTIB cele31HKU. B mopiBHAHHI
3 MOJIOAMMH Ta JOPOCIMMH LIypaMH, Y CTapuX TBAapUH CIOCTEpiraiud 3Ha4H1
JECTPYKTUBHI TMpOSIBU BIUIMBY Tinepromouucteinemii. B crpomi cene3iHku
BiIMiYaJIM HAsBHICTh KOMIIOHCHTIB CIIOJIYyYHOI TKAHWHU, 30KpeMa PETUKYIISIPHHUX
KI1iTHH. BoHU Manu BUIOBXKEeHY (OpMy, TimepXpoMHi sapa. XapakKTEpHUM JJIs HUX
OyB nepuHyKJIeapHU HAOpSK. B nTomIa3Mi HasiBHi TpaHyJ/IsipHA €HI0TUIa3MaTHIHA
ciTka Ta KoMmIuiekc ['onbmxi. B Oumiif mymnbmi ceie3iHKH 3a JaHUX YMOB, SIK 1 B
MOTEPEeHIX Trpynax JOCTITHUX TBapWH, BHU3HAYAIWCH JUIAHKKA TuOem T-
mimporuTiB. OcoOIMBO BUPaXKEHOIO Taka KapThHa Oyna B IepuapTepialibHUX
mimpoinanx mixBax. JlimdoruTH, MO NiAAABAIUCh aloNTO3y Mald TeMHI
MIKHOTHYHI si/ipa XuMepHoi popmu. [{uromnnazma ix 6yia BUpakxeHO MPOCBITICHOIO,
MICTHJIa TIEPEBAXKHO MITOXOHAPIi. OcTaHHI 3HAYHO 30LIBIIYBAJIMCh B pO3Mipax
BHACIIIOK HaOpsky. Kpuctu ix migmgaBamuch yizucy. Makpodaru B OUTIH MyJIbIli
CEJC3IHKM CTapux IIypiB OyJIM YHUCEIBHUMH, PO3MIIIYBAJIUCh IOOJIH3Y
m1a3MonuTiB. B Makpodarax supo 3MillyBajioch MEPEBaKHO J0 TMOJIOCIB KIIITHH
yepe3 HAKONMWYEHHS B IMTOIUIa3Mi HAAMIPHOI KUIBKOCTI ACTpUTY. B mesxux
KIIITHHAX YITKO BU3HAYAIMCS JIi3uc Ta pparmenTartis suep (puc. 6.19, 6.20).

[Tna3sMonuTH, B CBOIO 4Yepry, KUIBKICHO 3pOCTadd BHACIIIOK ITiABHIICHOL
nponidepartii B-mimdonutis. [I1azmaTuyHi KIITHHA 3HAYHO PI3HUIUCH, OCKUIBKH
crocTepiraii Taki, MmO Manu 30epekeHy Mopdosoriyny OymoBy Ta Ti, SKi
MPOSIBIISIIA  O3HAKM BUPAKEHUX CYOMIKPOCKOIIYHHUX 3pYIICHb OpraHi3allii.
30epekeHl TUTa3MOIIMTH Majd BEIWKE SApO 3 IHBATiHAISIMUA  KapioJjeMu.
['eTepoxpomaTiH pO3MINITYBaBCS Iij] KapiOJIEMOI0, IEPEeBaKaB HAJl €yXPOMATHHOM.
Hyxkieonema Oyna cyuuibHOIO, ICKPaBO BUPAKEHUMHU € siiepHi nopu. Llutomnazma

TaKUX MJIa3MOIUTIB MICTUJIA PO3IIUPEH] KaHANIbI[l TPAHYJISIPHOT €HAO0MIa3MaTUYHOL
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CITKM, MITOXOHJIpid, BUIbHI puOOCOMHU. 3HAYHY JUISHKY LUTOIUIa3MHU 3aiiMaiu

HaOPSIKI1, PO3IMIHUPEH] TPYOOUKH I'PaHYIISIPHOI €HA0IIa3MaTUYHO1 CiTKH (puc. 6.21).

T

Puc. 6.19. Yf:TpaCprKTypa  cenesinkn Taporo nmypa  mpu
rinepromonucreinemMii. Jlizuc snpa makpodara (1), dparmenramis sgpa (2),

nuToriazma makpodara (3), eputpouut (4). 36unsmenas x9000.

i

Puc. 6.20. \. yhﬂl;i’paCTPYKTypﬁ-i-

g

cféporo nypa mpu

SMiHH  CeNe3iHKH
rinepromonmcteinemii. [1likHo3 smpa mimdoruTa (1), makpodar (2), mimpoodmact (3),

mazMoruT (4). 36utsimerast X9000.
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Puc. 6.21. EnekrpoHorpama cene3iHKH CTaporo IIypa 3a  yMOB
rinepromonucreineMii. I{urommazma mnasmonmra (1), sapo mnasmonuta (2),

¢dbparment makpodara (3). 30ubmerHs x9000.

CuHYCOIIHI CYAMHU CEJIe3IHKU CTapuX HIypiB Oynu PO3IMIMPEHUMHU, B HUX
BUSBIISIIA €PUTPOIUTH, JICHKOIUTH, TPOMOOUUTH. B uepBoHIN MymbIi cele3iHKH
ypiB JaHOl TpyNH TpPHU TINEPrOMOIMCTEIHEMIT CIOCTEpIralii YUCEeIbHI
TpoMOOIIUTH Ta iX gparmeHtu. Eputporutu minmaBamuck remomizy. BimMiuamu
TaKOX TPAHYJSIPHI JICHKOIMTH, TIEPEBAXKHO HEeUTpodimmn. BuzHadambHOIO PUCOIO
JUTSL TTI€T TPYTH €KCIIEPUMEHTATBHUX TBAPUH OyJia 3HaYHa KUIBKICTh Makpodaris B
4epBOHIN Mynbli. BoHM Manu rinepXpomHi siapa, MoAeKyau BUIOBKeHOT hopmu. B
iX mUTOIIa3Mi BHSIBJISUTH BEJIMKI (paroCOMU, 3aJMINKH JECTPYKTHBHO 3MIHEHUX
SPUTPOIINTIB, TPAHYJIONUTIB Ta TpoMOOIHTIB. KpiM TOro, BOHM Majid CKYITYEHHS
reMOCHICpUHY Ta Tpanynu Jinodycruny. OctanHi pakTh € XapaKTePHUMH HE JTUIIIE
JUTSL CTApEUOTO BiKY, aJie 1 PO3BUTKY OKHCHOTO CTPECY Ta MEPUKUCHOTO OKHCIICHHS

ninigis (puc. 6.22).
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Puc.  6.22.  VYapTpacTpykTypa  CeJe3lHKM  CTaporo  Iqypa  Ipu
rinepromonucreineMii. fAnpo makpodara (1), daromuroBanuit eputpouut (2),
(daroruroBanuii TpoMOoUT (3), MToIIIa3Ma Makpodara (4), amonrtos JdiMdonuTa

(5). 36utbmenns x9000.

TakuM 4YMHOM, MOJIETTIOBAHHS CTIMKOT rireproMouucTeiHeMii MPU3BOIUIO 10
BUPAXEHUX 3pYIICHb CYOMIKPOCKOMIYHOI Oy/1I0BU CEIE31HKH LIypiB Pi3HOTO BiKy. B
MOJIOMX TBApUH MIABUIICHHS IUIA3MOBOTO TOMOIMCTEIHY CYMPOBOIKYBAJIOCHh
3HIDKEHHSAM YHUCENbHOCTI T-IMMQONHUTIB Ta 3pOCTAHHSAM MOMYJISAIi TUIa3MOIIUTIB,
Makpodaris 1 niMpobractis. [ImazmMonuTu 3a JaHUX YMOB MiAAaBaINCh aoONTO3Y,
MiABUIIYBAJIaCh aKTUBHICTh MakpodariB. OcTaHHI MICTHIN J1130COMH, (HarocoMu,
Bakyouri. B 4epBOHIi mynbIi cene3iHKM MOJIOAMX IIypiB Makpodaru BiIpi3HIIUCH
MPUCYTHICTIO B MUTOIUIa3Mi TpaHyN JinoQyCluHy, TeMOCUIAEPHUHY, IO CBIIYHIIO
PO aKTUBHI TIPOIECH AeTpajallii epUTPOIUTIB.

VY 3pinux mrypiB mpH TimeproMoiucTeiHeMii CrocTepiraiv MOTIHOICHHS

JECTPYKTUBHUX TPOIECIB B CEJE3iHIl, B MOPIBHIHHI 3 TOMEPEIHHOIO TPYIOI0
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TBapuH. Bigmivyaiy BUCOKUH CTYIIHb IPOLIECIB aonTo3y JIM(POIUTIB OUT01 MyIbIU
cele3iHku, mnpoiidepanito B-miM@poruTiB B 3pull MIa3MaTU4yHI KIITUHU. B
Makpodarax 3pocTana YHUCEIbHICThH JII30COM, ¢arocoMm, IUTOIUIa3Ma iX MICTHIIA
(¢parmMenTu 3pyiiHOBaHUX (POPMEHHUX €JIEMEHTIB KPOBl. AKTMBHA IMYHHA B1JIIIOBIb
OpraHy Ha TiINeproMOLUCTEIHEMII0 XapaKTepU3yBajlach HASIBHICTIO 3HAYHOT
KUTbKOCTI JiMdoOnacTiB. UepBoHa Mmysblia CENE3IHKU BiIPI3HAIACH MMOCUIICHUM
pO3MaZ0OM EPUTPOILUTIB Ta TPOMOOIIUTIB, HAKOMIMUYEHHAM TpaHyl JINOoPYyCUUHY B
muTorasMi mMakpodaris. Ciijl 3a3HayuTH, IO B Tpymi 3pUIMX TBapHH 3MiH
3a3HaBaJIM TAKOX €HJIOTENIaNIbHI KIIITUHA CUHYCOIAHUX KamUIApiB.

Haiibinpin BUpakeHUX 3pYIICHb YIBPTACTPYKTYpPH 3a3HaBalia ceJie3iHKa
crapux 1mIypiB. CTpoma opraHy XapaKTepu3yBaJlaChb 3pPOCTAaHHSM €JIEMEHTIB
CIOJIYYHOI TKaHWHU. Biamivanu Bornmima amnonrto3y idiMponutis. B makpodarax
01101 MyJIBIIKM CHOCTEPIraliy Ji3UC Ta PparMeHTalio sijep, HAKOMUYEHHS BEJIMKO1
KUTBKOCTI IETPUTY B IUTOIIa3M1. [l1a3MaTu4H1 KIITHHU OYJIU YUCEIbHUMU, OKpPEMI
3 HUX MaJld 03HaKH JACCTPYKIlii. B uepBOHI mybIli cee31HKH, BHACTIIOK Te€MOJIi3Y
EpPUTPOIIMTIB, IMTOIUIa3Ma MakpodariB Oyja TEperoBHEHA TpaHyJIaMH
reMocuyiepuy Ta Jinodycruny. HasBHICTh OCTaHHBOTO € TaKOX CBIIUYEHHSIM
AKTUBHUX IIPOIIECIB MEPEKUCHOTO OKUCICHHS JIITIIB.

Pe3ynbpTaTil mocnimkeHb MAHOTO PO3MAUTY JaucepTallii BimoOpa)keHI HaMH B
OJHIM MDKHAPOJHIA CTaTTi, IO BITHOCHUTHCS 0 MDKHAPOIHOI HAYKOMETPUYIHOT

6a3u Web of Science [108] ta ogniit cTarti y haxoBomy xkypHamni Ykpainu [107].
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AHAJII3 I Y3ATAJIBHEHHSA PE3YJIBTATIB JOCJIIKEHHA

Ha choroaniniHiii 1eHb ICHYE 3Ha4YHA KUTBKICTh JAHUX CTOCOBHO MATOT€HE3Y
cTaHy rinepromoiucteinemii. I[lpore TOYHI MeXaHI3MH, 3a JIOMOMOTOK) SIKUX
TOMOIINCTETH YHMHHUTH IIKIJJIWBHH BIUIMB, JOCI HEBIJIOMI1, 1 HEOOXIIHI JIOJIaTKOBI
JOCHIDKeHHST i1 3’sCyBaHHS Maro@i310yorii CTaHy TiNeproMoluCcTeiHEeMIi.
be3cymHIBHO, MpoTeoI1i3 € OJHUM 13 (PyHAaMEHTaIbHUX MPOLECiB, IO JeXkKaTh B
OCHOB1 0araTtbOX »KUTTEBO BaXIUBUX (YHKIIH [96]. AOepaHTHHI MPOTEOJIi3, 110
BUPAXAE€ThCSI B HAAMIpHIA akTuBalii a0o, HaBMaKW, MPUTHIYEHHI AaKTHUBHOCTI
MPOTEOTITUYHUX (PEPMEHTIB, BBAXKAETHCS OJHUM 13 ITyCKOBUX MEXaHI3M1B PO3BUTKY
pizHOMaHITHUX martojoriii  [114]. TinmepromorucreineMiss XapaKTepHU3YEThCS
MiBUIICHHSIM TPOTEOJIITUYHOT aKTUBHOCTI B Hu3Il opradiB [156, 158]. Illo6
3’sCyBaTH, Y BIUIMBAE II€H MPOIIEC HA MPOTEOI3 Yy Cele31HIll, MU JIOCHIKYBaIH
3arajbHy TMPOTEOJITUYHY AaKTHUBHICTb, @ TaKOX AaKTUBHICTh OCHOBHHMX THIIIB
IPOTEOTITUYHUX (DEPMEHTIB y CEJIe31HIII IIYPiB.

Hamu BcTaHOBIEHO, 1[0 TIMNEProMOLMCTEIHEMIS CIPUYHUHSIE TOPYIICHHS
IIPOTEOIITUYHOT PIBHOBArd B CEJIC31HIII, PO IO CBIIYUTH BHPAKCHE ITiIBUIIICHHS
3arajibHOi MPOTEOJITHYHOI aKTUBHOCTI. HalOinpln Bupa)keHa 3MiHA 3arajbHOi
IIPOTEOTITUYHOT aKTUBHOCTI BUSBJICHA B CEJIC3IHIN cTapuX mypiB. Llelt moka3Huk y
CeJIe3IHIIl CTapuX MIYpiB KOHTPOJBHOI TPynu OyB HIDKYMM, HIK y KOHTPOJBHUX
rpynax IOHHX Ta 3puUTux TBapuH. Lle Moxe OyTH MOB's3aHO 3 BIKOBUMHU 3MIHAMH B
KIITHHHOMY MeTa0oui3Mi, a came, (Pi310JIOTTYHUM 3HIKCHHSIM TPOTEONITUYHUX
cucteM g dac crapidas [114] OrpuMani HaMu J1aHi CBiYaTh MPO IiABUIICHHS
3arajbHOT MPOTEOITUYHOI aKTUBHOCTI B CEJIE31HI ITypiB yCiX AOCTIAHUX TPYH 3a
pPaxyHOK ITiIBUIIICHHS] aKTUBHOCTI METAJIO3aJICKHOI, & TAKOK CEPHUHOBOI MpOTEas.
Taxosx OyIo MoKa3aHo y4acTh IIUCTETHOBOI Ta acmapariHoBOi MpoTea3 y MOCHICHH1
MPOTEOJI3y B CEJIE3IHIII.

TouHwuit MexaHi3M, 3a JOMOMOTOIO SIKOTO MiABUILEHUN PiBEHb TOMOLIUCTETHY

BUKJIMKA€ 30UIBIICHHS MPOTEOII3y, 10 KiHIS He BUBYeHUU. OJHAK, BpaXOBYHOUYHU
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IIUPOKUNA CIIEKTP MpOTEeas3, Kl AKTUBYIOTHCS MPH T1IIEPrOMOLUCTEIHEMII, Y LIBOMY
IpoLeci MOKYyTh OyTH 3a/1s1H1 KUJIbKa MEXaHI3MIB, 1110 MIJICUIIIOIOTh OJUH OJHOTO.
[lo-nepuie, 11e Moxke OyTH MOB'SI3aHO 3 MOCUJIEHHSM OIOCHMHTE3y MpOTeas, IIO
YaCTKOBO MIATBEPAKYETHCS TOCTOBIPHUM IM1JIBUILIEHHAM BMICTY OlJIKa B cele31HL1
HIypiB YCIX AOCHIAHUX rpym. Excrpecis neskux reHiB 3MIHIOETbCS y CyO’ €KTIB 13
MIJBUIIICHUM pPIBHEM TOMOIIMCTEiHY. BIJIUB roOMOIMCTEIHY Ha €KCIpEeciio TEHIB
MOXKe OyTH peayi3oBaHMI uepe3 MOPYIIEHHS KIITHHHOTO OKHCHO-BITHOBHOTO
OamaHCy Yy BIANOBIAP HAa PO3BUTOK OKHUCHOTO CTpecy. ABTOOKHCICHHS
TOMOITUCTEiHY, M0 TPHU3BOJAWTH JIO HAKONMUYCHHS AaKTUBHHX (OPM KHCHIO,
BBAXKAETHCSA MOMXIJIMBUM TPUTEPOM JUISl IHAYKIII OKHCHOTO CTpecy IIijJ dYac
rinepromouucreinemii [181]. OxucnroBanbHull crpec Bukivkae 30uibimenas MPHK
st MMIT1 1 MMII3 y KynbTHBOBaHMX KJIITUHAX MITMEHTHOTO €MITENII0 CITKIBKH
moauHu. Buxoasum 3 mporo ¢GakTy, MOXHA MPUITYCTHTH, IO IMiJBUIICHHS PiBHS
MMII1 y cene3iHii MIypiB 13 TINEProMOIMCTEIHEMIED MOXKEe OYTH HACIIKOM
IHAYKIiT O6ilocuHTe3y I1boro depmeHty [64]. 3 iHmoro OOKy, OKHCIIOBaJIbHA
Moaudikallisg KIITUHHUX OUIKIB aKTUBHUMH (opMaMHu KHCHIO, a TaKOX iX N-
TOMOIIMCTCIHUIIIOBAHHS €  CHUTHAJIOM  JUISl  TPOTEOITUYHOI  Jerpaaarii
Moau(pIKOBAaHUX OUIKIB JIUISA 3aI100ITaHHS HAKOITMYCHHIO MOJIEKYJI 13 MOTSHIIIHHUMH
[IUTOTOKCUYHUMH, TPO3aNajIbHUMHU, MPOTPOMOOTHYHUMHU Ta MPOATEPOTSHHUMHU
BractuBoctsamu [68, 121]. Kpim Toro, N-roMonucTeiHiIIOBaHHS, BIUTMBAIOYM Ha
(b13UK0-XIMIYHI BIIACTUBOCTI Ta 010JIOTTYHY aKTUBHICTH O1JIKiB, MOKE TIPOBOKYBATH
aKTUBAIIIIO IMYHHOT BIATIOBI/I1 P TIMEProMOIUCTeiHEMIi. AyTOAHTUTLIA TPOTH N-
TOMOIIMCTETHUIIFOBAHOTO OUIKA BUSBIIAIOTHCS B IUIa3MI1 HALIEHTIB 3 MIJABUILEHUM
piBHeM romonucteiny [191].

AHamizyoun OTpuUMaHi Pe3yJIbTaTH, BHJAETHCSA, IO CYTTEBE IMiJBUIICHHS
AKTUBHOCTI CEPUHOBUX MPOTEa3 y CENE3iHI[l TBAPWH 13 TIMEProMOIMCTEIHEMIEIO
3yMOBJICHE TIOCHJICHHSM CHHTE3y HOBHX MOJeKyl. OCKUIbKH Celie3iHKa MICTUTH
cyononysuii MakpodariB 1 HEUTpO(PUIIB, IO EKCOPECYIOTh MIUPOKUM CHEKTP
CEpHMHOBHX MpoTeas [72, 85], 30UIbIIECHHS SK BMICTY, TaK 1 aKTUBHOCT1 CEpUHOBUX

npotea3 CBIAYUTH NPO 3MIHU Y (YHKIIOHAIbHIA AKTUBHOCTI IMYHHUX KIITHUH
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cene3inku. He3Baxarouu Ha Te, 10 3HA4YHA YaCTHHA KIITMHHUX METaJ03aJeKHUX
nporea3d mnpexacraBieHa MMII, nHami pesynbTaTh HE CBiQ4aTh MpoO T, IO
MIJBUIICHHS AKTUBHOCTI METAJIO3AJIC)KHUX (PEPMEHTIB Yy CeNe3iHIl IIypiB 13
riNeproMoUCTETHEMIEIO TIOB’sI3aHe 3 MIABUIIEHHAM OlocuHTesy MMII2, MMII3,
MMII8 1 MMII10, ockibku piBHI HMX (DEPMEHTIB OyJIM HABITH HUKYUMH, HIK Y
BIIMOBIIHUX KOHTPOJBHUX Tpymnax. [IeBHOIO Mipo0 MiABUILECHHS aKTUBHOCTI
METaN03aJIeKHUX (DEPMEHTIB y Celie31HIl IIyPiB 13 FNEeProMOIUCTETHEMIEID MOXKE
Oytu Hacminkom aktuBauii MMII1, npo 1m0 CBIAYUTH MiJIBUILEHHS PIBHS LIOTO
dbepmenty. BonHouac 3HmwkeHHs piBHS MMIIl Moxe OyTH J0AaTKOBUM
mexanisMoMm aktuBanii MMIIl y cenesinmi 3pitux Ta crapux mypiB. Cuin
nigKkpecnuTy, mo aktuaiis MMII1 gacTo ciocTepiraeThbes mij yac aHTiOTeHE3y Ta
pO3BUTKY paky [76, 91], Tomy HeoOXimHI OUIBII JeTalbHI JOCITIIKCHHS
(YHKI[IOHAIBHOTO CTaHy CeJNe3IHKW TpH TrineproMmorucrteineMii. BpaxoByroun
OaraTopiBHEBUM KOHTpPOJIb akTUBHOCTI MMII, iHImII MeXaHi3MH peryssmii
aKTUBHOCTI (PEpPMEHTIB, 30KpeMa IOCTTPAHCKPHIMIlIHI, TaKOX MOXYThb OparTu
y4acTh B aKTHBallli mpoTea3 MpH rinepromonucreinemii. Hakonuuenus naHux 3
pI3HUX JOCIIDKCHb BKa3ye Ha Te, M0 CEPUHOBI MPOTEa3 MOXKYTh isITH
6e3nocepenubo Ha nesiki mpo-MMII [189], renepyroun akTUBHI (hepMEHTH, 5K, Y
CBOIO 4Yepry, akTHBYIOTH iHIII Tpo-MMII, mpoBokyrouM KackKaJHUN MeXaHI3M
nocusieHHs Tpoteonizy. KpiMm toro, romoructein Moxe Oesnocepennbo [69], a
TAKOX Yepe3 CUTHAIBHUI MUISIX MPOTETHKIHA3M, 10 PETYIIOETHCS MO3aKIITHHHUM
curHaiowm, [148] aktuByBatu npo-MMIL.

OtpumaHi HaMH pe3yibTaTH IIOAO BIICYTHOCTI 3MiH PIBHS IpO3amajbHUX
IIMTOKIHIB Y CEIE31HII IOHUX NIYPiB Ta 3HIHKCHHS PIBHS WX ITUTOKIHIB Y 3pUTUX Ta
CTapux IMypiB HE Y3TOMKYIOThCS 13 3arajJibHOI0 KOHIICTIIIEID CHCTEMHOTO
3armangeHHs, 10 € HeOOXiTHOIO YaCTUHOIO MaTOreHe3y rinmepromonucreinemii. Huzka
JOCIIJDKCHh BCTAHOBHWJIA TICHHUH 3B’S30K MDK BHCOKOI  KOHIICHTpPAIlI€IO
HUPKYJIOYOrO0 TOMOLKMCTETHY Ta PO3BUTKOM CUCTEMHOTO 3amaneHHs [ 133, 182].
Kpim Toro, Hamii momepenHi AOCHIKEHHS TOKa3ajld CTaH JIETKOro 3amajeHHs B

cepi [ 158] ta muToBuaHIN 3a71031 [157].
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[luToKiHM €  KJIIOYOBUMH  MOJEKylIaMH, 3a  JIONOMOTOI  SIKUX
rineproMonucTeiHeMist MPU3BOAUTH A0 PO3BUTKY TaKUX CYMYTHIX YCKJIaJHEHB, SK
aTepoCKJepo3 1 TMOB’s3aHI 3 HUM TPOMOOTHYHI 3MIHM Yy TAII€HTIB 13
rinepromouucreinemiero. Ha BiniMiHy BiJi HaBEJEHOTO BHUIIE, PE3yJbTaTH HALIOTO
BU3HAYEHHS PIBHS I[UTOKIHIB CBIIYaTh MPO BIICYTHICTh 3amajbHUX MIPOLECIB Y
ceJsie31HII1 LYy PIB HA TJI1 FIeProMOIMCTEIHEMIT Ta MOXKYTh TOBOPUTH MPO 3aTyUEHHS
IHIIMX MEXaHI3MIB peaii3allii HEeraTMBHUX €(eKTIB MiJABUILIEHOrO0 pIBHA
TOMOLIMCTEIHY.

Mopdonoriyna oOI[ilHKa CTaHy CeJIe3lHKM 3pUIMX TBapuH 3 TIPYIHU
MOJICJTFOBAHHS XPOHIYHOT TIEPrOMOIIUCTEIHEMIT TAKOXK TTOKa3aia OUIbIIl BUPAKEHI,
HUK y MOJOIMUX UIypiB, O3HAKM BIAXWICHb Yy MOpdosorii 1, BIAMNOBITHO,
GyHKIIOHYBaHHI 1IbOTO opraHa. Uepes po3iiapyBaHHs BOJIOKOH Ta MOSBY JpIOHUX
BaKyoOJb MDK HUMH KarCyJia 3arajioM BUTJISJIA€ PO3MUTORO, 1 Mexi HeuiTki. Jleski
s/ipa MalOTh HE3HAYHWUN HAOPAK, 110 BIIOOpaKaeThesl y OUIBII HEPIBHOMIPHOMY 1
osioMy ix 3a0apBiieHH1 Ta 3MiH1 popmu. CriocTepiraeThCs BaKyoTi3arlis, ik 03HaKa
HAOPAKY 1 B CYOKarCyJIIpHii 30H1 ceNIe31HKOBOI My Iblu. B KIiTHHAX emiTemaibHO1
BUCTUJIKH CIIOCTEPIralOThCS O3HAKHM BaKyoJIi3allii, [0 € THUIIOBUM IIPOSBOM
MATOJIOTTYHOTO CTaHY KJIITHH.

OnHuM 13 MeXaHI3MiB BIUIMBY HaJMIpHOI KOHIICHTpAIlli TOMOITUCTEIHY €
HITpO3WIIOBaHHA. EHIOTEIIabHI KITITUHA MOXKYTh JIETOKCH(IKYyBAaTH TOMOITUCTETH
4yepe3 BUBUIBHEHHS OKCHIY a30Ty, IO CYNPOBODKYETHCS IIBUIICHHIM DIBHS
NOS3 MPHK [112]. XpoHiuHMI1 BIUIUB BUCOKOTO PiBHS TOMOIIMCTEIHY IPU3BOAUTH
70 3HWXKEHHS BHpOOHHUIITBA abo npoctymHOocTi NO, mo Tiarge 3a co0oro
Oe3nepelIKoIHe OKUCIIOBAJIbHE MOIIKOKEHHS, OITOCEPEKOBaHE TOMOIIMCTETHOM,
1 YTBOpPEHHS TMEpPOKCHUHITPUTY. ['OMOIMCTEiH MOKe BITMBATH HA AKTUBHICTH
TIIyTaTIOHIIEPOKCUIA3H, TAKUM YUHOM 3MIHIOIOYH MIKPOOTOUYEHHS TPHU MOITUPEHH]
peakTuBHHX (OpM KUCHIO. EHmoTemianbHa TIyTaTiOHNEPOKCHAa3a KaTai3ye
BITHOBJICHHS TIEPOKCHUIB BOAHIO Ta JIMIAIB IO BIAMOBIAHOTO CIUPTY, 3aM00irarouu
okucoBaibHIA 1HakTuBalli NO. ['oMouKCTEIH, B CBOIO 4Yepry, 3HMXKYE pPIBEHb

MPHK rnyrationnepokcuaasu, rajibMyro4u Moji0HiI 3axucHi Mexanizmu [102].
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Came TOMYy HasBHICTh BaKyoOJII30BaHOI LUTOIUIA3MU Ta AepopMallisi €HIOTEIII0
KPYIHUX CYJIMH CEJIe3IHKN MOXe OyTH IMOSCHEHA HITPO3WIIOBAHHSM, CIIPUIHHCHUM
TPUBAJIOIO JI1€}0 HAIMIPHUX KIJIBKOCTEH TOMOLUCTEIHY.

3rifHO HAIIOro JOCHIIKEHHs, y OUIl mynbli HaBITh Ha MaJICHbKUX
30UTBIIEHHSX CIOCTEPITa€eThCsl XapaKTepHAa KapTHUHA IepuapTepiaJbHUX IIXB,
yTBOpeHuX T-KIITHHAMHU — BOHU MalOTh BUIJISIL «IOINEHUX MULTIO». Takuil BUTIIA
NpUTAMAaHHHUH [IUM €JIEMEHTaM 4epe3 4aCcTKOBY 3arubeis T-1iM(OIHTIB aronTo3omM
MOM1K HEBPAKEHUMU KJIITUHAMU.

[linBuIieHHsT PIBHA TOMOLMCTEIHY B IJIa3Ml MOB’si3aHE 3 MapajelbHUM
rinomerunoBanHsaM JIHK nimdonuri. TlopyieHHs HEBHIAaIKOBOTO MaTepHY
metumoBanHsa JIHK Moxe npu3BecTH 10 HEBIAOBIHOT €KCIpecii TeHIB 1 CIPUSHHS
PO3BUTKY maToJiorii y aimdonurax, i T-kimituHax 30kpema [104, 179, 194].

B xoxi wamoro gocmipkeHHs B-kimiTHHM JTiMQATAYHUX BY3JIHKIB 1
MapriHaJIbHUX 30H TOKa3yIOTh O3HAKW Tpojideparlii — MpucyTHI TepMiHATUBHI
IIEHTPH, HASIBHICTh 3pUIMX IUIa3MOITMTIB HE JIMIIIE B MeXax 01101, ajie 1 B UepBOHIM
nmyJbIli. 3HaUYHa KUTBKICTB JTIMGOOIAcTiB 1 JIMQOIUTIB CBIAYUTH MPO PEAKTUBHY
BIJIMTOB1/Ib IUX KJIITUH HA XPOHIYHY JII0 ITIIBUIIIEHUX PiBHIB roMonucTeiny [208]. ¥V
caMiii YEpBOHIN MynbIl cepeln I1HIMMX (OPMEHUX EJEMEHTIB KPOBI MPHUCYTHI
Makpodaru i3 30J0THCTO-KOPUYHEBUMHU BKJIIOUEHHSIMHU IITMEHTY JINOQyCIUHY.
[TosiBa 11bOTO TIrMEHTY € CBITYEHHSM BHCOKHX PIBHIB OKMCHEHHS JIMiAIB, 10 YOTO
MPU3BOANTH HASIBHICTh Y TKAHWHI peakTuBHUX (hopm kucHio [201].

['oMorucTein 3naTeH nopyuryBaTi (PyHKIIIOHYBaHHS OKPEMHUX JIAHOK IMYHHOT
CUCTEMH IUISIXOM 3aru0eni KITUH abo iX HaaMIPHOI TIMePCTUMYJISAII, 110 B CBOIO
4epry, IpU3BOIUTH 10 BUCHAXKEHHS CUCTEMH B IIJIOMY. B ekcriepruMeHTax Ha Irypax
7oBeneHo Toi (akT, mo JMMQPOUUTH EKCIPEeCcyroTh Ha CBOid moBepxHi NMDA-
PELENTOPH, 3/1aTHI B3a€EMOJIATH 3 romorucTeinoM. [l HOoro BIUIMBOM B KITITHHAX
30imbmyeThed  Kimbkicth  A®K, Bmict  Ca’* Ta AT®. KpiMm Toro,
rineproMouucTeineMiss crumyiatoe mnpoaykmito JgiMdonutamu I[FN-y 1 TNF-a,
3aairoroun npoteinkinazy, HAJI®H-okcuaazy 1 NO-cuHTazy. HacmiakoMm Takoro

BIUIMBY € 3aru0eiib JIMQPOIUTIB HIIsXoM anonTto3y. [locTiiHa cTUMYTSLS KIITUH
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IMyHHOI CHUCTEMH 3a JaHUX YMOB MNPHU3BOAUTH N0 ii BUCHaXeHHS. [ omoIucTein
B3a€EMOJIE 3 IHOTPOIMHUMM pELEnTOopaMu TiyTaMmary, 10 akTUBYrOThcsi NMDA.
AKTHBAIlIS [IUX PEIENTOPIB MPU3BOJIUTH JIO0 MOCUIICHHS BXO1Y 10HIB Ca”* BCEPEIIUHY
KITUHU 1 3pocTtanHd piBHI A®K, aktupaiii mpoueciB MEpEeKHUCHOIO OKHCIIEHHS
JniaiB 1 anonTo3y JiMdouuTi. Ciifg 3a3HaunTH, 110 6;10kana NMDA -penientopis T-
KJIITUH romouucteinoM npurnivye cuate3 MPHK 1 mocunenns cexpenii INF-y, TNF-
a, IL-10. OgHOKpaTHE BBEACHHS HOTO CYNMPOBODKYETHCS BUPAKCHUM 3HUKCHHIM
gucina T-mimdouwmtiB 1 ix cyOnonymsmii [143]. Ile oOyMoBiIeHO NiABUIIEHHSIM
eKcrpecii MOJeKyn aiaresii sk 0 EHJOTENIONMTIB, TaK 1 A0 JIMQOLMTIB, IO
3a0e3rneuye aare3iro JiMGOIUTIB 10 CYAMHHOI CTIHKH 1 TUM CAMUM, CKOPOYECHHSI YTy
UPKYITIO0UnX JiMponuTiB. He BUKIIIOYEHO, 110 YacTUHA 1X E€NIMIHYE BHACIHIJIOK
axtuBaiii NMDA-perientopiB 3 HaCTYITHUM PO3BUTKOM aronTo3y. OJHaK 3a yMOB
XPOHIYHOT MIepProMoCcTeiHEMIT Y TBAPUH HABMAaKH OYJI0 3apeeCTPOBAHO 3POCTAHHS
gucenbHOCTI T-miMdoruTiB 3a paxyHok T-murorokcuunux. [Ipu BBeneHHi
roMouucTeiny 1 pa3 Ha 100y MPOTATOM THKHSA y TBapUH, OUYEBHJIHO, aKTUBYIOTHCS
MEXaHI3MH aJIafnTallii, o JO03BOJIAIOTh IHAKTHBYBAaTH aMIHOTION SK KCEHOOIOTHK.
Bucoki 1031 TOMOLIMCTEIHY MONIKOIKYIOTh TKAaHUHHI CTPYKTYpPH CEJE31HKH, IO
CYNPOBOKYETHCS PO3BUTKOM ayTOIMyHHHX pEakiliid, CBIAYCHHSIM YOTO € pi3Ke
3pOCTaHHs KOHIIGHTpaIlli BCiX ITUTOKIHIB 1 ocobmuBo IL-17A [62, 104].

B GaraThox BHMaaKax MmaTojorii, MoB's3aHi 3 HAKOIMWYEHHSIM TOMOIIMCTEIHY,
CYNPOBOIKYIOTECS TOPYIICHHSIM (DYHKI[IOHYBaHHSI IMYHHOI CHCTEMHU. 3 1HIIOTO
00Ky, IHTEeHCHBHA Tpoiidepaliis IMyHOKOMIETEHTHUX KIITHH MOXE MPU3BECTH 0
HaKOMMWYeHHs1 ToMoIrucTeiny. Hampuknazn, imyHHa BiamoBinek tumy Thl cmnpuse
pO3BUTKY B-kimithH 1 MOXe OyTH TOJOBHHM BH3HAYUIBHUM (HaKTOPOM
MPOTPECYBaHHS TMOPYIICHb, TIOB’SI3aHUX 3 TinepromMorucreinemicro. [Hmi
JOCTI/DKCHHST TaKOXX JEMOHCTPYIOTh, IO peakTHBHI (OPMH KHCHIO, IO
YTBOPIOIOTHCS BHACTIOK aBTOOKMCHEHHSI TOMOIIMCTETHY, O€pyTh y4acTh y IHAYKITI{
npoiideparrii B-nimdonuris [141].

BuBueHHs1 BIJIMBY TOMOIMCTEIHY Ha JIM(OLMUTH y MAIIEHTIB 3 1IEMIYHOIO

XBOPOOOIO ceplisi MoKa3ajo, U0 B KYJbTypl KIITHH NepudeprudHoi KpoBl IpU HOro
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3pocTaHH1 akTuByBanuck Fas-perientopu T-xennepis Ta ix miranaun CD178. PanniMm
MapkepoMm arnonTo3y Oyna excrpecis APO 2.7. B noganbiiomy Ha MeMOpaHi KJIITUH
3’ABIISJIUCh HETaTHBHO 3apsyikeHl (ocdoninian B 0CHOBHOMY (hochaTHIUICEPUH.
[Ipu upoMy koHmeHtpaiis Bcl-2, mo B HOpMI 3axuIlae KIITUHU BiJ amnonTo3y
3MEHILyBaJlach, NPU3BOJAYM 110 ix 3arudeni [136, 201].

Ha  wmomeni  Qonar-iHaykoBaHOi — TiNeproMoUMCTEiHEMIT  BUSIBIEHA
HecTaOUTbHICT reHoMHOI JIHK cenesiHkM MiypiB, IO BUPAXA€ThCS 3HUKEHHIM
MOKA3HHUKIB €JIACTOB’SI3KOCTI 1 MOJIGKYJISIPHOI MacH, a TaKOX IIIBHUIICHHAM il
noctymnHocTi rigponizy JIHK-a3o10 I Ta pectpukrazoro EcoRI [153].

['oMornucTein 37aTeH 3aidyyaTHCh B TMPOLECH METa0o0i3My MITOXOHIPIH
KIITHH, migBumyoun npoxaykuiro ADK i pisens ionis Ca®*, mo mpusBOAUTL 10
pO3NaAiB TKAHWHHOTO JWXaHHS 1 3POCTaHHS IMOTEHIliAly MeMOpaH OpraHe.
3amy4alounch 10 MITOXOHIpPiabHOro MetadomnizMy T-mimM¢onuTiB, 3yMOBIIOE iX
nepenporpaMyBaHHs. 3a3HadyeHi 3MIHM B T-KIITHHax 3alycKaloTh MEXaHI3MHU
PO3BUTKY CTPECY €HIOIUIa3MaTUYHOIO0 PETHKYJIyMa, 10 B CEJIE31HIIl MPOSIBISETHCA
nigBuIeHHsM ix mapkepiB — p-elF2a, p-PERK, IRE-1a, XBP-1 [102].

Bakka rimeproMorpcteineMiss CTa€ TPUYMHOIO 3amanbHOi audepeHiamii
MOHOIIMTIB B YEPBOHOMY KICTKOBOMY MO3KY, 3yMOBJIIO€ 3pDOCTaHHS B TUIa3Mi KpPOBI
piBHiB TNF-a, IL-6, mpoaykiito cynepokcu aniony, IFN-y. Ananmoriuni mpormecu 3a
JTAHUX YMOB CIIOCTEPITarOThCSA 1 B MIEPBUHHUX CIUICHOIIMTAX IMYPIB, @ TPUYHHOIO €
aKTHUBAIlISl TOMOIIMCTETHOM OKCHJATUBHOTO cTpecy [197].

[TigBumIeHN piBEeHb TOMOIMCTEIHY CIIPUYNHSIE allONTO3 CTOBOYPOBUX KIIITHH
YepBOHOTO KICTKOBOTO MO3Ky mumsixom akrtuBanii JNK1 (N-tepminanpHa KiHaza
ciMeHCTBa MIOTEH-aKTUBOBAHUX MPOTEiHKiIHA3) [77]. ' OMOIMCTETH 3HAYHO MOCHITIOE
npoiidepamiro B-mmboruTie B cenesinmi. [IpuunHy maHoro sBWINa JOCTITHUKH
OB’ SI3YIOTH 3 akTHBaIlicro nporeinkinasu C ta smepHoro daktopy kanma B (NF-KB)
[206, 207].

3a TaHUMU HAIIIOTO YJIBTPAMIKPOCKOMIYHOTO AOCHIKEHHS, Y MaKkpodarax sx
01101, TaK 1 YePBOHOI MYJIBIIA MOJIOAUX IIYPIB MiJ BILIUBOM TiE€ProMOIUCTETHEMIT

HasBHI HE JIUIIIE TEMHO-KOPUYHEB1 BKJIIFOUEHHS TeMOCHIEPUHY (110 € P1310JI0TTYHUM
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HACHIKOM po3naay ¢GarolMTOBAaHUX HHMHU EPUTPOLMTIB), ayne 1 JinodycluHy.
AJpKe BIIOMO, IIO0 caMe JIMOQYCHUH € TUM MIrMEHTHHUM BKJIIOYEHHSIM, SKE B
CeJIEe31HIll XapaKTEepU3y€e IHTCHCHUBHICTh MPOLIECIB OKUCHEHHS JIMIAIB, 0 SKUX,
LIJIKOM IMOBIPHO, MPU3BOJAUTH 3POCTaHHS KOHLEHTpALll B IbOMY OpraHi BUIbHUX
KHUCHEBUX  paJMKaliB, 1[I0 € TUIOBOI  CHUTyall€l0 JJs  XPOHIYHOI
rineproMouucTeiHeMii.

[Tpu o1iHIIl CTaHy CEIE31HKHU I/l BILTMBOM XPOHIYHOT TIEProMOIIUCTETHEMIT
BapTO, B MIEPINy Yepry, 3BepTaTH yBary Ha JIMQOLUTAPHY CKJIA0BY HE JUIIE 01101,
ase 1 yepBoHOI myJbnu. L{ikaBo Biq3HAYNTH 1IHQIIBTPALIIO X KIITHUH 1 Y YEPBOHY
nyJablly, W0 € XapakTEepHOI O3HaKOKW ix mposidepaiii y BiINOBAL Ha
okcuaaTuBHuM ctpec. KinbkicTe apiOHMX KIiTUH 3 TeMHuMH siapamu  (T-
TiMGOIUTIB) Ta TUIa3MAaTUYHMUX KIITHH, SKI MOKHA BII3HATH 3a XapaKTePHUM
MaJIFOHKOM TE€TePOXpPOMATHHY B SJApi, TOBOPATH TPO 3POCTaHHS BiICOTKA
TiMQOLMTIB y YEpPBOHIM MyJbli Yy BIANOBIAL HA CTUMYJIAIIIO XPOHIYHOT
rineproMonucteineMii y TtBapuH. IlogiOHe MpOHUKHEHHS OUTMX KIITUH KpPOB1 Y
YEepBOHY  MYyJbIYy  CYNPOBOJKYETHCS  PO3MIUPEHHSIM 1  «PO3MHBAHHSIM>»
MapriHaJbHUX 30H JIM(paTHIHUX BY3JIUKIB.

[Ipu ormsai craHy cene3iHKH CTapux IIypiB, IO 3a3HaIM XPOHIYHOL
rineproMouucTeineMii, CIIOCTEPIratoThCS MATOJOTIUHI MPOSBHU K Y CTPOMAJIbHUX,
TaK 1 y TapeHXIMaTO3HUX €JIEMEHTaxX, IO HEe BIAMIYATIOCh Y JKOAHIA Tpymi
EKCIIEPUMEHTY OKpPIM 3pUINX TBAPUH 3 €KCIIEPUMEHTAIBHOT Ipynu. Mexi Karcynu
BUTJISAIAI0Th PO3MUTUMHU Y€Pe3 HEUITKICTh KOHTYPIB KOJIAT€HOBUX BOJOKOH. HixkHa
CTpoMa, IO MPOHU3YE K OLTy, TaK 1 YEPBOHY MYJbITy, XapaKTEPU3YEThCS EIIO0
PO3PUXIICHOIO CTPYKTYporo. i XapakTepHi 03HAKM BpaKeHHS KJIITHH TOB’S3aHi 3
MIABUIIEHOIO TEHEPAIli€l0 PEeaKTUBHUX (OPM KHUCHIO, CIIPUYUHEHOI0 XPOHIYHHM
BIUIMBOM MIJABUIIEHOT KOHIIEHTpallli romorucreiny. IlepuaprepianabHi MiXBH,
yTBOpeHi T-mimMdornuramu, MamTh YHUCIEHHI CBITJII OTBOpPHU, O€3MOCEPETHBO
HABKOJIO CTIHKM LEHTPaJIbHUX apTepiil MPUCYTHI CBITII BaKyoJii3oBaH1 30HU. Lle
MOSICHIOETBCS YaCTKOBOIO 3aruOerumno T-KIITHH y 3B’S3Ky 3 TapalieTbHUM

rimoMmetmwnoBanHsaM ix JIHK, moB’s3aHuM 3 XpOHIYHO MIABUINCHUM pPIBHEM
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TrOMOLUCTEIHY B I1a3Mi KpoBi. OHIEO 3 peakIliii Ha CyKyIHICTh LIMX NaTOJOTTYHUX
BIUTUBIB cepel T-KIITUH € anonTo3. B-KIITMHM 4acTo pearyroThb Ha 30BHILIHI
MOApPAa3HUKHU  mpoiidepalicro, 30UIBIICHHSIM KUIBKOCTI 1 IUIOHII  CBITIUX
repMIHaTUBHUX LIEHTIB Ta IMOSBOI0 BCE HOBUX T'OTOBUX J10 pOOOTH MIa3MOLUTIB
ycepeauH1 BY3JIMKIB Ta iX MapriHaibHux 30Hax. [Ipu neranbHOMY orisji crany B-
KIITUHHOI ~ CKJIaA0BOi  JMIM(ATUYHUX  BY3JIMKIB  BIA3HAYAETHCS  HASBHICTD
NOOJMHOKUX TEPMIHATUBHUX IIEHTPIB, LI0 BKa3ye Ha peakuiro B-kimiThuH Ha
XpOHIYHY rineproMouucrteineMito. Hacaiakom nporo € popmyBaHHS MJ1a3MOLIUTIB,
10 IPUCYTHI Y JTIiM(baTUIHUX By3IUKax. TUM He MeHIll, Oijia MyJibia po30aBIIsIEThCS
3HAYHOIO KUIBKICTIO PETUKYJSIPHMX KIITHH 1 (piOpoOnactiB. MapriHanbHi 30HH
BTpavyaroTh CBOIO YITKICTh 1, BIAMIOBIAHO, MEPEXiJ] MK 0171010 1 YEPBOHOIO MYJIBIIO0
He € BupazHuM. Llpomy cnpuse iHUIbTpalis B-KIITHH B 4epBOHY IYJbIY, IIO
CYIIPOBOJIKYETHCS X TOSBOKD TOMDK YEPBOHUMH KIITHHAMHU KpPOBI 1 TPYyNKaMH
TPOMOOIIUTIB.

Mix depBoHMX (OPMEHUX €JIEMEHTIB KPOBI PO3TAIIOBAHUX B BEHO3HUX
cUHycax 1 TsbKax bilbpoTa Big3HAYA€ThCS 3HAYHA KUTBKICTH Makpodari. Takox
BIIMIYA€ThCS 3POCTAHHS KUTBKOCTI Makpodarip, 10 MICTITh y CBOIH HUTOILIA3MI
BKJIFOUCHHS JIMO(YCIHMHY, 3POCTaHHS KUIBKOCTI SKOTO CBIUWTH HE JIMIIE TIPO
3aKOHOMIPHI TPOIECH CTapiHHS OpraHy, aje 1 MpPO 3pOCTaHHSA OKCHIATHBHOTO
CTpecy, CIPUYMHEHOTO HAKOIUYEHHSM PEaKTUBHUX (OPM KHUCHIO MiJ| BIUIMBOM
XPOHIYHOI TMepProMOIUCTEIHEMI].

BBenenns crapum IrypaMm TOMOIMCTEIHY CYNpPOBOJKYBAJOCh HaMOLIBII
BUPAXCHUMU 3MIHAMH YJIbTPACTPYKTYPHUX KOMIIOHEHTIB ceje3iHku. B mopiBHAHHI
3 MOJOJUMHU Ta JOPOCIMMH IIypaMH, Yy CTapuX TBapHH CIOCTEpiranv 3HA4H1
JECTPYKTHBHI TIPOSIBU BIUIMBY Timepromonucreinemii. B cTpomi cenesinku
BiIMIYaIM HAasSBHICTh PETUKYIAPHUX KIITHH 3 BUIOBXKEHOI (opMo Ta
riNepXpOMHHAMH SIAPAMHU, 3 TIEPUHYKIICAPHUM HAOpsIKOM. B Oumili mymbIi cene3inKu
3a JaHUX YMOB, SIK 1 B IOMEPEJIHIX Ipynax JOCIIIHUX TBAPUH, BUBHAYAIUCH IUISTHKU
ruoeni T-mimdouutie. Oco0IMBO BUPAXKEHOW Taka KapTuHa Oyna B

nepuapTepianbHux JiMQpoigHux mixBax. JliMpouuTy, mo niggaBaaIuch amnornTo3y,
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Maju T€MHI NIKHOTHYHI sfpa XUMepHOi ¢opmu. Lluromnazma ix Oyna BHpaxeHO
MIPOCBITJIEHOIO, MICTHJIA TTEPEBAXKHO MITOXOHAPIi. OCTaHH1 3HAYHO 30UIBIIYBAIHUCH
B pO3MIpax BHACIIJOK HAOPSIKY, a KPUCTH X MIAAaBAIHUCh JII3UCY.

I'imepromouucreineMiss 3Ha4HO MOTEHUIIO€ Tpodidepanito T-miMpOLUTIB B
CeJIe31HII MUIIEH MIJIIXOM YaCTKOBOT'O 1HT10yBaHHS iX anonTto3y. [pomideparis T-
KJIITUH CYNpOBOKYBajlach 3pocTaHHsAM piBHA IL-2 ta nponykuiero ADPK. Takox
BCTAHOBJIEHO TocWJieHHd mpodidepanii B-mimdouurtiB nuisixom  axTuBamii
CUrHaJbHUX nuisixiB — mnpoteinkinazu C, p38 MAPK ta NF-kB ¢akropa
Tpanckpumnilii [ 170, 208].

3a MaHWMU, 10 MU OTPUMAJU B XOJl JNOCTIIKEHHs, Makpodaru B OLTIN
NyJIbIl CENIe31HKA CTapuX IIypiB OYyJIU YHUCEIBHUMH, PO3MIIIYBAJIUCHh MOOJIU3Y
mia3MonuTiB. B makpodarax snpo 3MillyBajioch MEPEeBaKHO J0 TOJIIOCIB KIIITUH
yepe3 HAaKOMUYCHHS B IMTOIUIA3Mi HAAMIPHOT KIUTBKOCTI neTputy. B aeskux
KIIITUHAX YiTKO BU3HAYAIMCS Ji3UC Ta (parMeHTaiis suaep. [lnazmouutu, B cBOIO
4yepry, KUIbKICHO 3pOCTajy BHACIIIOK MiABUIIEHOI mposidepartii B-miMmdonuTis.
[Tna3smMaTu4Hl KIITUHM 3HAYHO PI3HWIUCH (CHOCTEPITAIUCH SIK Taki, IO Malu
30epexkeHy Mopdosoriuny OyJ0oBy Tak 1 Ti, SIKi TPOSBISIN O3HAKHW BUPAKEHUX
CyOMIKpPOCKOITIYHMX 3pYIIIEHb OpraHi3airii).

JlaHi CyMDKHHMX JTOCHII)KCHb BIUIMBY IiABUINCHOTO PiBHS TOMOIIMCTEIHY Ha
OpraHi3M IIypiB CBigYaTh, IO 32 JAHUX YMOB B PECIIPATOPHOMY BIAUI CTapuX
TBapUH MOXKE 3pPOCTATH UYUCETHHICTh AKTUBHUX (HOPM IUIA3MOIUTIB, OTOUYEHUX
KIITHHHAM ~JETPUTOM 1 3pYHHOBAaHMMH EPUTPOIMTAMHU Ta KOJAr€HOBUMU
BOJIOKHAMH Yy MDKalbBEOJSIPHUX TMeperopoakax. lluromnazmMa miaa3MoOIMTIB
MEPETIOBHEHA PO3MIMPEHUMH KaHAIBISIMU TPAHYJISIPHOT €HIOTUIa3MaTUYHOT CITKH, 3
BMicTOM rama-TioOymiHiB [ 164].

3a HamMMU JaHUMH, CUHYCOITHI CYJWHU CEJE3IHKMA CTapux IMypiB Oyiu
PO3IMIMPEHUMH, B HUX BUSBIISIIA €PUTPOLIUTH, JICHKOIIUTH, TPOMOOIIUTH. B uepBoHI
MyJIbI1 CENE31HKU UIypiB JAHOI TPyNH MpHU TINEProMOLMCTEiHEMIT CIIOCTEpIranu
yuceabHI TPOMOOUMTH Ta iX ()parMEHTH, E€PUTPOLMUTH MiAJAaBaJIUCh T'EMOII3Y.

BuzHauanbHO0O pHCOIO JUIs 1I€T TPy €KCIEPUMEHTAIIBHUX TBApUH OyJia 3HauyHa
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KUIBKICTh MakpodariB B 4epBOHIA Myibhi. B iX nuTOIIIa3Mi BUSABISUIA BEIUKI
(arocomu, 3aIMIIKA JECTPYKTHUBHO 3MIHEHUX EpPUTPOLIUTIB, TPAHYJIOLUTIB Ta
TpoMOoUTiB. KpiM TOro, BOHM MalM CKYMUYEHHS T'€MOCHJIEPUHY Ta TpaHyIH
minopycuuny. OctanH1 (HaKTH € XapaKTEepHUMU HE JIMILE JUIsl CTapedyoro BIKY, ajie 1

PO3BUTKY OKHCHOT'O CTPECY Ta MEPUKUCHOT'O OKUCIICHHS JIITI/IIB.
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BUCHOBKH

VY aucepraiiiiHiii poOOTI MOJIAHO TEOPETUYHE y3arajJbHEHHS Ta HOBE BUPIIIICHHS
HAYKOBO-TIPAKTHYHOTO 3aB/IaHHS 10710 BCTAHOBJICHHS TiCTOJIOTIYHHUX,
yABTPACTPYKTYPHUX Ta OIOXIMIYHUX 3MIH CTPYKTYpH CEJNE3IHKU IIYpIB 3aJE€KHO BiJ
BIKY Ta 32 YMOB IIJIBULIICHOTO PIBHS TOMOIIMCTETHY.

1. Tlpu ricTonorivHOMY Ta €JIEKTPOHHO-MIKPOCKOMIIYHOMY JOCTIIKEH1 CeNIe31HKU
IHTAKTHUX LIYPIB PI3HUX BIKOBHX I'PYI BCTAHOBJIEHO, 110 Y MOI00UX ufypie O1i1a mysabia
npencrapieHa JiMGOiTHUMU BY3JIMKaMH, B LIEHTPl AKUX BIAMIYAId repMiHATUBHI
HeHTpu 3 ¢irypamMu MITO3y; Cepell NepuapTepiaibHUX MiXB HasBHA HE3HAYHA
KUTBKICTh allONTUYHKUX TUIELb; B IIUTOIIa3M1 MakpodariB y 4epBOHIH 1 0111 myJibIii
BIIMIYAIOTHCS BIAKIAJEHHS T'eMOCHUJICPUHY. Y 0opociux TBApHH YE€pPBOHA ITyJIbIla
PI3HUTBCS BiJl MOJIOJUX TBAPUH BIJICYTHICTIO METaKapiOIUTIB Ta 1HIIHWX pPaHHIX
dopM remartoroesy, OAHAK SK 1 Yy MOJOIUX IIypiB, B T€PMIHATUBHUX IEHTPAX
CroCTepiraroThess  (Iirypu MiTO31B; BKIIOYEHHS JHMOQPYCIMHY B TICTIONMHUTax
BiJICYyTHI. XapaKTEpHOK OCOOJIMBICTIO BIKOBOI 1HBOMIOIT CENIE3IHKU CMApux wypis €
PO3pOCTaHHS JCIIKATHOI CTPOMHM, SK y OUTIH, Tak 1 B YEpBOHIN MyJbITl HasBHI
Makpodarn 3 KOPUYHEBUMH BKJIIOUCHHSAMH JinodycuuHy. BigmivaeTsces
30UTBIICHHS 3arajibHOI IO OUTOT MyJBIM y MOPIBHIHHI 3 YEPBOHOK MYJIBIIOLO,
nepeBakHo B 30H1 T-mimdorutiB. CnocrtepiraeTbcss BTpaTa Makpodaris
MapriHaJbHOI 30HHW, fKa CYIMPOBOKYETbCA HaKomuyeHHsSM ¢iopobmactiB. B-
KIIITHHW MalOTh BUCOKE SIJICPHO-IIUTOTIA3MATUYHE CITIBBITHOIICHHS.

2. Tlpu TicTONOTIYHOMY IOCIIDKEHHI CENe3IHKH MOI00UX wypie 3a yMOB
rimeproMonycTeiHeMii BCTAHOBIICHE 3HAYHE IMABHUINCHHS Tpoiideparii B-kiaiTuH,
PO3IIMPEHHS. BEHO3HUX CHUHYCIB YE€PBOHOI MYJIbIHU, HASIBHICTH CEPE EPUTPOIIUTIB
MEraKkapioluTiB, y Makpodarax sK 061101, TaK 1 4epBOHOT MYJIBIIN BiI3HAYAIOTHCS HE
JUIIE BKIFOUEHHS TEMOCUJIEpUHY, alie 1 minodycuuny; JimpouutapHa i} iibTparis

YEepBOHOI MYJIBINH. Y 00pociux wypie 3a yMOB TINEProMOIMCTEIHEMII 3MiHEHA
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IIUIBHICTh 1 MOPYUIEHA OPraHi30BaHICTh BOJIOKOH HIUIBHOI CIOJYYHOi TKaHUHH
Karcyiau 1 TpabeKyl, B KJIITUHAX €NiTeIlalbHOI BUCTUIIKUA O3HAKU Bakyouizanii. B-
KIITUHA JTIMPATAUYHUX BY3JIMKIB 1 MapriHAIbHUX 30H TOKa3yloTh O3HAKU
nposidepalrii. Y 4epBOHIN MyNbIll BIA3HAYAIOTHCS Makpodaru i3 BKIIOYEHHSIMHU
minodycuuny. Y meapun cmapozo 6iKy PO3BUBAIOTHCS HAMOUIBII 3HAYHI
JECTPYKTUBHO-JIETCHEPATUBHI 3MIHHM, CIIOCTEPIralOThCsl TOTOBILIEHHS — KarCyJi,
PETUKYJIONUTH HIXKHOI CTPOMHU 3 TMEpPUHYKICApHUMHU HaOpskamu. BigmidaeTscs
30UTBIIEHHS! KUIBKOCTI 1 IUIONIl CBITIMX TEepMIHATHMBHUX IIEHTPIB Ta IMOsBa
IJIA3MOILIUTIB yCePEANHI BY3JIMKIB Ta X MapriHaJbHUX 30HAX, 3POCTaHHS KUTBKOCT1
MakpodariB 3 BKIIOYEHHSIMU JINO(PYCUUHY B IUTOIUIA3MI.

3. Ilpu eneKTpOHHO-MIKPOCKOMIYHOMY AOCHIIKEHHI CENIE3IHKU MOI00UX Wypie
Ha TJIi TIIeProOMOIMCTEIHEMIT CIIOCTEPIraeThbCs PO3BUTOK SIK ECTPYKTHUBHUX, TaK 1
KOMIICHCATOPHO-TIPUCTOCYBATBHIX 3MiH. CHHYCOIHI KaIiJIipy Oprany po3IIHpeHi,
B OUT mWyJbll BIIHOCHE 3HIKEHHS YHCENbHOCTI 3putux T-miMdonuTiB Ta
nigBuiieHHs B-miMmdonuTie, mmasmonuTie, JimMdoOracTiB 1 Makpodaris. B
repMiHATUBHUX MEHTpaxX JIMQPOITHUX BY3JIUKIB HasBHI 4YHCENbHI JiMpoOaacTu 3
JECTPYKITIEIO Ta MKHO30M Si7Iep, B Makpodarax 4epBOHOI IyJIBIIHN - YUCJICHI TPaHYIN
TnopycuuHy Ta TEMOCHUIEpPUHY, Bakyoll. Y oOopociux meapuH TPOCBITH
CHUHYCOITHUX KaNUIAPiB PO3IIUPEHi, B OLI1H MyJIbII CIIOCTEPIra€ThCS allONMOTOTHYHA
3aru0enpb T-1iMGOINUTIB; B TepMIHATUBHUX IIeHTpax nposridepaitis B-aimdonuTis.
Bim3HadaeTbecs 3pOCTaHHS —KUIBKOCTI  AUCTPOGIYHO 3MIHEHHX Makpodaris,
nim¢o06acTiB, CBITINX 1 TeMHUX JiMpo1uTiB. B 1iurormiazmi MmakpodariB 4epBOHO1T
MyJbIIM HAasBHI SK BTOPWUHHI JI30COMH, TaK 1 3aJHUIIKOBI TUIBIS 3 BEIUKOIO
KUTBKICTIO JCTPUTY, BKIIOYEHHS Jinodycruny. ns cmapux meapun XapakTepHi
3MIHM B yCiX CTPYKTYpHHUX KOMIIOHEHTaxX opraHy. B Oimiii mynbmi BH3HAYAIUCH
guciieHi AuistHky Troeni T-miMdonuTiB, 0c00IMBO BUpaXXeH] B MepuapTepiaibHUX
aiMpOITHUX TMMiXBaX, 3POCTAHHS KUIBKOCTI Tuta3MonuTiB. CHHYCOITHI CyAauHU
pPO3LIMPEH], B YEPBOHIM MYJIbI1 YUCETbHI TPOMOOIIUTH Ta iX (parMeHTH, reMoIi3

eputpouutiB. B nwuromnasmi  makpodariB  Belukil  (arocoMu, 3alUIIKU
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JNECTPYKTUBHO 3MIHEHUX (OPMEHHMX EJEMEHTIB, CKYMUYEHHS TIE€MOCHIECPUHY Ta
rpa”yiau JinoQycuuHy.

4. MopdomeTpruiHUi aHai3 CTPYKTYPHUX 3MIH CEJIE3IHKH ILIyPIB PI3HOTO BIKY Ta
Ha TJI1 TIIeproMOLUCTEIHEMIT TOKa3aB 30UIbIIEHHS 1011 OU101 MyJIbIU JJ1s1 TBAPUH, 110
Mi1aBAIMCh XPOHIUHIA TiMEProMOLUCTEiHEMIT, JUIsl JESKUX BIKOBUX KaTeropii
nocuth BimuyTHe (0,17 (cepeHe 3HaUEHHS TOKA3HUKA) Y IHTAKTHUX MOJIOJUX IITypPiB
ta 0,33 y MoJloMX TBapUH Ha T TimepromMouucTeinemii). Y TBapuH 3pijoro BiKYy
BIJI3HAYAETHCS HAMOUIBII pi3Ke, Y MOPIBHAHHI 3 IHIIMMHU BIKOBUMH KaTErOpisMH,
pO3pocTaHHsl OUTOT MYJIBIU Y BIJIMOBIAL HA [0 XPOHIYHOI T1EPrOMOIMCTEIHEMIT
(0,23 'y inTakTHHUX cTapux 1ypiB Ta 0,33 y crapux TBapuH Ha T
rinepromouucreinemii). [lpu mMopiBHAHHI €KCIEPUMEHTAIBHUX T'PYI BCIX BIKOBHUX
KaTeTropiil i3 KOHTPOJHHUMH BUSBISETHCS CTATHCTUYHO JTOCTOBIPHE 3MEHIIICHHS
KUTBKOCTI MakpodariB 3 BKIIOUEHHSIMH Jinodyciuny B Hux (8,25:14,85 kiitus;
11,55:17,3 xmitun 1a 37,15:42,9 K1iTHH BIAMOBIIHO). 3pOCTaHHS 3arajbHOi IO
OUTI01 MynbNKM TPUTAMaHHE BCIM EKCIEPUMEHTAJIbHHM TpyllaM y TOPIBHSHHI 3
rpynamMu KOHTPOJIIO, IPOTE HE € CTATUCTUYHO JOCTOBIpHUM. [IpH 1iboMy HaWO1IBII
SICKpaBO BUPAKEHUM 3POCTAaHHS YACTKH JTIM(PATHIHUX BY3JIMKIB BITHOCHO YEPBOHO1
yJIBITH € came y popocyux TBapuH (0,23:0,61 BiamoBiaHO).

5. Ilpu G10XIMIYHOMY JTOCHIIKEHH]1 CTPYKTYPH CEJIE31HKH LTypiB PI3HOTO BIKY
JIOBEJICHO, IO TIMEeproMOIMCTeIHEMIsS BIUIMBAE Ha MPOTCONITHYHHN OanaHC y
celesiHmi MmypiB pizHoro BiKy. lle mposBIseTbCS y 3pOCTaHHI 3arajabHOI
MIPOTEOIITHYHOT AKTUBHOCTI (PI1BEHb 3arajabHOTO Oinka 3poctaBy 1,9 /2,1 /1,7 pa3u
y CeJE31HIII MOJIOJUX/TOPOCTUX/CTapuX HIypiB BIAMOBIIHO), 00YMOBIICHOI MEpII 3a
Bce akTHBaIliero cepuHoBux mporea3 (0,37+0,12 Mr/r TkaHMHM y TIOPIBHSHHI 3
0,11£0,04 mr/r TKaHWHW y  CeJe3iHIll TBapUH  KOHTPOJBHOI  TPYIH),
METaI03Ie)KHUX (PEepPMEHTIB (Y MOJIOJUX Ta TOPOCTUX IIypiB aKTUBHICTH 3pOCTaja
B 1,28 pa3u; y crapux mypiB — B 1,58 pa3u), a Takox (pepMeHTIB, 1110 HAJIEKATh J10
IIUCTETHOBUX Ta aclapariHoBUX MpoTeas. J{0AaTKOBUM YHHHUKOM, IO TPU3BOIUTH
710 TIOCUJICHHS aKTUBHOCT1 METa03aJIe’KHUX ()EPMEHTIB € MOPYIIEHHS OallaHCy MIXK

MMII-1 Ta TIMII-1.
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Modern challenges and future prospects» (M. Mronxen, Himeuunna, 2025) —
CTEH/I0BA JIOIIOBIIb;

e [II MixHapoaHO1 HayKOBO-TIpakTU4YHOI KOH(pepeHIii «European congress of

scientific discovery» (Maapun, Icmanis, 2025) — cTreH10Ba AOTIOBIIb.
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AKT BHPOBAAHCEHHS[

1. Mpono3uuin Aasi BOPOBABKEHHN: MaTepiany auceprauiitnol pobotn «Mopdosnoriyni
3MIHH CeNe3iHKM IypiB 3a YMOB rimepromMouHcTeiHemii 3a1exHO BiJl Biky». Bnepuue
BCTAHOBJIEHO, 110 B CTPOMAJIBHUX Ta MAPEHXiMAaTO3HUX KOMITIOHEHTaX CeNe3iHKU CTapux
TBapHH BIKOBi 3MiHM NPOSABIAIOTHCS Y BHMIAAI 3DOCTAHHS YaCTKH HIXKHOT cTpOMH y Oiii
T4 4YEpBOHINM NyJbNi, 3HWKEHHS MUTBHOCTI T-KIITMH Yy nepuaprepiaibHUX MMiXBax Ta
peakruBHOCTI B-kiiTHH y peluTi 30H JiM(paTHYHOrO BY3JIHKA Ta MapriHabHHUX 30HaX.
Takok BigzHayaeTbCsA poO3MUTA Mexa Oinoi Ta yepBoHOT nyswbnu i pospocranus Ginol
MyJIbIM BiJHOCHO 4YepBOHOT. JOCHiKEHHA CTPYKTYPHOT OpraHizauii cenesinku pizHMX
BIKOBHX [Ipyn IpH 3MOJACIbOBaHIH TrimepromMouucreiHemil nokasanu, WO 3arajibHi
mop¢onoriuni MposiBM MATOJOTIYHOrO BIUIMBY XPOHIYHOI rinepromouucreiHemii Ha
cenesiHKy LypiB BKIIOYAKTH B cebe ae3opranizaiito i cTpOManbHOrO eNeMeHTY, NosABYy
npoceiTis y nepuaprepianbHux nixax uepes 3arubens T-nimdonwurie anonrozom,
HIABMIUEHHS KUIBKOCTI repMiHaTuBHUX ueHTpiB B-knitun i indinsrpauii 3pinux
MJIa3MOLMTIB B HEPBOHY MYJLMY Ta 3POCTAHHA KiNbKOCTI BKIIOYEHBL NiNOQyCLUHY Y
cefe3inkoBUX Makpodarax.
2. AKkryanpHicTh pocnigpxeHHs: OpraHu  KpPOBOTBOPEHHsS Ta IMYHHOrO  3axXHCTy
(pOpMYIOTH OJIHY 3 HAWOUIbLI PEAKTUBHUX CHCTEM OpraHismy, 10 3JaTHa LBUAKG
pearyBaT Ha AiI0 MOUIKO/KYIOUHX (AKTOPIBE €K30- T4 EHJOTEHHOTO TOXOKEHHS,
3a0e3nedye MiJITPUMAHHSA CTAJIOCTI BHYTPILIHBOrO CepeJIOBHIUA Opradizmy Ta
BupoOenHs amanranifinux Mexauizmis, ['inepromouucreinemiss YHHWTE HeraTHUBHUM
BIJIMB HA OPraHi3M, 3yMOBIIIOIOYM YpPajKeHHS BCiX OpraHiB Ta CHCTEM I NPU3BOJMTHL J10
MOPYLIEHHS. FOMEOCTa3y BHACIJAOK HEMOMIIMBOCTI NiATpUMAHHIMW Humu (yHKuUil Ha
HajlekHOMY piBHi. HaykoBa choinbHOTa akTHMBHO 3aiMMa€TbCs BHUBYEHHAM  poui
FOMOLMCTETHY B [MATOrEHE31 YHUCIEHHUX 3axBoploBaHb. [IpoTe, 10 CbOroAHIIHLOTO HaCy
y BiTuUM3HsiHIN fiTeparypi HasBHI JNMLIE He3HA4HI JaHi 3 NPUBOJY BIIMBY #oro Ha
CTPYKTYpPY Ta (PyHKUIT OpraniB iMyHHOI0 3aXMCTY.
3. Yeranosa pospobGuuka, aprop: BiHHMUBKMH HauioHanbHUH MeIMUHHME YHIBEpCUTET
im. M. I. Tluporoea MO3 VYkpaiuu, crapmuii Bukiaaad kadenpu ricronorii ['puueHko
Amnronina CepriiBna.
4, M:xepena indpopmaniiz

1. Dzevulska, 1.V., Gritsenko, A.S., Tymoshenko, 1.0., Zakalata, T.R.,
Lavrinenko, V. Y., Smolko, D.G., & Gunas, 1. V. (2024). The influence of chronic
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hyperhomocysteinemia on the structure and immune processes of the spleen in young
rats. Reports of Morphology, 30(1), 33-39. https://doi.org/10.31393/morphology-journal-
2024-30(1)-04 (Scopus)

2. Gritsenko, A. S. (2024). Changes in the microscopic organisation of the spleen
of adults and old rats under conditions of chronic hyperhomocysteinemia. BicHuik
BiHHMUBKOTO HALiOHAJIBHOrO MEAMYHOrO  YHiBEpCHUTETY, 28(2), 188-195.
https://doi.org/10.31393/reports-vnmedical-2024-28(2)-02.

5. ba3zosa ycramoBa, fiKka TNPOBOANTH BHpoOBaJ:KenHs: kadeapa ricromorii Ta
emOpionorii  TepHOMIIBCHKOrO  HALIOHAJIIBHOIO MEAHYHOrO  YHIBEPCUTETY  IMEHI
[.A. l'opbauepcekoro MiHicTepcTBa OXOPOHH 3/10pOB’st Y KpaTHH.

6. @opma BnpoBauKEHHsI: Y HaBYalbHy poboTty kadeapu ricrosorii Ta emOpionorii, B
MaTepiany JIeKlii Ta MpakTUYHUX 3aHTh, Y HAYKOBO-JOCHiAHY po0oTy Kadenpwu.

7. Tepmin BupoBamxenns: civens-notuit 2025 poky.

8. 3ayBaxkeHHs Ta Npono3Muii: HEMae.

9. [Iporokon 3aciganns kadeapu Ne 1 Big 22 ciuna 2025 p.

BianosinanbHuii 3a BNpOBaKEHHS: /‘
3aBinyBay kadeapwu ricronorii Ta emOpioorii
TepHONiJILCEKOTO HALIOHATILHOIO

MEIMYHOrO YHIBEPCHUTETY %
imeni . 5. FopGauesceroro MO3 Ykpaiuun _,/

nokrop 6ionoriyHux Hayk, npodecop // 301 HEBECHA
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SATBEPJKYIO

Iepimii npopexTop
3 HAYKORBO-II€JIaroriaHot poborn
HBBIBCHKOrO HaLIOHAIBHOTO MEIHIHOTO

pepcuTeTy iMeni Januia [Nanuiskoro
- o Ipuna COJIOHMHKO

04 nrororo 2025 poky

ONerT
&, 75501079
HARL W

3a7IeXCHO Bif| BiKy”.

1. Astop: I'punenxko Awnronina CepriiBHa, crapmmuii BukIagad xadeapu ricrosnorii
BiHHMIBKOTO HaiOHAIBHOrO MeinyHoro yHiBepeurery iM. M. 1. ITuporosa MO3 Vkpainn.
2. Ilpomo3uuisi 0 BNpPOBa/uKeHHs: Briepmie BCTAaHOBIEHO, IO B CTPOMANBHHMX Ta
[MapeHXiMATO3HUX KOMIIOHEHTAaX CEJIe3iHKH CTapuX TBapHH BiKOBi 3MiHH NPOSBISIOTHCH Y
BHIJIS/Il 3pOCTAHHS 4aCTKHA HDKHOT cTpOMH y Oiniid Ta 4epBOHIN MyJIbIll, 3HUIKEHHS! LIILHOCTI
T-xniTHH y nepuapTepianbHUX MiXBax Ta peaKTUBHOCTI B-KIITHH y permTi 30H niM(paTH4HOro
BY3JIMKA Ta MapriHaJBHUX 30HaX. TakoX Big3HA4Ya€ThCA PO3MHUTA Meyka Ouloi Ta depBOHOL
NyJablA i pO3pOCTaHHS OLNOI MyNBNHA BiAHOCHO 4epBOHOI. JlOCHIJUKEHHS CTPYKTYpPHOT
opraHizanii cene3iHKkM Ppi3HHX BIKOBHX I'pyll IIpHM 3MoOJlelboBaHili rimepromorucreiHemil

nokKasand, II0 3arajbHi MOpQONOriyHi NposSBM MAaTOJNOTIYHOIO BIUIMBY XPOHIYHOT
rinepromonucTeineMii Ha cesesiHKy mypiB BkmoualoTh B cefe aesopramizamiro il
CTPOMAJILHOTO elIeMeHTyY, IOsBY IIPOCBITIB y IepuapTepialpHUX mixsax uyepes 3arubens T-
aiMGOLMTIB amonTo30M, NiABHUIUCHHA KiMBKOCTI TIepMIHATHBHHUX UEHTpPIB B-kmituH i
iHQinpTpamil 3pinuX IIa3MOLMTIB B YEPBOHY IYJIBIY Ta 3POCTAHHS KiJIBKOCTI BKIIIOYEHB
JINoyCIMHY y Cele31HKOBUX Makpodarax.
3. AxryaabHicTh gocaimkenns: Opranyd KpOBOTBOPEHHS Ta IMYHHOI'O 3aXUCTy (OPMYIOThH
OJIHY 3 HaWOUTBII peaKTHMBHUX CHCTEM OpraHiMy, IO 3/aTHa ILBHJKO PearyBaTH Ha Ji0
IIOLIKOKYOUHMX (DAKTOPIB eK30- Ta €HJAOreHHOrO MOXOKeHHS, 3abesrneuye MmiATpUMAHHS
CTAaJIOCTI BHYTPINIHBEOTO CEPEJIOBUINA OPraHi3My Ta BHPOOJICHHS ajanTalliiHuX MEXaHi3MiB.
TinepromonucTeiHeMiss YUHUTL HETaTHBHHN BIUIMB HA OPraHi3M, 3yMOBJIOKOYN YPajKeHHs
BCiX OpraHiB Ta CUCTeM i MPU3BOIAUTH A0 MOPYLIECHHS TOMEOCTa3y BHACIIIOK HEMOXKIIMBOCTI
OiATPUMAHHAMA HUMH (YHKOIM Ha HalnexxHoMy piBHi. HaykoBa crijbHOTa aKTHBHO
3aliMaeThCs BHBYEHHSAM POJIi TOMOIMCTEIHY B IIaTOreHe3i YHCICHHUX 3aXBOProBans. [Ipore,
JI0 CHOTOJIHIIIHBOTO Yacy y BiTYM3HSHIN NiTepaTypi HasBHI JuIlIe HE3HAYHI JaHi 3 NPUBOLY
BILTMBY HOIro Ha CTPYKTYpPY Ta (DYHKIIIT OpraHiB iIMyHHOTO 3aXHUCTY.
4. VYecranosa-po3po0Onuk: BinHunekuit  HamioHanmpHMN = MequuHME  yHIBEpCHTET
iMm. M. L. [Tuporosa MO3 Vkpaiunu
5. lxepena indopmauii:

1. Gritsenko, A.S. (2024). Ultrastructural organisation of the spleen of old rats in

‘persistent hyperhomocysteinemia. Bicnuk BiHHUybk020 HAYIOHATLHO20 —MEOUUHOZ0
yuisepcumenty, 28(3), 374-378. https://doi.org/10.31393/reports-vnmedical-2024-28(3)-01
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2. Grytsenko, A. S., Samborska, 1. A., Lavrinenko, V. Y., Matkivska, R. M. (2024).
Submicroscopic changes in the spleen of mature rats under conditions of chronic
hyperhomocysteinemia. Cgim meduyurnu ma 6ionozii=World of Medicine and Biology, 4(90),
176-180. https://doi.org/10.26724/2079-8334-2024-4-90-176-180
6. Knm i xonn snposamxeno: Kadenpa onepaTuBHOI Xipypril 3 TornorpadivHow0 aHaTOMIE0
JIbBIBCHKOI0 HaLliOHAIBHOI'O MEIUYHOI0 YHiBepcuTeTy iMeni Jlanmia ["anuupkoro

IToyaTok BOpoBapKeHH: cideHs 2025 p.

IIporoxon 3acizanns kadeapu Ne 9 Bix 15 ciung 2025 p.
7. ©opMa BNPOBAIMKEHHS: PE3YJIETATHA JOCHIKEHHS BIIPOBaKEHO Y HABYaIbHHIT IPOIIeC Ta
JeKUiHHII Kype.
8. Contiannbno-exoHoMiunuii edekT: MoKpaleHHs MiArOTOBKHA MOJIOAMX CIelianiCTiB.

3aBinyBa4 Kadenpu onepaTHBHOI Xipypril
3 TonorpadigHOI0 aHaATOMI€rO
JIEBIBCHKOrO HAlIOHAIEHOTO MEAUYHOI'O
yHiBepcuTety imMeHi Jlanuna I'anunpekoro

I.MeJ.H., Ipodecop 3opssna MACHA
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3ATBEPIKXVIO

Ilepumii npopexTop
3 3 HAayKOBO-TIeZarori4Hoi poboTu
CHKOTO HALIIOHANBEHOTO MEIHYHOrO

O
> 1D LM 2025 poky

AKT BOIPOBAJAXEHHA

Hazea poGoru: “Mopdosioriuni 3MiHM CE/ie3iHKM 1IypiB 32 YMOB rilepromMoumcreiHemii
3AJICKHO BiJ BIKY .
1. Asrop: I'punenxko Awnronina CepriiBHa, cTapmumii Buknanad kadenpu ricronorii
BinHuLBKOro HaiOHATBHOrO MeJUIHOro yHisepcurery iM. M. L. [Tuporosa MO3 Vkpainu.
2. llponosunin o sBnpoBakennsi: Brnepiie BCTAaHOBIEHO, MO B CTPOMAlIbHMX Ta
MapeHXIMaTO3HIX KOMITOHEHTAX CENe3iHKM CTapuX TBApUH BIiKOBi 3MiHM TPOSBIISIIOTHCH Y
BHTJISA/I1 3pOCTaHHA YaCTKU HIXKHOI cTpoMu y OUTIH Ta 9epBOHIN MyJIbITi, 3HHKEHHS MIUTBHOCTI
T-kniTHH y nepuapTepiajibHUX MiXBaX Ta peakTUBHOCTI B-KiiiTHH y penrri 304 aiM(paTuaHoro
BY3JIMKa Ta MapriHaJbHHUX 30HaxX. Takoxk BiI3HAYAEThCA pO3MHTa Meka OLnoi Ta 4YepBOHOL
Oyaenyd 1 po3pocTaHHs OLTOT MyNBNHM BiTHOCHO HYepBOHOI. JIOCHIMKEHHS CTPYKTYpHOT
opraHizamii cene3iHKM pI3HMX BIKOBMX Ipyn NpH 3MOAE/ILOBAaHIM rinmeproMouMcTeiHeMil
MOKa3aiy, M0 3arajbHi MOpP(MONOriuHi TPOSBM TNATONOTIYHOIO BIUIMBY XPOHIYHOI
rineproMonucTeiHEMii Ha CeNe3iHKy IMypiB BKIOYAIOTH B cebe ne3opradizamiio i
CTPOMAITLHOTO €JIEMEHTY, TIOABY TIPOCBITIB y NepuapTepiatbHUX MixBax uepe3 3arubens T-
JIMQOLUTIB anonTo3oM, IJBHUINEHHS KUIBKOCTI I'€PMIHATHBHHMX LEHTPIB B-kimituH i
iHpiIbTpamii 3piLIMX IUIA3MOLMTIE B YEPBOHY IIyJIbIIy Ta 3POCTAHHA KUIBKOCTI BKJIFOYCHB
Mo yCIMHY Y CeNe3iHKOBUX Makpodarax.
3. AkTyanbHicTh gociaimxenns: OpraHu KPOBOTBOPEHHS Ta IMYHHOrO 3aXHCTY (hOpMYIOTEH
OAHY 3 HalOLNblI peakTUBHMX CHCTEM OpraHiaMy, 0 3JaTHa IIBHIKO pearyBaTH Ha MAii0
MOIIKO/KYHOYMX (DaKTOPIB €K30- Ta €HJOINEHHOrO INOXO/HKEHHA, 3a0e3revuye I TpUMaHHs
CTANIOCTi BHYTPIIIHEOTO CEPEIOBHUINA OPraHi3My Ta BUPOONEHHS afanTallifHuX MeXaHi3MiB.
linepromouucreiHeMisi YMHUTH HETATUBHUI BIUIMB HA OPraHi3M, 3YMOBJIOIYH YPAKCHHS
BCIX OpraHiB Ta CHCTEM 1 NPH3BOAMTH IO MOPYIICHHS FOMEOCTa3y BHACIHIAOK HEMOXIIMBOCTI
MiATPpAMaHHIMKA HUMM (yHK1if Ha HanexHomy piBHi. HaykoBa cminsHOTa akTHBHO
3aliMaeThCsl BUBYECHHSAM POJIi TOMOLIMCTEIHY B IATOTeHe31 YHCIEHHHX 3aXBOpIoBaHb. [Ipore,
IO CHOrOQHIMIHBOI0 HYacy Yy BITUM3HSAHIN JiTeparypi HasBHI JIMIIEC HE3HAYHI JAHI 3 IPUBOAY
BILUIMBY HOro Ha CTpyKTypy Ta QpyHKIT OpraHiB IMyHHOr0 3aXHCTY.
4. VYcranosa-po3poOuuk: Binaumnpkuif — HAWOHANBHMIT  MEIWYHMIT  YHIBEPCHUTET
iMm. M. I. [luporosa MO3 Ykpainu
S. /Lxepesia indopmanii:

1. Dzevulska, 1. V., Gritsenko, A. S., Tymoshenko, I. O., Zakalata, T. R., Lavrinenko,
V. Y., Smolko, D. G., & Gunas, 1. V. (2024). The influence of chronic hyperhomocysteinemia
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on the structure and immune processes of the spleen in young rats. Reports of Morphology,
30(1), 33-39. https://doi.org/10.31393/morphology-journal-2024-30(1)-04 (Scopus)

2. Gritsenko, A. S. (2024). Changes in the microscopic organisation of the spleen of
adults and old rats under conditions of chronic hyperhomocysteinemia. Bicnux Binnuyvxozo
HAYIOHANLHO20 MeOU4H020 yHigepcumemy, 28(2), 188-195. https://doi.org/10.31393/reports-
vnmedical-2024-28(2)-02
6. Kum i koam Buposamkeno: Kadeapa ricronorii, muronorii Ta em6pionorii JIbBIBCEKOTO
HALiOHAILHOTO0 MEAWIHOI0 YHiBepcHuTeTy iMeHi Januna ["anuupkoro

ITouarox BIpOBa/pKeHHES: _ IOTHH 2025 p.

IIporokon 3acinanns kabeapu Ne_ 1 Bin 30 ciunsa 2025 p.
7. ®opMa BIPOBAMKEHHA: PE3YJIBTATH JOCHIPKEHHS BIIPOBA/HKEHO Y HAaBYAIBHUI MpoLeC Ta
JIEKLIMHMI KypC.
8. Conmianbno-exonoMivHMI edeKT: MOKPAIIEHHS TT/Ir0TOBKH MOJIOAMX CTICI{ialiCTiB.

3aBinyBa4 kad)eapy ricrosorii, UToIOrii Ta eMOpiomorii
JIBBIBCHKOTO HAIIOHAIBHOIO MEJAYHOTO
yHiBepcutery iMeHi Jlaawnna ["amipKoro

K.MEJI.H., JIOIIEHT Liona YEJITTAHOBA
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«3aTBEpIKYHO»
Hupextop HHI]
«IHCTUTYT Gionorii Ta MeTULIMHI»
Kniscbkoro HalioHanbHOro
yHiBepcurety imveni Tapaca IlleBuenka
. !@f : Ocranuenko JL.1.

[

AKT BIOIPOBAJAKEHHA
Hassa potoru: “Mopdonoriudi 3MIHH CEAC3IHKH INyPiB 3@ YMOB TINEPTOMOLHCTCIHEMIT
3aJI€KHO BIJ BIKY
1. Asrtop: Ipuncuko Awronina CepriiBHa, crapumit BHKmazady kadeapu ricromnorii
BIHHHIILKOTO HAIIIOHATBHOTO MEIHYHOTO VHiBepcHTETY iM. M. 1. TTuporosa MO3 Ykpaiumu.
2. Mponosunis o0 snposakenusi: Ha Tl rimepromoumeTeiHeMii B MEYIHLI MIYPIB BCIX
BIKOBHX TpyIl BIAMIMAE€THCA 3POCTAHHS 3arajbHOI TIPOTCOM THMHOI AKTHBHOCTI, 00y MOBJICHOI
Nepul 3a BCE AKTHBALIEK CEPHHOBHMX TPOTEa3, METAN03alCKHHUX (EPMEHTIB, a TaKoXK
(pepMeHTIB, IO HAJEKATh J0 LMCTCIHOBHMX Ta acnapariHoBux nmporeas. [lopyiueHHs
MPOTEOMITHYHOrO 0aaHCy HE MOB'SI3aHE 13 MIABUILCHHAM PIBHA MATPUKCHHX METAIONPOTEAs,
MPOTE MOXKE OyTH HACTIAKOM TOCHICHHS OIOCHMHTE3Y CEpHHOBHX mporeas. JlogaTkoBuwm
YUHHHUKOM, IO MNPU3BOAWTH O TIOCHICHHSA AKTHBHOCTI MCTAJO3a/IC)KHUX (PepMEHTIB €
nopyweHHd 6axancy mixk MMII-1 ta TIMII-1.
3. AKTVAILHICTL JlocaipRenns: Opradu KPOBOTBOPCHHS Ta 1My HHOTO 3axucTy (JOpMYHOTH
OJHY 3 HAWOIJIBII PCAKTHBHHX CHCTCM OpPTaHi3My, HIO 3JaTHA IIBHUAKO pcaryBaTH Ha K
MOIIKODKYVIOUNX (PaKTOPIB €K30- Ta CHIOTCHHOIO MOXOMKEHHs, 3a0e3neuye miaTpruMaHHI
CTaNOCTI BHY TPIIIHBOIO CEPEIOBHILA OPraHi3My Ta BHPOOJICHHS aJanTalliHHHUX MEXaHI13MiB.
[imeproMOUMCTEIHEMIS YHHHTh HETATUBHUH BIUIHB HA OPraHi3M, 3y MOBIIOKYH VPaKEHHS
BCIX OpPraHiB Ta CHCTEM 1 MPHU3BOAHTH A0 MOPYILCHHS rOMCOCTa3y BHACIII0K HCMOKIHBOCTI
NIATPUMAHHAMH HHMH (DYHKUIH HA HaxexkHOMYy piBHi. HaykoBa cHoinbHOTa akTHBHO
3aMMA€ETHCSI BUBUCHHSIM POJIi TOMOLIMCTEIHY B MATOrCHE31 MUCACHHUX 3aXBOPIOBaHb. [IpoTe.
JI0 ChOTOJHIIIHBOrO 4acy y BITHHM3HAHIN JITEPAaTy Pl HAsBHI JMIIC HE3HAYHI JaHl 3 MPHBOIY
BIUIMBY HOTr0 Ha CTPYKTYPY Ta (PYHKLIT OPraHiB iMy HHOTO 3aXHCTY.
4. YceranoBa-po3po0uuk:  BiHHMUBKHI — HALIOHAIBHHI  MCIUMHHE  VHIBCPCHTCT
im. M. L. [Tuporosa MO3 Yxpainu
5. JLxepeaa indopmantii:

Raksha. N.. Kostyuk, O., Synelnyk. T.. Kharchenko, O.. Shchypanskyi. S.. Gunas, 1.,
Nazarova, O., Gritsenko, A.. Andriichuk, T., & Maievskyi, O. (2023). Effect of
hyperhomocysteinemia on proteolytic activity in the spleen. Biomed Biotechnol Res J, 7, 170-
175. hitps://doi.org/10.4103/bbrj.bbrj 32 23

6. Kuwm i koo suposazkeno: xageapa Sioximii HHL «IacturyT 6iomorii Ta Meauim-
HI» KHIBCBKOro HaLlOHAIBHOTO VHiBepcuTeTy iMeHl Tapaca lllepueHka
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lTowarok BrpoBapkeHHs:: _ 0Tl 2025 p.

ITporoxon 3acizanns kadeapu Ne 3 Big 10 Gepesus 2025p.
7. @opmMa BIPOBALKEHHN: PE3yILTATH JOCIDKEHHSI BIPOBA/DKEHO V HaBYaILHUI 1Iporec Ta
JCKINIHMI Kype.
8. ConiaibHO-eKOHOMIYHMIT eeKT: TTOKPAITICHHS T/ ITOTORKH MOJIOHX CIICIaTiCTIR.

3aBinyBa4 Kadenpu Gioximil

HHLI «InctuTyT Gionorii Ta MeauumHmn»
KHiBCBEKOro HalliOHAJIBHOrO YHIBEPCHTETY
imeni Tapaca IlleBuenka

n.6iomn.H., mpodecop Ounexciit CABUVK
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