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Pastukhova V.A. >, Kucherenko O.V. Nature of traumatic damage to the skin, stages of its regeneration and
features in mine blast injury.

National University of Ukraine on Physical Education and Sport, Kyiv, Ukraine.

ABSTRACT. Mine blast trauma causes combined damage to many structures of the body and is often accompanied by direct
damage to the integrity of the skin. When traumatizing soft tissues of a closed nature, a skin bruise occurs in combination
with damage to many internal organs. In an emergency situation of an explosion, the main attention during the rescue of in-
jured servicemen or civilians is directed to ensuring their survival and maintaining the vital functions of the body. At the
same time, the vast majority of skin injuries are subject to the delayed attention of medical professionals. In those cases,
when the general cover does not undergo direct burns or other life-threatening wound injuries, structural and functional dis-
orders of various components of the skin may generally remain without adequate correction for a long time. Under these
circumstances, it should be remembered that the skin is the largest organ of the body and performs a number of important
systemic functions, the damage of which critically affects the condition of the victim after mine blast injury, including the
long rehabilitation period. Today, information about the nature of structural and functional skin changes in victims of mine
blast injury remains extremely limited, which does not allow adequate measures to be taken to correct them. Determining the
prominent tissue and cellular rearrangements of the skin structure depending on the nature of the mine blast damage, its in-
tensity, the age factor and gender of the victim, accompanying disorders is an urgent need today and an serious medical prob-
lem.
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Min=o-BuOyxoBa TpaBMa (MBT) — enunnii Bujg
TpPaBMH, BHACJTIJOK SKOI OJHOYACHO HPOTSTOM KO-
POTKOTO MPOMIXKY 4acy (IMITyJIbCHO) Ha IOCTPax-
JIaJIor0 MOXKYTh BIUIMBATH Pi3HI (akTopu BUOYXY
(MexaHigHi, TepMivHI, XIMiYHI Ta iHII). YpaXeHHS
yJIapHOIO XBWJICIO Ta BUOYXOBUMH DPEUOBHHAMH 3
BHCOKHM BHBIUJIbHEHHSIM €HEpTii, KOJIH TBEpJa peduo-
BUHA a00 piIMHA IIBUJIKO MEPETBOPIOIOTHCS HA Tas,
MOXYTb peaJli30oByBaThCsl TpboMa ILIIXamu: 1)
MIBUAKUM TOPIHHSM, aje MiHIMaJbHUM BHOyXOM; 2)
3HayHUM BHOYXxoMm; 3) meroHamicro [1-3]. V cyuac-
HUX 0OHOBHX BHOYXOBHX PEYOBHHAX XBHJISA MPOXO-

JIUTh 4epe3 MaTepial i3 HaJA3BUYANHHOK NIBHIKICTIO
Ta BUKJIMKA€E HAI3BYKOBHH BHOYX. Y OLIBIIOCTI BH-
naakiB MBT Bukinukae KoMOIHOBaHE YIIKOIKEHHS
0arathbOX CTPYKTYp OpraHi3aMy 1 CYNPOBODKYETHCS
MIPSIMAM YIIIKOJKEHHSIM LITICHOCTI MIKipH [2, 4, 5].
Bracninok MBT ¢iznune ymkopkeHHS BKIIO-
Yae TepeioMH, MOPYIICHHS ANXAHHS, TIOIIKO/PKCHHS
M'SIKUX TKaHWH Ta BHYTPIIIHIX OpraHiB, BHYTPIIIHIN
Ta 30BHIMIHIA KPOBOBWJIMB 3 IIOKOM, OIIIKAMH Ta
MOPYIICHHSAMH YyTJIMBOCTI, OCOOJIMBO CIyXy Ta 30-
py. OnmcaHo I’ATh MEXaHi3MiB TpPaBMH BiJ BUOYXO-
Boi xBwii. IIpn mepBUHHOMY TpaBMYBaHHI HaA3BY-
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KOBa BHOyXOBa XBWJIA CTHCKAa€ 3allOBHEHI ra3oM
MOPO’KHUHU, SKi TOTIM MIBUAKO PO3IIAPIOIOTHCS,
BHUKJIMKAIOUM 3MIIIEHHS Ta PO3PUBH, SKi MOXYTh
MOIIKOANTH TKaHWHU Ta TepdopyBaTH OpTaHH.
KpoB BUIITOBXYETHCS 3 CYAMHHOI CITKM B HAIIOBHEHI
MOBITPSIM TIOPOKHIMHH Ta HABKOJNHWIIHI TKAHUHH.
VYpakeHHsI JIeTeHb BHOYXOBOIO XBWJICIO MOXE BU-
KJIMKaTH KOHTY3iI0 JIETeHIB, CHUCTEMHY HOBITPSHY
emOoi0 (0COOMMBO B TOJOBHOMY Ta CIIMHHOMY
MO3KY) Ta MOLIKOKEHHS! MiKpOLMPKYJIsLii (TpoM-
003, JIIMO-OKCHUI'CHAIIII0 Ta JUCEMIHOBaHE BHYTPIll-
HBbOCY/IMHHE 3TOPTaHH:); 1I€ HaHMOIIUPEHila IpH-
YHHA CIIOBUIbHEHOi cMepTHOCTi. IlepBuHHE ymIKO-
JOKEHHSI BUOYXOBOIO XBHJICIO TaKOXK BKIIOUAE B cede
0apoTpaBMy B KHIICYHHKY (OCOOIHMBO IIpH TiABOJ-
HUX BHOyXax), aKyCTHYHY OapoTpaBMy Ta TPaBMY
TOJIOBHOTO MO3KY. ICHye 3aHENOKO€HHs, 1o 6araro
BUTAJIKIB YPa)KCHHS BHOYXOBOIO XBHJICIO HIDKYOTO
PIBHS MOXYTh MaTH CYKYIHHH IIKIJUIMBUHA HeWpo-
KOTHITUBHHH e(eKT 1 NpU3BOMUTH IO XPOHIYHOI
TpaBMaTU4HOI eHuedanonarii [2, 6, 7].

BropunHuii MexaHi3M nepedadae yIIkopKeH-
Hs TiJIa TBEPIUMH YaCTUHKAMH BiJ BHOYXY, IO BH-
KIIMKA€ MPOHUKAIYi abo Tymi TpaBMH Pi3HHX Iis-
HOK Tina. /o TpeTHHHUX MEXaHi3MiB HaJeXaTh Pi3Hi
YIIKOPKEHHS OpTaHi3My 4acTKaMH, SIKi BUKHAAIOTh-
sl BUOYXOBOIO XBUJICIO y HABKOJIMIIIHE CEPEAOBHIIIE,
a0 mpsAMi MOIIKOKEHHSI OCKoJKaMu. [Ipu derBep-
THHHOMY MEXaHi3Mi IpOILEeCcH He 3aexarhb Bif mep-
BUHHOTO, BTOPUHHOTO 200 TPETUHHOTO YIIKOJKEH-
HS BUOYXOBOIO XBHJICIO (HAIIPUKIAJ, OIIKH, TOKCH-
YHA IHTaIAIs, 3alleMJICHHS IMiJ] 3aBajiaMd, pi3ke
MOTIPIIEHHS. TOMNEpeIHIX IKHUTTEBO HeOe3MeUHUX
posiaziB). BHaciizok 1bOro po3BUBAIOTHCS TOCTPHIA
HEKpPO3 CKEJICTHUX M'S31B i3 CHHAPOMOM TPHBAJIOTO
3/IaBJIIOBAHHS B MIEBHiM aHATOMIYHIN 00NacTi, TpaB-
Ma JUXaJbHHUX LUISXIB NPU BANXAHHI TOKCHYHHUX
PEUYOBHH, IIPUCTYN OpOHXiaJbHOI acTMH, CTEHOKAp-
Iist abo iH(apKT Miokapaa. MexaHi3MH I'SITOTO THUITY
POBIIISIAIOTECS K Pe3yNbTaT Aii TOKCHYHHX Mare-
pialiB, sIKi IOTPAIUIIOTH B OPraHi3M BHACHIJIOK BH-
OyXxy, Ha IMyHHY Ta BEre€TaTUBHY HEPBOBY CHCTEMY,
IO TPU3BOJMUTH JIO HEraiHOro rinep3anajbHOro
CTaHy 3 PO3BUTKOM JIMNXOMaHKH, HaOpsKy, Aiadope-
3y, HU3bKOTO [IEHTPaJIbHOT'O BEHO3HOTO THUCKY [5, 8].

MexaHiuHi ()aKTOpHU B 130JIbOBAHOMY BHIJISII
3yMOBJUTIOTh HaWNOIMIMPEHIMNH BHUA TPaBMH — 3a-
0iif, TOOTO TpaBMyBaHHSA M'AKHX TKaHHH 3aKPUTOTO
XapakTepy, AK€ I1HOII MOXKEe OXOIDTFOBATH TUIBKH
MIKIpHI TOKPHUBH, aje 3[eOiIbIIOro CIOCTEePIraeThes
ypakeHHs 0araTboX BHYTPIIIHIX OPTaHiB i CTPYKTYP
[2, 5-8].

OTtxe, ymkomkeHHs mkipu npu MBT MoxyTs
YTBOPIOBATHUCS 3a JAEKIIbKOMa MeXaHi3MaMH BOJHO-
yac 1 peaji3oByBaTHCA y pi3HUX KIIHIYHUX (opmax
31 CKJIQAHUM XapaKTEpOM IMOAAIBIIOTO BiTHOBIECH-
HSL.

BuBueHHs MexaHi3MIB 3aro€HHA OIMIKOBHX
YIIKO/PKEHb NPUBEPTA€E yBary BUCHHUX Pi3HHUX KpaiH,
MPOTE 3aIMIMIAIOTHCS BIIKPUTHMH NHUTaHHS, IO CTO-
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CYIOTBHCSI KOMITJIEKCHOTO BHBYEHHS MOp(}oQyHKITiO-
HaJbHUX 3MiH y JUISHII TpaBMH, OCOOIUBOCTEH
repebiry 3amajbHOTO TPOIECY Ta HOro BILTUBY HA
(YHKIIOHATTFHUH CTaH IMYHHOI CHCTEMH, 3MiH MiK-
po06ionoriyHOi KapTHHHU OIMIKOBOI IMTOBEPXHI B IUHA-
MiIli pO3BUTKY PaHOBOTO 3arO€HHS y BIKOBOMY ac-
mekri [9-11].

CyyacHi TPHHLUIN JIIKYBaHHS TEPMIYHUX
YIIKOJ/KeHb 0a3yloThCs HAa KOMIUIEKCHOMY BIUIMBI
Ha OCHOBHI €Taly pereHepaTopHOro Ipouecy B Ii-
JSHII OMmiKOBOro ypaxkeHHs [12-14]. Opnak Oinb-
LIICTh ICHYIOUMX Ha CHOTOJIHI 3aXOJIiB OJIHOCIIPSIMO-
BaHO TiIOTh HA MEBHI JIAHKH PEreHEepaTOPHOTO Tpo-
[ecy, BHKJIMKAIOTh aJIepTidHi peaxiii Ta MpHuTHidy-
10T PICT IPaHyJIAIHHOI TKAHUHU, HE YHHSTH aHTH-
OKCHIAHTHOI Ta IMYHOCTUMYJIOBAJIBHOI Iili, mI0
HETaTHUBHO BIUIMBA€E Ha Nepedir paHO3arorBalbHOTO
TIPOLIECY, a IMUPOKE BUKOPUCTAHHS JIIKapCHKUX TIpe-
rapariB 3 aHTUOAKTEepiaJbHUMH BJIACTUBOCTSIMHU
CIpHs€ BHHHKHEHHIO TOJIIPE3UCTEHTHUX IITaMiB
NAaTOreHHUX MikpoopraHizmis [15].

OcTaHHIMH JECATHPIYYSMH B TPAKTUKY BIPO-
BaJ/DKEHI HOBI MepeB’si3yBalibHI MaTepiaid, 3acoou
Ta TOKPHUTTS SIK HPUPOIHOTO, TAK 1 CHHTETUYHOTO
noxokennst [16, 17]. 3pocna KinbKicTh AOCTi-
JDKEHD II0JJ0 BUKOPUCTAHHA XiTO3aHy, KU € MOoXi-
JHHAM TIPUPOAHOTO TOJIIMEPY XITHHY, ISl CTBOPEHHS
3ac00iB MEIWYHOTO TPHU3HAYCHHS IIONO JIKyBaHHS
yiko pkeHs mkipu [18, 19]. Ipu #ioro BukopucTaH-
HI HEOOXIJHO BiJ3HAYMUTH TaKi MO3UTUBHI MOMEHTH,
K OlOCYMICHICTB, 3[aTHICTH 1O Olozmerpanauii 3
YTBOPEHHAM HelKiaueux Moromepis [20], Bincyr-
HICTh MicCIeBOi MOAPa3HIOBAIBHOI, alepreHHoi Ta
TOKCHYHOI Jiii, atpaBMaTuyHicTh [21, 22]. XiTo3a-
HOBI IUTIBKH J100pe MOJIENIOIOTHCS Ha PI3HUX JUISH-
Kax Tina, 3a0e3MmeuyroTh HOpMalbHUH MapoOOMiH Y
paHi, copOyIOTh HaIIHIIOK ekcynary [23], BusiBis-
IOTh TIPOJIOHTOBaHY aHTHUMIKPOOHY Ta 3HEOONOBa-
JbHY Aii [24], CTBOPIOIOTH BOJIOTE CEPEAOBHIIE, OII-
TUMalbHe 11 Mirparii ¢idpobnactiB i Makpodaris,
0 TIPOAYKYIOTh (DAaKTOPH DPOCTY, CIPHSIOYH THM
caMHMM TPUCKOPEHHIO aHTioreHesy, (GpiopuHOIII3y Ta
MPOIIECY PAHOBOT'O 3aTOEHHS, a TAKOX 3aro0irarTh
yTBOpeHHIO pyo6IiB [25]. Baratema mociigHHKaMu
BUBYABCS SIK CTMMYJIIOBAJbHUI BILUIMB MEMOpaH Ha
OCHOBI XiTO3aHy Ha Tpolec pereneparii in vivo, Tak
1 371aTHICTH XiTO3aHOBUX MaTepiaiiB 00yMOBIIOBATH
mpomidepamiro Ta XHUTTEIAATHICTh KIITHH in Vitro
[26].

Bucoka wactoTa TEpMIYHHX ypaKeHb IIpH
MBT, TpuBanuii mepe0dir omikoBOi TPaBMH, BEIUKHH
BIZICOTOK yCKJIaJHEHb i HAsSBHICTh KPUTUYHUX I1aTO-
JIOTIYHUX CTaHIiB MOTPeOYIOTh 3HAYHOI yBaru 0
e(eKTHBHOT KOPEeKIii YIIKOIKEHb IIKIpH Ta CBO€Ya-
CHOi CTHUMYJIAMii permapaTUBHOI pereHeparii paH.
[NocriiiHe OHOBNEHHSA emiAepMicy 3abe3meuye 3axu-
CHy (YHKIIO IIKipH 3aBASKH BiITOPTHEHHIO 3 IO-
BEpXHI IIKIpM POTOBHX JYCOYOK BimOyBaeThCs ii
OYMIIEHHS BiJl 30BHIIIHBOTO 3a0pYAHEHHS Ta MiK-
pooprani3zmis [27]. I3 BikOM KIITHHH WIKipH BTpa-
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YaloTh 3MIATHICTH IIBHIKO OHOBIIIOBATHCS, 1 pereHe-
parisi YHOBUIBHIOETBCA. SIKIO Y HOBOHAPOKEHUX
KIIITUHHU ITKipA OHOBJIIOIOTHCS KOXKHI 72 TOIWHH, TO
y ocib Bix 16 mo 35 pokiB meit mporec BinOyBaeTbes
ymre pa3 Ha 28—30 nHiB.

BaktepunuaHy BIAaCTHBICTH HIKipH, IO HAJA€
if 31aTHOCTI MPOTUCTOATH MIKpOOHIiH iHBa3ii, 00y-
MOBJIEHO KHCJIOIO PEaKIi€l0 KepaTHUHY, CBOEPIIHUM
XIMIYHAM CKJIaZIOM HIKIPHOTO cajia i IoTy, HasBHiC-
TIO Ha il TOBEpXHI 3aXMCHOI BOJHO-JIIMIJHOT MaHTIi 3
BHCOKOIO KOHIICHTpaIli€r0 BogHeBux ioHiB (pH 3,5—
6,7). HuzpkoMoneKyJsipHI >KUpPHI KHCJIOTH ILKIpH,
HacamIiepe] Tikopochoinmian 1 BUTbHI KUPHI KHC-
JIOTH, MalOTh OaKTepiocTaTHIHUN e(eKT, CeTICKTHB-
HUM A7 MaTOTeHHUX Mikpooprasi3miB. Ilpupoxna
CTIMKICTD 10 iH(eKIii TpaBMOBaHOI IIKipH B OCHOB-
HOMY 3aJIC)KUTh BiJl MPHUPOHKEHUX (PaKTOPIiB IMyH-
HOI CHCTEMH, SIKa pearye HeraiHoO MiCII YIITKOIKEeH-
HSl, CTHMYJIIOIOUM JIOKaJbHI W CHCTEMHI 3amajbHi
peakiii [28].

[MopymieHHst LUTICHOCTI emiiepMicy i JepMH,
[0 BUHUKA€ HA MEBHIN MUISHIN WIKIPH, BiIHOBIIO-
€TBHCS 3aBJISIKM MPOLIECaM pernapaTUBHOI pereHepaitii,
AKi SBISIOTH COOOI0 TPHUPONHY 3aXWCHY PEaKIIifo,
IO TPOXOJUTh 3 METOI BUAAICHHS 3MEPTBUIMX
TKaHWH Ta MOJAIBINOI 3aMiHM X HOBOYTBOPEHUMH
KIIITHHAMH, 320€3[e9yI0Urd B KIiHIICBOMY ITiICYMKY
3akpuTTa nedekry [29]. Perenepamis BMilIye oauH
a6o o0niBa 3 IBOX MPOIIECIB: KOJH 3aIacHi KIITHHA
BUHHUKAIOTh 13 Heau(epeHIifioBaHUX KaMOialbHUX
KIITHH 0a3aJbHOrO INapy emifepMicy Ta MpoIrecy,
NPy SKOMY HOBI KJIITHHH BHHHKAalOTh Ha OCHOBI
JKUTTE3ATHOTO CIITENNiI0 MPUAATKIB IKipu (mepe-
JyCIM KJITHH BOJIOCSHHX (DOJIKYJIIB) IUIIXOM KJIi-
TUHHOTO Iu(epeHiroBanHs Ta/abo mirpanii [30].

CrymiHp MOIKOMKEHHS KIITHH YHACHIIJOK Te-
PMIYHOTO YITKOJDKCHHS MIKIPU 3MIHIOETHCS 3aJICKHO
BiJl Temreparypu i TpuBanocti ekcnosuiii [31]. V
Mipy 3pOCTaHHS TEMIepaTypH BiIOyBalOTHCS 3MiHU
MOJIEKYJISIPHUX CTPYKTYp 1 MOPYLIEHHS MI>KMOJIEKY-
JEAPHUX 3B'A3KIB, 1[0 TPU3BOAWUTH 1O ITUCQPYHKIIT
KJIITHHHUX MEeMOpaH y BUTJISI pyHHYBaHHS 10HHUX
KaHaJiB, Y Pe3yJibTaTi 4Oro IOPYLIYETHCS CIIOKH-
BaHHs HATpito 1 Boau. BHacmigok momanbiioro 30i-
JBLICHHSI TEMIIepaTypu BiOyBaeThcs AeHATypalis
OinKa, 3BITBHSIOTHCS KHCHEBI pajyKaid 1 B KiHIe-
BOMY IIiJICYMKY KJIITHHH THHYTH 3 YTBOPEHHIM OIIi-
KoBoro crpymna [31].

[opymeHHs CTPYKTYypH IIKIpH € OCHOBHOIO
03HAKOI0 TEPMIYHOTO YIIKOMIKeHHS. Mopdomorivai
3MiHHM B OIKOBIiH paHi BKIOYAIOTE: | — 30HY Koary-
JAIIT, IO BMIIy€e 3MEpTBLII TKaHWHH, iKi popmy-
IOTh OIKOBUH CTPYTI, JIOKATi30BaHUH Y LIEHTPi paHu
Oins 30HM il kepena Temna; I — 30Hy 3acToro, 10
MICTHb TKaHWHH, MPWJIETNI 0 TUISHKHA OMIKOBOTO
HEKpO3y, SIKi BCe IIe € XUTTE3JATHIUMH, alie 3 PU3H-
KOM IMIEMIYHHUX YIIKO/KCHb Yepe3 3HIDKCHHS Iep-
¢ysii; III — 30ny rinepemii 3 HOPMaJIFHOIO HIKIPOIO
Ta MIHIMQIBHUMH KIITHHHUMH YIIKOJDKEHHSMH, IO
Ma€ NEepeBAKHO CYJMHHI MOPYIIEHHS y BUTJII Ba-

30[WUIaTallii Ta MmiaBHIIECHHS Mepdy3il y BiINIOBiIb
Ha tpasmy [31].

BuBdeHnHto 0ioXiMiuHUX, MOPQOJOTidHNX 1 (Di-
310JIOTIYHUX aCIeKTiB MpOOIeMH pemapaTHBHOI pe-
TeHepamnii IKIipyH TPUCBSIYEHA My)KE BEIHKAa KiJlb-
KIiCTh €KCIIEpUMEHTAJBHNX 1 KIIHIYHAX JTOCIIIKEHb.
Li nani yacTkOBO y3araJibHeHi B psii MoHorpadii
Ta orysiaiB [32, 33]. 3aror00ThCs paHH PI3HUX AIJIs-
HOK Ta OpraHiB 3a 3arajlbHUMH 3aKOHOMIpHOCTSIMH,
ae MopdosoriuHa X XapakTepuCTHKa Bapiloe 3a-
JIeXKHO BiJI XapakTepy HOIIKOKEHHS, PO3MIpiB Jie-
¢exry, HasiBHOCTI 1H(DeKWil 1 T. 1. PanoBuii mpouec —
CKJTaTHIH KOMIUIEKC OiOJIOTIYHMX peakiliii opraHiz-
My Y BiIIOBiJb Ha TOMIKOKEHHS TKaHHH 1 CIIPSIMO-
BaHUX Ha iX 3aroeHHs. Buningrots Tpu ¢azu nepedi-
ry paHoBoro mpomecy: 1) a3y 3amaneHHs, B sSKii
BHIUIAIOTH TEPIOIN CyIWHHHUX PEaKIliii Ta OYHIICH-
HS paH BiX 3MEPTBUIMX TKaHWH; 2) a3y percHepa-
1ii, BOPOJOBXK SKOi BiIOYBa€ThCsS YTBOPCHHS W JIO-
3piBaHHs CIONYYHOI TKaHWHY; 3) (a3y peopraniza-
uii py6us ta emitemizamii [34]. Tepminu mpoxo-
JOKCHHS KOXKHOT (Da3u BH3HAYUTH 3a3/aJIeTib MPaK-
THYHO HeMOXJIMBO. CTabiIbHOI 3aJMIIAETHCS T10C-
JIOBHICTH 3MiHU IMX (a3, KOXKHA 3 SKUX XapakTe-
pHU3y€eThCS IEBHUMH (QYHKIIOHATHHUMU i MOpdoII0-
TIYHUME 3MiHAMH, 10 BiZOyBarOTHCSA B paHi Ta OTO-
YyIOUMX TKaHUHax [35].

KiacuuHy Mozenb 3aro€HHs paH MOJUISIOTh Ha
mocioBHi eramu: 1) ¢a3y remocrasy (He BHILIS-
€TbCA  JSSIKUMM  aBTOpaMH); 2)  3amajbHY;
3) mpomnideparuBhy i 4) dasy pemoaemoBanus. Bu-
JineHHs: okpeMux (as i craziil 3amajabHOrO MPOLECY
Mae YMOBHHI XapakTep, TOMY II0 HEMOXKJIMBO IPO-
BECTH YITKY MEKY MIX 3aKiHUCHHSIM OJHIET cTamil Ta
noyatkoM iHmoi. [laToreHes paHOBOro MpoIECy
BimoOpaxae ¢a3HICTh HOro mepediry, Hepo3pHB-
HICTHh OKpeMHuX (a3 i mepexin oaniei pasu B iHOIy. Y
MIPOIIECi 3arOEHHS OMIKIB TAKOXK YiTKO TPOSIBISETHCS
€THICTh 3alajeHHs, pereHeparii Ta Gidpo3y, sKi €
HEpO3pUBHUMH KOMIIOHEHTaMHM LTICHOT TKaHHMHHOI
peaxii Ha momKkomKeHHs [36, 37].

[Mpubau3Hmii yac pizHUx (a3 3aroeHHs paH Bi-
JPI3HAETHCS 3AJICKHO BiJ PO3MIpYy paHH Ta YMOB
3aroeHHs. TpaBMa TKaHWHHM IHILIIOE KIITUHHY Ta
CYAVMHHY BIJIIIOBiJ, B Pe3yJbTaTi YOro paHa 3BiJb-
HSETHCS BiJ JICBITATI30BAHUX TKAHUH, IYKOPiTHOTO
Marepianxy, TaKUM YMHOM TOTYIOUHM IUIalapM JUIs
3aro€HHsl Ta pereHepanii. PaHoBe 3amaneHHs, 1O
BUHMKAE O€3MOCepeHbO IMICHs MOPAHEeHHS, CKIIaaa-
€TBCS 13 CYOUMHHOI peaKiii y BUIIAAI perioHapHOI
BazoMIIaTalli] Ta 3pOCTaHHS KaIJISIPHOI MPOHUKHO-
CTi, a TaKOX Mirparii JICHKONUTIB y BIiAMOBINE Ha
cnenn(idHi XeMOTAKCHYHI YHMHHUKH, SKi TeHepy-
IOTBCS B paHi. 301IBIIEHHS CyJUHHOI IIPOHUKHOCTI B
30HI TPaBMHU € OCHOBOIO JJISl HAJIXOJKEHHs PI3HUX
KIITHHHUX TOMYJAIiNA, BKIIOYAIOYH TOIIMOp(HHO-
AEepHi JTEHKOIMTH 1 MOHOHYKJICAPHI JTEHKOIUTH, SKi
JI03piBaIOTh Y paHOBI Makpodaru, a Takox JiM¢o-
mutn [38]. Ilepenbavaerhes, MO POIb HEHTPOPITH-
HUX TPaHYJIOUMTIB y Iepui 3 roAWHH IIiCIs Iropa-
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HEHHS BU3HAYa€ Tepedir paHHBOTO TEePiony KOJIOHI-
3aril paHu OaKkTepisMU 1 MONAJBIIOTO PO3BUTKY iH-
(dexmii. AKTHBOBaHI HEUTPOPIIM BUAUIAIOTh BUTbHI
KHACHEBI pagyKald i JII30COMHI €H3UMH, BKIIIOYAI0UN
HEUTpaspHI MpoTeasn, KojlareHa3u Ta eJacTasd, sKi
JIOTIOMAararoTh y 00poTh0i 3 iH(EKIi€0 Ta OYHIICHH]
panu [39]. ¥V momaneioMy Bce B OUTBIIIH KUTBKOCTI
B paHi MMOYUHAIOTH 3'IBIATHCS JdiMQoruTu. Xoda ix
pOJIb y pernapaTHBHOMY IPOIIECi JI0 KiHIII HE BUBUE-
Ha, BBa)Ka€ThCs, IO JTIM(OIUTH HOMOMAaraloTh Mpo-
I[eCy PaHOBOTO 3arO€HHS, CEKPETYIOUHM LHUTOKIHH,
SKi € MITOTCHAMU 1 XeMoaTpakTaHTaMu it Gpidbpoo-
JacTiB, # OJHOYACHO CIPUSIOYM OYHMILICHHIO PaHU
Bi crapux Heirpodinis [40].

HeiitpodinpHi TpaHyIOIUTH MarOTh BiIHOCHO
KOPOTKHI TIepio )KUTTS B TOCTPiil paHi Ta 3amimry-
IOTBCSI PaHOBHMH Makpodaramu, mo TudepeHIio-
IOTBCS 3 MUPKYMIOI0YUX MOHOIHTIB [41]. ¥V meskux
JIOCITIJDKEHHSX BHCIJIOBIIIOETHCSI TIPHUITYLICHHS, IO
HOpMaJlbHE PaHOBE 3arOEHHs MOJKe BiOyBaTHcs i 3a
BIZICYTHOCTI TOJIIMOP(HOSACPHUX JICHKOIMTIB, OJ-
HaK MOHOLMTH TIOBHHHI OYTH Npe/iCTaBJeHi 000B's-
3K0BO [42].

Makpodarn — TOMIHYIOYHH TN KIITHH Y TIO-
OyJAIii paHOBHX JICHKOUWTIB, BOHH BiJIrpaloTh
HEHTPAIBHY PErYIATOPHY POJIb y XeMOTaKcHCi (ibd-
pobunacTiB, mpouidepamnii Ta MOJaNBIIOMY KOJare-
HOoBOMY cuHTe3i. [loximHi 3 Makpodarie Qakropu
pocty, Taki sik PDGF (platelet-derived growth
factor), TGF-B (transforming growth factor beta),
IHTEpJICeHKIHU 1 (akTop HEKpO3y MNYXJHH, MaloTh
BEJIMKE 3HAUYEHHS B Mirpauii Ta akTHBaIil paHOBUX
¢idpodnactie [43]. PanHiii MaTpukc 3HAYHOIO Mi-
POIO CKIIANAEThCs 3 (PIOPOHEKTHHY 1 TiaqypoHATIB,
Oyayun TUiarapMom, Ha sikuii (iOpoOiacté Mo-
KTk MITpyBaTH 1 QikcyBatucs. xepeno mux ¢iod-
pobuacTiB — moxiaHi 3 (GiOPOUUTIB perioHapHOI cIo-
Jy4HOT TKaHMHH 1 NMEPUBACKYJISIPHOTO aJBEHTHUIIIIO.
®ibpobmacTy MPOAYKYIOTH Pi3HOMaHITHI CyOCTaH-
mii, HeoOXimHI IJIsI PAaHOBOTO 3arO€HHS, 30KpeMa
TITIKO3aMiHOTIIIKaH! 1 KOJareH. YTIPOJOBXK IEPIINX
2-3 ni0 micist mopaHeHHs akTHBHICTH (iOpoOiacTiB
CrpHsi€e KJIITHHHIN perutikamii Ta Mirpauii i MEHIIO
MIpOI0 — KOJareHoBOMYy CHHTe3y. Uepe3 Tpu no0u
micliss TOpaHeHHs 3pocTaroui Macu (hibpoOacTis
MOYHMHAIOTh CHUHTE3yBaTH W TPOJYKYBaTH 3HAuHY
KUTBKICTh EKCTpaLeNIoJIpHOro KojareHy. CHHTE3
KOJIareHy TOYMHAEThCA SIK BHYTPILIHBOKIITHHHHUIH
HPOLEC, y PE3YNIBTATI IKOTO CHOYATKY BUPOOISAETHCS
MOHOMED, II0 aKTHBHO CEKPETYEThCS B EKCTpalle-
JIOJAPHE PaHOBE CEepelOBHIIC, I¢ BiIOYyBa€ThCS
moJiiMepu3allis B KoareHoBi Qiopmwin. Y HUX MOTIM
KOBJIEHTHO (POPMYIOTBCSI TIONEpPEdHi 3B'SI3KM, BHA-
CITIJOK YOTO 3HAYHO 3POCTa€ MilHICTh paHu. CUrHa-
JIOM, IO aKTUBIi3y€ MPOIYKIIIO KOJareHy, € Komoi-
HaIlisl YMHHUKIB 3pDOCTaHHSA, CTUMYJIbOBAHUX TiOK-
ciero ¥ mpomykTamu aHaepoOHOro MeTabomi3my,
TaKMMH SIK MOJIOYHA KucioTa [44].

Ha 1-my TwXHI micnsi MOpaHeHHS aKTHBHICTB
CHHTE3y KOJareHy Jocirae MakCUMyMy, i1 He3piii
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KOJIareHOBi (iOpUIM CTAIOTh TiCTOJOTIYHO BUIUMH-
MH B paHi. KoylareHoBi BOJIOKHA, YTBOPEHI 3 TPOIIO-
KOJIareHy, OpPTaHi30BaHi y YiTKO BU3HAYEHIH TOCTi-
nmoBHOCTI. Lli komareHOBi BOJIOKHA, Y CBOIO HUEpry,
KOMOIHYIOTh KOJAareHoBi ¢iOpmim, mo 00'e THYIOTH-
cs 1 (hopMyIOTH KOJIareHOBI My4YKH. BMicT KoJareny
B paHi PeryiroeTbcs 0ajlaHCOM MDK HPOIYKIU€EIO i
J3UCOM KOJIareHY 3a JIOIIOMOIOK0 KoyareHasu [45].
3 KiHI 1-TO THXKHS TICJIS TIOpAaHEHHS MOYHHAETHCS
paHOBa KOHTpakmis. Y Iied yac YacTUHA PaHOBHX
¢$ibpobnacTiB TpaHchopMyeThes B MiodiOpodiacTy,
10 MICTSATH O-TJIaJIKOM'I30BUH aKTUH (HOpMaJIbHUN
¢ibpobmacT mictuts B- i y-aktuH). OcKUTBEKH Miodi-
OpoOmacTu PiKCyIOTHCS MixK c000F0 1 10 KpaiB paHH,
TpaHyJIAlifHA TKAaHWHA, SIKa MIPUIATAE, CKOPOTY€ETh-
csl, cTArytoun Kpai panu. OIHOYaCHO CHHTE3Y€THCS
KOJIaTeH Ta YTBOPIOIOTHCS IIOTIEPEYHi 3B'SI3KM MiXK
BOJIOKHaMH, (OPMYIOUH PHTiTHE paHOBE JIOKe [46].
Oco01MBUM BUAOM TKaHWHH, IO YTBOPIOETHCS
B paHi, € TpaHyJIIliliHA TKaHMHA, SKa CKJIAJAETHCS 3
YHUCJIEHHUX KaMIspIiB 1 MiATPUMYBAIBHOIO MaTPHK-
cy, Oararoro Ha (hiOpoOnacTH, 3amajibHi KIIITHHH,
SHIOTEiabHI KIITHHH, NEPUIUTH 1 MiodiOpodIac-
TH. I3 TporpecyBaHHsIM PaHOBOTO 3arO€HHS I'paHy-
JSIifiHa TKaHWHA TIEPETBOPIOETHCS 3 BHCOKOBACKY-
JAPU30BaHOI, 6araToi Ha KIITHHHI €JICMEHTH TKaHH-
HU Ha BITHOCHO aBaCKYJIAPHUH 1 O3KIITHHHAN MaT-
pukc konareHy. Ilepen6adaeTbes, o anonTo3 — me
MeXaHi3M, 3a JIOTIOMOTOI0 SKOTO KIIITHHH, HasBHI B
IpaHyJISILIHHII TKAaHWHI, BUTAISIOTHCS 3 panu [47].
Yepes 3 THKHI micis OIMIKOBOT TpaBMH BCTaHO-
BIIIOETBCSl pIBHOBAara MiK CHHTE30M KOJIareHy Ta
HOro Ji3KCOM, MICNI YOr0 MOYMHAETHCS PEMOJIECITIO-
BaHHS TKaHWH y pyoOui, 1o GpopMyeTbesi. 301IbILIECH-
HS BMICTY KoJIareHy B paHi y (asi ¢idporuiasii ko-
pentoe i3 301IBIICHASIM MIITHOCTI paHU. AHTIOTeHe3
CympoBokye a3y (pidporuiasii i € ryxe BaKITHBHM
UL TIporiecy (GopMyBaHHS pyOIs, OCKUIBKHA 3pOC-
TaHHS HOBHX KaliJsIpiB IMOBHHHO CYNPOBOIXKYBaTH
mpocyBaHHS (GiOpoOIacTiB y paHy Ta 3a0e3nedyBaTi
ix merabouniyni motpedu [48, 49]. Axmo aHTioreHe3
He3aJoBUIbHUH, Mirpauis ¢idpobnactiB i paHOBe
3arO€HHs MPUIHHAIOTHCS. Jeski 010XiMiYHI CTHMY-
JM aHTioreHe3y BHXOZATH BiJ MakpodariB i Tpom-
6orutiB. ExpoTeniii 3pocTarounx KamiisipiB MpOy-
KY€ Jerpayiodi areHTH aKTHBATOPIB IIa3MIHOTeHA 1
KOJIar€Ha3! 1, TaKUM YHHOM, HaBOJHIOE paHy €H3H-
MaMu Jerpanaiii ¢iopuroBoro 3roptka. Lleit mpo-
[ec TpUBa€e OJM3BKO 2 POKIB, 1 X04a IMpH I[HOMY HE
CIIOCTEPIra€ThCsl  3POCTAHHS KUIBKOCTI KOJIareHy,
BiOyBa€eTbCs (OpMyBaHHS KollareHoBHX (iOpwi y
OUTBII OpTraHi30BaHi CTPYKTYPH IIiJ BIUTHBOM JIOKa-
JHHUX MEXaHIYHUX (akTopiB. YIPomoBXK mi€el ¢da3n
pyOlieBa TKaHWHA MPOJOBXKYE HAPOIIYBATH Mill-
HicTh. TpuBamicTs (a3m 103piBaHHS 3aIEKHUTH BiX
pi3HUX (aKTOpiB, AKi BMIIIYIOTh T€HETHYHI 0COOIH-
BOCTI TaIli€HTa, BiK, JOKAJTi3aIlii0 paHd Ha T, THII
TPaBMHU 1 TPUBANICTh 3amagbHOTO mporecy [S50].
Amnonro3 paHoBux (iOpoOnacTiB crocrepira-
€TBHCS TICHS TOTO, SIK NPUIHMHAETHCS paHOBAa KOHTpa-
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Kiisl. Xo4a KOHTpPAKIlisSi Mae€ BEJIMKEe 3HAYeHHS B
3MEHIIIEHHI PO3MIpiB paHH, IEeH MPOIeC XapaKTepu-
3y€ThCSl OE3TAHAM XapaKTePOM 1 MOXKE TPHU3BECTH
JI0 J1e30praHizamii CTpyKTypHOI iHTerpamii, BTpaTu
(yskmii Ta kKocMeTuaHOTO NedexTy. [licnsa 3aroeHHs
paHH Bce OiNbINa KiTBKICTh KITITHH BUSBIIETHCA Ha
pi3HMX crazisx amonrtosy. IlopymeHHs mporo mpo-
1ecy HPU3BOJMUTH O YTBOPEHHS XPOHIYHOI paHH 3
BEJIMKOIO KUIBKICTIO KIIITHHHHUX €JIEMEHTIB 1 (hopMy-
BaHHSAM BHUpaXeHOi pyOueBoi TkaHuHHU. lloniOHe
YacTO CIIOCTEPIraeThcsl B OINMIKOBHX paHax, IIO 3a-
JMIIAIOTHCA BIKPUTHMH Oifbllle HIX TPHU THXKHI,
Ko popMyeThcst pyOIIeBa KOHTpaKTypa abo rimep-
Tpodiuanii pyoens [51].

Enitenizarist moBepxHi paHU € KpUTEpieEM yc-
MIITHOTO 3arO€HHS PAaHM 1 CKIIaJa€ThCs 3 HU3KHU TI0C-
JMIOBHUX MOAiH, mo mependayaroTe MoOimizamiro,
Mirpariiro, MiTo3 i KIITHHHE TU(EPCHIIFOBAaHHS €IIi-
TemanbHUX KIiTHH [52]. EniTenmianeHi KIITHHY, IO
Oe3rnocepelHbO0 NPWITAIOTH 10 PaHH, CTHMYJIIO-
I0ThCSL IO TIOYATKy Mirpariii micisi ycyHeHHsS KOHTa-
KTHOT iHrioiuii. B pesynpraTi mporo ix 3pocraHHs
BiZIOYBAIOTBCS B HANPSMKY BiJ MPHIETTIMX IHTaKT-
HUX CITeTmadbHUX KITHH. EmiTemianbHI KIITHHA
MEepPEeHBOTO KParo, IO MPOCYBAETHCS, MOYMHAIOTH
30LIBPIIYBAaTH IIBUAKICTE MITO3IB i IPOJOBKYIOTH
MOKPUBATH MMOBEPXHIO PaHU JIO 3yCTpidi 3 emiTernia-
JHHUMH KIITHHAMH HPOTWJIC)KHOTO Kpalo paHu. I3
IIFOTO MOMEHTY IOJalbIlIa KIITHHHA MITpamis MpH-
MUHSETHCS 3aBASKH (EHOMEHY KOHTAKTHOI 1HTi01Ii1
[53].

KinneBuii pe3ynbTaT HEYCKIAIHEHOTO MPOLECY
PaHOBOTO 3aro€HHs — Lie HOKHUK pyOelb i3 HeBelu-
KkuM (hiOpo3oM, MiHIMAIBHUM 3a HasBHOCTI paHOBOT
KOHTPAKIIi, 1 MOBEPHEHHSI MPAKTHYHO 0 HOpMaJlb-
HOI CTPYKTYpH TKaHUHU Ta QYHKIII opraHa [54, 55].
Jlo mporo uacy BCTaHOBIICHO ABa BHAW DPO3JAJIB
3aroeHHs paH: 1) raabMyBaHHsS IIPOLECY PAaHOBOTO
3aro€HHA; 2) HAJMIipHA pernapariis, o XapakTepu3y-
€THCS YTBOPEHHSM TirepTpodidHOTO pyOIIs Ta Kelo-
imy [56, 57]. Haifuacrimme BUSBIAIOTBCS PO3NAAA
PaHOBOTO 3aro€HHS, sIKi CTOCYIOThCsl (pa3u 3armaieH-
Hi, a caMe (YHKIIIOHAIBHOI HECIIPOMOXKHOCTI KJIi-
THUHHOT'O TyIly, 10 3a0e3reuye HopManbHUN nepeoir
(a3u 3ananenns [58]. 'imeprpodiune pyOiOBaHHS
I KeNOINOYTBOPEHHS XapaKTepU3yIOThCs HaIMIPHUM
BIZIKJIQJICHHSAM KOJIareHy, a00 BHUPaXEHOIO MPOIYyK-
Ii€0 KOJIAaTeHY, MPOTEOTIIiKaHiB 1 (iOpOHEKTHHY, a
TaKOX MOPYIIEHHSIM Hpolecy Aerpajarii KojJareHo-
BOI'0 Ta CTPYKTYPHOro Matpukcy [59, 60]. Bctanos-
JICHO, IO V BCIX TiMepTpoQivHUX PYOISIX MiCTATHCS
(hoxycu 3amaneHHs i Backyisipu3anii. KomareH Bink-
JIATa€ThCS HABKOJIO X BOTHUII Y BUTIISAL CHipanen
i By3miB. CrymiHb rinepTpodidHoro pyOuUroBaHHS
3aJIeKUTh BiJl TPUBAIOCTI Yacy, BIPOJOBXK SKOTO B
pawni 30epiraeTscs (aza 3amanenss [61]. Tmagki k-
TUHH, HasBHI B HAAMIpPHIN KIIBKOCTI B TimepTpodid-
HUX PYOIIX, TAaKOK POOJIATH BHECOK Yy TIPOIEC pyO-
IIOBaHHS, IHIIIIOIOYHM Ha/JMIpHE YTBOPEHHsS KoJiare-
Hy BHACJIJIOK CEKpeLii ricTaMiHy, SKHH CIIpHs€ Ba-

30MIIaTallii Ta HaJaXOJKEHHIO MPOTEIHIB TUIa3MH B
eKCTpareoisipauid mpoctip. PidpobnacTu rimept-
podiuHKX pYOIiB MICTIATh KonareHasu, ykd MaroTh
3HIDKEHY EKCIIPECio, 0 NMPHU3BOAUTH 10 3MEHIIICH-
HS AeTpaialii KoJareHy i peMoJetoBaHHs pyOIeBoi
TKaHWUHU [62, 63].

KoarymsuiiiHuii Hekpo3 emizepmicy, Ppi3HUX
mapiB J€pMU Ta OTOYYIOYMX TKaHHH, L0 BHHUKA€E
BHACJIIOK TEPMIYHOTO YIIKOJKEHHS, IIPUBOJUTD 110
MacHBHOI MIKpOOHOi iHBa3ii, a eKCyJaT OIKOBOI
PaHu € ieaqbHUM CEepPEJOBHUILEM JUISl PO3BUTKY MiK-
poopranismiB [64]. JloBrorpuBane icHyBaHHs iH(e-
KUii NPU3BOANTH IO 3aTPUMKH MPOLECY 3arO€HHS
OINKOBUX PaH 1 CIpHsi€ HAAMIPHOMY PYOLIOBaHHIO
BHACIIJJOK XPOHIYHOT CTUMYJIALI] 3alalbHAX KIITHH
[65]. TuribyBamHS TIpoIlleCy 3arO€HHS 38 BHCOKOTO
BMicTy OakTepiif y paHi BiOyBaeTbcsl BHACTIIOK il
MpoTeas3, M0 CEeKPETYIOThCS MIKpOOpTaHiZMaMH.
Takox 1e Moke OyTH i BHAcHiIoK (akTopiB BipyJe-
HTHOCTI, IO BUAUISIOTHCS CHEUUGBIYHAMU BUIAMU
MIKpOOIB, 5IKi TEX MOXYTh OJIOKYBaTH paHOBE 3aro-
€HHsI [606, 67].

Yactora paHOBOi iH]eKUil y NauieHTiB 3 omi-
KaMH KOPEJTIOE 3 TIINOMHOIO, TUTOIICIO OIIKOBOI paHU
iTa 00yMOBIICHA, TOJIOBHIM YHHOM, HOIIKOJDKEHHAM
Oap'epHOI 1 3ax¥MCHOT PYHKIIH MIKIPHUX MMOKPUBIB i
CHCTEMHOIO IMYHHOIO cympeciero [68]. Xoua moBep-
XHsS OIKOBOI PaHH € CTEPIJIFHOK0 Bilpa3y TMiCIs
TETJIOBOTO YIIKO/KEHHS, MIKPOOPTaHI3MH IIBHIKO
i xosnouizytwoth [69]. Koonizauis BigbyBaeTbcs
€HJJIOTeHHUMHU MiKpoOopraHizaMamu Ikipu abo B pe-
3yJIbTaTi KOHTAKTy 13 3a0pyJHEHHM HaBKOJHIIHIM
CEpelIOBUINEM, SIK TPaBUJIO, YMPOJOBK 48 roauH
miciis BUHUKHEHHS yiikokeHHst [70]. EnmorenHi
rpamMHeraTMBHi OakTtepii 3 (¢uopH LUTYHKOBO-
KHIIKOBOTO Ta PECIIpaTOPHOTO TPAKTIB TAaIli€HTa
TaKOX 3JaTHI IIBUAKO KOJIOHI3yBaTH ITOBEPXHIO
OITIKOBOi paHW B IEpPIIi KiTbKa JHIB MICIS TPaBMHU.
Komonizamist paau apixmkaMu i TpudamMu 3a3BU4ait
BiOYBAa€ThCS Mi3HINIE 332 PAaXyHOK BHUKOPHUCTAHHS
IIMPOKOTO CIIEKTpa aHTHOaKTepiampHOI Teparrii. He-
noctatHs nepdysis paHu 0OMeXye MIrpamio iMyH-
HHUX KJITHH 1 JOCTaBKY aHTHUMIKPOOHHX areHTiB y
JUISTHKY ~YIIKOJDKEHHS, OOMEXYIOUM THM CaMHM
e(eKTUBHICTh CHCTEMHOro JiiKyBaHHA. JlokanbHe
3aCTOCYBaHHSI aHTHOIOTHKAa MOXe OyTH HeJocTaT-
HIM, BUMarae 9actoi 3MiHH IOB'SI3KH 1 MOXe TIPH3Be-
cTH 10 OakTepianbHOi pesucTeHTHOCTI [71]. OnmHak
BHJIUICHHUH 13 paHU MIKpoO MO>Ke BHSBUTHCS HE 30y-
THUKOM 1H(]EKIi, a MpeacTaBHUKOM MiKpodiopH,
110 KOJIOHI3Y€E paHy, a Ile MOXKe IPUBECTH JI0 HeaJle-
KBAaTHOTO IIPHU3HAYCHHS XBOPOMY aHTHOAKTepialb-
HUX Ipemnaparis [72].

Mopdonoriuai nepedyooBH y pBaHHX paHaX
MTOYMHAETHCS BiApa3y Micis YIIKOKEHHS 31 3rop-
TaHHSM KPOBI Ta HOTPAIUISIHHSAM Y paHy JeHKOLUTIB.
Hefirpodinu ta makpodarn BHAANSIOTH YyKOPiAHI
pevoBUHU (Y TOMY YHUCHI HEXHUTTE3NATHI TKAHWUHM)
Ta Oakrtepii. Makpodarn Takox CTUMYIIOIOTH pel-
mikanito ¢ibpobnactiB Ta HeoBacKyispu3anito. Dio6-
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pobnacTy BiIKIAJAIOTh KOJIATEH: 3a3BHUYall HAKOIIH-
YeHHS MMOYMHAETHCS depe3 48 ToauH 1 gocsArae Mak-
CUMyMY TpUOJM3HO Yepe3 7 nHiB. HakommueHHS
KoJIareHy (DaKTUYHO 3aBepIIyeEThCS depe3 | MicAms,
ajye MIIHICTh KOJIAT€HOBHUX BOJIOKOH 3pPOCTAa€ IOBi-
JBHINIE, ¥ XOIi MPOIeCy IOTEePEYHOr0 3IIMBAHHS
BOJIOKOH. MIIIHICTh paHHM Ha PO3PUB Ha 3-My THXKHI
ckianae yuire npuoausHo 20 % Big MaKCUMAalbHO
MOXIIHBOI, Ha 4-My Micsni — 60 %, 1 cTae Makcu-
ManbHOO 4epe3 1 pik. [Ipu npomy ciin nmam’sitaTy,
IO MIIHICTh HIKOJIK He OyJie CKBIBAJICHTHOIO HEIO-
IIKOJDKeHI i TKaHuHi [2].

HeBmoB3i micist yIIKOIKeHHS eriTelTianbHi Kli-
THHH 3 Kparo paHU MIrpyloTs depe3 pany. [Ipu xipy-
priufiii 0OpoOIl paHM (3arO€HHS MEPBUHHAM HATS-
TOM) BOHH YTBOPIOIOTh e()eKTUBHHI 3aXUCHUH Oap'-
€p Uil Bomu Ta OaxTepiit uepe3 12-24 romuHu Ta
HaOyBarOTh CXOXKOCTI 3 HOPMAaJbHHM EIiJepMicoM
npotsrom 5 aHIB. Y paHi, ska He mignaBaiacs o0po-
Oui  (TOoOTO, 3arolOETHCS BTOPHMHHHUM  HATSITOM),
CTPOKHU emiTenizaiii MOJOBXKYIOTHCS HPOIMOPLIHHO
poamipy nedexry [7].

Ha mikipy Aif0Th CTaTHYHI CHJIH, 3yMOBJICHI il
MPUPOJHOIO ENACTUYHICTIO ¥ Mi/UIErTUMH M'S3aMH.
Ockinpku pyOleBa TKaHWHA HE Taka MillHA, SK TPH-
JIeTJIa HETIOIIKO/PKeHA MIKipa, Il CHIIM 3a3BHYail po-
3IMUPIOIOTH pyOIli, IO 1HOAI MPHU3BOAMTE 10 KOCME-
THUYHO HETNPUWHATHOTO BUTILILY TMICHIA SIBHO a/IeKBa-
THOTO 3aKpuTTs pand. OcoONMBO IMOBIpHE PO3IIH-
peHHsI pyOIsl, KOJIM CHIIM AIOTh NEPHEHAMUKYISPHO
J0 kpato paHu. Ll TeHneHuis (ta oTpuMaHe B pe-
3yJIbTaTi HABAaHTA)KEHHS HA paHy) HalKpalle MmoMiT-
Ha B CBIXIH paHi — 3s51t0ui Kpai BKa3ylOTh MepreH -
KyJSIpHUH HATAT, a BITHOCHO J100pe HaOJIMKeHi Kpal
BKa3ylOTh Ha CHJIM, HAMPaBJIeHI apajesbHo.

[poTsarom nmpubnu3HO 8 THXHIB I PYyOIlB 3a-
3BHYA XapaKTepHHH YEPBOHUHA KOINIp Ta penbed-
HIiCTh. Y TIpoleci peMOJICNIIOBaHHS KOJIareHy IMIpam
CTa€ TOHIIMM 1 BTpadae cBowoo epuremy. OnHak y
JIeSIKUX TAIieHTiB pyoOens rimeprpodyerscs. Kemoi-
TN — 11 HAJUJTAIIKOBI PYOIIi, SIKi pO3POCTAOTHCS 1032
MEKi TOYaTKOBOI PaHH.

Haii6inpi mompenumu GaxTopamu, sKi me-
PELIKOKAIOTh 3arOEHHIO PaHH, € ilIeMis TKaHWH,
iHgekiis abo ¥ Te ¥ iHme. lieMis TKAHUHU ITiABH-
HIy€ CHOPUSTIMBICTH J0 PO3BUTKY iHpekuii. JJo 06-
TSOKITUBUX (DAKTOpIB HANEKATh TAKOXK PO3JaIH, SKi
NPUTHIYYIOTH IMYHHY cHCTeMy a0o MOTIpIIyIOTh
MeTaboMIuHI MporecH (HAPUKIa]], XPOHIYHE 3aXBO-
PIOBaHHS HHUPOK), HENOCTATHE CIOXHMBaHHS OLIKa,
Jedinut crnenniYHUX MOKUBHUX PEYOBHH, BKIIO-
Yalo4yM BITaMiH, pO3JIaJy CHHTE3Y KOJIareHy, B TOMY
ynchi npu cuHapomi Mapdana, cuaapomi Enepca-
Hannoca [2, 6-8].

OpHi€I0 3 OCHOBHHX IPOOJIEM JTIKyBaHHS HOCT-
paXKIaIuX BijJ OMIKiB € TOBHOTA BiHOBJICHHS IIKip-
HUX TOKPHUBIB, YTPA4CHUX y PE3yJIbTaTi TEPMIYHOT
TpaBMH, BiJ] 4OTO 3alie)aTh XapakTep mepediry ta
pe3ynbTat nepioay pekonBaiecnenii [73]. CBoeua-
CHE 1 MaTOreHeTHYHO OOTPYHTOBaHE JIiKyBaHHS Bi-
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Jirpae 3HAYHY pOJIb y 3a0e3MeUeHH] HeyCKIIaIHEHO-
ro mepebiry omikiB. SKII0 y XBOpUX i3 TITUOOKHMHU
OTKaMH OCHOBY MICIICBOTO JIIKyBaHHS CKJIaIalOTh
IIKipHO-TUIACTHYHI OTeparii, TO JIKyBaHHS ITOBEpPX-
HEBUX 1 TPAHUYHHX OIIIKiB IPOBOJUTHECS B OCHOBHO-
MY 3 BUKOPHUCTAHHSIM KOHCEPBATHBHUX METOJIB [74,
75].

Benenns omikiB npoBoIsTh IuepeHLiHoBaHO
3aJeKHO BiJ TIMOMHU Ta JIOKai3auii ypaKeHHs,
cTazii paHOBOro Mpolecy, BIKYy MOCTPaXIaJoro Ta
BiJl psify 1HIIKX (PaKkTOPIB 13 MOCIITOBHUM BHKOPHUC-
TaHHSAM MEIMKaMEHTO3HHMX IIpenapariB i3 pi3HUM
MeXaHI3MOM [ii. 3a CyJacHHMHU YSBICHHSMH, BH-
3HAYaJIbHIM TIPHHIMIIOM INaTOT€HETHYHOI CIPSIMO-
BaHOCTI JIKyBaJlbHUX 3axXOIiB € IOBEICHUH (hakT
CHUTBHOCTI 010JOTIYHHX 3aKOHIB Iepediry paHoBOTO
mporecy Oyab-sIKOi eTioyorii Ta JoKamizamii. 3rigHo
3 UM PaHOBHH INPOIIEC MOXHA IOJATH y BHTILAL
Takux (a3: 3amajgeHHs, pereHeparii Ta peopraisaii
pyOi11s 3 emitenizaniero [76]. OTke, HOBI TOCSTHCHHS
B JIIKyBaHHI OMIKOBUX paH MpPHBENU 10 JudepeHili-
HOBAaHOTO MigXOMy IOJ0 BHKOPHCTAHHS JIIKYBasb-
HHX 3aC001B 3aJI€KHO BiJ] KOHKpETHOT (ha3u nepediry
panoBoro nporecy. Came 1€, 00'€KTHBHO OOTPYHTO-
BaHE, MpAarHeHHS OOYMOBIIOE CTBOPEHHS HOBHUX
Mperaparis, M0 HOEAHYIOTH ¥ cO01 Pi3HI BIACTHBOC-
Ti, HCOOXIIHI JJI JTIKyBaHHS pPaH 3 ypaXxyBaHHIM K
TIIMOWHU YpaXXCHHs, TaK 1 a3y PO3BHTKY PAHOBOTO
npouecy. Tak, y Ha I cTanii paHoBoro mpomuecy BH-
KOPHMCTaHHSI 3aCO0IB MEAMYHOTO IPU3HAYEHHS I10-
BUHHO TPUBECTH JI0 NPUTHIUeHHs iH(eEKii B paHi,
HOpMauizalii MicueBoro romeoctasy (JiKBiamis
rinepemii, anua03y, HAUIUIIIKOBOTO MPOTEOJI3y) Ta
aKTUBAIli BIATOPTHCHHS HEKPOTHYHUX TKAHUH, aj-
copOIIii TOKCHYHOTO SKCYAATy PaHU, TOOTO MPOIYK-
TiB MikpoOHoOTo i TkaHWHHOTO posmaxy. Ha II i III
CTaIisX TpernapaTH MOBUHHI 3am00IiraTH BTOPHHHIN
KOHTaMiHAIli1 3 OJHOYAaCHIM OOMEKEHHIM 3pOCTaH-
Hi B HIll «3aJUIIKOBOI» MIKpO(IOpH, HagaBaTH
MIPOTEKTOPHOI il IOJI0 PEreHepyIOYNX TKaHUH BiX
MEXaHIYHUX IOUIKO/KeHb, BHCYLIYBaHHSI 1 T. .
OO0O0B’SI3KOBMMH Ha JAaHUX CTANisAX € aKTWBallis 00-
MIHHUX TIPOLECIB y TKAaHMHAX Ta MOJIIIIEHHS peri-
OHAJILHOTO KPOBOTOKY, a TaKkoX 3a0e3reueHHs
CIPSIMOBAHOI CTUMYJISILIT perapaTuBHUX MPOLECIB Y
panax [77, 78].

3a OCTaHHE CTOJIITTS HAllle PO3YMIHHS MPOLIECY
3aro€HHs paH 3a3Hallo 3HaYHUX 3MiH. [lo cepenunn
1900-x pokiB icHyBaJl0O TEpEKOHAHHS, IO PaHH 3a-
TOIOIOTHCS IIBUAIIE, SIKIIO BOHM CyXi W 3aJIMIIAI0Th-
Csl BIOKPUTUMH. TpaguiiiiHi mepeB's3yBalbHI MaTe-
piasy, 30KpeMa BaTa Ta Mapiis, 10 BUKOPHCTOBYBA-
TICS IS TIOTJIMHAHHS BUAUICHD i3 paHH, HIATPUMY-
BaJM ii CyXiCTh Ta 3amobiraju BTOPTHEHHIO OakTe-
piit. ¥ 1962 poni G. D. Winter ycTraHOBHB 3Ha4CHHS
MIKpOCEPEIOBHINE, IO CTBOPIOETHCSA MOB'SI3KOIO,
Uit paHoBoro 3aroeHHs [79, 80]. ¥ cmoix mocmi-
JUKEHHSIX BIH 10Ka3aB, 1[0 Y BOJOTOMY CEpeIOBHIII
PaHOBOI TOBEPXHI CIIOCTEPIraeThCs MOCHICHHS Mir-
paiii emiTemianbHUX KIIITHH, a TaKOX OIIKCaB inea-
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JLHY paHOBY TIOB'SA3KY, sika 3a0e3mneduye ra3000MiH
MK paHOBOIO TMOBEpPXHEI0 Ta aTMocheporo. Takum
YUHOM, 3arO€HHS paH BiAOYBAETHCS OUIBII MIBUAKO
H YCIIIHO, KOJH eIiTeNianbHi KIITHHH MOXYTh
nepemimatics 6e3 MepemKoIKeHb, SKII0 paHa 30e-
piraeTbcs BOJIOTOIO, OJEP)KY€E aJEKBATHY LUPKYJIIS-
I[iF0 KUCHIO, 100 MOJICTIINTU PEreHepaIlito KIITHH 1
TKaHMH, a TAKOXK 3QJIMIIAETHCS 3aXUILEHOIO0 Bl Oak-
TepiaJIbHUX 1HBa3iH, 0 OyJI0 MiATBEPIXKEHO IHIIU-
Mu gocnigaukamu [81]. Bomore cepemoBuiie 3amo-
Oirae 101aTKOBIH BTpaTi TKAHMHAMM BOJIOTH, CIPHSIE
AKTHBHOCTI JITHYHUX (EPMEHTIB, IIO OYHUINAIOTH
paHy BiJ] HEKPOTHYHUX TKAaHWH Ha MOYATKY MPOIECY
3aroeHHs. Mirparisi KepaTHHOUUTIB IMOJETIIYEThCS
y BOJIOTOMY CEpeIOBHIII, M0 3abe3redye HaaiiHui
enigepmanpHAl Oap'ep. OKITIO3isI paHH MPHUCKOPIOE
3amanpHy Ta mpoiidepaTHBHY (a3 paHOBOTO 3aro-
€HHA, 10, WMOBIPHO, MOB'A3aHO 3 MOAM(DIKALIEIO
3amajJbHOTO MpOLECY, NPHUCKOPEHHSM PEMOJIEIIO-
BaHHs KoJIareHy ¥ KoHTpakuii panu. ToHkuit 6ananc
KHCHIO TIOBHHEH IMiATPUMYBATHCS Ul ONTUMAaJIbHO-
rO 3aro€HHsl paHM, X04a KIITHHH HOTPEOYIOTh KH-
CeHb JUIS TaKoi MISUTBHOCTI, SIK Mirparlis i MiTo3, Ti-
TIOKCisl HAacIpaB/i NMPHUCKOPIOE TPOIIEC aHTiOTeHE3Y.
Kpim Toro, emimepmanbHa Mirparis KIITHH iHTiOy-
€TBCS TIPH BHCOKMX PIiBHAX KUCHIO. OIHAK, HEOOXi-
JHO BiI3HAYUTH, MO (OPMYBAHHSI POTOBOTO INApy
3aTPUMYETBCSl M OKITIO31MHUMH TIOB’SI3KaMH  SIK
pe3ysbTaT BTpATH TpaHceliaepManbHoi Boau. JloBe-
JICHO, 1110 CaMme HaIliBIPOHUKHI OKIIIO3iiHI MOB'S3KM
3/IaTHI CTBOPHUTH BIANOBIJHE HAIPYKEHHS KHCHIO,
o0 3aroeHHs paH BiaOyBanocs mBHAKO. PinuHa 3
TOCTPUX MIKIPHUX paH MICTHTh 0araTo €HIOICHHHX
(hakTOpiB, IO MAaIOTh BHpIIIAJIbHE 3HAYCHHS IS
NpOLIECY 3arO€HHs paHu. 30epeKeHHs i€l piiuHu y
paHi, yTpUMaHHS aKTHBHUX CIOJYK Ha IOBEPXHI
paHH, a TaKOX BUIIAPOBYBAHHS HA/JIMIIKOBOI BOJIS-
HOI Tapy NPHUBOASATH O NPHIIBHIMICHHS 3arO€HHS
paH yHACIIIOK 301IBIICHHS] KOHIIEHTPAIliH MiCIIEBUX
(hakTOpiB pPOCTY B PAHOBOMY EKCYyJaTi Ta SIKOCTI
3arO€HHA paH, YTBOPEHHS pYyOLiB € MiHIMaIbHUM
3aBJSIKM CIIPUSIHHIO Mirpaiii kepaTuHOUMTIB [82].
ba3yrounch Ha cydacHUX MOTIsAIaX ONTHMi3allii
MPOIIECY PAHOBOTO 3arO€HHS, MOYKHA BUIIITUTH TaKi
BUMOTH JI0 PAaHOBUX MOKPHUTTIB: CTBOPEHHS ONTHMA-
JIBHOTO MIKpOCEpEIOBHINA JUIS 3arOE€HHS paH; BUCO-
Ky aOcopOuifiHy CHpOMOXKHICTH IIOJO PAHOBOTO
eKCylIaTy; 3IaTHICTh 3armo0iraTu MPOHNKHEHHIO MiK-
pOOpraHi3MiB; IOCTaTHIO TPOHUKHICTH AN Tra3iB
(KUCHIO, BYTJICKUCIIOTH) U 3a0e3ledeHHs IPOXO0-
JOKEHHSI perapaTUBHHX IPOIECiB; MPOHUKHICTD JUIS
napiB BOAM, aje BUKIIOYAIOYM BUCYIIYBAaHHSA JHA
paHU; eNacTUYHICTh, MOXIJIMBICTh MOJEIIOBATH IIO-
BEpXHi 31 CKJIATHUM penbedoM; BiICYTHICTH Mipo-
TEeHHOi, aHTUTEeHHOI W TOKCHYHOI Miif; BiIICYTHICTbH
MICIIEBOT MOIPA3HIOBAILHOT Ta aJepreHHol ii; Has-
BHICTh QHTUMIKPOOHHX BIIACTHBOCTEH 1 CIIPHUSIHHSA
3aroeHHo paH [83]. Kpim Toro, mocuth GakaHi Taki
XapaKTEePUCTUKH, SIK IIPO30PICTh, IO OOYMOBIIIOE
MOXIIMBICTh CIIOCTEPE)XEHHSI 3a PaHOIO; HasBHICThH

aHEeCTEe3yI040i, TeMOCTATUYHOI Iiii Ta MOXKIIUBICTh
OyTH HOCIEM JTIKAPCHKUX PEYOBUH; 3PYIHICTh 3aCTO-
CYBaHHS Ui MEOMYHOTO IIEPCOHAYy Ta XBOPOTO;
TEXHOJIOTIYHA JOCTYIHICTh — BapTIiCTh, CKIATHICTH
KOHCTPYKIIi ¥ TEXHOJOTil BUPOOHHUIITBA, CTIHKICTH
no crepmtizanii [84].

CrorozHi 3'sIBUIacss MOXKJIUBICTh CTBOPHUTH I10-
KPHUTTS, 10 NPWJIMIAIOTH, ajle aTpaBMaTH4Hi, COp-
Oyroui MOKPUTTSI Ha OCHOBI CHHTETHYHHX (TI0JIiype-
TaH, CHJIIKOHOBUH Kay4yK) i MPUPOAHUX (ajbriHaTH,
XiTO3aH, eJNaTHH Ta KoyareH) noiimepis [85]. Taki
MOB'I3KM HE NOTpiOHO Oynae BUAANATH — MOJIMEp
MTOBHICTIO PO3CMOKTYETBCS 3 YacOM Yy pPe3yibTarTi
a00 TOBUTFHOTO PO3YMHEHHS B eKCynaTi, abo 6iozme-
CTpyKii. B 0CHOBI 3IaTHOCTI TOKPHUTTIB A0 PO3CMO-
KTYBaHHS JIGKHUTH IX BOJO- 1 IDIa3MOPO3YHHHICTD.
3araqpHOIO BIACTUBICTIO TMEPENiYCHUX MaTepialiB €
iX riapodinbHicTh. [IppyoMy BOHH HAJarOTh HE JIH-
I BUPKEHOTO IOTVIMHAIBHOTO edekTy, a U Qik-
CYIOTh MIKPOOpIaHi3MH paHH y CBOIi TejeBiil cTpy-
KTYpi, HIATPUMYIOTH BOJIOTICTh 1 THM CaMHM CIIPH-
SFOTh 3POCTAHHIO PaHYJNALIA. 3aBASKH MOPHUCTOCTI
BOHU 3a0€3Me4yI0Th HEOOXIIHUI Uil 3aTOEHHS paH
ra3o- Ta napooOmiH. OIHAK MOKPUTTS IBOTO THITY
HE YHHATH IPAMOi aHTUMIKPOOHOT IIii 1 HEOCTaTHRO
MexXaHIYHO MiIHi [86].

OCTaHHIMH NECATHPIYYSIMHA 3pOCiIa KiJIBbKICTH
JOCII/DKEHb 100 BUKOPHCTAHHS XITO3aHY JUIA
CTBOPEHHS PI3HUX 3aC00iB MEJUIHOTO NMPHU3HAUYCHHS
JUTSL JTIKYBaHHS YIIKOKEHb miKipu [87-90]. AkruBHi
aMIHOTPYITM MOJIEKYJIH XiTO3aHY € MICISIMU B3a€MO-
Iii 3 pI3HUM OTOYEHHSIM y M’SIKMX PEaKIiHHUX yMO-
Bax 3aBJISKU KaTiOHHUM BiacTuBocTsIM. Came 1ie Jae
MOXJIMBICTh XiTO3aHY YTBOPIOBATH YHCIICHHI BOJ-
HEBI 3B’S13KM 3 OPraHIYHMMH 1 HEOPraHIYHHMH Peyo-
BrHaMH. KpiM Toro, HasBHICTh aMiHOTPYII JO3BOJISE
3MIHIOBATH XIMIYHY MOIUQIKAII0 MOJEKYISIPHOI
OymoBu xiTo3any [91]. XiTtuH i XiTo3aH MOXYTh Oy-
TH JIeTKO nepepoOiieHi Ha rigporeni [92], MmeMOpaHu
[93, 94],  HaHOBOJIOKHA [95, 9%, 97],
Mikpo/HaHouactunku [98], ckadonmu [99, 100]. V
JiTepaTypi € BIIOMOCTI MPO KyJIbTHBYBaHHs (iOpo-
OJ1acTiB JIFOJMHM 1 CCaBIiB HA MIJIKIa(KaxX 13 XITHHY 1
XiTO3aHy, Ha XITO3aHOBHX 1 XiTO3aH-KOJareHOBHX
ckadongax, a TakoX TIOpUAHMX  XITO3aH-
HOJIJIAKTUAHUX HAHOCTPYKTYPOBaHMX MaTpHKCax
[101, 102].

OmHUMHA 3 HaWBaXIUBIIIMX ITOKa3HUKIB XITO-
3aHOBUX IUTIBOK, 3 OIJIAQY HAa 3aCTOCYBaHHS, € iX
BOJIOTOTIOTJIMHATPHA BJIACTHBICTE Ta  BiIIMOBIIHO
3IaTHICTH IDTIBOK JO copOii eKkcyaary 3 paH, ixX Bo-
JOTO- Ta Ta30NPOHHKHICTh, a TaKOX TPAaHCIIOPTHI
BJIACTUBOCTI IIOAO JKAPChKHUX IMpemnapatiB. Busya-
JOYH BIUTHB Pi3HUX (PaKTOpPiB, TAKUX SIK KOHIIEHTpa-
i TOJTiMepy B PO3YMHi, TOBIIMHA IUTIBKH 1 CIIOCO0
11 Moaudikaiii, a TaKOXX HASBHICTH 1HIIOTO TOJiMe-
Py, Ha BOJIOTONOTIIMHAIBHI BIACTUBOCTI XiTO3aHO-
BHX IUIiBOK, OyJI0 BCTAHOBJIEHO, II0 HAWOULIBII 3HA-
YyIUMH (aKTopamu, SIKi BH3HAYAIOTh BOJIOTOIIO-
TIIMHANIBHY 3JaTHICTh IUTIBOK XiTO3aHY, € X TOBIIH-
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Ha, 00poOKa MOBEPXHEBO-aKTUBHUMH pPEUOBHHAMH,
TepMiuHa MOIUQIKAIisl, a TAKOX J0JaBaHHS 1HIIIOTO
nonimepy [103].

Pi3Hi MexaHi3Mu OynH 3allpONOHOBAHI I 00-
IPYHTYBaHHS aHTHMIKpOOHOI Iii XiTHHY, XiTO3aHY
Ta ix moximaux [104]. [lepmmit MexaHi3M — YCyHEH-
Hs OakTepid 3 MOBEPXHI OMIKOBOI paHM 3a JOIOMO-
TOK0 XITO3aHOBHX IUTIBOK SK MEXaHIYHOTro Oap’epa
MDK paHaMd Ta HaBKOJIMIIHIM CEpeJOBHUIIEM, IO
JIO3BOJISIE BUKJIIOYUTH MOXKJIHMBICTH MIKPOOHOT KOH-
TamiHauii ¥ copMyBaTH ONTHMalbHE PAaHOBE MiK-
pocepenosuie [105]. AncopOyrouu Ha/UIMIIKK €K-
Cyzary, XiTo3aHOBa MeMOpaHa MO)Ke HOpMaJli3yBaTh
paHOBE MiKpOCepeloBHINEe Ta 3MEHIIUTH MiKpoOHE
HaBaHTaxeHHA [105, 106]. Ha gymxy nesxux aBTO-
piB, HU3PKOMOJICKYJIAPHI MOJIIMEPH XiTO3aHy MarOTh
XEMOTAKCHYHI BJIACTUBOCTI IO JICWKOIUTIB i MaKpo-
(aris [107]. BoHM MOXYTh CTHMYIIIOBATH iX Mirpa-
[0 70 Micus paHd W yTBOPIOBATH TaKMM YHHOM
ONTHMAJIbHI YMOBH ISl ounIneHHs paH. Kpim Toro,
XiTO3aH MOXKE CTHMYJIIOBATH BIATBOPEHHS KIITHH
Oe3nocepeIHO y TKAaHMHAX 13 TOAANBIION TPaHC-
¢dopmariiero ix y makpodaru [104].

JocmmKkyroan MeXaHi3MH aHTHOaKTepialbHOL
BJIACTHBOCTI XiTO3aHy, BCTAHOBIICHO, III0 XiTO3aH SIK
MOJIKATIOH YTBOPIOE EIEKTPOCTATHYHI 3B SI3KH 3
AHIOHHIMH MOJIEKyJIaMH Ha TIOBEPXHI KIITHHH 1 TUM
caMHM BIDIMBAa€ Ha X NPOHHWKHY 3aaTHICTH [108,
109]. Kpim Toro, XiTO3aH 3B’S3YETHCS 3 HETATHBHO
sapsupkeHumu rpynamu JJHK Ta iHrioye cunres
PHK [110]. Xiro3aH Takox [i€ SIK XeJNaTyr4Hi
areHT, L0 CEJICKTHBHO 3BI3YETHCS 3 METalaMH 1,
OTXK€, NIPUTHIuy€e BUPOOJICHHS TOKCHHIB 1 PICT MiK-
po6iB [111, 112]. AutuOakTepiasbHa aKTHBHICTBH
XiTO3aHy 3aJieKHTh TakoX Bix Horo ¢isuko-
xiMivaux ~ BmactuBocteli (MW,  rimpodinb-
Hi/TiTpodoOHI BIACTUBOCTI, BOAOPO3YHHHICTD, TyC-
THHA TO3UTHBHOTO 3apsany, DD, pH, a Takox xoM0i-
Halii 3 iHITUMH aHTUMIKPOOHUMH areHTamMu). binpm
JIealleTHIIbOBAHUH XiTO3aH Ma€ BHPAXKCEHIITY IPOTH-
MIKpOOHY 3JaTHICTB, HiXK XiTO3aH 13 BUCOKOIO YacT-
KOI0 alleTHJIbOBAaHUX aMiHOTIPYII, Yepe3 IiIBUILEHY
PO3UMHHICTB Ta BUCOKY I'yCTHHY 3apsany [113, 114].

Y cepii eKClepUMEHTaJIbHUX JOCIIIKCHD
B.B.KopHieHnko Ta crmiBaBTOpiB Oynia mokasaHa 3a-
JIOKHICTh perapaTHBHOI pereHeparii omikoBol paHu
IIKIpU BIX BIKYy TBapHWH: 3 BIKOM BiZOyBa€eThCS IO-
PYIICHHS KIITHHHOTO CITiBBiTHOIICHHS B IUISHII
OITIKOBOI paHM Ha MOYAaTKOBUX CTAJisAX perecHeparii,
IO TPHU3BOAWTH OO YNOBIIbHEHHA (opMyBaHHSA
TKaHUH Ta emiTenizanii panu [115, 116]. Buspnennit
CTHMYITIOBAJIbHAN €(EeKT XiTO3aHy Ha KIIITHHH, SKi
3a0e3MevyroTh OYMIICHHS pPaHu BiJ AETPUTY, W Ha
KITHHU (iOpOOIaCTUYHOTO PsAy, IO NPHBOAWUTH
JI0 MIBUAKOTO (hOPMYBaHHS IOBHOIIHHOI CIIOJTy9HOL
TKaHWHA Ha Micili TpaBMH. J[0BeIeHO, 110 BUKOPHC-
TaHHS XiTO3aHOBUX IUTIBOK OOYMOBIIIOE CHHXPOHI-
3aIil0 TPOIECiB YTBOPEHHS Ta 03pPiBaHHS I'paHyIs-
[iITHOT TKaHWHH 3 MOJAIBIIO CIITENi3alliel0 PaHu
[117-119]. Byno BCTaHOBIEHO, LIO BHKOPHUCTAHHS
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XiTO3aHy CIpHsE TMOBHOI[IHHOMY BiJHOBIEHHIO Oy-
JIOBH IKipu 0e3 GopMyBaHHs pyOIeBOT TKaHUHH,
BH3HAYCHI BigMiHHOCTI MOP(HODYHKITIOHATHEHOTO
CTaHy IIKIpH Y TBApWH Pi3HUX BIKOBUX TPYII IiJ] 9ac
3aCTOCYBaHHS XiTO3aHOBOTO NOKPHTTS, IO IOJIsTa-
OTh Y 3MEHIICHHI YYTJIMBOCTI €PEKTOPHUX KIITHH
J0 Il XiTo3aHy 3i 301IBLICHHSIM BiKy TBapHH Ta, SIK
HaCJIJIOK, — B YIOBUIbHEHHI NPOLECIB pereHeparii
[120, 121]. 3aramom, Iii AOCTIMKEHHS BHU3HAYMIH
KOMIUIEKC BIKOBHX OcoOnuBocTedl MopdodyHKIIio-
HaJILHOTO CTaHy IIKIpH TBAapHH MICIIsi OMIKOBOI Tpa-
BMH, 110 MOKe OyTH BUKOpPHUCTaHE SIK MOpdoJoriyHe
MATPYHTS i Yac IOCIHiIKEHHS IPOIIECIB pereHe-
pamii pan y Xipyprii, komOycTiosorii, MeIUIMHI
HEBIAK/IAIHUX CTaHIB 1 BIHCHKOBII MeIUIINHI.

OTxe, MOIUTLHAM € BUKOPHUCTAHHS I MicIie-
BOT'O JIIKyBaHHS 3ac00iB, SKi BOJIOJIFOTh KOMILICKC-
HUM BIUIMBOM Ha MpOLECH 3aroeHHs paH. Ilepesarn
IIPY [LOMY MAIOTh MpenapaTH, 0 BOJOAIIOThH Pery-
JIOIOYHMM BIUIMBOM Ha KJIITHHHI MEXaHI3MH PaHOBO-
ro IMpOIECY, CTBOPIOIOYH ONTHUMaJbHE CEpEeJOBHIIE
JUIs. HEYCKJIaJHEHOTO Nepediry mpolecy paHOBOTO
3aro€HHsl, 3armo0irarouu MiKpoOHiH KOHTaMiHAIl] Ta
PO3BUTKY iH(]EKIIi1 B paHi.

He 3Bakaroun Ha BENHMKY KiJIBKICTh MPHUHITHITIB
Ta KPHUTEPIiB, 0 OyIHM OCHOBOIO YSBICHb MO CTa-
IiifHICTE TIpOIleCy 3arO€HHS, HE3MIHHUMH 3ajIHIla-
JFICA AaTOTEHETHYHI 3MiHU B PaHi Ha TKAHHHHOMY 1
KIITHHHOMY PiBHAX. X04a 3 BIKOM IIPOIIEC 3aTOEHHS
BiZI0OYBa€THCsI OLIBLI TTOBUIBHO, SKICHO BiH IPaKTHY-
HO BiJJOYBA€THCS TaK, K i B MOJIOJJOMY BiIli, TIOCITi-
JIOBHO MHHarOuM (pasu 3amajeHHs, pereHepartiii pe-
MOJICTIOBaHHsI B 30HI MOPYLICHOI TKAHWHHOI CTPYK-
Typu. Psin 3MiH y mpoleci 3aroeHHsi € pe3ynbTaToM
BIKOBHX 3MiH OpraHiaMy. PiBeHb BiAIOBini 3amajb-
HOi peakii, KIITHHHA Mirpamisi, mpoiideparis Ta
J03piBaHHs CIOBUTBHIOIOTECA. EmiTermizarist i KOHT-
paxiis BiIKPUTHUX paH TaKOXX MOXYTh OYTH YIIOBi-
ThHEHUMH. TakuM YWHOM, Y JITHBOMY BiIli YacTilre
CIIOCTEPIraloThcs MOPYIIEHHS TPOIECy PaHOBOTO
3aro€HHs, 0 00YMOBIICHO OITBIIIOI0 YYTIMBICTIO 1O
30BHILIIHIX CTPECOBHMX BIUIMBIB 1 OLUIbLI BHUCOKOIO
YaCTOTOI CYIYTHIX 3aXBOpIOBaHb. ATpodisi ekcT-
PAIICTIOIIPHOr0 MAaTPUKCY BHACIIIOK BIKOBHUX 3MiH
CYIIPOBOIKYETHCS 3POCTAHHAM OLTKOBOI Jerpamariii
Ta BiIOOpakaeThCsl 3MEHIICHHSIM KUTbKOCTI (hiOpoo-
JacTiB i, SK HACHiZOK, NPUTHIYCHHSAM O1TKOBOTO
CHHTE3Y, 30KpeMa CHHTE3y KOJIareHy Ta €JIacTHHY.
31e01BIIOro MOPYIICHHS 3aTOEHHS paH MOXe OyTH
00yMOBJIEHE 3HIKCHHSAM CHCTEMHOI Ta JOKaJIbHOT
mepdy3ii opraHiB i TKaHUH, OCOONIUBOCTSIMH IMYHHOT
CUCTEMH, 3HIKCHHSAM 3aTHOCTI OOpOTHOH 3 iH(eK-
1i€10 1 ypas3muBICTIO cTapedoi mkipu [122].

3HauHy YyBary JJOCHTI/DKEHHIO BIKOBHX 3MiH
OIKipH Ta iX BIUIMBY Ha pPE3yNbTaTH XipypriuHUX
BTpy4aHb OyJl0 IPUAIICHO B IUKII pobiT Makapuy-
ka O.I. 3 xoneramu [122-124]. V kniHIYHEX JOCITi-
JDKEHHSX OyJ0 MpOBEAEHO KiIbKicHY Mopdosoriu-
HY OLIHKY TKaHWHHHX, KJITHHHUX Ta YJIbTPacTpyK-
TYpPHUX BIKOBHX NepeOyZoB IIKIpH i3 3acTOCyBaH-
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HSIM IIHPOKOTO KOMIUIEKCY CydacHUX MOpdooriv-
HUX METO/IiB, BKJTIOYAI0YH TPUBUMIPHE
KOMIT ToTepHe MojenoBanHs [125]. Byno mokasano,
IO CTPYKTYPHI OCHOBH I1HBOJIIOTHBHHX 3MiH IIKipH
MOJATAIOTh B YHIKOKECHHI CHCTEMH MIKPOIHPKYJIS-
Iii, SIKe BKIIOYAE TOPYIICHHS CTPYKTYpH BHYTPIlI-
HbOCOCOYKOBHUX KaNJSIPHUX TETeIb 33 PaxyHOK
JIOKIBHUX PO3IIMPEHb T'€MOKANUISIPIB y BHYTPIlI-
HbOCOCOYKOBOMY IIPOCTOPi Ta 3BY)KEHHS IMOYAaTKO-
BUX 1 KIHIICBHX CETMECHTIB IETElb, E30PTaHi3alliio
apTepioIAPHUX KOMIOHEHTIB MIKPOLMPKYJISTOPHO-
ro pyclia y CKJIaJi COCOYKOBOTO 1 CITYACTOTO IIapiB
JEpMH, a TaKOX YIIKOMKCHHS APCHAKHOI JIAHKA
MIKPOIUPKYIALIi 32 paXyHOK 3MiH (iOpmiIsipHOTO
KapKacy MiKpOOTOYEHHS B 30Hi IiJICOCOYKOBUX Be-
HO3HUX CIUICTCHb.

ABTOpamMH 3aIIPONIOHOBAHO Ta OOIPYHTOBAHO
JIarHOCTUYHUIN alNTOPUTM KiNBKICHOTO BH3HAYCHHS
IHBOJIIOTUBHOT'O CTaTyCy WIKIpH, SIKUH KIIBbKICHO
OLIIHIOBABCS SIK IHTETrpajbHA XapaKTEPHCTHKA, PO3-
paxoBaHa Ha OCHOBI MOpP(OMETPUYHUX KPHUTEPIiB
CTaHy KEPAaTHHOIIUTIB, €JIEMCHTIB MIKPOIUPKYJIATO-
pHOTO pycia JaepMu, AepMaibHUX (iOpobIacTiB,
BOJIOKOHHOTO CKJiaay aepmu. [126-128].

Takox Oyio ToBeneHO, MO y MAIli€HTIB 3 CYIIy-
THBOIO TATOJIOTIEI0 € XapaKTepHHM ICTOTHE MOpY-
IMIEHHA CTPYKTYPH MIKPOLIMPKYISTOPHOTO pycia
MIKIpW Ta iHMHAX ii KOMIIOHEHTIB, 1[0 HAJAa€ IIiCTa-
BU /I BHJUICHHS TaHOTO KOHTHHIEHTY XBOPHX SIK
Ipyny BHCOKOTO IHTpaomepauiifiHoro Ta micisiomne-
pauiiinoro pusuky [129-131]. Ha rpyHti aHami3y
JIAHUX KUIBKICHOTO MOP(]OJIOriYHOTO AOCIiIKESHHS,
pe3yabTaTiB JUHAMIIHOTO KJTIHIKO-
IHCTPYMEHTAJIBHOTO OOCTEKEHHS, BUBYCHHS SKOCTI
JKUTTSI OyJIM BU3HAYCHI YiTKI MOKa3aHHS JUIsl MPOBeE-
JICHHSA Pi3HUX BapiaHTIB ONEPATUBHUX BTpydYaHb, B
TOMY YHCII 3 IHTpAOIepalifHIM 3aCTOCYBaHHSIM
IUTa3MO3aMIiHHAKAa 3 (YHKIIEI0 IEPEHOCY KHCHIO
nepdTopaHy Ui TIONEPEIKEHHS YCKJIAJHEHb Y
HAOMIKIOMY Ta BiATAICHOMY MICIIOTEPAiitHOMY
nepioxi [132-134].

Otxe, BU3HAYCHHS YMOB YCIIIIHOT pereHeparii
TKaHUH € MOXJIMBUM 3aBJSIKM JETAJbHIIIOMY BH-
BUYEHHIO TiCTOTeHe3y, OCKUIBKH ONTHMI3allis MOCTT-
paBMaTH4HOI pereHepailii NOBUHHA MPOBOJMUTHCS 3
ypaxyBaHHIM OCOOJIMBOCTEH pereHepariii KOHKpeET-
HOI TKaHWHHW, B TOMY YHUCIi ¥ 11 BIKOBUX acCIICKTiB.
Came BHBYEHHS IIMX NPOLECIB 3aBASKH PO3MINPEH-
HIO MOXJIMBOCTEH JOCTI/DKEHb Ha PI3HUX CTPYKTYp-

HUX PIBHSAX — BiJI OPTaHHOTO 10 MOJICKYJSIPHOTO —
JTIO3BOJISIE HA CHOTOJIHI 3pO3YMITH TIepedir paHOBOTO
MpOIIeCy Ta TPOIECY perapaTHuBHOI pereHeparlii B
LUTOMY IS OTITHMI3allii BiTHOBJICHHS 3arO€HHS Pi3-
HOMAHITHUX YIIKO/DKEHb INKIpH Ta 3amoOiraHHs
BUHUKHEHHIO YCKJIaIHEHb, NPUYOMY TIOB'S3aHI 3
BIKOM OCOOJIMBOCTI MalOTh CYTTEBE 3HAUCHHS JUIS
O3Ha4YEHHX ITPOIIECIB.

Hincymox

LlinkoM 3po3yMisio, O B HAaA3BHYAWHO CKIIAJ-
HUX YMOBax camol cuTyauii BUOyXy rOJIOBHa yBara
IiJT 4ac MOPATYHKY HMOCTPAXAAINX BilICEKOBOCITYXK-
00BIIiB 200 IMBUTFHUX 0Ci0 CKepoBaHa Ha 3abe3rme-
YEeHHs iX BIDKMBAHHS Ta 30€pe)XEHHS KUTTEBO BaXK-
nuBHX (QYHKLIA opradizMy. [Ipm mpomy mepeBakHa
OUTBIIICTh YITKOJKCHD MIKIPH IMiIATA€ BiATEPMIiHO-
BaHI{ yBa3i MEAWYHHX MPAIiBHUKIB. Y THX BHIIAJ-
Kax, KOJM 3aralbHUH IOKPHUB HE 3a3Hae€ Oe3mocepe-
JIHIX OMIKOBUX 200 IHIINX PaHOBUX YIIKOIKEHB, IO
3arpoOXKYIOTh KUTTIO, CTPYKTYPHO-(YHKIIOHaJbHI
NOPYLICHHS] PI3HUX KOMIIOHEHTIB IIKIpHU B3araii
MOJKYTh 3aJMIIATUCS 0€3 aJeKBATHOT KOPEKIl Mpo-
TATOM TPHUBAJIOIO dYacy. 3a IMX OOCTaBUH CIiJ
mmam’ATaTH, IO IIKipa € HaWOUIBIINM OpraHoM Op-
TaHi3My Ta BHKOHYE€ HHM3KY BAXIJIHBHX CHCTEMHHX
(YHKIIHA, IMOIIKOPKEHHS SIKMX KPUTUYHO BIUIMBAE
Ha cTaH mocrtpaxnanoro micast MBT, Bkmowatoun
TpUBaJHid peadiliTamiiHu mepio.

Ha croromni BimoMOCTi Ipo XapakTep CTPYKTY-
PpHO-(QDYHKLIOHAIBHUX 3MiH IIKIPH Y MOCTPaXKAAINX
BHacHinok MBT 3anumiatorbes BKkpaii 00MeKEHUMH,
IO HE JIO3BOJISIE BXKUTH aJIEKBATHUX 3aXOJIB IX KO-
pekuii. Bu3HaueHHs NPOBIAHMX TKAHWHHUX 1 KIIi-
THHHUX NEpeOyNOB CTPYKTYPH IIKIpHU B 3aJI€KHOCTI
BiJI XapakTepy MiHHO-BHOYXOBOT'O YpakK€HHs, HOTO
IHTEHCUBHOCTI, BIKOBOTO (paKTOpa Ta CTaTi ImocTpa-
KJIAJIOTO, CYIYTHIX PO3JIaJliB BUCTYIIA€E SIK HaraifHa
motrpeba CHOTONICHHS 1 aKTyallbHa MEAWYHa TpooIe-
Ma.

[epcnexkTHBY MOJANBLIIMX PO3POOOK

BusnaueHHsT MOP(OIIOTIYHAX 3MiH 3arajibHOTO
nokpuBy npu MBT 103BosuTs OOTPYHTYBaTH Bax-
JMBI JIIKYBaJIbHO-peaOUTiTALliHI 3aX0AM NPHU JIIKY-
BaHHI MOCTPaXJaJIHX.

Indopmanis npo kKoHQJIIKT iHTepeciB

[MoTteHuiitnnx abo sBHUX KOHQJIIKTIB iHTEpECIB,
10 TIOB’sI3aHi 3 MM PYKOITUCOM, Ha MOMEHT ITyOi-
Kallii He iCHy€ Ta He mepeq0a4aeThCs.
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IHactyxoBa B.A., Kyuepenko O.B. XapakTep TpaBMATHYHOI0 YIIKOJKeHHs LIKipH, eTanu ii perexHe-
pauii Ta oco6aMBOCTI NpH MiHHO-BHOYXOBIii TpaBMi.

PE®EPAT. MinHo-BHOYyXOBa TpaBMa BUKJIMKAE KOMOIHOBAaHE YIIKO/KEHHS 0araTh0X CTPYKTYP OpraHi3mMy
1 9aCTO CYNPOBOKYETHCS TPSIMUM YIITKOIDKCHHAM LITICHOCTI mKipH. [Ipy TpaBMyBaHHI M'SIKUX TKaHUH 3aKpH-
TOTO XapaKTepy BHHUKAE 3201l IIKIpH B MOE€JHAHHI 3 YPAKCHHAM 0araTboX BHYTPIIIHIX OpraHiB. Y HaJ3BHYAi-
Hill cuTyarii BUOyXy TOJOBHA yBara IijJ 9ac MOPATYHKY MOCTPaXKAAINX BiHICHKOBOCITYKOOBIIB a00 IUBITBHUX
ocib ckepoBaHa Ha 3a0e3MeUeHHs iX BIOKMBAaHHS Ta MiATPUMAHHS KATTEBO BAXIUBUX (QYHKIIH opraHizmy. [Ipu
IFOMY TIepeBa’KHA OUTBIIICTh YIIKOKCHb MIKIPH ITiUIATA€ BiITEpPMiHOBaHIN yBa3i MEIWYHUX NPAIiBHHUKIB. Y
THX BHIQ/IKaX, KOJH 3aralbHUA MOKPHUB HE 3a3Ha€ OE3MOCepeaHiX OIMIKOBHX abo0 IHIINX PAaHOBUX YIIKOIKEHb,
110 3arPOXKYIOTh KHUTTIO, CTPYKTYPHO-(PYHKIIOHAIbHI MOPYIIEHHS Pi3HMX KOMIIOHEHTIB IIKIPH B3araji MOXYTb
3aUIaTHCS 03 aJleKBaTHOI KOPEKIIii MPOTSIroM TPUBAIOT0 Yacy. 3a MuX 0OCTaBHH CIIiJ| ITaM’sITaTH, 110 MIKIpa €
HaWOUIHIIMM OPraHOM OpPraHi3My Ta BUKOHYE HHM3KY BaXKJIMBHUX CUCTEMHHX (DYHKIIH, MOMIKOKESHHS SIKUX KPH-
THUYHO BIUIMBAE HA CTaH IMOCTPAXJAJIOTO MICJsi MiHHO-BHOYXOBOT TpaBMH, BKIIIOYAIOUN TPUBANIWI pealimiTarii-
HUi niepion. Ha cboro/Hi BiloMOCTI PO XapakTep CTPYKTYPHO-(QYHKIIOHAIBHUX 3MIH IIKIPH Y NOCTPaXKAanuX
BHACJIIZIOK MiHHO-BUOYXOBOI TpaBMH 3QJIMIIAIOTHCS BKpail OOMEKCHHMH, 110 HE MO3BOJISE BXXUTH aJICKBATHHUX
3ax0[iB iX KOopeKiii. BuzHaueHHs IpOBITHUX TKAHUHHUX 1 KIITHHHUX I1epe0yI0B CTPYKTYPH IIKIPH B 3aJE€KHO-
CTi BiJl XapaKTepy MiHHO-BHOYXOBOTO ypaskeHHs, HOr0 IHTEHCHBHOCTI, BIKOBOTO (paKTOpa Ta CTaTi MOCTpa)aa-
JIOTO0, CYIYTHIX PO3JIajiB BUCTYTIA€ K HaraifHa moTpeda ChOTOJICHHS 1 aKTyallbHa MEMYHa IIpodiemMa.

Kuarouosi ciioBa: MiHHO-BHOYXOBa TpaBMa, IIKipa, OMIK, paHa, 3a0iif, MopdoIIoris, pereHepariis.
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Zavadska M.B. Changes in the structure of lymphatic nodes under the effect of monosodium glutamat and
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ABSTRACT. Background. The use of food additives in the food industry is widespread, but their effect on the organs of the
lymphoid system has not been studied enough. The purpose of the study was to study the changes in the structure of the
parenchyma of the lymph nodes of rats under the conditions of the action of monosodium glutamate and correction with
melatonin. Methods. The study was conducted on 42 white male and female rats of reproductive age. Experimental animals
were on a high-calorie diet for six weeks (first group), followed by two weeks of melatonin correction (second group). A
high-calorie diet was achieved by adding monosodium glutamate to the diet of animals at a dose of 0.07 g/kg of rat body
weight. The dose of melatonin was 10 mg/kg of rat body weight. Results. It was investigated that after six weeks of exposure
to monosodium glutamate, destructive and degenerative changes occur, in particular, in the parenchyma of the nodes, there
are many lymphocytes at various stages of apoptosis, many macrophages, the cytoplasm of which contains numerous
phagosomes, primary and secondary lysosomes, fragments of damaged lymphocytes, and other osmiophilic inclusions. It was
found that after six weeks of exposure to monosodium glutamate followed by two weeks of melatonin, the relative area of the
cortical substance of the node, lymphoid nodules, and mantle zone increases, but remains significantly smaller than that of
the intact group of animals. The number of secondary lymphoid follicles decreases, the intercellular space is expanded, there
are signs of perivascular edema, a large number of osmiophilic inclusions. Conclusion. After six weeks of exposure to
monosodium glutamate followed by two weeks of melatonin, structural changes in mesenteric lymph nodes were less
pronounced than in the group of animals that received monosodium glutamate for six weeks.
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Beryn € TJIyTamMaT HaTpiro, 10 HAJICKHUTh JI0 TPYNH MiJICH-
BukopucranHst XapyoBuUX 100aBOK B XapyoBid moBauiB cmaky [2]. e oguuM edextom naHOI 10-
MPOMUCIIOBOCTI B TENEPIMIHIN Yac € MIMPOKO PO3IIO0- 0aBKM € MacKyBaHHS CMaKy, IOKpAIIeHHS OpraHo-
BCIOJDKCHUM Ta 3arajbpHoBimoMuM [1]. OxHiero 3 HUX JICNTUYHHUX BJIACTUBOCTEH Xap4oBHX MPOAYKTiB [3].
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AKTyaJqbHUM 3aBIaHHAM IJi1 MOP(OJIOTIB € BH-
BUCHHSI MOXJIMBOCTEH HOTO BIUJIMBY Ha OpraHU Ta
TKaHUHHU.

Jlimpatnuni By3/nH Halekarb A0 BTOPUHHHUX
mimopoinaux (iMmyHHHX) opraui [4]. TomoBHOMO iX
(yHKIi€I0 € 3a0e3TeUeHHs aHTUTCH3AJIekKHOI TIPO-
midepanii ta audepenuianii T- ta B-mimdonuris.
CranoBnsath npubnm3Ho 1 % macu Tina JIOIUHH 1 €
«OlonorivHUMH  (UIBTpaMW», B SIKMX OCIAIOTH 4Yy-
xopiaHi anturenu [5]. Bix dyHKIiOHATBHOTO CTaHy
JIAaHUX OPTaHiB MPSIMO 3AJIC)KUTh 3aXHUCHA CHPOMOXK-
HICTb OpraHi3My B LJIOMY.

He MeHII akTyalbHUM 3aBIAaHHSM € BUBYCHHS
MOJKJIMBOCTEH KOPEKIil BUKINKaHUX 3MiH. Memaro-
HiH € GioreHHMM amiHOM, TopMoHOM emidizy [6].
Bin Oepe ygactp B MeTa0OMi3Mi JKHPOBOI TKAHUHH
IUITXOM B3a€MOJIi 3 JIENTHHOM («TOPMOHOM TOJIO-
nIy»). OcTaHHIA CHHTE3ye€ThCS B aIWIIONNTaX, Oepe
Oe3rocepeHI0 y4acTb B PeryJisinii eHepreTH4Horo
00MiHYy Oprasi3my, a TaKOX MacH Tijia. MenaToHiH
CTpHs€e 3MEHILICHHIO CIOXHMBaHHA T1XKi, 30LIblIye
BUTpPATH €HEprii, 3amodirae HaaMIpHOMY HaO0py
Macu Tinma [7]. Jyke BaKIUBUM € Te, IO IMYHHI
OpraHy Ta IMyHOKOMITETEHTHI KJIITHHU MICTATh CIIe-
mUQIYHI PelenTopr MEJIaTOHIHY, a I 03Hadae, 1o
foro mist Ha OCTaHHI € mpAMoro [8].

MeTta nociniKeHHS: BUBYNTH 3MiHH CTPYKTYPH
nmapeHXiMu JTiM(GaTHIHIX BY3JiB OTypiB 32 YMOBH il
TIIyTaMaTy HAaTPiio Ta KOPEKIIil MeTaTOHIHOM.

Marepiaau Ta MmeToan

JocnixkeHHs npoBelneHo Ha 42 OiMX IIypax-
caMIisiX 1 caMKax pemnpoaykTuBHoro Biky (3,0-5,0-
MicsiyHHX) Macoro 125-230 r.

BynoBy CTpYKTYpHHUX KOMIIOHEHTIB OpHIKOBUX
TiM(aTUYHUX BY3JIiB OUIMX ILIypiB-CaMI(B 1 CaMOK
32 YMOB HOpPMH JOCHiKyBaimu Ha 10 iHTakTHHX
TBapuHaX. EkcnepyMeHTaNnbHUX TBapHH MOMIJICHO
Ha 2 rpymu: mepma rpymna (10 ocobun) — TBapuHH,
SKi YIPOIIOBXK IIECTH TH)KHIB MepeOyBain Ha BHCO-
kokanopiitHiii mieri (BK/); mpyra (10 ocobun) —
TBapHHY, sIKi nepedysanu Ha BK]] BuponoBx mectn
THKHIB, MICJIsI YOTO J[BA TYDKHI KOPEKIlii MeIaToHi-
HOM Ta CTaHJAPTHUH XapyoBUil palioH BiBapilo.
KoxHa rpyma BKiIrOUYasia 5 HIypiB-caMIliB Ta 5 Iy-
piB-camok. BKJl mocsirasiv HuisixoMm J0AaBaHHS B
XapuoBHil pallioOH TBAPHH IJIyTaMary HaTpiio B J03i
0,07 r/kr Macu Tina mrypa. Horo BBOJWIIM 3a JIOIO-
MOTOI0 TINEeTKH oauH pa3 Ha 100y (10 roauHa pan-
KY) 3 MOJANBIINM BUTBHUM JOCTYIIOM JIO 1K1 TPOTSI-
roM nobu. Jo3a MenaToHIHy 3 METOIO KOPEKIIil 3MiH
craHoBmwia 10 Mr/kr Macu Tina miypa, sIKy BBOJMIIH
MIOAHS TIEpOpaNbHO B APYTiil monoBwuHi qHs (17 To-
nmuHa). KonTposns Brutoyas 12 6inux mrypis, sKi me-
peOyBami Ha CTaHAAPTHOMY XapdoBOMY paIlioHi
BiBapiro BIPOJOBXK IIECTH Ta BOCHBMH THIKHIB.

YciX miagocHiIHUX TBapuH YTPUMYBaiH B
yMoBax BiBapito JIbBIBCBKOTO  HAI[iOHAJIFHOTO
MEINYHOTO yHiBepcuTeTy imMeHi [lanmna Ianuipko-
ro. [lepex 3a6opomM Marepiary TBapHH 3HEUYITIOBAIN
edpipauM Hapko3oMm. bpwxosi miMmdaTuyHi By3nn
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oMitmanyu y Gikcyrouy piiuHy, 3aIUaid IpH TeM-
neparypi 19-20° npotsirom 12-24 roaun. Burortos-
JICHHS TICTOJIOTIYHUX TIperapaTiB BigOyBajIoch 3a
3araJbHONIPUHHATOIO METOIUKOIO.

MopdoMeTprudHi AOCHIIKEHHS TPOBOIWINA Yy
BH3HAYCHI TEPMIiHU JOCIHIAY Ha TiCTOJOTIYHUX IIpe-
naparax, 3a0apBJIeHHX IeMaTOKCHIIIHOM 1 €03HMHOM
Ta a3aHOM 3a JomoMoror mporpam BumeoTect-5.0,
KAAPA Image Base, Stepanizer ta Microsoft Excel
Ha TepCcOHANBHOMY KoMl toTepi. [ist BCiX MmokasHu-
KiB BHPaxoOBYBaJM 3HaYCHH:S cepelHbol apupMeTu-
yroi (M) i moxubku cepeanboi apudpmMeTHaHoi (M).
JoCTOBipHICTE Pi3HUII 3HAYEHb MK HE3AICKHUMHU
KITbKICHUMH BEIMYMHAMH BHU3HAYaId IIPH HOpMa-
JTBHOMY po3moaiti 3a t-kpurtepiem CreiogenTa. Jloc-
TOBIpHIUMH BBaXXaroThCs BiaMiaHOCTI Tipu P<0,05.

Jns  e’IeKTpOHHO-MIKPOCKOIIYHOTO  JIOCIi-
JOKeHHS (piKcallifo IMaTOYKIB OprKOBUX JIiM(paTH-
YHUX BY31iB npoBoawid 1,5 % po34rMHOM YOTHPHO-
keuny ocmis B 0,2 M po3dmHi Kakoguiaty HaTpito
npu pH 7,2 nporsirom 2-2,5 roaun Ha xonoxi. Jns
JeriapaTailii Ta miArOTOBKH J0 MPOCSIKHEHHS BOJIO-
HEPO3YMHHHMH CMOJIAMH, BIIMUTI BiJl 3aJIHIIKIB
¢ikcaTopiB TKaHWHHI OJIOKM TIPOBOAWMIHM dYepe3
CHHPTH BHUCXITHOI KOHIEHTpAIil Ta aOCOMFOTHHI
areToH. 3pi3d BUTOTOBJLSUTH HA YIBTPAMIKPOTOMI
LKB 2188 Ultrotome NOVA (IlIsewist) 3 a0momo-
roto ammasHoro Hoxka (DIATOM) ta mpoBoammu
moIBilfHe KOHTpacTyBaHHsA 3a PelfHoIbICOM Ta ypa-
HinaueratoM. JlocnipkyBaiu 3pi3u OpHKOBUX JIIM-
(aTu4HUX BY3JIB 32 JOINOMOTOI E€JIEKTPOHHOI'O
TpaHcMiciitHoro mikpockona Tesla BS-500 (Uexis).
@DoTOIOKYMEHTYBAIM JOCIIIXKYBaHUH Marepiaji 3a
noromororo nupposoi kamepu SONY H9.

JlocmiKeHHsT TPOBOMWIM 3TiJHO IOJIOKEHb
€BpomneichKOl KOHBEHIIIT MO0 3aXHCTy XpeOeTHHX
TBapyH, SIKUX BUKOPHUCTOBYIOTh B EKCIIEPUMEHTAIIb-
HUX Ta iHMHUX HaykoBuX Iisx (CtpacOypr, 1986),
HupextuBam Pamu €pomm 86/609/EEC (1986),
3akony Ykpainu Ne3447—IV «IIpo 3axuct TBapwH
BiJl )KOPCTOKOTO ITOBOJPKEHHS», 3arajlbHUX €THYHUX
NPUHLMUITB €KCIIEPUMEHTIB Ha TBApUHAX, YXBAJCHUX
[epmmm  HalioHaJbHUM KOHIpecoM YKpaiHu 3
6ioetuxu (2001).

Pe3ysabTaTH Ta iX 00roBOpeHHs

OTtpuMaHi pe3ysbTaTH IOCITIHKCHHS y TBapUH
IHTAKTHOI Ta KOHTPOJILHOI TPYNH CBiX4aTh MO TE,
mo OymoBa OpIDKOBHX JTIM(ATHIHUX BY3JIB BiAIO-
Biflae BUIOBii HOopMi. 30BHI JiM(AaTHIHI BY3TIH OTO-
YeHi CIOJTYYHOTKAaHWHHOIO KallCyJIolo, BiJl SKOI BCe-
penvHy TapeHXIMH By3Ja BiIXOISTH YMCICHHI Kip-
KOBI Ta MO3KOBI Tepekiaaku (Tpadexymnu). ¥ tpabe-
KyJnax TPOXOIATh CyIuHH i HepBH. Ha BBIirmytiit
YacTWHI By3Ja po3ramoBaHi BopoTa. Ilapenxima
CKJIQJIAEThCSl 3 KIPKOBOI PEYOBHMHHM BY3Ja, MIO
po3TamoBaHa OnvpKde 0 Karcyindw 1 3aiiMae Horo
nepudepiiHy YacTHHY, Ta 3 MO3KOBOI PEYOBHHH,
sIKa 3HAXOJUTHCS OJIMXKYe IO BOPIT i 3aiiMae OimbIr
LEHTpalbHy YacTuHy By3ia (Puc. 1).
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Puc. 1. BpuxoBuii nimcaTnyHUiA By30n iHTakTHOro 6inoro wypa-camus. 1 — kancyna, 2 — tpabekyna, 3 — kipkoBa pevoBu-
Ha, 4 — MO3KOBa peyvoBuMHa, 5 — BopoTa By3na, 6 — MO3KOBUI TSK, 7 — MO3KOBa MPOMiKHA nimcbaTnyHa nasyxa, 8 — kpanosa

nasyxa. 3aGapBneHHsi azaHom. x50.

KipkoBa pedoBHMHa MICTHTH IEPBHHHI Ta BTO-
puHHI TiM(OITHI BY3THKH, IO BiAIICH] Bix Kamcy-
JM KpaloBOIO Ma3yXo, Ta KIPKOBI HMPOMDKHI JIiM-
(datruni mazyxu. JlinsHKa mepexony KipkoBoi peuo-
BUHH B MO3KOBY — MPHKIPKOBA JIJITHKA — YTBOpEHA
MepeBaXHO MaMMu cyononymsauissmu T-mimdoru-
TiB TOOTO € T-3aJeXHO0I0 30HOI0. MiCTHTh 3aKamisIs-
PHI BEHYJIH 3 BUCOKUM C€HJOTEIIIEM, JIC BiI0OYBa€THCS
Mirpanist 1iM(OIMTIB 3 KPOBI B TKAHHHY OpraHa.

JlimpoinHa TkaHWHA By3ja NpeCTaBICHA Ma-
JIIMH, CEPEIHIMU Ta BEJIUKUMH JTiM(OIMTH, a TAKOXK
Makpodaramu, IrazMonuramu. Kapkac oprana
YTBOPEHHH PETHKYJSIPHUMH KIITHHAMH Ta TKaHH-
HOI0. EJIeKTpOHHO-MIKPOCKOIIYHO BCTAHOBJIEHO, 1[0
MaJti, cepeiHi Ta BeJIMKi JTiM(OLUTH MArOTh Xapak-
TepHy 0ynoBy (Puc. 2).

UYepes 1IicTh THXKHIB Jii TIyTamMaTy HaTpilo K B
HIypiB-CaMIiB TaK i B ILI[YPiB-CAMOK 3POCTAa€ Kilib-
KICTh BTOPUHHHUX JIM(OITHUX BY3JHKIB Y KipKOBil
peUOBHHI, 1X 3apOIKOBHII LEHTP NMPOCBITIECHUH, Ti-
reprpodoBannii. HaBkoo By3IiB 3pocTae KiIbKICTh
JKMPOBOI TKaHUHH, apTepil 3 HOTOBILEHOIO CTIHKOIO,
TTOBHOKPOBHI, BEHHW Je(QOpPMOBaHi, PO3MIMpEHi Ta
NMOBHOKPOBHI. [lepexnanxu, mo BiIXoxATh BiJ Kam-
CYJIM, YiTKO BHpPaXKeHi, MMOTOBIIEHI, MO3KOBI MPOMi-
KHI JiMdaTHyHi Ma3yxu po3UIMpeHi, 3BUBHCTI. B
KarcyJi BeJMKa KiJIbKICTh BaKyoJICHOAIOHUX CTPYK-
Typ. BisHOCHa muIOla MPUKIPKOBOT IUISHKH 3MEH-
HIyeThes, KpaiioBa nasyxa aedopmyerbes. Lle cBin-
YUTH MPO 301IbIICHHS BiIHOCHOT Tutoni B-3amexHol

30HU. [lonmiOHI 3MiHM MOXYTh TMPU3BECTH N0 TIEpe-
pO3MOAITy aKTUBHOCTI B OiK T'yMOpambHOI IMYHHOL
BianoBifgi. CrocTepiraeTbcss 3MEHINCHHS MIUTLHOCTI
po3sramryBaHHsl B-1iM(pOLUTIB Y MO3KOBHX TsDKax Ta
30UIBIIEHHST KIJIBKOCTI PETHKYJIAPHOI CHOJY4YHOT
TKaHMHH Y MO3KOBUX HPOMDKHUX JTiM(aTHYHUX
naszyxax (Puc. 3).

MopdomeTpuyHIM METOJIOM BCTAHOBJICHO, 110
BIJJTHOCHA IUIONIA KipKOBOI PEYOBMHM BY3Ja 4Yepes
LIiCTh THKHIB €KCIIepUMeHTy 3MeHmryeThest (p<0,05)
Ha 11,95 % y mypiB-camuis Ta Ha 9,31 % y mypis-
CaMOK y TODPIBHSHHI 3 IOKa3HUKAMH IHTAKTHOI Ipy-
I TBapHH. BigHOCHa TuIONIa MO3KOBOI PEYOBHHHU
30uIbImyeThest Ha 18,76 % ta 14,7 % BimnoBigHO
(p<0,001). KipkoBo-mMo3K0BHii iHAEKC Ha 26,11 % Ta
20,89 % noctoBipuo Menimre (p<0,001) mokasHuka
iHTaKTHOI Tpynu TBapuH. BinHocHa ruromia jiM¢oi-
JHUX BY3JIMKIB 3MeHIIyeThcs Ha 16,5 % y mrypis-
camuiB Ta Ha 13,05 % y mypiB-caMok, BiIHOCHa
IUIOIa  3apOJKOBOIO  LEHTPY  3MEHIIYEThCA
(p<0,001) ma 26,88 % Ta 29,45 %, minamoBa 30Ha
3MmeHmyerscst (p<0,001) wa 25,96 % Ta 22,35 %.
BigHocHa 1uroma kpaiioBoi miM¢aTndHOI Mazyxw,
KipKOBUX HNPOMDKHUX JIIM(pAaTHUHUX MAa3yX, MPUKIp-
KOBOI TUISHKH JAOCTOBIPHO HE 3MIHIOETHCS. BimHOC-
Ha IUIOIIA MO3KOBHMX MPOMDKHHUX JIM(paTHIHHX Ia-
3yx 30utbmiyerses (p<0,05) y umypiB-cammiB Ha
11,95 % rta y miypis-camok Ha 8,15 %, BijmHOCHA
ILIOIA MO3KOBHX TsDKIB 301nbinyeThes (p<0,001) Ha
24,91 % raHa 21,77 % (Tabmx. 1, 2).
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Puc. 2. YnbTpacTpyKkTypHa opraHisaLisi NpuKipkoBoi AinsiHku 6pukoBoro nimdgaTtnyHoro Bysna 6inoro wypa-camusi iHTakT-
HOI rpynu. 1 — agpo eHAoTeniouMTa B CTiHUi BeHynu, 2 — umMTonnasma, 3 — nioMeHarnbHa noBepxHsi uutonnasmaTtuyHoi membpa-
HW YTBOPIOE MOOAMHOKI MIKDOBOPCUHKM, SIK CMPSIMOBaHi B NPOCBIT BEHYNU, 4 — NPOCBIT BeHynu, 5 — 6a3anbHa Mmemb6paHa, 6 —
s4po nimcpoumTa, Nepeq mirpadieto Yepes CTiHKy BeHynu, 7 — agpo nimdouuTta, 8 — umtonnasma nimcoumnta, 9 — sapo nnasmo-
uuta, 10 —umMTonnasma nnasmoumta, 11 — rpaHynsipHa eHgonnasMaTuyHa citka, 12 — mitoxoHapii. EnekrpoHHa mikpodpoTorpa-
oisa. x6000.

Puc. 3. flebopmoBaHi MO3KOBi MPOMidXKHI NiMcpaTUyHI nasyxm GpuxoBoro nimgaTuyHoro Bysna 6inoro Lwypa-camkm Yyepes
LWiCTb TWKHIB Ail rmyTamaTy HaTpilo. 1 — nonepeYvHnin nepepia apTepiony B MO3KOBOMY TsXi, 2 — Kancyna, 3 — MO3KOBUN TaX, 4 —
po3wwnpeHa, AedopmoBaHa MO3KoBa NMpoMixHa nimdatnyHa nasyxa. 3abapsneHHsa azaHom. x400.
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Tabmmms 1

MopdomeTprdHi TapaMeTpH CTPYKTYPHUX KOMITOHEHTIB JTIM(paTHYHUX BY3JIiB TOCIIHPKYBaHUX IIypPiB-CaMIIiB

(M +m)
[MapameTp, OqMHUII BUMipIOBAaHHS JocnipkyBaHa rpymna TBapuH
IHTaKTHA [lepma Hpyra
BinxocHa myomnia KipkoBOi pe4oBHHE OpH- 61,08 +1,56 53,78 +1,38* 56,05+ 1,21*
JKOBOTO JIIM(ATHIHOTO By31a, Yo:
- MiMQOiTHAN BY3ITHK: 45,28 £ 1,19 37,81 £1,22** 40,16 £ 1,02*
- 3apOJIKOBHH IICHTP 8,11+0,13 10,29 £ 0,24** 9,04 +£0,33*
- IIJIAII[0Ba 30Ha 37,17 £ 0,97 27,52 £0,87** 31,12 £0,74**
- KpaiioBa miM¢paTHIHA Mazyxa 4,39+ 0,22 436+0,14 4,37+ 0,09
- KipKOBa MPOMIXKHA JTiM(paTH4Ha Ma3yxa 4,03+0,16 3,92+0,13 3,95+0,11
- IPUKIPKOBA JTIISTHKA 7,38 +£0,29 7,69 £0,28 7,57 +0,35
BinHocHa mioma MO3KOBOT peYOBHUHU 38,92 +0,78 46,22 +£0,7*%* 43,95 +0,76*
OpIKOBOTO JIIM(ATHYHOTO By311a, %!
- MO3KOBHH TSDK 18,71 £ 1,01 23,37 £ 0,69** 21,81 +0,49**
- MO3KOBA NMPOMiXKHA JiM(paTHYHA Ma3yxa 20,41 £ 1,15 22,85+ 0,73* 22,14 £ 0,65*
KipkoBo-M03KOBHH THIEKC 1,57+0,11 1,16 + 0,13** 1,28 +0,12**

[IpumiTkn: * — BeNWYIHUHY, SKi CTATUCTHIHO JOCTOBIPHO BiAPI3HAIOTHCS Bill HOKA3HHUKIB IHTAKTHOI TPYIH TBApUH
(p<0,05), ** — BeMUMHM, SAKi CTATHCTUIHO JTOCTOBIPHO BiIPI3HAIOTHCA BiJ MMOKA3HUKIB IHTAKTHOI TPYITH TBApUH

(p<0,001).
Tabmuus 2
MopdomeTpuuHi napaMeTpy CTPYKTYPHHUX KOMIIOHEHTIB JIIM(pAaTHYHHUX BY3JIiB AOCIIKYBaHUX IypiB-CAMOK
(M +m)
[MapameTp, OOMHUII BUMipPIOBAaHHS JocnipkyBaHa rpymna TBapuH
IHTaKTHA [lepma Apyra
BinxocHa momnia KipkoBOi pe40BUHE OpH- 61,23 +1,7 55,563 +1,29* 57,75 £ 1,45*
JKOBOTO JIiIM(ATHYHOTO BY3Ja, %!
- MMQOITHUN BY3ITHK: 4537+ 1,22 39,45 £ 1,16** 41,73 £ 1,11*
- 3aPOJIKOBHH LIEHTP 8,15+ 0,11 10,55+ 0,31** 9,23 +£0,32*
- MJIAII0Ba 30Ha 37,22 £0,89 28,9 +0,91** 32,5+0,71*
- KpaiioBa yjiM(paTHYHA Ma3yxa 4,41+0,19 4,39+0,12 44+0,11
- KipKOBa MpOMiXxHa JTiM(aTHYHA MMa3yxa 4,04 +£0,13 3,98+0,14 4,01+0,1
- MPUKIPKOBA JTUISTHKA 7,41 +0,27 7,71 £0,25 7,61 +£0,34
BinHocHa miomna MO3KOBOT peYOBHHH 38,77+ 0,76 44 47 £ 0,71** 42,25 +0,71*
OpIKOBOTO JIiIM(ATHIHOTO BYy3I1a, %!
- MO3KOBHH TsK 18,65+ 1,05 22,71 £0,74** 20,93 £0,61**
- MO3KOBa IMPOMDKHA JTiM(paTHIHA MMazyxa 20,12+ 1,04 21,76 £0,81* 21,32 £0,58*
KipkoBo-M03KOBHH iHIEKC 1,58 +£0,11 1,25 £ 0,2** 1,37+ 0,15**

[pumiTkn: * — BeNWYHUHY, SKi CTATUCTHIHO JOCTOBIPHO BiIPI3HAIOTHCS Bill HOKA3HHUKIB IHTAKTHOI TPYIH TBAPUH
(p<0,05), ** — BeTMYMHM, SKi CTATHCTUYHO TOCTOBIPHO BiIPI3HIIOTHCS BiJl MOKA3HHUKIB IHTAKTHOI TPYIH TBAPHH

(p<0,001).

CyOMIKpPOCKOMIYHO Yepe3 IICTh THKHIB il
riIyTaMaTy HaTpilo B MapeHXiMmi By3IiB 0arato mak-
podaris, ruUTOMIA3Ma SIKUX MICTHUTh YMCIICHHI (haro-
COMHU, NEPBHHHI Ta BTOPHHHI Jli30cOMH, (pparMeHTH
MOMIKO/DKEHUX JIIMGOIUTIB Ta iHII ocMiodiibHI
BKJIIOUEHHS. S1pa peTHKYIOCHAOTETIONNTIB 3011b-
IIeHi, 1epopMOBaHi, NUTOIUIa3Ma MICTHTh IOIIKO-
JokeHi opranemn (Puc. 4). Bararo mimdonuriB Ha
pi3HMX cranisx amorto3y. Yacrtuna mimM¢pouuris, B
SIKUX HEMa€ O3HaK alonTo3y, MaloTh TIHOOKI iHBa-
riHamii saepHOi 000JOHKH, B SAP1 BIACYTHI AAepI,

[UTOIUIa3Ma IPOCBITIICHA, OpraHeIl MaloTh O3HAKH
noUIKO/pKeHHs. KaHanblli TpaHyJsspHOI €HIOIUIa3-
MaTUYHOI CITKM B KJIITHHAaX 3 O3HaKaMH HaOpsKy,
po3mmpeHi. MitoxoHapianeHi TpebeHi HaOpsKii,
TIOLIKO/KEHI, 3 TPOCBITIEHNM MaTpHKCOM. B mpo-
CBITI Ta y CTiHII 3aKamUIIPHUX BEHYJ 3 BHCOKHM
CHJIOTEIEM BENUKA KIIBKICTh JIM(OUUTIB, IO MO-
K€ CBIAYMTH TPO IIOCWJIEHHS NpOLEeciB Mirpamii
TM(POUUTIB y HapeHXiMy JiM(paTHYHOTO BYy3ia i3
kpoBi. bazanpHa MemOpaHa KPOBOHOCHHX KaIliIApiB
HaOpsKIIa, MOTOBIIEHA, SApa €HAOTETIONUTIB aedo-
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pMOBaHi, JIFOMEHaJbHA IOBEPXHS IUIa3MaTHYHOL
MeMOpaHH MICTUTh YHCIICHHI MIKpPOBOPCHHKH, SIKi
3MCHIIYIOTh MPOCBIT CYAWHH. 301IbIIyeThCS YacTKa
KOJIATCHOBUX BOJIOKOH Ta MiKpo(iOpui B mapeHximi
By3na. CTiHKa apTepiif Ta apTepios CKIepO30BaHa,

MOTOBICHA, POCBIT 3alOBHEHUI (GopMEHHMH ere-
MEHTaMH KpOBI, SIpa eHAOTENiaTbHAX KIITHH BEIH-
KuX po3mipiB. CHoCTepiraloThCsi HACKPI3Hi AeheKTr
B CTIiHII KamijspiB, BEHO3HE NMOBHOKpIB’s. Benymn
Ta BEHHU 3 PO3IIMPEHUM ITOBHOKPOBHHIM IIPOCBITOM.

Puc. 4. 36inblleHHs KiNbKOCTi anonTUYHO 3MIHEHWX KMiTUH B KIPKOBI peyoBMHI GpuxoBoro niMdgartuyHoro Bysna binoro
Lypa-caMKky Yepes LWiCTb TWXHIB Aji rmyTamaTty HaTpito. 1 — kapioniavc nimdgoumnTa, 2 — AecTpyKTUBHA finsHka, 3 — 94po Manoro
B-nimdouunta, 4 — yutonnasma manoro B-nimcpounta, 5 — aapo cepeaHboro B-nimcounTa, 6 — untonnasma cepenHboro B-
nimdouuTa, 7 — sgpo nimgpobnacta, 8 — BakyonisoBaHa uutonnasma; 9 — gegopmoBaHe S4po peTukynoeHgoteniouuta, 10 —
CTOHLLIEHI BiAPOCTKM peTuKkynoeHgoTeniouuta. EnekrpoHHa mikpodoTorpadisi. x6000.

Icronoriuno y mapeHximi OpvXOBUX JiMa-
TUYHHUX BY3JIiB OLIMX IypiB-CaMIliB i caMOK 4epe3
nricte TwKHIB BK]I 3 HacTynmHHUM [IBOTHXXHEBUM
3aCTOCYBaHHSAM MEJATOHIHY BUSBICHO, IO KiJlb-
KiCTh BTOPMHHUX JIM(OiTHUX BY3JIHKIB 3MEHIITY€ETh-
Csl TIOPIBHSHO 3 TPYIOI0 TBApWH, IO mepeOyBann
micth TIXHIB Ha BK/, 3MeHIIyeThest 9acTKa Xupo-
BOI TKQHWHHM HaBKOJO OpraHy. ¥ MO3KOBHX TSDKax
HIUTBHO PO3TaIioBaHi B-miMpouuTH, MIa3MOIUTH Ta
makpodaru. Ilepexnankun Ta Karcyja IOTOBILEHI,
KpalioBa nasyxa Ta KipKOBI NpOMDXHI JiMpaTuyHi
na3yxu He posumpeHi. Mo3koBi IpoMikHi JiMba-
TUYHI Ta3yXd TOMIPHO pO3IIUPEHi, 3BUBHUCTI. Sk
KIpKOBa, TaK i MO3KOBa PEUYOBUHH MICTATh OCMio]i-
JbHI BKMOYeHHS. KidbKicTh amoONTHYHO 3MIHEHHX
KITHH 3 OCMIOQUIPHUMH BKIIOYEHHSIMH BHCOKA.
SAnpa niM¢pouUTIB 3 HEPIBHOIO SIEPHOIO O0OOJIOH-
KOO, SIIEpUs YiTKO TU(EPEHINIOThCI. € O3HaKH
HaOpsKy TKaHWHM By3:1a. [IpoCBIT cyiMH ITOBHOKpO-
BHUI, KpiM remMokanisapis (Puc. 5).

MopdomMeTpruyHIM METOAOM BCTaHOBJICHO, IO
BIZIHOCHA IUIONIA KipKOBOI PEYOBHHM By3Ja 4epes
wicth THKHIB BKJl 3 HacTynmHUM JBOTH)KHEBHM
3aCTOCYBAHHSIM MEJATOHIHY 30UIbIIYEThCS TTOPIBHSI-
24

HO 3 TPYIIOI0 TBAPHH, IO NePeOyBaIU IIiCTh THKHIB
Ha BK]/I, Ha 4,22 % y mypiB-camiiB ta Ha 4,0 % y
1rypiB-caMok, 1o Ha 8,24 % Ta 5,68 % 10cTOBIpHO
mernte (p<0,05) Moka3HMKIB IHTAKTHOI I'PYIH TBa-
puH. BigHocHa mIioma MO3KOBOI PEYOBHHU OpHIKO-
BOT'O BY3JIa 3MEHIIYEThCS TOPIBHIHO 3 TPYIOIO TBa-
puH, mo nepeOyBamu mricth TwkHIB Ha BKJI, Ha
4,91 % y mypiB-camuiB Ta Ha 4,99 % y mypis-
caMoK, 1o Ha 12,92 % Ta 8,98 % mocToBipHO Oijb-
e (p<0,05) mapameTpiB iHTaKTHOI TPy TBapHH.
KipxoBO-MO3KOBUH 1HIEKC CTaHOBHUTH BiIIOBITHO
Ha 18,47 % Ta 13,29 % mOCTOBIpHO MeEHIIE
(p<0,001) noka3zHMka IHTAKTHOI TpYNH TBApHH
(Tabumn. 1, 2).

BinHocHa 1wroma miMQOiTHUX BY3JIHKIB 3017b-
LIYeThCS MOPIBHAHO 3 TPYIOIO TBAapHWH, IO nepedy-
Banu micte TwxHIB Ha BK/I, Ha 6,22 % y mypis-
caMuiB Ta Ha 5,78 % y ImIypiB-caMOK Ta CTaHOBHUTH
Ha 11,31 % Ta 8,02 % menme (p<0,05) mapamerpis
IHTaKTHOI TpymM TBapuH. BigmoBimHO BigHOCHA
IUIOIIA 3aPOJKOBOTO LIEHTPY 3MEHIIYETHCS IOPiBHSA-
HO 3 IPYIO0 TBapHH, IO MepedyBai MICTh THKHIB
na BKJI, na 12,15 % Tta 12,51 % i craHoBuTh Ha
11,47 % Ta 13,25 % BiAMOBiAHO JOCTOBIPHO OijbIe
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(p<0,05) moka3HuKa iHTaKTHOI Tpymu TBapuH. [lna-
1I0Ba 30Ha 30UIBIIYEThCS TOPIBHIHO 3 TPYIOIO TBa-
puH, mo nepedyBanu wwicTh TKHIB Ha BKJ, Ha
13,08 % y urypiB-camiiiB ta Ha 12,46 % y urypis-

camoK, mo Ha 16,28 % Tta 12,68 % BiamoBigHO mOC-
TOBIpPHO MEHIIIE TOKA3HWKA IHTAKTHOI TPYIH TBAPHH
(Tabm. 1, 2).

Puc. 5. [NoBHOKpIB’'Sl BEHYN Yy NPUKIPKOBIN AinsHUi 6GpvpkoBoro nimcatnuyHoro Byana 6inoro Luypa-camku Yepes WiCTb TUX-
HiB Aii rmyTamary HaTpito 3 HaCTyNMHUM ABOTWXHEBMM 3aCTOCYBaHHSM MenaToHiHy. 1 — KipkoBa peyoBuHa, 2 — NpukipkoBa Ains-
HKa, 3 — NO3J0BXHIN 3pi3 reMokaninspa, 4 — MOBHOKPOBHA BEHyMa, 5 — MO3KOBUI TSX, 6 — MO3KOBa NMPOMiXHa nMiMdaTnyHa na-
3yxa, 7 — «MOPOXHi» reMokaninspy B MO3KOBMX Tshkax. 3abapBrneHHs reMaToKCMniHOM i eo3anHoM. x100.

BimHOocHa mioma KpaioBoi mimMQaTudHOI masy-
XM, KIPKOBHX INPOMDKHHX JIM(pATHYHUX TMazyx Ta
MIPUKIPKOBOi MIJSTHKA JIOCTOBIPHO HE 3MIHIOETBCS.
BinmHocHa TuTOIAa MO3KOBHX MPOMIDKHHUX JTiM(aTHd-
HUX Ma3yX 3MEHINYEThCS MOPIBHSHO 3 TPYIOK TBa-
puH, mo nepeOyBamu wicTh TKHIB Ha BKJI, Ha
3,11 % y mypiB-camuiB Ta Ha 2,02 % y mypis-
CaMOK Ta CTaHOBHMTHL BiamosigHo Ha 8,48 % Ta
5,96 % Oinbure (p<0,05) mapameTpiB iHTaKTHOI rpy-
Y TBapuH. BigHOCHA MJIOIa MO3KOBUX TSDKIB 3Me-
HIIY€ThCS TIOPIBHSHO 3 TPYIOI0 TBApHH, IO Iepe-
OyBamu micte TkHIB Ha BKJ], Ha 6,68 % Ta Ha
7,84 % Ta cTaHOBUTH BiAMOBiAHO Ha 16,57 % Ta Ha
12,23 % nocroBipro Ounbmre (p<0,001) mapamerpis
iHTaKkTHOI rpynu TBapuH (Tabm. 1, 2).

EnexTpoHHO-MIKpPOCKOIIIUHA YacTKa KIITHHHO-
ro CKJaay NHapeHXiMU JiM(aTHIHOTO By3la, SKY
3aiiMalOTh AMONTUYHO 3MiHEHI JiM(OIMTH, MaKpO-
(aru Ta MIA3MOIMTH 3MEHUIYETHCS B MOPIBHSIHHI 3
TPYIOI0 TBapuH, 1O NepedyBajiy MICTh THXKHIB Ha
BKJI. MbKKIITHHHAR TPOCTIP PO3IIMPEHUH, € 03Ha-
KM HaBKOJOCY/AMHHOTO HAOpsKY, BEJMKa KUIBKICTh
ocMiO(UIBHUX (KMPOBUX) BKIIIOYEHb 3HAXOAUTHCS
SIK Yy MDKKIIITHHHOMY ITPOCTOpI, Tak i B IUTOILIa3Mi

Makpodaris i miaazmouutis (Puc. 6). Mo3koBi mpo-
MDKHI JIIM(ATHYHI Ta3yXH Je10 pO3MIMPEHi, BEIHKa
KiJIBKICTh KOJIAr€HOBHX BOJIOKOH Ta MikpodiOpwmi B
MapeHxiMi By3J1a y MOPIBHSAHHI 3 IHTAKTHOIO I'PYIIOI0
TBapuH. Yepe3 YHCIICHHI BUIMHM LIUTOJIEMH €HIO-
TEJIOLMUTIB  MPOCBIT TeMOKaNUIIPIB  3BY)KEHHH.
O3HaKd HABKOJOCYJHHHOTO HAOPSIKy MEHII BHpPa-
KeHl. Slapa emiTenopeTHKYNISIpHUX KINTHH BUIOB-
JKCHI, TUIa3MaTHYHI BiIPOCTKH HE CTOHIIICHI.

CXo0Xi JI0 OTpUMaHUX HaMHU 3MiH OIMCAHO aB-
TOpaMu B JTiM(aTHYHUX By3JlaxX IpH Aii HA OpraHizM
omioiny HanOydiny. OCOOIUBO IO CTOCYETHCS 3MiH
B CyIMHAX TeMOMIKPOLMPKYJITOPHOTO pycia, ILI0
HiITBEPKYE AYMKY IPO Te, IO 3MiHH B CyIHMHAX
nmiMpaTHYHUX By3JiB NpH Ail pi3HUX MATOTEHIB €
HectieupiaHUMH [9].

BceranoBieHo, mo 30iIbIIEHHS MacH Tijla Mac
JIHIHY HEraTUBHY KOPEIALiio 3 (yHKIiew miMboi-
OHUX opraHiB. TakoX OXHPIHHS MPU3BOJUTH 0
3HIDKCHHS IMIJIBHOCTI JIM(ATHYHUX CyIUH Ta 3Me-
HIICHHS HAMOBHEHHs CyauH. KpiMm Toro, 30iibieH-
HSI MaCH TiJIa Ta CTYIEHIO OKMPIHHS MPU3BOIATE 10
MPOrpeCyBaHHs HABKOIOIIM(pATHYHOTO HAKOMHUYCH-
Hsl KJTiTHH 3ananeHss [10].

25
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Puc. 6. Anonto3 nimdouunTa B KipKOBii pe4oBUHI BpuxKoBOro nMiMcaTnyHOro Bysna 6inoro wypa-camus Yepes LWiCTb TUX-
HiB BMNMBY rryTamaTty HaTpito 3 HACTYMHMM OBOTMXHEBUM 3aCTOCYBaHHAM MeENaToHiHy. 1 — a4po nnasmouuTa, 2 — uMtonnasma
nrnasmouuTa, 3 — NepBUHHI nisocomu, 4 — HabpsKNi MITOXOHAPIT, 5 — po3LWwmpeHa rpaHynsipHa eHaonnasmaTuyHa citka, 6 — kapi-
onisuc sapa, 7 — uMtonnasmMa anonTu4HO 3MiHeHoro nimdouuTa, 8 — SApo Manoro nimdouuTa 3 HEPIBHUM KOHTYPOM Kapione-
mu, 9 — umTonnasma manoro nimcoumta, 10 — BakyonenoAiGHi CTPYKTYpU B MiKKNITUHHOMY npocTopi, 11 — ocMiodinbHi (xunpo-

Bi) BKMtoueHHs. EnekTpoHHa mikpodoTtorpadisa. x6000.

OmnwcaHo, 10 MEJIATOHIH Ma€ 3[JaTHICTh MAT-
pUMyBaTH ONTHMANbHUI MITOXOHAPIAEHUN MeM-
OpaHHHMI TIOTEeHIIan Ta 30epiraTé MiTOXOHApiaTbHI
¢ynkuii. Lle no’si3aHo 3 THM, 10 MENATOHIH pery-
JIFOE MITOXOHApiaibHMIT OioreHe3 Ta HOro ANHAMIKY.
KonuBanbHuil XapakTep AWHAMIKH MITOXOHApiajb-
HUX (QYHKUIA BIANOBIAAa€ MLipKaJiaHHOMY PHUTMY
CeKpelii MeJaTOHIHY MiHeaJIOIUTaMH IIIHIIKOOi0-
HOI 3aJ1034, a MOKJIMBO HaBITHL IHIIUMH KJIITHHAMH
[11].

VY HayKOBHX JOCHIIKEHHSX OCTaHHIX ITSITH
POKiB BCe YacTille ie MOBa PO HEHPOIPOTEKTUB-
Hy Zif0 MesaToHiHy. Lle 00yMOBIIeHO THM, 1110 Mela-
TOHIH BIUIMBA€ Ha mpomidepario Ta IudepeHLiro-
BaHHSI HEPBOBUX CTOBOYPOBHX KIIITHH, YUM B CBOIO
yepry 301IbIIye BMICT MIETIHY Ta OJIIFOCH/IPOIIUTIB
[12].

TeparneBTHYHHUN MOTEHINIA] MEJIATOHIHY 3aB/si-
KA XPOHOOIOTUYHOMY ITUTO3aXUCHOMY e(deKTy €
BarOMUM TIpH NOPOTHAIl  HaciigkaMm  iHQeKii
COVID-19. Yepes cBiii edekT sk aHTHOKCHAAHTHOT,
MPOTH3aNaIbHOl Ta IMYHOMOAYIIOIOUOi CIIOJNYKH
MEJIATOHIH MOXe OyTH YHIKaJIbHUM TpenapaToM JUis
3MeHIeHHi HachiakiB iHdekuii SARS-CoV-2. Onu-
caHi HeNpsMi JOKa3W, SKi BKa3ylOTh Ha MOXIIHBY
MIPOTUBIPYCHY JIil0 MENATOHIHY, BIUINBAIOYH Ha B3a-
€MO3B’SI30K SARS-CoV-2/anrioTeH3uH-
nepeTBoprorounii hepmeHT 2. MenaToHIH TaKoX €
e(EKTHBHIM XPOHOOIOTHYHHMM 3aCO00M JUIS ITOJ0-
JIaHHSI IMPKaJHUX MOPYILIEHb COLiaIbHOT 1301411 Ta
26

00poTHOH 3 AeTipieM y BaXKO Ypa)KCHHUX MAIli€HTIB.
SIK UTOIPOTEKTOP, METATOHIH CIYXXHUThH IS O0po-
TBOM 3 KiJTbKOMa CYNYTHIMH 3aXBOPIOBaHHSMH, Ta-
KHUMH SIK IIyKPOBHH /ia0eT, MEeTaboIiYHUI CHHIPOM,
a TaKOX IMIEMIYHI Ta HEIIIEMIiYHi CepIEeBO-CYIMHHI
3aXBOPIOBaHHA, SIKI  YCKIAJHIOIOTH  mepediru
COVID-19 [13].

BucHoBku

B pesynbTari MOCIIIKEHHS, MPOBEICHOIO Ha
IIypax caMIsIX Ta CaMKax, BUSBICHO, IO 4Yepes3
IIiCTh THXKHIB BIUIMBY TJIyTamMaTy HaTpil0 BHHHUKa-
I0Th JIECTPYKTHBHO-IECTEHEPATHBHI 3MiHM, 30KpeMa
B MapeHxiMi By3niB OaraTo JIMQOIMTIB Ha Pi3HUX
CTafifgX amoTto3y, Oararo Makpodaris, IUTOIIIA3Ma
SIKMX MICTUTh YHCJIEHHI (arocomu, NEpBHHHI Ta
BTOPHMHHI J1130COMH, (parMeHTH MOIIKOJDKEHHX JIi-
MGOLMTIB Ta iHIII OCMIO(QIBHI BKIIOYEHHS, BiJHO-
CHa IUJIOIIA KipKOBOI PEYOBMHHU OPHIKOBOTO JiMda-
THYHOT'O By3Jia JOCTOBIPHO MEHIIE TOKa3HHUKa 1HTa-
KTHHUX TBapHH.

Uepes mricTe THXKHIB BIUIMBY TJIyTamMaTy Ha-
Tpif0 3 HACTYMHUM JBOTI)KHEBHM 3aCTOCYBaHHIM
MEJIaTOHIHY BHSBJICHO, IO BCi CTPYKTYpHI 3MiHH
OprKOBUX JTIM(MATUYHUX BY3JIB MEHII BHUPaXKeHi,
HDK B IpYI TBapHH, SKi OTPUMYBAJIU TIIyTyMaT Ha-
TPil0 BIPOJIOBXK IIECTH THXKHIB — BiJJHOCHA ILIONIA
KIpKOBOI pE4OBHHHM BY3Ja, JTIM(OITHUX BY3JIHKIB,
IUIAIIOBOT 30HHU 301JBIIYETHCS, NMPOTE 3AIUIIAETHCS
JIOCTOBIPHO MEHILIOI0 MOKa3HHKA IHTAKTHOI TpyMu
TBapHH, 3aPOJKOBOTO LEHTPY, MO3KOBHX IPOMIiX-
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HUX JIMAaTHIHUX Ta3yX Ta MO3KOBHX TSXIiB 3MEH-
IIYETHCS, POTE 3ATUIIAETHCS TOCTOBIPHO OiIBIIIOIO.
3MEHIIYEThCA KUTBKICTh BTOPHUHHHX JIIM(OiTHUX
BY3JIMKIB, MDKKJIITHHHHHA TIPOCTIp PO3IUPEHUH, €
O3HAKM HABKOJIOCYIMHHOTO HAOPSKY, BENHMKa Kilb-
KicTh 0cMio(iTbHUX (KUPOBUX) BKITFOUCHB.
IlepcnexkTuBn MOJAJBIINX PO3podok
MOB’sI3aHi 3 BUBUYCHHSIM MIKPOCKOIIIYHUX Ta CyOMiK-
POCKOIIIYHMX 3MIH CTPYKTYpHHX KOMIIOHEHTIB
IHIIMX JiMQOITHNX OpraHiB IIypiB 3a yMOB Jil
TIIyTamMaTy HaTPilo Ta KOPEKLii MeTaTOHIHOM.

Indopmanis npo koHPIIKT iHTEpeciB

[MoTenmiitHUX a060 ABHUX KOHQIIIKTIB iHTEpECiB,
0 TMOB’S3aHI 3 IIUM PYKOIKUCOM, Ha MOMEHT
myOmikamii He iCHye Ta He mepen0avaeThes.

Ixepesia ¢pinaHcyBaHHSA

JlocmipKeHHsT BHKOHAaHO B pPaMKaX HAyKOBO-
nociigHoi Temu «MopdosoriuHa XapakTepHCTHKa
BHYTPIIIHIX OpraHiB Ta CyJUHHOTO pyclia B OHTOTe-
He3l y HOpMi Ta 3aKOHOMIpPHOCTI X mepeOynoBu mpu
OXKMpIHHI Ta Aii Ha opraHi3M (PI3MYHUX YMHHHKIB»
(nomep mepxaBroi peectpanii 0119U102059).
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PENPOAYKTUBHOTO BiKy. EKCIieprMeHTabHI TBApUHY MepeOyBain Ha BUCOKOKAIOPIMHIN I€TI BIPOIOBXK IIIECTH
THXKHIB (TIepIa rpymna), Mmcis 90To JBa THKHI KOPEKIIil MeJlaToHiHOM (Jpyra Tpyma). BucokokaopiHy mieTy
JIOCSITAJTH TIUITXOM JOJaBaHHs B Xap4OBUU paIlioH TBAPHWH TIIyTaMary HaTpito B 7031 0,07 r/kr Macu Tina nrypa.
Jo3a menatoHiny cranoBmina 10 mr/kr macu Tina mypa. PesyasTaTn. bymo mocmimkeHo, mo depes3 mIiCTb THX-
HiB BIUIMBY TJIyTamMaTy HATPil0 BUHHUKAIOTH NECTPYKTHBHO-JETEHEPATHBHI 3MiHM, 30KpeMa B MapeHXiMi BY3JiB
Oarato TiM(OIMTIB HA PI3HUX CTAJisAX aloTO3y, Oarato Makpodaris, MUTOIIA3Ma SKUX MICTUTh YHCIICHHI (aro-
COMH, NIEPBUHHI Ta BTOPUHHI J1130COMH, (hparMeHTH MOIIKO/KEHHUX JIM(OIUTIB Ta HII 0CMiO(iIbHI BKIIIOUYEH-
Hi. Byno BusIBiI€HO, 110 Yepe3 INICTh THXKHIB BIUIMBY IIyTaMaTy HaTPilO 3 HACTYITHUM JABOTHXKHEBUM 3aCTOCY-
BaHHSM MEJIATOHIHY BiJJHOCHA IUTOIIA KIPKOBOi PEUYOBHMHH By3Ja, JIIM(OITHUX BY3JIHKIB, IUIAIIOBOI 30HH 301JIb-
HIYETHCS, MPOTE 3AININAETHCS JTOCTOBIPHO MEHIIOIO MOKa3HUKA IHTAKTHOI IPYyNM TBapUH. 3MEHINYETHCS Killb-
KICTh BTOPMHHHX JIM(OITHUX BY3JIUKIB, MDKKJIITHHHHN NPOCTIP PO3LIMPEHHH, € O3HaKH HABKOJOCYAMHHOTO
HaOpsIKy, BEJIMKa KUIbKICTh ocMiodinbHuX BKIrodeHb. Ilimcymok. Uepes mricTh THXKHIB BIUIMBY TIyTaMaTy Ha-
TPif0 3 HACTYITHUM ABOTIDKHEBUM 3aCTOCYBAaHHSIM MENATOHIHY CTPYKTYPHI 3MiHH OpMKOBUX JiM(paTHIHIX BY3-
JIiB MEHIII BUPaXKEHi, HIK B TPYII TBApHH, SKi OTPUMYBAIN TIYyTyMaT HATPIO BIIPOJOBK IIECTH TH)KHIB.
Kurouosi ciioBa: niMpaTaaHmIA By3071, TTyTaMaT HATPil0, MEJATOHIH, JiIM(MOIHUTH, KPOBOHOCHHH KaIIiJIsp.
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Liskina I.V. “, Zagaba L.M. X Capabilities of immunohistochemistry in the diagnostics of malignant solitary
pulmonary nodules in practice.
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ABSTRACT. Background. At present morphological diagnostics with immunohistochemistry (IHC) examination offers to
objectively establish the histological type of malignant solitary pulmonary nodules (SPN). The aim is to present our own
experience and evaluate the possibilities of immunohistochemisty in diagnostics of solitary malignant focal lung lesions in
clinical practice. Methods. A retrospective cohort study was conducted, which included 56 cases of primary malignant SPNs
that were surgically removed. Conventional histological examination was performed in all cases followed by IHC study ac-
cording to a standard protocol. The antigen reaction was assessed as diffuse (> 60 % of stained tumors cells), focal (10-59 %
of stained tumors cells) and negative (less than 10 % of stained tumors cells). Results. Lung adenocarcinomas of various
histological subtypes were diagnosed by conventional morphological examination in 34 (60,7 %) cases. Squamous cell carci-
noma, large cell carcinoma and neuroendocrine tumour were diagnosed (6 cases, 10,7 %, respectively) less frequently. In 3
(5,4 %) cases salivary gland-type lung tumors were diagnosed, and in 1 (1,8 %) case, the need for differential diagnosis of a
precancerous process and a true tumor arose. The IHC study made it possible to identify lung adenocarcinomas of various
histological structure in 36 cases. A positive reaction with TTF-1, Napsin A and CK7 was detected in all cases of their use. In
2 cases mucinous adenocarcinoma (positive reaction with CK20) and in 2 cases fetal adenocarcinoma (positive reaction with
Synaptophysin and/or Chromogranin A) were confirmed. In the case of squamous cell lung carcinoma, diffuse expression of
p40 and/or p63 was observed, with diffuse and focal expression of CK5/6 in all cases of their use. In adenosquamous carci-
noma, diffuse and focal positive reaction with CK7, TTF-1, Napsin A, p63 and CK5/6 was detected. In the case of large cell
carcinoma, a diffuse positive reaction with CK7, CK8 and TTF-1 was observed, with a negative reaction with Napsin A,
CK5/6, p40, p63, Synaptophysin and CD56. In cases of previously diagnosed lung carcinoids, staining with Synaptophysin
and CD56 showed a diffuse positive reaction, with a focal reaction with Chromogranin A, TTF-1, CK7, CK8 and CK18 in all
cases of their use. The proliferation index (Ki-67) was in the range of 5-20 %. In the case of large cell neuroendocrine carci-
noma, a diffuse positive reaction was observed with Synaptophysin, TTF-1 and CD56 when use, and in one case with Chro-
mogranin A and CK7. The proliferation index (Ki-67) was 40-80 %. In cases of salivary gland-type lung tumors, the panel of
IHC markers was selected individually, and included a relatively large number of antibodies. Comparison of conventional
histological examination and the results of the IHC study confirmed the previously determined histological type/subtype of
lung tumor in 47 (83,9 %) cases. In 9 (16,1 %) cases, the determined immunoprofile led to a change in the histological type
of lung tumor, which is crucial important for the further medical management of such patients. Conclusion. Today morpho-
logical diagnostics using immunohistochemistry has leading value for the most accurate determination of the histological
type and clarification of malignancy degree of malignant solitary pulmonary nodules. The marker panels that are appropriate
for use in IHC study in cases of the most common primary lung tumors have been proposed.

Key words: solitary malignant pulmonary nodule, diagnostics, immunohistochemistry.
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Beryn

ComitapHi BOTHUIIEBI JIeTeHEeBI yTBOpH abo
yrBopeHHs (CJIY) € TOCUTh pO3MOBCIOIKEHOIO KJTi-
HIYHOIO TPOOJIEMOI0, OCKITBKH BOHH MOXYTh BHHH-
KaTH HE TUTBKHA IpU 0araTboX 3aXBOPIOBAHHAX JIE-
TeHb, aJie ¥ MPH CHUCTEMHiH maTouorii, iHpeKIiiHIX
xBopoOax. 3arajbHONPUHHATE HACTYITHE BH3HAYCH-
Hs1 CJIY — e yTBOpeHHs He Oubiie 3a 3 cM, BifHO-
CHO OKpyrJIoi opMH, 3 TOCUTH YITKUMH MEKaMu, Ta
sKe He MOEJHAaHE 3 aTeJIeKTa30M, JiM(aJeHONaTie0
MEXKHCTIHHS Ta IUIEBpaIbHUM BHIOTOM [1, 2].

VIMOBipHi NMpHYMHM PO3BHTKY JEreHEBHX BY3-
JIiB OXOIDTIOIOTH 0araTto sik JOOPOSKICHUX, TakK i 3I10-
AKICHUX TporeciB. [I[pHHIAIIOBEM Ta MepIIOYepro-
BUM 3aBHaHHAM npu BusiBieHHi CJIY e mudepenmia-
JhHA [iaTHOCTHKA caMme HOro JoOposKicHOro abo
3IIOSIKICHOTO XapakTepy. 3JIOSIKICHI yTBOPH MOXYTh
MaTH MEePBUHHY a00 BTOPHHHY MPUPOLY, TOOTO Oy-
TH OJMHOYHUMH METacTa3aMU IMyXJHH IOo3ajlereHe-
BOT yokamizanii. TouHa imeHTH(IKALiA Ta XapakKTe-
PHCTHKA 3JIOSKICHUX BY3JIIB 3 BU3HAYCHHSM iX Tic-
TOJIOTIYHOTO THITY, PO3POOKa YITKOI'O Ta aJCKBaTHO-
r0 aJrOPUTMY MEAMYHOTO BEJCHHS TAKHUX MAIIEHTIB
JIO3BOJISIE TOCATHYTH YCHIIITHOTO JIIKYBaHHS PaHHBOT
cTanii paKy JereHb, OCKITBKH BEIMKI PO3MIpH IyX-
JUHA Ta Mi3HS CTadis XBOPOOW IIOB’s3aHi 3 BKpai
HECHPUATIUBUM IPOTHO30M KUTTA [1].

Bimomo, mo cepen pisHUX OpraHiB i CHCTEM Op-
TaHi3My 32 4aCTOTOI0 METAaCTaTHYHOTO YpPa)KeHHS Y
pa3i 3J0SKICHUX HOBOYTBOPEHB Pi3HOI I03ajereHe-
BOi JioKaii3auii JereHi 3aliMaroTh OJHE 3 MEepIINX
Mmicup. [IpuuoMy naneko He 3aBXKAM 332 JAaHUMH aHa-
MHE3y XBOpPOOM JIarHOCTOBAHO NEPBUHHY ITyXJIUHY
[3], mepmuM MHPOSIBOM NPOCYHYTOTO IyXJIMHHOIO
npoLecy MOXYTh OyTH came BUSIBIICHI BY3JIU B Jie-
TEHSX.

3a maHuMu nitepatypu [2, 4], Xipypridaa pese-
kit CJIY 3anumaeTsest «30JI0THM CTaHIAPTOM» SK
JIarHOCTUYHUX, TaK 1 JIKYBaJIBHUX 3aXOJiB, 30Kpe-
Ma, Y BHUIAJKaX KIIHIKO-PEHTTCHOJOTIYHAX O3HAK
BHCOKOTO PU3UKY 3JOSAKICHOCTI By3Ja. JAuCKycCiitHIM
MUTAaHHSAM 3aJMIIAETHCS THUIl XIPYprivyHOTO JIKY-
BaHHS TAaKUX MAI[IEHTIB, OCKUIBKA MEPBUHHI MTyXJIH-
HH JereHb 3 xapaktepuctukamu CJIY BBaxaroThCs
MOYaTKOBOK BIJIIKOBHOIO CTAII€I0 PO3BUTKY 3JIOsI-
KiCHOro mporiecy. B pkepenax JiTeparypu HaBO-
JATBCS Pi3HI MOTISIN 100 MTPOBEICHHS JIOOEKTOMIT
abo0 pe3eKIii JereHi, ae, K IpaBUIIo, IIepeBara Bij-
JaeTbest JIoOekToMii. 3a JaHMMH HU3KH CYYacHHX
JIOCJIIJKEHb 3°sICOBAHO, 110 BY)KUBAHICTD MU pe3e-
KIIISIX JICTCHb 3a3BUYall HIDKYA, HIK TPHU J0OEKTOMIT
[5-71].

BpaxoByroun cyyacHUM MEIWYHMM MEHEIK-
MEHT paKy JIereHb, NPHUHIMIIOBE 3HAYCHHS Mae
Mop¢oJoTiyHa XapaKTePUCTHKA ITyXJIFMHH 33 TPau-
IMHAM JOCIIUKEHHSIM 3 T€MAaTOKCUJIIHOM 1 €03H-
HOoM. HacTymHnM KpokoMm 00’ €KTHBIi3alii ricToiori-
YHOTO THUMY Ta/ab0 MiATHIY IyXJIHHHW BBAXKAETHCS
imyHorictoximiude (II'X) mocimxeHHs.

IMyHoOricTOXiMiSI — IIe METOJ BHSBJICHHS HasB-

30

HOCTI Ta JIOKami3allii aHTUTeHiB (OIKIB) y MEBHUX
TKaHWHHUX KOMIIOHEHTAaX, KIITHHAX DPIi3HOTO THILY
Ta KITHHHUX CTpyKTypax [8]. B octanni poxu II'X
MeTo]] HaOyB MIMPOKOTO BIPOBAKECHHS B MEIUIHIN
MPAKTHIll Ta TepecTaB OyTH METOJOM CYTO HayKo-
BuX mociikenb. [I'X mocmimkeHHs Hapasi MIHpPOKO
3aCTOCOBYIOTh HE TUIBKM B JIIATHOCTHUIN J0OpOSKic-
HHUX Ta 3JI0SKICHUX HOBOYTBOpeHb siereHb [9, 10],
ayie ¥ mpH pi3HUX HE HEOIUIAaCTUYHUX mHpouecax. Y
BUIaJKax ImyxiauHHoro npouecy II'X Merox nosso-
JIsie BU3HAYATH TICTOTEHE3, CTYIIHb 3JI0SKICHOCTI Ta
npoJtiepaTMBHOT AKTUBHOCTI MYXJIMHHHUX KJITHH,
MIPOTHO3YBATH MOJANIBIINA PO3BUTOK 3aXBOPIOBAHHS
Ta CIYI'ye OCHOBOIO Ul BUOOPY IOAANBIIOTO MOJIe-
KYJIAPHOTO-TEHETUYHOTO TOCTI/KEHHS 3a TOTpeOH,
Ta HAWOLIBII parlioHaNbHUX Ta ePEKTHBHUX METOIIB
JKyBaHHS.

Hapasi icHye Ta mocTiiHO 301MBIIYETHCS Kilb-
KiCTh KOMEpLIHHNX aHTHUTLI (MapKepiB), sIKi 3acTo-
coBytoTh nipu II'X mochimxkenHi. B ymoBax kiiHiu-
HOI MPaKTUKH CIiJ BpaxoByBatd, mo II'X mocmi-
JUKEHHS OTENep 3aJIUIIAETHCS JOCUTh JOPOTOBapTi-
CHHMM, TEXHOJIOT1YHO CKJIAQJHUM Yy BUKOHaHHI (Oara-
TOKPOKOBHH METOJ) Ta MOTPedy€e NOCUTH TPUBAJIOTO
gacy. Tomy mpu migbopi maHeni MapkepiB B KOXKHO-
My BHIAJKY ITyXJWHHOTO MPOIECY BAYKJINBO MiHIMi-
3yBaTH I1X KIiJbKICTh, CIUPAIOYNCh Ha Ppe3yJIbTaTH
TPaTUIIHHOTO TiICTOMOTITHOTO JOCIIIKSHHS.

[TpuHOMNOBEe 3HAYEHHS Ma€ aHATITUYHUH eTar
IT'X mgocmimpkeHHs, a caMe — IHTepIpeTallis OTpuMa-
HHUX pe3yJbTaTiB eKCIpecii OKPEeMHX aHTHICHIB B
NYXJMHHUX KJIITHHaX. PO3MOBCIO/KEHA HACTYIHA
3arajpHa OI[IHKAa eKclpecii aHTUreHy — audys3Ha,
(okanpHa (BOrHHMILEBA) Ta HeraTuBHa. Takox Hepi-
JIKO 3aCTOCOBYIOTH 1HIIMH MIJIXiJ] OLIHIOBAHHS peak-
mii, a caMe MeTOJl HamiBKUIBKICHOTO aHawi3y 3 Iif-
paxyBaHHSM BIJHOLICHHS IO3UTHBHO 3a0apBIICHUX
KIIITHH ITyXJIMHA JI0 3arabHOI KiTBKOCTI MyXJIMHHUX
KIIITHH, 110 BU3HAYA€THCS Y BiIcOTKax. Bunimstors 4
rpagamnii 3a BeIMINHOIO Bincotky: 0, < 1 %; 1+, 1 —
33 %; 2+, 34 — 66 %; 3+, > 66 % 3a aHAI30M 30-
OpakeHb y JIEKUIBKOX MOJISIX 30py Mikpockory. [lo-
JATKOBO BPaXOBYIOTh IHTEHCHBHICTh 3a0apBiCHHS
KJIITHH: HETaTUBHE, CIa0Ke, MOMIpHE Ta IHTCHCUBHE
[11-13].

Harenep y mpaxkTW4Hif JisUIBHOCTI ONTUMAJb-
HUM BBXA€THhCS 3aCTOCyBaHHSA |—4 MapkepiB Ui
YTOYHEHHsI 200 BCTAHOBJIEHHS TiCTOJOTIYHOTO THITY
myxyinHY JtereHi [14]. IlpaBunsHO migiOpana maHens
II'X mapkepiB B HOJANBIIOMY MOXE 30€perTd KO-
TH II0JI0 TPOBEAEHHS MOJATKOBHUX, OUIBII JIOPOTO-
BapTICHUX JAIarHOCTHYHMX MPOLENyp, 3HAYHO 3BY-
Kye Hallp BIIOMHMX T€HHUX MYyTaIlili pi3HUX MiITH-
MiB MyXJUH JIET€Hb, IO TOB’S3aHO 3 MOJAJBIIUM
BHOOPOM TapreTHOI Teparii.

B mpaktuuniii megumuai [I'X  gocmimkeHHS
BHMAarae TJIMOOKOTO PO3YMiHHSA CYTHOCTI JaHOTO
METO/y, WOTO TepeBar Ta oOMeXeHb, HaBHYOK Ta
BHUB&)XCHOTO BHOOpPY HAHOLIbII aJeKBaTHOI MaHei
MapKepiB 3 METOI0 YHUKHEHHS! XUOHMX BHCHOBKIB 32
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pe3ysbTaTaMM AOCTIKEHHS.

B mporieci miarHOCTHKY 370AKICHUX YTBOPIB, Y
TOMY YHCIi 1 TMyXJIMH JIeT€Hb, 3POCTa€ 3HAUYIIICTh
MOJICKYJISIPHO-TeHETHYHUX JociikeHs Ta FISH-
Metoxy. He muBIstamch Ha Te, IO I1i METOIU TOCIHi-
JOKEHHSI € JIOPOTOBAPTICHUMH Ta TPYZOMICTKHMU
[15], ix mpuHIIMNIOBE 3HAUEHHS MOJIATAE Y MOXKIIUBO-
CTi aJIeKBaTHOI'O BHOOpY TapreTHOI Teparii B KOX-
HOMY BHINA/IKY ITyXJIMHHOTO BPa)KEHHSI.

CyyacHa kiacudikauisi IMyXJIWH JereHb 0asy-
€TBCSl Ha pe3yibTarax TpaauLiitHOro Mopgosoriy-
HOTO JIOCII/DKEHHS 3 MOJAJIBIINM MiITBEPIKEHHIM
TUNY/TATANY TyXJIWHA TPH HEOOXiTHOCTI 3a Jo7a-
TKOBUM I['X mocmiKeHHAM Ta 3 ypaxyBaHHSAM T'eH-
HO-MOJICKYJISIPHUX HOPYIICHB. 3TiTHO IO OCTaHHBO-
ro neperimsimy BOO3 xmacudikarii myxiuH JereHb
(2021 p.) [16] HOBOYTBOpPEHHS MOIUIAIOTH HA TyX-
JMHA eMITeTialbHOTO THITY, HEHPOCHIOKPHHHI MyX-
JIMHY, TMYXJHHU 3 €KTOIYHUX TKaHUH, Me3eHXiMa-
JbHI TYXJIMHHW, crenuivyHi Ui JIereHi, MyXJIUHA
THUITy CIIMHHUX 3aJ103 Ta MyXJIMHHU TeMaToiiMpaTHd-
HOI CUCTEMU.

3 NpakTHUYHOrO JOCBiTYy BiJIOMO, IO HaWOiIb-
Iy TPYIy 3JO0SKICHUX IYXJHH JIETCHb CKIIAJaroTh
MyXJIMHU CMiTeNIaIbHOTO THITY, Cepel HUX IepeBa-
JKAIOTh  a[ICHOKAPIUHOMH PIi3HUX TiCTOJOTIYHUX
MiATHMIB, TUIOCKOKIIITHHHA Ta KPYMHOKITITHHHA Kap-
UHOMH. 3a JaHUMH Pi3HHX aBTOPIB 4acTOTa Pi3HUX
MiATATIB alcHOKapIIMHOMH JIETCHb CKiIanae oins 40—
50 % BUMAAKIB MyXJHH JICTCHb, IUIOCKOKIIITHHHOT
kapuuHoMu — 25-30 % Ta BETHUKOKIITHHHOT KapI[H-
Homu — 5—10 % Bumnankis [14, 17, 18].

Merta — mpeaCTaBUTH BJIACHUM JOCBiA Ta OIli-
HUTH MO>JIMBOCTI IMYHOTiCTOXIMIYHOI IarHOCTUKU
COJIITApHHX 3JIOSIKICHUX BOTHMIIEBUX YpPakKeHb Jie-
TeHb B yMOBAX KJIiHIYHOI IIPaKTHKH.

Marepianu Ta meToau

[IpoBeneHo peTpOCHEKTHBHE KOTOPTHE JOCIIi-
JOKEHHS, JI0 SIKOTO YBIWMITH 56 MAIi€HTIB 31 370SKi-
canmu CJIY, sKi OTpUMany JiKyBaHHS B CTallioHapi
kiiHiku Y «HanioHnanpHHN HCTUTYT Qrm3iaTpii i
nynbMonodorii iM. @.I". SlnoBcbkoro HAMH VYkpa-
Tam» Brpomorxk 2017-2021 pp. Cepen nux 6yno 39
(69,6 %) xinok ta 17 (30,4 %) vonosikis. CepenHiit
BIK KiHOK ckjaB 54,84+9,7 p. (miamazon 29—69 po-
KiB), 4oJi0BikiB — 59,0+13,2 p. (miamazon 16—76 po-
KiB).

B ycix Bumaakax Ha 9ac TOCHiTali3allil namieH-
TaM OyJIO MPOBEACHO PEHTTCHOJIOTIYHE ITOCIIKEeH-
HS Ta/abo KOMI'IOTepHA TOMOTpadist opraHiB rpya-
HOi nopokuuHU. B 47 (84,0 %) Bumankax 3a peHT-
TEHOJIOTIYHUMH JITaHUMH He OYJI0 BU3HAUEHO NPUPO-
Iy YTBOpY, TONEpenHid KIiHI9HWI niarHo3 OyB —
«HOBOYTBOPEHHS JIET€HI HEBCTAHOBIICHOI €TiOJOT1I».
B 5 (8,9 %) Bunankax Oyia 3amigo3peHa 370sKiCHA
MyXJMHA JIETeHI 32 XapaKTepUCTUKAMU YTBOPEHHs
Ha ToMorpamax, me y 4 (7,1 %) Bumagkax miarHoc-
TOBAHO iHII MATOJIOTIYHI MpoIecu (aTeneKTas Jiere-
Hi, mocT3ananbHui (ibpo3, pereHuiiiHa KicTa, BOT-
HUIICBA MTHEBMOHIS). Y KOXKHOTO 3 MAIli€HTIB 0YI0

BUSIBJICHO |—2 BOTHMIIEBUX YTBOPH B JIETEHSX, IPH-
YoMy MaKCHMaJbHiI pO3MipH KOXKHOTO By3Jia HE Tie-
peBumyBanu 3 cM. Y Tpymy AOCTIDKEHHS Oyim
BKITIOYCHI JIMIIE TALI€HTH 13 TMEPBUHHUMH ITyXJIH-
HaMH JereHb. [lallieHTH 3 OJUHOYHMMH MeTacTas3a-
MU B JIeTeHi OyJIH BUKITFOYCHI 3 JOCHIHKEHHS.

B ycix Bumaakax Oyno 3mifiCHEHO XipypridHe
BUJAJICHHS 3JI0SKICHAX BOTHHUINEBUX JIETEHEBUX
ytBopiB. B 31 (55,4 %) Bunaaky BUKOHAHO JIOOEK-
ToMito, B 22 (39,3 %) Bumaakax — aTunoBy abo cer-
MEHTapHy pe3ekii JiereHb, B 2-x (3,6 %) Bumankax
— 3milicHeHa eHykJeamis yrBopy Ta B 1-my (1,7 %)
BUNAJKy — IMYJIBMOHEKTOMIs. Y BHUNAAKY IyJIbMOHE-
KTOMiil iHTpaomepamiiHO OyJ0 BCTAHOBIECHO, IO
YTBip, OCHOBHHIA 00’€M SKOTO OyB PO3TAIIOBaHUHN Y
BEpXHill yacTmi JiBOi JIeTeHi, BpOCTaB y HIKHIO dac-
TKy. B Xoxi omepamii KoHCHIIiyMOM XipypriB IpHitH-
SITO pillIeHHs PO HEAOIUIFHICTh BUKOHAHHS KOMOi-
HOBaHOI pe3eKlii JiereHi yepe3 pU3MK BUHHKHEHHS
Ba)XKHX MICISIONEpaniiHUX yCKIIaIHEHb.

[Tpn Hanmxo/KeHHI orepaliiHOro Marepialy B
NaTOrICTOJIOTIYHY J1abOPaTOPi0 MPOBOAWIN TpaIu-
HiifHy BHpI3Ky Marepially — BHUpI3aJd LIMATOYKH
TKaHWHH 3 IMyXJIMHHAM POCTOM Ha MEXI 3 Bi3yanbHO
HE3MIHEHOIO JIETEHEBOIO TKAHWHOIO Ta B IIEHTPallb-
HUX TUISHKaX MyXJIMHHA, OPI€EHTOBHHMH CEpeIHIMU
po3mipamu 1,0x1,0x0,4 cm. HImarouku dikcyBanu y
10,0 % pozunni 3a0ydepeHoro (HelTpambHOTO) (o-
pMaltiHy BIpoAoBX 24—48 TOAWH, MOTIM IIigaBajn
CTaHJApTHIH TPOBONII Yy BHUCXIIHMX PO3YMHAX
CIHPTIB, OCTaTOYHO 3HEBOJHIOBAIN Yy XJIOPOpOpMI
Ta 3anuBaiM B napadiHoBi Osoku. 3 mapadiHOBUX
OJIOKIB BUTOTOBJISUIN CepiiiHi 3pi3N TKAaHWHH TOBIIH-
HOtOo 4-5 mkwMm. Tpamuniiine Mopdosoriune ToCi-
JUKEHHSI TPOBOJMIM 13 3aCTOCYBaHHSIM DPYTHHHOTO
3a0apBICHHS 3pa3KiB T'€MaTOKCHIIHOM Ta €03HMHOM
[19]. MikpockomiuHe DOCIHiKEHHS 31 ICHIOBAN Ha
mikpockorni Olympus BX41, poGoui 306inblieHHs
x100, x200, x400. IMmyHOTiCTOXIMIUHE TOCTIIKCHHS
MIPOBOAMIIM 3TIHO A0 CTaHIapTHOTO IPOTOKOIY,
SIKUH PEKOMEHJIyeThCSl KpaiHOIO-BUPOOHUKOM aHTH-
tin. dns igentudikamii peakiii BHKOPHCTOBYBAIN
BUCOKOYYTIHMBY cucteMy Bizyauizauii DAB Quanto,
3  HaHeCeHHsIM B  SKOCTI  XpoMoreHy  3-
JiaMiHOOCH3UINH TETPariAPOXIOPHT (Termo
Scientific, CIIIA). B po60Ti BUKOpHUCTaHI MOHOKJIO-
HalbHI aHTHTINA BUpoOHuITBa Master Diagnostica
(Icnanist) Ta Thermo Scientific (CILIA).

Bymu 3actocoBani HacTymHI Mapkepu (Tadi. 1).

B ricronoriuHiil miarHOCTHUIN MMEPBHHHUX 3J105-
KICHHX BY3IIiB JIETEHb KepyBalUCs Kiacu]ikamieo
BOO3 nyxiuH 1ereHb 0CTaHHBOTO nepersiay [16].

PesynpTatn peakiii B TiCTONOTIYHOMY 3pa3Ky
npu I['X gocmimkeHHI OIiHIOBAIM HACTYIHUM YH-
HOM: nudy3Ha mo3utuBHA — > 60 % 3abapBiieHUX
KIITHH ITyXJIWHYU; (OKaJbHA MO3UTHBHA (BOTHHMIIE-
Ba) — 10 —59 % 3abapBiieHUX KJIITHH MyXJUHUA Ta
HeraTtuBHa — MeHIIe 10 % 3a0apBieHUX KITITHH MyX-

munu [20, 21].
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Ta6mumg 1
IMmyHOTiCTOXIMIYHI MapKepH JJIs JIarHOCTHKH 3JI0SKICHUX BOTHUIICBUX YPaXKeHb JIETCHb

AHTHTIIO Kion PozBenenns Ocob6mmBocTi 3a0apBIIeHHS
Thyroid transcription factor-1 (TTF-1) SPT24 RTU SIIPO
Napsin A BS10 RTU LUATOIIIa3Ma
Cytokeratin AE1-AE3 (Pan-CK) AE1/AE3 RTU [UTOIUIa3Ma, MeEMOpaHa
Cytokeratin 5/6 (CK5/6) EP67+EP24 RTU [IUTOTLIA3Ma
Cytokeratin 7 (CK7) OVTL 12/30 RTU UTOILIA3Ma
Cytokeratin 8 (CK8) EP17 RTU UTOIUIa3Ma, MeMOpaHa
Cytokeratin 18 (CK18) DC-10 RTU UTOILIA3Ma
Cytokeratin 20 (CK20) Ks20.8 RTU UTOILIA3Ma
CD56 123C3 RTU LUTOIUIa3Ma, MeMOpaHa
Synaptophysin EP158 RTU LUTOILIA3Ma
Chromogranin A LK2H102 RTU LUTOIIa3Ma
p40 ZR8 RTU SIIPO
p63 4A4 RTU SIIPO
Ki-67 SP6 1:200 SIIPO
Vimentin SP20 RTU IUTOTLIA3MA, SIIPO
S100 4C4.9 RTU UTOIUIA3MA, SIIIPO
Smooth Muscle Actin (SMA) 1A4 RTU [UTOILTa3Ma
SOX-10 EP268 RTU SITPO
Epithelial membrane antigen (EMA) E29 RTU MeMOpaHa
CD34 QB-End/10 RTU MeMOpaHa
PakoBo-embpionanbhuii anturen (CEA) COL-1 RTU UTOILIA3Ma
CD117 (c-Kit) Ab-1 RTU LUTOIIa3Ma, MeMOpaHa

Tabmuus 2
PesynbraT pyTHHHOT MOP(OIOTIUHOI 1IarHOCTHKK OJJMHOYHHX 370SKICHUX BOTHHIIEBUX YPaXKEHb JICTCHb

Kinekicts BUIIaaKiB

T'icTosoriyHmii BUCHOBOK 9
aobc. )

AneHOKapUHHOMA JIETeHb 34 60,7

[TnockokmiTHHHA KapIHHOMA 6 10,7

HefipoeHnOKpHHHI TyXJINHI 6 10,7

BenukokiiTHHHA KapIIHHOMA, B TOMY YHCJI 3 HEHPOSHJOKPUHHUM KOMIIOHEHTOM 6 10,7

[TyxiuHU TUIY CIMHHHX 3J103 3 5,4
1

JudepeHuiliHa AiarHOCTHKA MK aTUIIOBOIO aJCHOMaTO3HOIO TiNepIuiasieto Ta 17
)

aJIEHOKapIIMHOMOIO N Situ
3arajiom 56 100,0

Pe3yabTaTH Ta iX 00roBopeHHs

3a pe3ynbraTaMH TPAAWIIHOTO TiCTOJOTIYHO-
TO JOCHiKeHHS Oyl OTPUMaHI HACTYITHI BHCHOB-
K, pe3yJIbTaT! HaBeeHi B TaOMIHIIL 2.

Haii0inpm gacto Oyiio AiarHOCTOBAaHO aJeHO-
KapuuHOMH Jerens (34 Bunanku, 60,7 %), nmpudomy
B 41,2 % BumankiB BH3HAYCHI aJCHOKAPIUHOMH
3MiMIAHOT TiCTOJOrIYHOI OymI0BH, 0€3 MYIIHOYTBO-
peHHs. BUTbIl pifiKo AiarHOCTYBAJIM IUIOCKOKIIITHH-
HY, BEJMKOKIIITHMHHY KaplIMHOMY Ta HEHpOeHJI0-
KpUHHY TyxjiuHy — 1o 6 (10,7 %) BunmajakiB Bimo-
BimHO. Hammi nmaHi y3romkyroThCs 3 pe3yibTaTaMu
MOMIOHUX JIOCHTIJKEHb, B SIKUX aJCHOKapPIIMHOMU
JIeTeHb, 3a TPAAUMIHHUM TICTOJIOTIYHHM JIOCIHi-
JUKEHHSIM, TIepeBaKall cepell HIIMX TiCTOJIOTIYHUX
THUIIIB MyXJIHMH, a came Bu3Haudanmucs y 50-60 % Bu-
najkiB. Ha npyromy Ta TpeTboMy Miclli 3a 4aCTOTOIO
JIiarHOCTYBaJIM TUIOCKOKJIITHHHY Ta BEIMKOKJIITHHHY
kapuuHoMmy — 20-30 % Ta 7-10 % Bumaaxis Bifmo-
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BimHO [18, 22, 23].

3 METOI0 YTOYHEHHS TiCTOJIOTIYHOTO THITY 3J10-
SIKICHOT MyXJIMHM Ta AJsl BU3HAYEHHS ITOAANBIIOL
ME/IMYHOI TAaKTHUKH B yCiX BHIaAKax OyJo IpoBejie-
HO II'X mocmimkeHHs, sike 0a3yBajocs Ha MOMEpe-
HBOMY TICTOJIOTiYHOMY BHCHOBKY. OTpHMaHI HaMu
pe3ynpTaTH 3aCTOCYBaHHSA PI3HUX AHTHTLI Yy pasi
3nosikicux CJIY HaBezeHo B Tabnuipix 3—4.

OCHOBHUMH HIMPOKOBXMBAaHHUMH JIiarHOCTHY-
HUMHU MapKepamH y BHIIQJIKaX PO3BHUTKY aJeHOKap-
nuHomu Jtereni € TTF-1, Napsin A ta CK7 [22, 24—
26]. 3a pe3yiapTaTaMH HAIIOTO TOCTIKEHHS (Ta0I.
3), B yCciX BUMaJKaxX iX 3aCTOCYBaHHS BHIIE3TaJaHi
MapKepu TPOAEMOHCTPYBaIU IU(Y3HY HO3UTHBHY
peaxiliro, He3aJeKHO BiJ TICTOJOTIYHOTO MIiATHITY
nyxiuHa. Napsin A mpexacTasisie co600 (epMeHT,
SIKMH BIJTHOCUTBCS 10 acliapariHOBUX NpOTEiHa3, Ta
€ BHCOKOCIEIH(pIYHUM MapKepoM came B JiarHoc-
THI aJICHOKapIIMHOM JIeTeHb. SIK paBMJIO, TO3UTH-
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BHa ekcmpecis Napsin A kopeiroe 3 eKcrpeciero

TTF-1[9, 26].

Tabmus 3

[o3uTHBHI peakilii OCHOBHOI MMaHeli aHTUTLI B OMMHOYHUX 3JIOAKICHUX BOTHUILEBUX yTBOPAX JETCHb

JiarHocTHYHI Mapkepu:
KUIBKICTh MO3MTHBHMX PeaKiliii/3araibHa KiIBKICTh poBeieHnX peakiriii (%)

<
£ =
£ 3
Tun myxnmay, abce. < g;; '§_
s & & 8§ s & 8
L o 8] pust
X 4 = o c
O E 2 O S T g G 2 ®
AJleHOKapIHHOMA 34/34 36/36 36/36 2120 1/5 02 03 1/5 2/4 o1
nereni (n=36) (100) (100) (100) (10,0) (20,0) (20,0) (50,0)
IlnockomiTHHHA
. 6/6 4/4 5/5
I((r?lz)g)I/IHOMa JIETEHI 0/6 0/2 0/2 (100) (100) (100) 0/3 0/2 0/1
AJeHOCKBaMO3Ha 2/2 2/2 2/2 212 212
kapuuHoma (N=2) (100) (100) (100) (100) (100)
Eye;fp‘l’g:i‘z:é’;‘;*‘a 11 414 o/l 5/5 414 2/2
Hoix) (N=5) (100) (100) (100) (100) (100)
BenukokiiTHHHA 1/1 1/1
kapiHoma (N=1) (100) (100) 0/1 0/1 0/1 0/1 0/1 0/1
BenukokiniTuHHA
1/3 2/2 1/3 3/3 1/1
HEHUPOCHIOKPUHHA 0/1 0/2 0/1
kapuHoma (N=3) (33,3) (100) (33,3) (100) (100)
Ilyxnunu tumy
2/2 1/1 2/2 1/1
c(:ﬁfg)ﬂnx 3aJ103 (100) 0/2 (100) (100) 0/1 (100) 0/1 0/2
Tabmuus 4
IMo3uTHBHI peakiii JOJATKOBOI MaHeIi aHTHUTLT B OIMHOYHUX 3JIOSKICHUX BOTHHUIIEBHUX YTBOPAX JIETEHb
JiarHocTHYHI MapKepu:
KUTBKICTh TIO3UTHBHUX PEaKIliii/3araibHa KiIbKiCTh IPOBECHUX peakiii (%)
« =
Tun myxnmay, abce. O - 0 é - < 3 < 5 >
S ¥ 4 A= = > Q i ) L
o O &) > n wn O O O X
AJleHOKapuHOMa 1/1 2/2 1/1 1/1
nereni (N=36) (100) (100) (100) (100)
ITnockomiTHHHA 2/2
KapLUHOMA JIEreHi 0/1 0/1 (100)
(n=6)
AleHOCKBaMO3HA 1/1 1/1
kapuuHoma (nN=2) (100) (100)
HeiipoengokpunHa
2/2 2/2 5/5
MyXJIMHA (Kapiu- 0/2 0/1 0/1 0/1
Hoix) (N=5) (100) (100) (100)
BenukokiaiTuHHA 1/1
KapuuHOMa (N=1) (100)
KaprHOMa (N=3) (50.0) (100)
C“ﬁ‘;:;fgﬁ‘gz 11 11 1/2 12 11 1/1 o/l 1/1
(51123) (100) (100) (50,0) (50,0) (100) (100) (100)
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B OIMHOYHMX BHIAKaX aJCHOKAPIHUHOM Jie-
reHb OyJid 3aCTOCOBaHI MapkepH, OuIbi crierudidHi
Ta YyTIMBI Ui TUIOCKOKIITHHHOI KapIWHOMH Ta
MyXJIMH 3 HEUPOEHAOKPUHHUM KOMIIOHEHTOM. Jluie
B OJHOMY BHITaJKy CIIOCTEepiragu Iu¢y3Hy MO3UTH-
BHy peakirito 3 CK5/6, sixa moxe BuzHayatucs y 10—
50 % BumankiB aJeHOKApLHMHOM JereHp [24, 27].
Excnpecito p63 ta p40 cnocrepiranu TijbKH B 3a-
JIMIIKOBUX CTPYKTypax HOPMAJILHOI JIETr€HEeBOI ma-
peHxiMu. B okpemMux Bumajkax, 3 METOIO yTOYHEHHS
TICTOJIOTIYHOTO MIATUITY aJlCHOKAPIIMHOMH JICTCHI, a
came — (eTaIbHOTO, 3aCTOCOBaHI HEHPOEHIOKPUHHI
Mapkepu. B oJJHOMy BHMaKy 4iTKa BOTHHIIEBA EKC-
npecis Oynaa Bu3HaueHa 3 Synaptophysin ta Chro-
mogranin A, B inmomy — Tigeku 3 Synaptophysin,
MpH HeraTuBHIHM peakiii 3 Chromogranin A, mio mia-
TBEPIWIO IX HAIEKHICTH JI0 BiIMOBITHOTO TiCTOIO-
riuHoro miarumy [24, 25]. YV 2-x BHIaAKax oTpuMa-
HO audy3Hy no3utuBHy peakuito 3 CK20, skuii €
cnenuiYHIM MapKepoOM aJCHOKAPI[MHOM JIETCHI 3i
CIIM30yTBOpPEHHSM [24, 25].

MoskHa 3ayBaKUTH, LIO 3TITHO Cy4acHUM Kepi-
BHHILITBAM y BHIIQJIKaX IMiJ03pU Ha aJeHOKAPLIUHOMY
JIeTeHi 31 CTM30yTBOPEHHIM Ta 3a BiICYTHOCTI CKYTI-
YeHP CIIM30BUX Mac MO3aKIITHHHO 1 HETaTHBHOI pe-
akmii 3 CK20, pexkoMeHOyeThcS 3aCTOCOBYBATH
HK-peaxmito 3 miacTtazoro [16, 24, 25].

B omumHOYHMX BUMagkax croctepiranu audys-

Hy no3utuBHy peakuito 3 Pan-CK, CK8 ta CK18,
are 1 MapKepu He MaJly BUPIOIAIBHOTO AiarHOCTH-
YHOTO 3HAYEHHS Yy BU3HAUCHHI MiATHITY aJeHOKap-
LIMHOMH, OCKUIBKH BOHH IMiATBEPUKYIOTH JIMIIE Ha-
JISKHICTH 10 MyXJIMH CMiTeNialbHOTO THITY.

B 3-x Bumaakax 3 moIepeaHiM TiCTOJIOTIIHUM
JIIarHO30M  «a@/ICHOKapLHOMa JIEreHi», 3 METOI0
BUKJIIOYCHHSI METACTATUYHOI'O YpaKeHHs, OyinH 3a-
CTOCOBaHi MapKepH, crieludivHi Ipu MyXJIHMHAX KH-
LIEYHNKA, MOJIOYHOI 3aJI03M Ta JKIHOYMX CTaTEBUX
oprauis (Wilms Tumor, CDX-2, SATB-2, GATA3,
PDX-1). PesynbraT peaxuii 3 BiIIOBIAHUMHU Map-
KepaMmu OyJu HeraTHUBHUMMU.

3a BH3HAYCHUMH IMYHONPO(DIISIMH ITEPBHHHOL
aJICHOKAPIIMHOMH JIET€Hb, fAKa 3a PaliOIOTIYHUM
OIMCOM BIATIOBiaja COJITAPHOMY BOTHHUILIECBOMY
(By31OBOMY) ypaskeHHIO JIETEHI po3MipaMu 110 3 cM,
OTpPHMaHi HACTYITHI pe3yJIbTaTH:

—  aJIeHOKapLUHOMA JIereHi pi3HOi TicToJor Y-
Hoi OynoBu — 32 (88,8 %) Bumnaaku;

—  aJIeHOKapLUHOMA JIeTeHi (eTanbHOrO THITY
—2 (5,6 %) Bunaaku;

—  aJIeHOKapIUHOMa JIereHi MYIIMHO3HOTO TH-
my — 2 (5,6 %) BUMagKu.

TakuM YMHOM, OCHOBHA IAaHENb MapKepiB y
BUITAIKaX aJICHOKAPILIHOM JIETeHb, TIarHOCTOBAHUX
3a TeMaTOKCHIIiH-e03uHOM, BKifodae TTF-1, Napsin
A ta CK7 (puc. 1 (A-D).

-l
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P < S T
;‘,.;1/‘

Puc. 1. A. AgeHokapunHoma nereHi. 3abapBrneHHs reMaToKCuniHOM i eo3uHoM. B. Ekcnpecia CK7, knoH OVTL 12/30. C.
Ekcnpeciss TTF-1, knoH SPT24. D. Ekcnpecist Napsin A, knoH BS10. x100.
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KopucHi mogarkosi mapkepu — CK20 ta Chro-
mogranin A (ta/a6o Synaptophysin) (puc. 2.) mist
YTOYHEHHS OKPEMUX MiATHIIB aleHOKAPIIHHOMH.

. NI R
L e e~
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Puc. 2. AgeHokapuuHoma nereHi cpetanbHOro Tumy.
Ekcnpecis Synaptophysin, knoH EP158. x100.

Ha croronnimHii geHp 3’ COBaHO, III0 BUCOKO-
YYTIMBAMH Ta CHENU(DITHIMHA MapKepaMHu IDIOCKO-
KIIITHHHOI KapIWHOMH JIETCHb € HACTYIHI aHTHTLIA
— p40, p63 ta CK5/6 [28]. Braskaetnes, mo p40 €
Oinpm crienuiYHUM MapKepoOM IUIOCKOKIIITHHHOT
KapIMHOMHU MOPIBHSIHO 3 P63, OCKUIBKM OCTaHHIN
MOXK€ BUKa3yBaTH BOTHHIIEBE IO3UTHBHE 3a0apB-
JICHHS y BHIIQJIKAX JISSIKMX aJICHOKapIHOM JIeTeHb
[11, 14]. 3 iHmMX mKepen JiTepaTypd BiIOMO, IO
cneuudiyHicth P63 MmiABHIIYEThCS B KOMOIHAIIl 3
CK5/6 [10]. ¥V wmamomy mociiukeHHi audys3Ha mo-
3WTHBHA PeaKLisi 3 OCHOBHUMHU MapKepaM¥ IUIOCKO-
xiiTrHHOI Kapuuaomu (P40, p63 ta CK5/6) cnocre-
piranacs B 3-x Bumankax. llle B 2-x Bumagkax 3a-
cTocoBaHo Mapkepu P63 ta CK5/6, mpu npoMy exc-
npecist 3 P63 Mana qudy3HNI XapakTep, a MO3UTHB-
Ha peakmis 3 CK5/6 BusHauamach sk audysHa Ta
BOTHHMIIIEBA. Ta B OJHOMY BHIIAJKy 3acTOCYBajd
mapkepu p40 ta CK5/6, nudy3Hy mo3uTHBHY peak-
I[if0 crocTepiraad 3 oboma mapkepamu. Bukopuc-
TaHHS B OJMHOYHHMX BUIAAKAX IiJO3PH HA MOXKIIH-
BICTb HEWPOECHIOKPUHHOTO KOMIIOHEHTY ITyXJIMHA
1-2 nonatkoBux mapkepiB (Chromogranin A, Syn-
aptophysin ta CD56) nponeMOHCTpyBalo HeraTHB-
Hy peakuito. B 2-x Bumajgkax Oyio 3acTOCOBaHO
mapkep Ki-67. IIponidepaTiBHa aKTUBHICTH KIIITHH
MyXJMHH B OJJHOMY BHIAJKy ckiana 65 %, B iHIIO-
My — 70-80 %, 1110 € XapaKTEPHOIO 03HAKOIO 3JI0SIKi-
CHMX HYXJIMHH. 32 JaHUMH JIITEpaTypH, y BUIAIKaX
IUIOCKOKJIITHHHOT KapIIUHOMH BHCOKHI 1HIEKC MPO-
midepanii (Ki-67) Bka3ye Ha arpecHBHHiII xapakTtep
INYXJIMHA Ta MOXE 3aCTOCOBYBATHCS SIK IOKA3HHK
MPOTHO3Y PU3UKY PELMANBY TTyXJIHHH [26, 29].

TakuM 4YMHOM, OCHOBHMMH KOPHCHHMHU JiarHO-
CTHYHUMH MapKepaMy IUIOCKOKIITHHHOI KapIHHO-
MU 32 pe3yJbTaTaMH Halloro JOCIHIJKEHHS BUSBH-
mucs p40, p63 ra CKS/6 (puc. 3 (A-C).

£
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Puc. 3. A. lNnockokniTuHHa KapunHoma nereHi. 3aba-
PBIEHHS remaTokcuniHoM i eo3vHom. B. Ekcnipecis CK5/6,
knoH EP67+EP24. C. Ekcnipecia p63, knoH 4A4. x100.

AJICHOCKBAaMO3Ha  KapOWHOMa, sKa 3HOBY
yBifinuIa 1o kinacudikamii MyXJIMH JIETeHb y BUIIISIL
okpemoi oauHULI [16], € PiAKICHUM TiCTOIOTIYHUM
TUIIOM Cepell 3JI0IKiCHUX MyXJWH JereHp [30-32],
Ta 3a TPATUIIHHUM TICTOJIOTIYHHM JOCIIIKCHHIM
MPEJICTaBIICHA EJIEMEHTAMHU SK aJCHOKAPIMHOMH,
TaK 1 MIOCKOKIITHHHOI KapI[HHOMH, [TPUYOMY 4acT-
Ka KOXHOTO 3 KOMIIOHEHTIB IyXJIMHH Ma€ CKIaJaTu
He meHme 10 % [31-33]. B mmux Bumagkax HamMu
BU3HA4YCHO An(y3HY Ta BOTHUILEBY MO3UTHBHY pea-
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kuito 3 CK7, TTF-1, Napsin A, p63 ta CK5/6. B
OJHOMY BHUIAKY CIHOCTEpIraay BOTHUILEBY MTO3HUTH-
BHy peakiro 3 CK8 ta Vimentin.

ToOT0, y BHIaaKax aneHOCKBaMO3HOI KapIlu-
HOMH, 3a HalIUMH PEe3yJIbTaTaMH, ITaHEIb OCHOBHUX
JiarHOCTUYHUX MapkepiB ckimaganacs 3 CK7, TTF-1,
Napsin A, p63 ta CK5/6.

VY BHUNAKy BEJMKOKIITUHHOI KapLUUHOMH Jie-
reHb qudy3Ha MO3UTHBHA peakilis crocTepiranacs 3
CK7, CK8 Tta TTF-1, npum HeratuBHiA peakuii 3
Napsin A. TlosutusHa peaxuis 3 CK5/6, p40, p63,
Synaptophysin Ta CD56 Bu3HaueHa B OJMHOYHHX
KIITHHAX WyXJHHW, 0, Ha HAmy IyMKYy, OYyio
TIOB’S13aHO 13 3AJIMIIKOBUMH OpOHXIaNbHUMH CTPYK-
TypamH, TaKy peakililo PO3IiHIOBAIN 5K HETAaTHBHY.
To6T0, y BHMaAKax BEIHKOKIITHHHOI KapIMHOMH,
MOTIEPETHRO TAK JIarHOCTOBAHOI 32 T€MAaTOKCHITiH-
€03MHOM, ITO3UTHBHI iarHOCTHYHI Mapkepu Oymnn
HactynHi — CK7, CK8 ta TTF-1 y noennanHi 3 He-
ratuBHOIO ekcrpeciero Napsin A, p40 (p63) ta map-
KepiB HEWPOCHAOKPUHHOTO AU(EPEHIIIFOBaHHS.

KiacuuHrMu MapkepaMu JIarHOCTHKH HEWpo-
SHJIOKPUHHUX ITyXJIUH JIETeHb BBaXKalOThcs Synap-
tophysin (ta/abo Chromogranin A) ta CD56 [34,
35]. Bimomo, mo Synaptophysin e 6inbun 4yTiuBuM
MmapkepoM mopiBHsHO g0 Chromogranin A, mpote
cnenn(igHICTE OCTAaHHBOTO BHINA. Ekcmpecis mux
JIBOX MapKepiB BimoOpakae (YHKIIOHATLHUN CTaH
CEKPETOPHHUX TPaHyJl BCEPENUHI KIITHH ITyXJIMHH.
IIpore B AeskuX HEHPOEHAOKPUHHUX MyXJIUHAX IIO-
3UTHBHA PEaKIlisl CIIOCTEPIra€ThCs TIIBKH 3 OJHUM 13
AHTHTLJ, TOMY JOLIJIBHO 3aCTOCYBaTH OOHIBa Map-
KEpH, OCKIIbKH 4acTO BOHHM JONOBHIOKOTH OJMH OJI-
Horo [25, 36].

[Ipu HeHpOECHIOKPUHHUX MyXJIHHAX (KapIHO-
inax) 3acrocyBanus Synaptophysin ta CD56 Buka-
3aJ0 TUQY3HY MO3UTUBHY PEAKINIO B YCiX BHITQAKAX
ix 3acrocyBanHs. Crioctepiranacst BOTHUILEBA ITO3H-
tuBHa peakiisi 3 Chromogranin A, TTF-1, CK7,
CK8 Ta CK18, mpu neratusHiit peakuii 3 CK5/6,
S100, SMA, CD34 Ta Vimentin. B ycix Bumaakax
BU3HAYCHO MpOJi)epaTuBHY AaKTUBHICTh KIITHH
nyxnunu (Ki-67), Bona Oyia B mexxax 5—20 %.

Y BuIaJKax JIarHOCTUKH BEJIMKOKJIITHHHOI
HEHPOEHIOKPHHHOI KapIIMHOMH JIeTeHb Oyia BH3HA-
yena qudy3Ha excnpecis Synaptophysin ta CD56 B
ycix BUMajKax ix 3acrocyBanus, a Chromogranin A
— JWIIe B OAHOMY BHMNajKy. Hami pesynbrati y3ro-
JOKYIOTBCSL 3 TOHIOHUMHE TOCTIKCHHSAMH, B SKUX
BCTAaHOBJIEHO, IO MOXE BH3HAYATHCA EKCIpecis
JWIIEe OJHOTO UM Ofpa3y JAEKUIBKOX HeHpOoeHMO-
KpuHHEX MapkepiB [35, 37]. B 2-x Bumagkax croc-
Tepiranu audy3Hy MO3UTHUBHY peakiito 3 TTF-1, mo
3a JaHUMU JIiTepaTypu Moxke BusHauarucs y 40-50
% BHIAAKIB BETUKOKIITHUHHOI HEHPOCHIOKPUHHOT
KapIuHOMH JiereHb [24, 35, 38], Ta BUKJIIOUNIIO MO-
KIMBICTh METACTATUYHOIO BPAXKEHHS JiereHb. B
OJTHOMY BHIQJIKy BHSBJICHO JH(y3HY NO3UTUBHY
peakuito 3 CK7. BorauieBy ekcmpecito 3 Vimentin
CIIOCTEPIrajy TaKoXX B OJJHOMY BHIIQJIKY, a PEaKLis 3
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p63, Napsin A ta CK5/6 6yna nerarusHoro. B 2 i3 3-
X BWITQJIKIB J[iarHO3 BEMKOKIITHHHOT HEHPOEHIOK-
PUHHOI KapIIMHOMH OYyB MiATBEPHKCHHUN B CIIEITiai-
30BaHMX OHKOJIOTIYHHX YCTaHOBAX, 3 ypaxyBaHHIM
orpumanoro Hamu II'X mpoginro myxnuHu.

[InpokoBXUBaHAM MapKepoM Tpodrideparii €
antutino Ki-67, mo mpeacrapise GiTKOBU KOM-
IUIEKC, SIKWI 3’SIBISETBCS B LUTOIUIA3Mi KIITHH B
CHHTETUYHY (ha3y KIITHHHOTO LUKy IICJIS BUXOIY
KJITHH i3 CTaHy CIIOKOIO Ta mepexoay ao ¢asm mia-
TOTOBKH JI0 MiTO3y. BiH /1103BOJISI€E BU3HAYNUTH KiJb-
KICTh KJIITHH, SIKI BCTYMAlOTh B MITOTHYHUH IHUKIL, i,
TaKUM YHHOM, XapaKTepu3ye TpoiripepaTHBHHN
moTeHIian gociimpkyBanoi myxnuau [39]. PiBens
ekcrpecii Ki-67 TicHO 1MOB’sI3aHMiA 31 CTyTICHEM 3710~
SIKICHOCTI ITyXJIMH, OCOOJNHMBO y BHIAJKaX HEWpOEH-
JOKPUHHHX Ta BEIMKOKIITHHHUX HEHPOCHIOKPHH-
HuX myximH [24, 40]. B ycix BUmaakax BeIHKOKIi-
TUHHOI HEHUPOEHJOKPUHHOI KAPLUUHOMU BHU3HAYEHO
BUCOKHMII piBeHb MpoJiepaTnBHOI aKkTHUBHOCTI. B
OJTHOMY BHUIMAJKY Bia cTaHOBUB 80 %, B IHIIKUX BOX
—40-50 %, 1o XapakTepHO LLOMY THITY 3JIOSIKICHUX
MyXJIMH JIereHsb [24].

TakyuM YMHOM, NAHEIh OCHOBHHUX JIarHOCTHY-
HHUX MapKepiB y BHUIIaJKaX HEHPOCHIOKPHUHHUX ITyX-
JIVH JIETeHb PI3HOTO CTYIICHS 3JI0AKiCHOCTI — Synap-
tophysin (ra/abo Chromogranin A), CD56, CK7,
TTF-1 Ta Ki-67.

JlocuTs HENpPOCTHM 3aBIAHHSAM € IPaBHIbHUH
nin6ip manem II'X-mapkepiB y BUNaaKax HyXJIHH
JIETeHb THIY CIIMHHUX 3aJ103, OCKUIBKH i1CHYE 3HaYHa
KUTBKICTh PI3HUX TICTOJIOTIYHMX THUIIB LUX YTBO-
peHb, IPUIOMY K TOOPOSIKICHHX, TaK 1 3J0SKICHUX
[16, 41, 42]. Cnig HamMaraTHcs OTPUMATH MaKCHMa-
JBbHY iH(pOpMAIiIo 1Ie Ha eTarl TPaauLiiHOro TicTo-
JOTIYHOTO JOCITI/UKEHHS 3Pa3KiB TKAHWHH ITyXJIHHH.
Hawmu Oyno meransHO mpoaHaIi30BaHO MaKpPOCKOMi-
YHI XapaKTePUCTUKH (OCOOIMBOCTI pPO3TalTyBaHHS
snmosikicaoro CJIY, ocoOmuBa yBara HajaBaiacs Ha-
SIBHOCTI 3B’SI3KY 31 CTPYKTypamu OpOHXIB), 0COOIH-
BOCTI TiCTOJNOTIYHOT OyIOBH (KITITHHHHUHA CKIIAT TyX-
JMHHU, ii TICTONOTIYHHWNA MATTEPH, SACPHI Ta IIUTO-
IUIa3MaTHYHI OCOOJIMBOCTI OKPEMHX THIIB KIIITHH
MYXJIHMHHU), OCKUIbKH yCi 3a3Ha4€Hi YMHHHUKH BILIH-
BAIOTh HA OCTATOYHHI BHOIp mMaHesl aHTUTLN, 1 Ta-
KU miIXi] Hapasi € 3aranpHonpuitHATEM [41, 42].

B omHOMYy BHIanKy npH TpamumiiHOMY TicTo-
JIOTIYHOMY JOCHI/PKEHHI KIITHHU IMyXJIHHU (popmy-
BaJIM 3aJIO3HCTI CTPYKTYpH, BHYTPIIIHIA IIap SIKHUX
OyB TpeICTaBICHUN KIITHHAMH CIiTENiaThbHOTO TH-
Iy, a 30BHINIHIA — KJIITHHAMH MIiOCMITeIialbHOTO
tuiy. IIpocBiT 3aJ103UCTHX CTPYKTYp OyB BHIIOBHE-
HUH IMITPHUMHU e03uHO(UIEHUME Macamiu. [lomepe-
IHI BHCHOBOK: WMOBIpHO, MyXJIMHA JIET€HI THILY
CIIMHHUX 3aJ103 Ta OyJI0 pEKOMEHIOBAHO POBOIUTH
mudepeHniiHy AiarHOCTHKY MK —emiTelianbHo-
MiOETiTeNaaTbHOK KapIMHOMOIO Ta IMIeOMOP(HOIO
ageHoMoro 3a nogatkoBuM II'X mocmimxernsm. [Ipu
II'X Bu3Hayena nudysHa Mo3uTHBHA peakuis 3 Pan-
CK ta SMA, peakuis 3 S100 Ta CEA mana Boruu-
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meBuii xapakrep. Peakmis 3 CD117 ta TTF-1 6yna
HeraTuBHOIO. ITo3utnBHa peakmis 3 Pan-CK cBimguu-
Jla TPO emiTeNMianbHy MPUPONY KIITHH MyXJIUHH, a
peakmis 3 SMA ta S100 mo3Bonmia ineHTU(IKYyBaTH
MioeriTenianbHi KNTUHA [24, 41-43]. BpaxoByroun
pesynsrar II'X mocmimkeHHS, IMyHOIIPOQiIp myX-
JIMHY BIANOBIZaB  emiTeniajJbHO-MioemiTeanbHii
KapLIHOMI.

B iHmomMy BUNanKy 3a TpaauIliitHAM TiCTOJIOTI-
YHUM JOCI/DKEHHSIM KIITHHU IyXJIMHA (OpMyBain
¢omikymnsapHi Ta KpiOpo3Hi cTpykTypH. Kititunu my-
XJIMHU OYyJIM TIOMIpHO MoJiMOpQHI, CepeHiX po3Mi-
piB. HekpotuuHi 3Minn Oynu BincyTHi. B pesynprarti
Oyna 3amizo3peHa aJeHOIN-KiCTO3Ha KapIHOMa i3
TPYIH ITyXJIMH JIETeHb TUITy CIMHHHX 3aJ703. Y LbO-
My BUOAmKy 3a pesynbratamu 1['X mociimkeHHS
BU3HaueHa audysHa mo3utuBHa peakuis 3 CK7,
CK5/6, p63 Ta Vimentin. Peakmis 3 Synaptophysin
Oyna HeratuBHoo. [lokasHuk mposidepaTuBHOI ak-
TUBHOCTI 3 MapkepoM Ki-67 cknaB 6ins 20 %, o
JIaJio 3MOr'y BepU(IKYBaTH TiCTOJOTIYHUH THUIT MyX-
JUHU, a caMe — aJCHOIN-KICTO3HY KapluuHOMY i3
IPYIH MyXJIMH CaTiBaTOPHOTO THUILY.

VY TpeThOMy BHNAAKY NPH TPaTULiitHOMY ric-
TOJIOTIYHOMY IOCHI/KEHHI BHSBICHO, IIO KIITHHU
MyXJIMHA (OPMYBAIH TaK 3BaHI «KICTI» (3aJI03HC-
TOTIOMIOHI CTPYKTYpH), cepell KPYIMHUX BY3TyBaTHX
PO3pOCTaHb CHONYYHOI TKAaHWHM Ta MAacHBHHX OCe-
penkiB Hekpo3y. KimiTuHHUEA cKinax myXJIHHHHAX PO3-

pocTaHb OyB TPEJCTABICHUH PI3HUMHU KIITHHAMH —
eMiZIepMOITHOTO THUIy, KJIITHHAMH 31 CIHHOYTBO-
PEHHSM Ta eMiTeTiaTbHIMH KIITHHAMH TPOMiIKHOTO
TUIy. BUCHOBOK — HMOBIpHHIA PO3BHTOK MYKOETIi-
JIepMOiTHOI KapIMHOMH, JOJATKOBO CIIiJ] BHKIFOUH-
TH PO3BUTOK AJCHOKAPUUHOMH (ETATHHOTO THUITY.
IT'X mocmikeHHS BU3HAYMIO IU(Y3HY MO3UTUBHY
peakuito 3 CK8, a peakuis CK7, CK5/6 ta Napsin A
Oyna BorauineBorw. Excopecis Synaptophysin, Vi-
mentin Ta TTF-1 Oyna Bu3HAueHa B MOOJHHOKHX
KJITHHAX, 3arajoM 0 5 % ycixX KIITHH IyXJIHHH,
peaxiiis Oyna posliHeHa sK HeraTwBHA. Excmpecis
p40, Chromogranin A ta S100 Gyna seraTusHO0. B
OFOMY BHIAAKY iIMyHO(QEHOTHIT MyXJIMHH HAHOLIbII
BIJIMIOBiTaB MYyKOEMiaepMoinHiii kapruHoMi. 3a ma-
HUMH 33apyOKHUX JDKepen JITepaTypu caMe B My-
KOEMiIepMOIHI KapIHHOMI MOXE BH3HAYUTHCS
mo3utuBHA peakuis 3 CK7, CK8, CK5/6 ta p63, npu
BapiabenbHiit ekcrpecii Napsin A, TTF-1, S100 ta
Vimentin [42, 44].

Yci BUNaaKy MyXJIMH JIETEHb THITY CIIMHHUX 3a-
703 OyJIM KOHCYJIbTOBaHI B NMPOQIUIBHUX YCTaHOBaX
Ta BCTAHOBJICHWH HaMH TiCTOJIOTTYHUHN THUI MyXJINHH
Ha ocHOBI [I'X mpodinro 6yno miaTBepIKeHO.

[IpoBeneHo cITiBCTaBIICHHS TiCTOJOTiYHOTO BHU-
CHOBKY 32 TpaIHWLiiHUM 3a0apBIICHHSIM Ta 3aKIFOY-
HUX TICTOJIOTIYHUX BHUCHOBKIB 3a pe3ynbratamu 1['X
JociimkeHHs (Tabm. 5).

Tabmuug 5

[TonepenHiii Ta 3aKIIOYHUH TiCTOJIOTIYHI BACHOBKH y BUMAJKaX MEPBUHHUX 3JIOSKICHUX JIETEHEBHX BY3IIiB

KinpkicTb
BHIAKIB, a0C.

[omepeHiit ricroorivyHUi
BHCHOBOK

Kinpkicth
BMIIAJKIB, a0c.

3aKIF0OYHHAN TICTOJIOTIYHUI BUCHOBOK

Judepenuiiina giarHoCTHKA
MIX aTUIIOBOIO aJI€HOMATO3HOIO

. . 1
rinepruiasiero ta aeHOKapIH-
HOMOIO in Situ
AJleHOKapIWHOMA JIeTeHi 34
[Ti1ocKOKIIITHHHA KapLIHHOMA 6
HelipoennokpruHHa nmyxJjivHa 6

(xapuuHOiT)

BenmukokniTHHHA KapLIUHOMA, B
TOMY YHUCITi 3 HEHPOCHIOKPHH- 6
HHM KOMIIOHECHTOM

[TyxJIMHY THIY CIIMHHUX 3aJ103 3

aJICHOKapIIMHOMA JIeTeHi 1

aJICHOKapIIHOMA JICTeHi 33

a/ICHOCKBaMO3Ha KapIIMHOMa
IUIOCKOKJIITHHHA KapIIMHOMA
BEJIMKOKJIITHHHA KapIIMHOMA 3 Heipo-
€HJIOKPUHHUM KOMIIOHEHTOM
HEeWpOeHJOKpUHHA MyXJIMHA (Kapiu-
HO1M)

TUIOCKOKJIITHHHA KaplIMHOMa
aJIeHOKapIIMHOMA JIeTeH1
IUIOCKOKJIITHHHA KapIIMHOMA
BEJINKOKJIITHHHA KapIIHHOMA
BEJINKOKJIITHHHA KapIIMHOMA 3 HeHpo-
€HJIOKPUHHIM KOMIIOHEHTOM
a/IeCHOCKBaMO3Ha KapIIHOMa
IYXJIMHU TUIY CIMHHHX 3aJ103

N b~

Wk P RPERENDRER O

3icTaBIeHHS OTPHMAHOTO TiCTOJNOTIYHOTO BH-
CHOBKY TIpH pyTHHHOMY 3a0apBJIeHHI Ta pe3yIbTaTiB
IT'X mocnimkennas (IuB. TadJl. 5) mokaszano, mo B 47
(83,9 %) BunaakiB 0ys0 MiATBEPHKEHO MOTEPEAHBO
BCTAHOBJICHUH TiCTOJIOTIYHWH THIV/MIATAN MyXJIUHA

nereni. ¥ 9 (16,1 %) Bumankax 3actocyBanss II'X
JOCIIJKEHHS 13 BU3HAYEHHAM IMYHOHPOQIIIO MyX-
JUH TIPU3BEJIO JI0 3MiHH TiCTOJOTIYHOTO IMiITHITY
ITyXJIMHY JIET€Hi, 10, SK BHIIE 3TaayBanocs, MPHUH-
LUIIOBO BAXJIMBO UIA MOIANBIIOTO MEIMYHOTO Be-
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JIEHHS TAKAX MAI€HTIB.

Takum umHOM, pesyibratu 11X mociimkeHHs
JO3BOJIAIOTh YTOYHUTH TiCTOJOTIYHHWMA THII/TI ATHIT
MyXJIMHU, CTYHiHb ii 3JOAKICHOCTI Ta BH3HAYHTU
MOJANBITY TAKTHKY JIKYBaHHS MAIi€HTIB i MPOTHO3
3axBOproBaHHs. KOMIUIEKC TaKMX MEIMIHUX 3aXO0/1iB
Ma€ METOI MiJBHUIIHUTH SKICTh MOJAJBIIOTO XKHUTTS
MAII€HTIB Ta 3HU3UTHU PiBEHb CMEPTHOCTI BiJl OHKO-
JIOT1YHUX 3aXBOPIOBAHb.

BucHoBkn

Mopdonoriusa iarHOCTUKA 3 IMyHOTiCTOXiMi-
YHUM JOCII/PKEHHSIM Hapasi Mae MPOBiHE 3HAYCHHS
JUTSL HaMO1IbII TOYHOrO Ta 00’€KTUBHOTO BH3HAYEH-
HSI TICTOJIOTIYHOTO TUITY T YTOYHEHHS CTYICHS 3J10-
AKICHOCTI CONITapHHUX WYyXJUHHAX BOTHHUIIEBUX
YpaXeHb JIETeHb B IPaKTHYHIN MEIHUIINHI.

3a pesympTaTaMu HAIIOTO IOCTIKCHHS BCTa-
HOBJICHO JIOIUIBHI [IarHOCTHYHI MapKepw Ta ix
KoMOiHawil (maHesni) y BUIaAKax HAWOUIbII po3rmo-
BCIO/DKCHUX TICPBUHHHX MYXJHUH JICTCHb HEBEITHKHX
PO3MIpiB, OMEPEAHBO IaTHOCTOBAHUX SK COJIITApHI
BOTHHUIIIEBI YPAKCHHS JICTCHb HESICHOT MPUPOTH.

VY Bumamkax po3BUTKY aJ€HOKAPIWHOM JIETeHb
HaWOLTBII NOWINIbHE 3aCTOCYBaHHSA 3-X MapKepiB:
TTF-1, Napsin A ta CK7. 3 MeTo10 yTOYHEHHS OK-
pEeMUX MIATUIIB MyXJIMHU BUKOPHCTOBYIOTH JOMAT-
koBi mapkepu — CK20, Chromogranin A (ta/abo
Synaptophysin).

VY pa3i MIOCKOKIITHHHOT KaplUUHOMHU JIeTeHb
MOJKJIMBO OOMEXHTHUCS MaHEeIUTI0 3 Mapkepis P40,
p63 ta CK5/6. Ilpu HassBHOCTI YiTKHUX TICTOIOTTYHIX
O3HaK IUIOCKOKIIITUHHOT KapIIMHOMH TP TPaaMIiii-
HOMY 3a0apBJICHHI T€MaTOKCHIIHOM 1 €O3MHOM iMYy-
HOTICTOXIMIYHE JOCIIKCHHS MPOBOIUTHCS JIHIIC 3a
noTpeou.

Y BHUMDaAKax aJeHOCKBAMO3HOI KapIUHOMHU
HaWOLTbIIIE MIaTHOCTUYHE 3HAYCHHS MAlOTh MapKe-
pu: CK7, TTF-1, Napsin A, CK5/6 ta p63.

VY Bumagkax HEHPOCHAOKPUHHUX MyXJIHUH Jie-

TeHb PI3HOTO CTYIMEHS 3JIOSKICHOCTI MiarHOCTHYHA
TaHeb TPAAMIIMHO BKItodae 1-2 mMapkepu Heipo-
€HJIOKPHHHOro audepeHiioBanns — Synaptophysin
(ta/a6o Chromogranin A), CD56, a Takox TTF-1,
Ki-67 Ta ommH 3 MapkepiB HHU3BKOMOJEKYISAPHIX
nutokeparuHiB (CK7, CKS8, CK18, CK19).

[Tpn momepenHbOMY BHCHOBKY IIPO PO3BUTOK
BEJIMKOKJIITHHHOT KapITHOMH JIEr€Hb JiarHOCTHYHA
MaHeN b Mae 000B’S3KOBO BPaXOBYBAaTH SIK MO3HUTHB-
Hi, TaK 1 HEraTHBHI peakIii maHesi MapKepiB, 30Kpe-
ma, mo3utuBHi CK7, CK8 ta TTF-1 Ta HeraTtuBHi
Napsin A, p40 (p63).

[Ipu nmomepeqHFOMY TiCTOJIOT{YHOMY BHCHOBKY
3a TPAamUIifHAM JOCHIDKEHHSIM IMOAO0 ITyXJIHHU
JIeTeHb THITy CIMHHUX 3aji03 maHenb I X-mapkepiB
Ma€ HAWBIAyaTi30BaHUI XapaKTep Ta BKIIOYAE JI0-
CHUTD BEJIUKY KiNBbKICTh aHTUTIIL

ITepcneKTHBY MOAATBIINX JOCTiIKEHb

[MTonanpiie HaKOMUYEHHS JOCBIY 3aCTOCYBaH-
Ha IT'X mocmiKeHHS B MPaKTHYHIN MEAMIUHI J10-
3BOJIUTH OUIBII paliOHabHO TMiJOUpaTH MaHelb
MapKepiB y KOXXHOMY BHIJIKy HEPBHHHHUX ITyXJIHH
JIeTeHb, aHANi3yBaTH peajibHI Cy4yacHI HaHi IIOJO
MOIITUPEHOCTI OKPEMHUX TICTOJOTIYHUX THUMIB Ta MiA-
THIIIB MyXJHWH JIETEHb CEepell HAcEeNCHHS YKpaiHH.
BesnepepBHa po3poOka HOBHUX, OLTBII crieTdigHIX
Ta YyTIMBHUX MapKEpiB y BHIAAKAX Pi3HUX TiCTOJIO-
TYHUX THUIIB MyXJIMH JIETEHb TaKOX J[03BOJHTH I10-
KpaIlUTH SKICTh Ta pe3yabTaTUBHICTH BiacHe [I'X
OCIIKEHHS.

Indopmanis npo koHQJIIKT iHTepeciB

[MoTteHuiitnnx abo sBHUX KOHQIIIKTIB iHTEpECIB,
IO TOB’s3aHI 3 LUM PYKONHCOM, Ha MOMEHT
nyOJikanii He iCHye Ta He epe0avaeThesl.

Jlxepesia ¢piHaHCYBaHHS

JlocnimKeHHs] BUKOHaHO B paMKax HayKOBO-
JIOCHITHOI TeMH «YJIOCKOHAJIHTH MOPQOJIOTIgHY
JIarHOCTUKY BOTHHIIEBHUX YPaXkKE€Hb JIETCHb» (HOMEp
neprkaBHoi peectpaii 0122U000553).
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Jlickina 1.B., 3ara6a JI.M. Mo:kauBocTi iMmyHoricroxiMiaHoro q0ocail:KeHHsI B MPaKTHUYHili giarHoc-
THIi OIMHOYHUX 3JI05IKICHUX BOTHHILIEBUX YPasKeHb JieTeHb.

PE®EPAT. AxktyanbHicTh. Harenep mopdosnoriuna giarnoctuka 3 imyHorictoxiMmivaum (II'X) mocmi-
JOKEHHSIM J03BOJISIE 00’€KTUBHO YCTAHOBUTH TiCTOJIOTIYHY HAJIC)KHICTh 3JIOSKICHUX COJITAPHUX JIETEHEBHX
yrBopiB (CJIY). Mera — npenctaBUTH BIACHUK JOCBIJ Ta OIIHAUTH MOJIMBOCTI iIMYHOTiCTOXIMIYHOI TiarHOCTH-
KM CONITapHUX 3JI0SKICHUX BOTHHIICBHUX YPaXXCHb JIETEHb B YMOBaX KJIiHIYHOI mpakTiki. Meroau. [IpoBeneHo
PETPOCIIEKTHBHE KOTOPTHE JIOCHI/PKEHHS, J0 SKOTO YBIWIIIO 56 BHmaakiB mepBHHHUX 3nosikicHux CJIY, sxi
OyJi0 BUAAJIEHO NpU XipypriyHOMY BTpy4aHHi. Bci HOBOYTBOpEHHs MiIATaid TPaJULiHHOMY TiCTOJIOTTYHOMY
JIOCIIJDKEHHIO, B moaanbiiomy npoBogwin 11X mociimkeHHs 3rifiHO 10 CTaHAApTHOTO NMPOTOKOJy. Peakiiro
AQHTUTEHIB OLIHIOBAIH K AU(Y3HY (= 60 % 3abapBieHUX KIITHH MyXJIMHU), GokanbHy (10-59 % 3abapBiennx
KITITHH MyXJIWHH) Ta HeraTuBHy (Menure 10 % 3abapBrnenux kinituH myxiausu). Pesyabratn. B 34 (60,7 %)
BUINAJKaX 32 TPAJULIHHUM MOP(OJIOTIYHUM JOCTIPKEHHAM AiarHOCTYBAJIM aJCHOKApIIMHOMH JIETEHb Pi3HUX
TiCTOJIOTIYHAX MiATHMIB. Pifme — MIOCKOKIITHHHY, BEMUKOKIITHHHY KapIIMHOMY Ta HEHPOCHIOKPUHHY TyXJIH-
Hy (1o 6 Bumaakis, 10,7 % BimnosigHo). B 3 (5,4 %) Bumangkax qiarHOCTYBaIH IMyXJIUMHH JITEHb CaJliBATOPHOTO
taumy 1 B 1 (1,8 %) Bumagky BHHHKIA HEOOXiTHICTh AU(EPEHIIHHOI AIarHOCTUKY TEPEAPaKOBOr0 MpOLECy Ta
icruaHOl yxnuHU. [TpoBenene II'X mocmimkeHHS D03BONMIO B 36 BUNAAKaX BU3HAYHTH aJCHOKAPIUHOMH Jie-
reHb pisHoi ricrosorignoi 6ymosu. [losutusHa peakis 3 TTF-1, Napsin A ta CK7 Gyna B ycix Bumajakax ix 3a-
CTOCyBaHHS. Y 2-X BHIIAKaX YCTAHOBJICHO aJCHOKApPIWHOMY MYyNHWHO3HOTO (mo3utuBHA peakmis 3 CK20) ta B
2-X — aJicHOKapUUHOMY (heTaabHOro THITY (MO3UTHUBHA peakilis 3 Synaptophysin ta/a6o Chromogranin A). ¥ pasi
TUTOCKOKJIITHHHOT KapIIMHOMH JIETeHb crocTepiranu qudy3Hy excnpecito p40 Ta/abo p63, mpu nudysHii Ta Bo-
rauieBii ekcnpecii CK5/6 B ycix Bunagkax ix 3acrocyBaHHs. [Ipu ajeHOCKBaMO3HIH KapIWHOMI BH3HA4E€HO
nudy3Hy Ta BOrHHUIIEBY mnosutuBHY peakiiro 3 CK7, TTF-1, Napsin A, p63 ta CK5/6. YV Bumanky Beinko-
KJIITUHHOT KapIMHOMU criocTepiraiu nudysHy nosutusHy peakiito 3 CK7, CK8 ta TTF-1, npu HeraTuHii pe-
akuii 3 Napsin A, CK5/6, p40, p63, Synaptophysin ta CD56. 3a nonepenHpo AiarHOCTOBAHUMHU KapIUHOTAaMH
nereHs 3abapBienHs 3 Synaptophysin ta CD56 Buka3zano qudy3Hy HO3UTHBHY PEaKIlifo, MPH BOTHUIIEBIN peak-
uii 3 Chromogranin A, TTF-1, CK7, CK8 ta CK18 B ycix Bunaakax ix 3acrocyBanns. [uaexc npomidepaii (Ki-
67) 0yB y mexax 5-20 %. Y pa3i BeNUKOKIITHHHOT HEHPOCHIOKPUHHOT KapIMHOMH IU(y3Ha TO3UTHBHA Peak-
wist cnocrepiranack 3 Synaptophysin, TTF-1 ta CD56 B ycix Bunaakax ix 3aCTOCYBaHHSI, Ta B OJJHOMY BHIIQJIKY 3
Chromogranin A ta CK7. Iugekc mponidepauii (Ki-67) ckiaaB 40-80 %. Y Bumagkax IyXJIHH JIET€Hb THITY
CIMHHUX 327103 maHenb [I'X MapkepiB mia0oupanu iHAUBITyadbHO, IO HEl BKIIOYATIHM BiTHOCHO BEJIUKY KiJIbKICTh
AHTHTLL. 3iCTaBJICHHS TICTOJOTTYHOIO BUCHOBKY 33 TPAAHUIIIMHUM TOCITIKCHHAM Ta pe3yabratiB II'X migreep-
JIMJIO TIOTIEPEeIHBO BU3HAYEHHH TiCTOJOTTYHMI THI/MIATHII MyXiauHu jereHi B 47 (83,9 %) Bunaakax. ¥ 9 (16,1
%) BUINaaKax BU3HAYCHUH IMyHONIPOQiIb IPU3BIB 0 3MIHU TiCTOJIOTIYHOTO THITY MYXJIMHH JIET€HI, 10 TPHHIH-
MOBO BXJIMBO IS ITOJAIBIION0 MEIMYHOTO BeJeHHs Takux nauieHTiB. [lizcymok. Mopdosnoriyna niarHoctuka
i3 3aCTOCYBaHHSIM IMYHOTICTOXIMIYHOTO JOCITIPKEHHS Hapa3l Mae NpOBiJHE 3HAYCHHS JJIs HaOLIbII TOYHOTO
BCTAHOBJICHHS TiCTOJIOTIYHOTO THITY Ta YTOYHEHHS CTYIICHS 3JIOSIKICHOCTI CONITAPHUX MyXJIMHHUX BOTHHIIEBUX
ypaXXeHb JIeTeHb. BU3HaueHO MOIUIBHI AJ 3aCTOCYBaHHS MaHeNi mapkepiB rmpu [['X mocmimpkeHH] y BHITaKax
HaWOUIHII PO3MOBCIOKEHNX EPBUHHUX ITyXJIUH JIET€Hb.

Kuro4oBi ciioBa: comitapHU 3I0SKICHHN JISTCHEBUH BY30JI, TiaTHOCTHKA, IMyHOTICTOXIMISL.
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Paltov Ye.V. > Dynamics of changes in indicators of oxidative stress in the early and late terms of correction of
experimental opioid exposure.

Danylo Halytsky Lviv National Medical University, Lviv, Ukraine.

ABSTRACT. The purpose of the study is to investigate changes of oxidative stress indicators during subchronic and chron-
ic periods of opioid exposure when corrected with pentoxifylline. In order to achieve the set goal, we have studied the
sources of scientific medical domestic and world literature. The results. As a result of the correction carried out by us during
weeks 3,4,5 and 6 of opioid exposure, the value of the blood malonaldehyde index at week 6 was the maximum in the “nal-
buphine + pentoxifylline” subgroup and was 6,39+0,41, which was 35,33% greater value of the control group, thus approach-
ing the relative difference to the group of animals that were administered nalbuphine for 10 weeks. In the withdrawal sub-
group, the indicator had no significant difference compared to the 6-week group, and in the “withdrawal + pentoxifylline”
subgroup — it had positive dynamics only in comparison with the “nalbuphine + pentoxifylline” subgroup. The value of the
index of diene conjugates of the “withdrawal + pentoxifylline” subgroup had lager fluctuations compared to malondialdehyde
— the average value was 41,52+1,36, which was actually on the same level as the value of control group — 41,06+1,63. In the
“cancellation” subgroup, the index of diene conjugates did not have a significant difference compared to the 6-week group,
and in the “nalbuphine = pentoxifylline” subgroup it was greater than the value of this indicator in the 6-week group and was
46,46+1,59 (control 40,47+2,57, p<0,005). At the same time, in the “withdrawal + pentoxifylline” subgroup, the value of
ceruloplasmin increased to the 287,50+8,05, which was close to that in the group of control animals — 294,2849,13 (p=0,61)
and was not statistically significant difference when compared. As a result of the correction carried out by us in the interval
of 7, 8 ,9 and 10 weeks of opioid exposure, the value of the blood malondialdehyde index at week 10 in all subgroups of the
correction was less than that in the group at week 10, which was 6,24+0,45. Malonaldehyde values were the lowest in the
“withdrawal + pentoxifylline” subgroup compared to the 10 -week group. However, despite the fact that this indicator had
positive dynamics in comparison with the 10-week group and other correction subgroups, it remained significantly higher
than the indicator of the control group, which was 4,88+0,19 (p<0,05), this difference was 13,74%. In the “cancelation” sub-
group, the index of diene conjugates did not have a significant difference compared to the 10-week group, and in the “nalbu-
phine + pentoxifylline” subgroup it was greater than the value of this indicator in the 10-week group and was 46,80+1,12,
which was 4,41% more than the indicator of the 10th week group and 12,49% more than the indicator of the control group
(control 41,60+3,02, p<0,05). The dynamics of changes in ceruloplasmin in subgroups of week 10 correction was similar to
that of diene conjugates. Thus, in the “withdrawal + pentoxifylline” subgroup, the value of ceruloplasmin increased to
278,60+4,30, however, despite such positive dynamics, this indicator remined 4,43% lower than that in the control group —
291,51+5,85, and this difference remained statistically significant (p<0,05). Conclusion. The greatest positive dynamics in
the subgroups of week 6 correction was observed in the “withdrawal + pentoxifylline” subgroup, while the dynamics of diene
conjugates and ceruloplasmin indicators were equal to those in the control group. The greatest positive dynamics in the 10-
week correction subgroups was observed in the “withdrawal + pentoxifylline” subgroups, however, despite the positive dy-
namics, especially in the indicators of diene conjugates and ceruloplasmin, it was not possible to reach the level of such indi-
cators in the control group.
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Beryn

Bennka KinbKiCTh 30BHIIIHIX TOKCHYHUX YHH-
HUKIB CIIpUsi€e BUHUKHEHHIO TOPYIIEHHS OioXimid-
HOTO CTaTycy oprasiamy. Bimomo, mo BineHO pamu-
KaJbHE OKHCHEHHS BINIrpa€ BaXIWBY pOIb Yy
MIATPUMII TPAHCIOPTY EJEKTPOHIB y IUXATBHOMY
JIaHII031, IHAYKLIT yTBOPEHHS MOP Y MITOXOHpiailb-
Hilf MeMOpaHi, SIKi peryJIlOl0Th CIPSDKEHHS TUXaHHS
3 OKUCHUM (pocopHiIyBaHHSIM 1 JISKUTH B OCHOBI
OKHCHHX IPOIIECIB Y MiToX0HApPisx. OKUCHI Tpole-
CH 32 y4YacTIO aKTMBOBAaHMX KHCHEBUX MeTaloJiTiB
Ile HeBiJ'€MHAa YacTHHA ICHYBaHHS BHIIHUX (GOpM
xwuBux oprarizmis. [1,3]. Bcranosieno, mo mpu
eKCTpEeMaIbHUX BIUIMBAX B OPTaHi3Mi aKTUBYIOTHCS
OKHCHO-BIJTHOBHI TPOIIECH, SIKi BEAYTh O YTBOPEH-
HS JIIO - 1 TiAPOTEPOKCHIIB, TOJANBIIE PO3KIaJaH-
Hsl SKUX CIIPUSi€ YTBOPEHHIO CHIOTEHHOTO KHUCHIO,
HeoOXiHOTO TSt XuUTTEMisuTbHOCTI. [2,3]. Cymepok-
CHJI € OJTHMM i3 OCHOBHUX NPOOKCHJIAHTIB Y KIIITHHI,
TOMY CYNEPOKCHIIMCMYTa3a Biflirpac KIOYOBY
pONb Yy AHTHOKCHJAHTHOMY 3aXHCTI OpraHizmy.
OyHKLisA KaTanasy nojsrae y pyWHyBaHHI TOKCHY-
HOTO MEPOKCUAY BOJHIO, SIKHI YTBOPIOETHCSI B MPO-
Heci pi3HUX OKHCHHX peakiii B opranismi [4]. J{oci
3IMIIAETECS BIIKPUTUM psil NHTaHb, IO CTOCY-
IOTBCS CITIBCTABIICHHS MATOMOP()OIIOTIYHNX TIPOSBIB
AHTIOPETHHOMATIi 31 3MIHOIO ITOKa3HWKIB OKCHIa-
TUBHOTO CTPECY B HOPMi Ha Pi3HUX TepMiHAX eKCIIe-
PHMEHTAIBHOTO OIIOIAHOTO BIUIMBY Ta KOPEKLIs
IUX 3MiH Y CyOXpOHIYHHI Ta XPOHIYHUH MEPiOIH.

CaMme TOMy METOI0 HAIIIOTO JOCIIIKCHHS CTa-
JIO BUBYEHHS 3MiH BUIBHOPAJUKAJIBHOI'O OKHUCIICHHS
Ta aHTHOKCHJAHTHOT'O 3aXMCTY Ta iX BIUIUB Ha MIapu
CITKIBKM Ta JIAHKH il TeMOMIKPOIUPKYIATOPHOTO
pyciia oka Iiypa Ipu eKClepUMEHTaJIbHOMY OITiOi/-
HOMY BIUTHBI Ta KOPEKIisl IIUX 3MiH Y CyOXpOHITHAN
Ta XPOHIYHUH TMEpPiOAN EKCIePUMEHTAIFHOTO OITio-
1IHOTO BILIUBY.

BpaxoByroun BHIIE3a3HAUYCHE, BBAXAEMO, LIO
JlaHe JOCII/DKEHHS € aKTyallbHUM SIK 3 TOYKH 30py
EKCIIepUMEHTAIBEHOT MOP(]OIIOTii, TaK i 3 TOUKH 30py
NpaKTHYHOT 0 TANTBEMOJIOTII.

Marepianu Ta MeTOAU

MarepialloM JOCIIPKEHHSI CIYT'yBalld CTaTeBO
3piii, 6e3m0poIHI HypH — caMili B Kuibkocti 112 -
Th TBapuH, macow 160 - 270 r, Bikom 4,5 — 7,5
MicsriB. TBapuHaM TPOBOAMIN iH €KIIi Mpemapary
HanOy(iH BHYTPIIIHRO M’SI30BO, MOJCHHO | pa3 Ha
o0y B ogHOMY TIpoMikKy dacy (10—11 roxguHa pan-
Ky) Bupomosxk 70 mi6. [TouatkoBa no3a HanOydiny
BIIPOJOBXK MEPIIUX 2 — X THXKHIB craHOBmia 0,212
mr/kr, HacTynHuX 2 — X (Il — IV tmxkas ) — 0,225
mr/kr, HactynHa (IV — VI tmxas ) — 0,252 wmr/kr,
HactymnHa (VI — VI tixws) — 0,260 mr/kr, a B mpo-

noBx (VI — X twxns ) — 0,283 mr/kr. Takum 4u-
HOM, CTBOPIOBAIM YMOBH XPOHIYHOTO OITiOiTHOTO
BIUIHBY [5].

TBapunu noxineni Ha 8 rpym. 1- a rpyma TBa-
puH oTpuMyBasia HanOy¢iH Brpomosx 70 ni6 3
HacTYmHHM  3a00poM  MaTepialy  JIOCIiPKEHHS

(xinens 10 TYDKHS €KCTIEPUMEHTATBHOTO OIMiOITHOTO
BILTMBY); 2- a TpyIia KOHTPOJIbHA, SKa BIPOIOBXK 70
0 oTpuMyBana iH’eKmii (i3i0J0TIIHOTO PO3YHUHY
BHYTPIIIHBO M’SI30BO B OJHOMY MPOMDKKY dacy (10
— 11 ropuHa paHKy); 3- s rpymna (2 THKHI BBEICHHS
HanOy(iHy 3 MOJANBIIO HOTO BiIMIHOIO Ha 4 THX-
Hi); 4- a rpyna (2 TWwKHIB BBeneHHs HanOydiny 3
NIpUETHAHHSIM Ha 4 TWXKHI NEHTOKcHQliHy); 5- a
rpyna( 2 THXKHI BBEJCHHS OMIOiAy 3 BiAMIHOIO Ta 3
nojganbiuM 4 TW)KHEBMM  BBEJICHHSM  IICH-
TOKCU(]1iHY); 6- a Tpyna (6 THKHIB BBEJCHHS Haj-
OydiHy 3 momanpLIO0 BiAMIHOI Ha 4 THXKHI); 7- a
rpyna(6 THXKHIB BBeJeHHSA HajIOy(]iHy 3 IpueTHaH-
HAM Ha 4 TKHI NeHTOKcUdiminy); 8- a rpyma (6
THOKHIB BBEJICHHS OITIOINYy 3 BiIMIHOIO Ta 3 IOJAJIb-
oM 4 TIDKHEBHM BBEICHHSM IIEHTOKCH(ITIHY).
Kopekuiss mpoBoamiace Ha paHHIX Ta IIi3HIX
TepMiHax JIe A03a MeHTOKCUQiniHy craHoBmuia 2,857
MI/KT.

VYci TBapyHU 3HAXOJIWINCH B YMOBax BiBapilo i
poboTa, W0 crocyBanacsi MUTaHb yTPUMAaHHS, HO-
ISy, MApKyBaHHS Ta BCi 1HII MaHIMyJsiii poBo-
JIMJIMCS 13 TOTPUMAHHSM TOJ0XKEHb “ €BpONeHCHKOT
KOHBEHIIIT PO 3aXUCT XpeOCTHUX TBAPHH, SAKi BUKO-
PHUCTOBYIOTBCSI JUII €KCHEPHMEHTAIBHUX Ta I1HIINX
HaykoBux mineir ” [CrtpaszOypr, 1985], “ 3arampHmx
STUYHUX NPHUHIMIIB €KCIIEPUMEHTIB Ha TBapHHAX ~,
yxBaneHnx Ilepmum HarmionansHuM KoHrpecom 3
6ioetuxu [KuiB, 2001]. Komicieto 3 6ioeTrku JIbBiB-
CHKOTO HAI[IOHAJBHOTO MEIMYHOTO YHIBEPCUTETY
imeni Jlanwna [anuiipkoro BCTaHOBJCHO, IO TPO-
BEJICHI HAYKOBI JOCIIKCHHS BIIMOBINAIOTh €THY-
HUM BHMoram 3rizHo Hakazy MO3 Ykpainu Ne 231
Bix 01. 11. 2000 poxy ( mporokon Ne 10 Bix 26.12.
2011 poky). 3abip KpoBi Ta MPOBEACHHS OCIIi-
JUKEHHS 010XIMIYHAX TIOKa3HUKIB KPOBi (MaJIOHOBHIA
JampIerif, MI€EHOBI KOHIOTAaTH, UEpPYJIOIIIa3MiH)
MIPOBOAMIIM 32 3arajJbHONPUHHATAMH METOIUKaMHU
[6, 7, 8].

Bci orpumani pe3ynpTaTH CTaTHCTHYHHX JI0-
CIIKEHh O10XIMIYHMX ITOKa3HHUKIB OKCHIATHBHOIO
CTpecy KpOBI LIypiB MIPOXOJHUIN NEPEBIPKY Ha HOP-
MaJIbHICTh PO3MOALIY 32 JOHNOMOIOI KPHUTEPito
Hlamipo - Yinka Ta i3 BUKOPUCTaHHSIM rpadiuHuX
MeToiB (aHaii3 Ookc - mioTiB Ta Q-Q miarpam y
BUIIAKY 3Ha4eHHIO p kpurepito Illamipo -Yinka <
0,05). Tak sk BCi MaHi IpOHIUIA IepeBipKy HA HOP-
MaJIBHICTh PO3MOJiTY, TO IUISl TIPEICTaBJICHHS pe-
3ynbTaTiB Oyno BukopuctaHo ¢popmar M+SD, ne M
— cepenHe 3HaueHHA, SD — cranmapTHEe BigXWICHHS.
s rpadivHOTO TIpencTaBICHHS — JiHIMHI [iarpaMu
13 IUJaHKaMM TOXHMOKH, JI€ TOYKH JIHIT — 3HaYEeHHS
CEepeHpOr0 y TPyIi, IMJaHKa MOXWOKH — po3Max
CTaH/IApTHOTO BiaXuieHHs. [y BUSBJICHHs 3Hauy-
IIOCTi Pi3HUII MK ABOMa rpynaMu OyJno BHUKOPH-
ctaHo t - kpurepiil ans HemoB’s3aHuX Tpym. s
BHSBJIICHHS 3HAYYIIOCTI PI3HMIN MK TphOoMa Ta
Oimpie rpymaMu OyJi0 BHKOPHCTaHO OJHO(AKTOp-
Hull gucnepcidamit ananizs ANOVA, npu mopmaib-
[IIOMY BUKOpPHCTaHHI arnocrepiopHoro tecty ThIOKi y
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BHIIJKy JIOCTOBIPHOCTI JUCIIEPCIHHOTO aHaIi3Yy.
Jlst mepeBipKy TPaBOMIpPHOCTI 3aCTOCYBaHHS OJIHO-
(hakTOpHOTO AMCIIEPCIHHOTO aHANI3y JaHi MPOXOIH-
T TIepeBipKYy Ha PIiBHICTH TUCTIEpCid y Tpymax 3a
nmoroMororo kputepito JleeHe. PiBeHp 3HawymocTi
Ut t - KpUTepiro Ta OUCIEpCiHHOrO aHaji3y BCTa-
HOBJIeHNH Ha piBHI p < 0,05, i kpurepito JleBene
— Ha piBHI p < 0,01.

Bci craructiuni 00paxyHKH OyJi0 HpOBEAEHO
i3 BHKOPUCTAHHSM IPOTPAMHOIO 3a0e3INeueHHs
RStudio v.1.4.1106 na 6a3i R v.4.1.0 [9, 10, 11].
Jns odpopmienHs rpagikiB Ta Tabuuip OyI0 BHKO-
pucrano enektpouHi tabmumi Excel 3 makery MS
Office 2010.

Pe3yabTaTH TA iX 00roBOpeHHs

Ha ocHOBi mpoBemeHoro OioximigHOTO mO-
CIiDKEHHS KPOBi MOKAa3HUKIB OKCHIATHBHOTO CTpE-
cy (MaJOHOBOTO MiajbIeTiqy, Ai€HOBI KOH'IOTATH Ta
HepyJIoIiia3MiHy),  JOCHIAMTH X  3MIHM Yy
CyOXpOHIYHUH Ta XPOHIYHUI TEPIOgH OIMiOiTHOTO
BIUIUBY Ta TIPH KOPEKIii NEHTOKCUPITIHOM.

B pesynbrari mpoBeieHOi HaMH KOpeKLil B
npoMikok 3, 4, 5 Ta 6 TIXKHI OMIOITHOTO BILUIMBY
3HAYCHHs IOKa3HUKAa KPOBiI MaJOHOBOTO aJbACTiTy
Ha 6 THKHI OyJT0 MaKCHMAalbHUM Yy MiATPYIIi « HaJ-
Oy¢in + meHTOKCHOUTIH » 1 craHOBWIO 6,39+0,41
mo Oyno Ha 35,33 % Ounbine 3HaYEHHS KOHTPOJIBHOT
IpyIH, HAOIMKAIOYUCh TAKMM YHHOM 32 BiJHOCHOIO
pi3HHULICIO 10 TPYNH TBapHH, sKuM 10 TIKHIB BBO-
Ju HajnOydin. Y miarpymi BiIMIHM NOKa3HUK HE

MaB CYTTEBOI DI3HUII Yy TOPIBHAHHI i3 TPYIoOK 6
THXKHS, TaK 1 y MATPYM « BiAMiaa + neHTOKCH)iTiH
» - MaB TIO3UTHBHY IWHAMIKY JIUIIEC B TIOPIBHSAHHI i3
MATPYIOI0 « HAMOY(iH + MEHTOKCULTIH ».

3HayeHHs TMOKAa3HMWKA JI€HOBHX KOH IOTaTiB
MATPYIH « BiIMiHAa + MEHTOKCUQLIIH » Mamu Oiib-
Il KOJIMBAHHS y IMOPIBHAHHI i3 MaJIOHOBUM Jliajlb-
JETiioM —  cepelHE  3HAYEHHS  CTAHOBUWIIO
41,5241,36, mo Oyino (GakTUYHO Ha PiBHI 3HAUYEHHS
KOHTpOJbHOI Tpymu - 41,06+1,63. VYV migrpymi
«BIZIMIHA» MOKa3HUK IICHOBUX KOH’IOraTiB HE MaB
3HAYHOI PI3HUII Y MOPIBHAHHI i3 TPYNOO 6 THXHS, a
y miarpym « HanOydin + meHTokcudimin » OyB
OUTBIIMM 3a 3HAYCHHS BOTO MOKA3HWKA y TPyIi 6
TIWKHA 1 craHoBuB  46,46%1,59  (KoHTpOJB
40,47+2,57, p < 0,05).

HaiimeH1ie 3HaueHHs cepeHbOIO MOKa3HUKA Y
LEepyJIOIUIa3MiHy CIIOCTEpIiranocs y HMiArpyIi « Hajl-
Oydin + nenrokcudinin » - 256,00+4,06, e crano-
Bwio 14,02 % pi3HuLi y MOpIBHAHHI i3 KOHTPOJIb-
Holo Tpynoto 1a 9,30 % y mopiBHsHHI 13 rpynow 6
THKHS. B Toit e yac y miarpyni « Bigmina + reH-
TOKCH(MIIIIH » 3HAYCHHS LEPYIIOILIa3MiHy 3pOCIIO 10
287,5048,05, mo HabmM3WIOCs O TaKOTO y TPYIIi
KOHTPOJHHUX TBapwH - 294,2849,13 (p = 0,61) i He
MaJ0 CTaTHUCTHYHO JIOCTOBIPHOI pI3HHII TpH
mopiBHAHHI. J|aHi 3HaYeHp MHUX MOKA3HHKIB OIIpaIlb-
OBAaHO CTaTUCTHUYHO i MoJaHo B Tabmuipix OTpuMaHi
JaHHI OOpaxOBaHO CTATUCTUYHO Ta BUCBITICHO B
tabnuui (1), Ta pucynkax (1, 2, 3).

Tabmuus 1

OmnucoBa craructuka 0i0XiMIYHUX TIOKa3HHKIB MICIs 6-X TH)KHIB BBEJCHHS HANOY(iHY MPU KOPEKLil

I'pyna - - : HO‘K A3THK ;
ManoHoBuUi IianbAeriy JlieHOBi KOH'foraTu IlepynomnazMin

[HTaKTHI 4,82+0,18 41,45+0,03 297,30+10,51

6-i1 TIKIEHD 5,57+0,26 43,69+1,68 275,30+3,95

6-it T. KB 5,80+0,31 44.28+2 98 275,70+5,64

6-i1 T. KIT 6,39+0,41 46,46x1,59 256,00+4,06

6-i1 T. KBII 5,70+0,36 41,52+1,36 287,50£8,05

[pumitkn: 6-i TIDKACHS — TpyNa i3 6-TH TIHKHEBHM BBeICHHIM HanOyoQiny, 6-i T. KB — rpyna i3 2-TmKHEBIM
BBEJICHHSIM OITi01y 3 MOJANBIION0 BiqMiHOIO Ha 4 TixHi, 6-i T. KII — rpyma i3 2-TH)KHEBUM BBEICHHSIM OIOILY
3 MOJAJBLUIMM IPUETHAHHAM NEHTOKCU(DiIiHY Ha 4- TwkHi, 6-i T. KBII — rpyna i3 2-TH)KHEBUM BBEIECHHSIM
OMioiy 3 MOJAIIBILIOO BiIMIHOIO Ta NPHEIHAHHAM MEHTOKCUUTIHY Ha 4 THXKHI.

ManoHoBHIT Jlanbaeria
(6-1f TIDKIEHB)

5

IMoxasHnk
(T8 I N e R |

6-it 6-it . KB
TIDK/ICHb

6-it T. KIT ~ 6-it 7. KBII

TepmiH

=e=Jlocma =+—KoHTpolb
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Pwuc. 1. JliHinna giarpama 3miHM noka3Huka MarnoHOBO-
ro gianbAerigy KpoBi LypiB AOCNIQHOI Ta KOHTPONBHOI rpyn
NPOTArOM eKCNepUMEHTY Mpu Kopekuii. 6-i TxaeHb — rpy-
na i3 6-Tm TWKHEBUM BBeAEHHAM HanbydiHy, 6-i 7. KB —
rpyna i3 2-TWKHEBUM BBEAEHHsIM Onioigy 3 noganbLUow
BigMiHOI Ha 4 TxHi, 6-1 T. Kl — rpyna i3 2-TwxHeBUM BBe-
OeHHAM onioidy 3 nojanbluMM NPUEOHAHHAM  MeH-
TOKCMIniHy Ha 4 TwxkHi, 6-i1 T. KBl — rpyna i3 2-TmxHeBUM
BBEAEHHSAM onioigy 3 NoganbLUolo BigMIHOK Ta NpUEAHaH-
HAIM NEHTOKCMINIHY Ha 4 TWXHI.
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JlieHOB1 KOH'FOTaTH
(6-1 TIKOCHB)

’__‘—_/\

6-i1 6-iiT KB  6-ii T. KII 6-11 T.
TIDKIEHB KBII
TepMmin

h
wn O

TToxasHnk
[FS TN S N
T O

==Jlocnig =*—KoHTpo1b

Puc. 2. JlinifiHa pniarpamMa 3MiHH ITOKa3HHKA
IEHOBUX KOH IOTaTiB KPOBI IIypiB HOCHigHOI Ta
KOHTPOJILHOI TPYI HPOTATOM EKCIICPUMEHTY IIpH
KOpekwii. 6-i TIWKIeHb — Tpyma i3 6-TH THKHEBUM
BBEJICHHSAM HanOydiny, 6-if 7. KB — rpyma i3 2-
TIDKHEBMM  BBEJCHHSM OINIOIAy 3 MOJAIbIIOI0
BiMiHOIO Ha 4 TwxkHi, 6-i T. KII — rpyma i3 BBeneH-
HSAM OIIOINy 3 MOJAJNBIIUM IPUETHAHHIM IICH-
TokcuQininy Ha 4-my TikHI, 6-ii T. KBII — rpyna i3
2-THDKHEBUM BBEIICHHSM OIIOINY 3 MOJAJIBIIOD
BIIMIHOIO Ta PUETHAHHIM MEHTOKCU(ITIHY.

Lepynomazmin
(6-11 TIDKIEHB)

340
ELI— —me—
& 240
é 6-it 6-ii . KB 6-if T. KII 611 T.
TIKICHB KBII

Tepmin
——Jlocnixg —=—KoHuTpoms

Puc. 3. JliHivHa piarpama 3MmiHW MokasHuKa Lepyno-
nnas3miHy KpoBi LLypiB AOCNIAHOI Ta KOHTPOMBHOI rpyn npo-
TAFOM eKCrepuMEeHTY Npu Kopekuii. 6-1 TwxkaeHb — rpyna i3
6-T1 TXKHEBUM BBEAEHHSAM HanbydiHy, 6-1 7. KB — rpyna i3
2-TXXKHEBVMM BBE[EHHAM OMioidy 3 moJanbLUo BiAMIHOK
Ha 4 TwkHi, 6-n T. K[ — rpyna i3 2-TxXkHeBMM BBEAEHHAM
onioigy 3 noganbLlUMM NPUELHAHHSAM NEHTOKCUMINiHY Ha 4-
My TWXkHi, 6- T. KBl — rpyna i3 2-TXHEBUM BBEAEHHSAM
onioigy 3 MoAanbLIOK BiAMIHOK Ta MNPUEQHAHHAM NeH-
TOKCUQDIMIHY Ha 4 TWKHI.

Ha ocHOBI 0iOXIMIYHHX IOCHIIKEHL ITOKa3-
HUKIB OKCHAATHBHOTO CTPECY Ta CTYNECHS OKCHIeE-
HaIii KpoBi IIypiB Ha Mi3HIX TEpPMiHAX KOPEKIii
€KCTIEPUMEHTAIBHOTO OINIOiHOTO BIUIMBY BCTAHOB-
JICHO NWHAMIKy 3MiHM TMOKa3HHKIB piBHA (MaJOHO-
BOTO JiajbJIeTiqy, JI€HOBI KOH'IOTATH Ta LEPYJIO-
ia3Miny). B pesynbrati npoBeneHoi HaMu KOpeKuii
B IpOMiXKOK 7, 8, 9 Ta 10 THXXHIB OIIOiHOTO BILUTUBY
3HAUEHHs II0Ka3HMKAa KPOBI MaJOHOBOTO Jliallb-
neriny Ha 10 THOKHI y BCIX miArpynax Kopekuii 0yio
MeHIIe 3a Take y rpymi 10 THKHS, 110 CTaHOBWIIO
6,24+0,45. HaiiMeHIIMM y OpiBHAHHI i3 Tpymoro 10
TIOKHS OyITM TIOKa3HUKH MAJOHOBOTO ANBIETIAY Y
MArpyni « BigMiHa + meHTokcupinia ». OgHaK, mo-
IIPU T€ IO IeH MOKA3HUK MaB MO3UTHBHY JHHAMIKY
y TOpiBHAHHI i3 Tpymoro 10 TKHA Ta IHIIAMHA
MATpynaMu KOPEKIii, BiH JMIIaBCA TOCTOBIPHO
O1IBLIMM 33 TIOKa3HUK KOHTPOJIBHOI TPYIH, IO CTa-
HoBuB 4,88+0,19 (p < 0,05), 1 pi3HULS CTaHOBUIIA
13,74 %. Sk i y miarpynax xopekuii Ha 10 TrxHi,
3HAYEHHs MOKAa3HUKA JI€HOBUX KOH’IOTATiB MiArpy-
MU « BiMiHA + MEHTOKCHMIIIH » MaJu OUIbIIY IMO-
3UTUBHY NIWHAMIKY Y TOPIBHSHHI i3 MaJOHOBHM
JiaJdbleTiIoM — CepeJHe 3HA4YeHHS CTaHOBHJIO
44,07+0,70, nepeBuiyroun KOHTpOJb Ha 5,93 %. YV
MATPYIi «BiAMiHA» TTOKA3HUK Mi€HOBHUX KOH IOTATiB
HE MaB 3HAYHOI PI3HUII y HOPIiBHAHHI i3 rpymoio 10
THOKHSA, a Y MATPYyM « Hamoy(iH + neHTOKCHDITIH »
OyB OLNBIINM 32 3HaYEHHsI LILOTO MIOKa3HHUKA y IPYII
10 TwxHst i cranoBuB 46,80+1,12, mo Oyno Ha 4,14
% Oinbure 3a nokazHuk rpynu 10 TwkHs Ta Ha 12,49
% - 3a MOKa3HUK KOHTPOJBbHOI rpynu (KOHTPOJIb
41,60 + 3,02, p <0,05).

Jlunamika 3MiH LEPYJIOIUIA3MiHy y HiArpymax
kopekmii 10 TmkHA Oyna momiOHOI o Takoi y Imo-
Ka3HHKIB Ji€HOBHX KOH IorariB. Tak y miarpym «
BiMMiHa + TEHTOKCH(INIH » 3HA4YCHHSA IEepyIIo-
mra3Miny 3pocio mo 278,60+4,30, omHak, mompu
TaKy IIO3UTHBHY JIMHAMiKy L€l TOKa3HHWK 3alu-
maBcs Ha 4,43 % MEHIINM 3a Takui Yy KOHTPOJIbHIN
rpymi - 291,5145,85, 1 151 pi3HuI 3anMIiagachk cTa-
THUCTUYHO AocToBipHOIO (p < 0,05). OTpuMmaHni naHi
BHUCBITIICHO B Tabnuii (2), Ta pucyHkax (4, 5, 6).

Tabnuwus 2

OmnrcoBa cTaTHCTHKA 010XIMIYHAX MOKA3HUKIB micis 10-X THKHIB BBEJCHHS HANOY(DiHY IPH KOPEKIIil

r Tloxa3uuk
pyna MastoHOBHMIT AialibaErin JlieHOB1 KOH'IOTaTH Lepymomna3min
InrakTHI 4,82+0,18 41,45+0,03 297,30+10,51
10-# TIOKIEHD 6,63+0,28 44,94+2.17 262,40+8,04
10-ii . KB 6,24+0,45 45,57+1,53 269,80+4,44
10-ii T. KI1 5,61£0,56 46,80+1,12 276,00+5,44
10-ii 7. KBIT 5,55+0,30 44,07+0,70 278,60+4,30

Hpumitku: 10-i Twxaens — rpyna i3 10-Tv TwkHeBUM BBeneHHsM HanOydiny, 10-if 7. KB — rpyma i3 6-
TH)KHEBUM BBEJICHHSIM OMiOiAy 3 MOAAJbINOI0 BiaMiHOMO Ha 4 TrokHi, 10-i T. KII — rpyma i3 6-TH)XKHEBUM BBe-
JICHHSAM OO0y 3 MOJaNbIINM PHUEAHAHHAM MeHTOKCUdininy Ha 4 TokHi, 10-it 7. KBII — rpyna i3 6-TixHEBIM
BBEJICHHSIM OITi0iTy 3 MOJAJIBIION0 BiIMIHOIO Ta MPHEIHAHHAM IIEHTOKCUUTIHY Ha 4 TIDKHI.
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MamnonoBmil Jianpaeri
(10-if TIDKOCHB)

o 7
Qs
(1
4
=3
10-i1 10-it . KB 10-i1 T. 10-it T.
TIDKIEHD KII KBII

Tepmin
=e=Jlocnix ==KoHTpomb

Puc. 4. NiHinHa piarpama 3MiHW NokasHuka MaroHOBO-
ro Aianbaerigy Kposi LWypiB A4OCMIAHOI Ta KOHTPOSbHOI rpyn
NpOTArOM eKCrepuMeHTy npu Kopekuii. 10-i TwkaeHb —
rpyna i3 10-Tn TxHeBMM BBedeHHAM HanbydiHy, 10-n T.
KB — rpyna i3 6-TuXHEBVMM BBEAEHHsIM omioigy 3 nogarnb-
wot BiaMiHOO Ha 4 TwkHi, 10-n 1. Kl — rpyna i3 6-
TUXKHEBUM BBEAEHHAM OMioiAy 3 NOAANbLUMM NPUEAHAHHSAM
neHTokcudinivy Ha 4 TwkHi, 10-n 1. KBl — rpyna i3 6-
TWKHEBUM BBEAEHHSM OMioidy 3 MOAanbLUO BiAMIHOW Ta
NPUELHAHHAM NEHTOKCUMINIHY Ha 4 TWKHI.

Jl1€HOB1 KOH'FOraTI
(10-11 TIDKIEeHD)

N
(=]

Ioxa3Huk
W o
th O '

10-it 10-it . KB 10-ii T. KIT 10-i1 T.
TIDKIEHD KBII

Tepmin
——Jlocmx =*—KoHTpons

Puc. 5. JliHinHa piarpama 3MiHWM NOKasHUKa Li€HOBMX
KOH'loraTiB KpOBi LLypiB [OCMIAHOI Ta KOHTPOMbLHOI rpyn
NPOTSAroM eKcnepuMeHTy npu kopekuii. 10-i TwkaeHb —
rpyna i3 10-T TxHEBMM BBeOEeHHAM HanbydiHy, 10-i T.
KB — rpyna i3 6-TWXHEBVMM BBEAEHHSIM Omioigy 3 nogarnb-
wot BiaMiHOIO Ha 4 TwxkHi, 10-n T. KIN — rpyna i3 6-
TUXHEBUM BBEAEHHAM OMioiay 3 NoAanbLUMM NPUEAHAHHSAM
neHTokcudinivy Ha 4 TwkHi, 10-n 1. KBl — rpyna i3 6-
TWKHEBUM BBEOEHHSM omioigy 3 noganbLluolo BigMIHOKW Ta
NPUELHAHHAM NEHTOKCUMINIHY Ha 4 TWKHI.

LepymornasMin
(10-if TIDKAEHE)

TToxazunk
(S ]
S 0
(=)

10-it 10-it . KB 10-if T. KIT 10-ii .
TIGKAEHD KBII
Tepmin

=e=Jlocmig =*=KoHTpoib
Puc. 6. JliHinHa piarpama 3MiHM nokasHvka uepyno-

nnasmiHy KpoBi LLypiB AOCNIAHOI Ta KOHTPONBHOI rpyn npo-
TArOM eKCrnepumMeHTy npu kopekuii. 10-1 TxaeHb — rpyna i3
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10-T1 TXKHEBUM BBeAEHHSIM HanbydiHy, 10-1 7. KB — rpyna
i3 6-TVXXKHEBMM BBEAEHHSM OMioigy 3 NoAanbLUO BiAMIHOW
Ha 4 TwkHi, 10-1n T. KN — rpyna i3 6-TWXHEBUM BBEAEHHAM
onioigy 3 nopanbWUM NpUegHaHHAM NeHToKcudiniHy Ha 4
TxkHi, 10-# 1. KBIT — rpyna i3 6-TwKHEBUM BBEAEHHAM
onioigy 3 nojanbLol BiAMIHOK Ta MNPUEAHAHHAM NeH-
TOKCUQINiIHY Ha 4 TWKHI.

BucHoBku

1. HaiiGinpIua no3utuBHa JUHAMIKA Y MIATpPY-
mmax KOpeKIii 6 THKHA crocTepiranacs y marpymi «
BiIMiHA + MEHTOKCHUQUTIH », IPH YOMY 3a JWHAMI-
KOIO TTOKa3HUKH Ji€HOBHX KOH IOTATiB Ta LEPYIOI-
Ja3MiHy TPHPIBHAINACA 0 TaKWX y KOHTPOJIBHIN
TPYIIi.

2. Binpm MO3WTHBHA IOWHAMIKA Yy MiATpyIax
kopekiii 10 TwkHs crocTtepiraiacs y HiArpymi «
BiIMiHA + MEHTOKCU]INIH », OMHAK, TIONPU TO3UTH-
BHY JAMHaMiKy, OCOOJIMBO Yy IIOKa3HHKIB JI€HOBHX
KOH I0TaTiB Ta LepyJIoIUIa3MiHy, JOCAITH PIBHS Ta-
KHX NOKa3HHUKIB Y KOHTPOJIBHIM TPy HE BAJIOCS.

I[epcnexkTHBY MOJANBIIMX AOCTIIXKEHb

Kopexkuist 6i0XiMIYHUX 3MiH MTOKa3HUKIB OKCH-
JATHBHOTO CTpPeCy KPOBi Ha paHHIX Ta Mi3HIX TepMi-
HaxX EKCIIEPHMEHTAJIBHOTO OMIOIAHOTO BIUIUBY, IO
JACTh MOXJIUBICTh CTBOPUTH MATOMOP(QOJIOTIUHE Ta
maTo0i0XiMivyHEe MIATPYHTTS IS BCTAHOBJICHHS OII-
TUMaJIBHUX 3 TOYKH 30py MOp(oJIorii TepMiHiB Ipo-
BEJICHHS MEAMKAMEHTO3HOI KOpPEKIlii 3MiH y Imapax
CITKIBKM y CyOXpOHIYHHMH Ta XpOHIUYHHHA TEpMiHU
BIUIUBY TEPAINEBTUYHHUX /103 OMIOIAHOIO aHAJIbIE€TH-
Ka 3 METOI0 cTabimi3anil BUHUKAIOYUX Ta B MOJAJb-
LIOMY HPOrPECYIOUMX SIBUIL OMiOiqHOI aHTiOHeHpo-
peTHHOMATII.

OTpuMaHi HaMH pPE3yJbTaTH B IOJATBLIIOMY
MOXYTh OYTH BHKODHCTaHI 3 METOI IIPOBEICHHS
TIOPIBHSUIBHOI XapaKTEPUCTHUKH, IO CTOCYETHCS -
HaMIK{ MaToOIOXIMIYHIX a Ha iX TJIi maToMopdoio-
TIYHUX 3MIH y IIapax CITKIBKH y CyOXpOHIYHHI Ta
XPOHIUHHMK Tepiofy BIUIMBY TEPANeBTHUHHUX J03
OITIOIJITHOTO aHAJIBIeTHKa Ta MPOBEAEHOT KOpeKii y
i nepioau. Ile HagacTh HAM MOJIMBICTH BCTAHOBH-
TH HaWOUIBII ONTHMAJBHUN TEPio] MPOBEICHHS
KOpEKIlii 3 METOr cradumi3allii MposBIiB OMiOiqHOT
aHTiOHEHPOPETHHOMATI].

Indopmanisa npo koHikT iHTepeciB

[Morenniitanx ab0 SBHUX KOH(QIIIKTIB iHTEpECIB,
IO TMOB’S3aHi 3 IMM PYKOIHCOM, Ha MOMEHT
myOikarii He iCHye Ta He epen0adaeThes.

Jxepena piHaHCYBaHHA

JlocmipkeHHs] BUKOHAaHO B paMKax HayKOBO-
nociignoi Temu «MopdodyHKIIOHAIBHI 0COOIMBO-
CTi OpraHiB y Ipe- Ta MOCTHATAJIILHOMY Iepiojax
OHTOTEHE3Y, IPH BIUIMBI OIIOiNiB, Xap4oBUX H00a-
BOK, PEKOHCTPYKTHBHHUX OIEpalisix Ta OXHUPIiHHD
(momep mepxasuoi peectpamii 0120U002129).

MORPHOLOGIA ¢ 2023 ¢ Tom 17 ¢ Ne 1



JlirepaTypHi qxepesia
References

1. Prykhodko OO. [The influence of heavy
metal salts on the biochemical parameters of the
blood of male sheep of different age groups]. Visnyk
SumDU. Seriya Medytsyna. 2010;2:42-7. Ukrainian.

2. Bohutskyy VS. [The state of lipid peroxida-
tion processes, the antioxidant defense system, and
the effectiveness of a new complex anti-anemic drug
for rats]. Ternopil. 2006:32-7. Ukrainian.

3. Belenychev IF, Levytskyy YE, Hubskyy
YU, Kovalenko CI, Marchenko OM. [Antioxidant
defense system of the body (review). Modern prob-
lems of toxicology]. Sovr. probl. toksykol.
2002;3:24-31. Ukrainian.

4. Gnid RM. [The results of the study of the
activity of enzymes of antioxidant protection of oral
fluid in patients with periodontitis who live in the
territory polluted by sulfur]. Visnyk problem biolo-
hiyi i medytsyny. 2016;2(127):224-7. Ukrainian.

5. Paltov YeV, Fik VB, Vilhova IV, Onisko
RM, Fitkalo OS, Kryvko YuYa; Pat. Ne76565 U
Ukraine, MPK G 09 B 23/28 A method of modeling
chronic opioid exposure. [Metodyka modelyuvannya
khronichnoho opioyidnoho vplyvu]. Patentovlasnik:
L'vivs'’kyy natsional'nyy medychnyy universytet
imeni Danyla Halyts'’koho. Neu201207126; zayavl.
12.06.2012; opubl. 10.01.2013, Byul. Nel. Ukraini-

6. Timirbulatov RA, Seleznev EI. [Method for
increasing the intensity of free radical oxidation of
lipid-containing blood components and its diagnostic
value]. Lab. delo. 1981;4:209-11. Russian.

7. Gavrilov VB, Mishkorudnaya MI. [Method
for increasing the intensity of free radical oxidation
of lipid-containing blood components and its diag-
nostic value]. Laboratornaya diagnostika ishem-
icheskoj bolezni serdca. K.: Zdorov’e; 1989:170-1.
Russian.

8. Kolb VG, Kamyshnikov VS. [determination
of ceruloplasmin activity in the blood]. Spravochnik
po klinicheskoj himii. Minsk. 1982:290-1. Russian.

9. R Core Team. R: A Language and Envi-
ronment for Statistical Computing [Internet]. Vien-
na, Austria: R Foundation for Statistical Computing;
2020. Available from: https://www.R-project.org/

10. Van der Loo MP. Learning RStudio for R
statistical computing [Internet]. Packt Publishing
Ltd; 2012. 126 p. Available from: https: //www.
packtpub. com/ product/ learning — rstudio — for —r
— statistical —computing /9781782160601

11. R Studio Team. RStudio: Integrated Devel-
opment Environment for R [Internet]. Boston, MA:
RStudio, PBC; 2021. Available from:
http://www.rstudio.com/.

an.

MaabsToB €.B. IlnHamika 3MiHH NOKA3HMKIB OKCHAATHMBHOIO CTpPecy HAa PaHHIX Ta Mi3HiX TepMiHax
KOpeKIii eKCepUMEeHTAIbHOr0 OMioiAHOI0 BILIUBY.

PE®EPAT. Meta A0CIi/KEHHS — TOCTITUTH 3MIHH MMOKA3HUKIB OKCHUAATHBHOIO CTPECY Yy CyOXpOHIYHHN
Ta XPOHIYHUH MEePioH OMiOiJHOTO BIUIUBY MPH KOPEKIii MeHTOKCH(iTiHOM. 111 ZOCATHEHHS ITOCTABICHOI METH
HaMu OyJo OIpaIbOBaHO J’Kepesla HayKoBOI MeIMYHOI BITYM3HSHOI Ta CBiTOBOI Jireparypu. PesyiabraTrn. B
pe3yJsbTaTi NpOBEIEHOI HaMH KOPEKIii B TPOMDKOK 3, 4, 5 Ta 6 THXKHI OIIOITHOTO BIUIMBY 3HAUYEHHS ITOKa3HUKA
KPOBi MaJIOHOBOTO aNBJETiAy Ha 6 TIDKHI OyJIO MakCHMaJIbHHM Y TiATpym « HanOydin + meHToxcudimia » i
craHoBwIo 6,39+0,41 mo Oymno Ha 35,33 % OinplIe 3HaUYCHHS KOHTPOJIBHOI TPYIH, HAOIIKAIOYHCh TAKUM YH-
HOM 32 BiIHOCHOIO PI3HUIICIO N0 TPYIH TBapwH, SkuM 10 THKHIB BBOAWIHM HAMOyQiH. Y miarpymi BiAMIiHHU ITO-
Ka3HUK HE MaB CyTTEBOI PI3HMILI Y HOPIBHSIHHI i3 TPYIO0 6 THXKHSI, TaK 1y MiArpymi « BiIMiHA + NEHTOKCU)LIIH
» - MaB MO3UTHBHY JUHAMIKY JIMIIE B IIOPIBHSHHI i3 MArpynowo « HanOydin + neHrokcudinid ». 3Ha4eHHS 110-
Ka3HMKa JIIEHOBUX KOH IOTaTiB MIATPYIH « BiIMiHA + NEHTOKCU)IIIH » Manu OiIbLII KOJMBAHHS Y TIOPIBHSHHI i3
MaJIOHOBUM MiaJIbJIETiIOM — cepelHe 3Ha4eHHs cTaHoBmio 41,52+1,36, mo Oyno (GpakTHUHO Ha PiBHI 3HAYEHHS
KOHTpPOJNbHOT rpynu - 41,06+£1,63. Y miarpyni «BiaMiHa» NOKa3HUK JIEHOBUX KOH’IOTaTiB HE MaB 3HA4YHOI pi3-
HUIIl Y TOPIBHSAHHI 13 TPYIO0 6 TIDKHS, a Y HIATPYI « HAMOy(iH + MeHTOKCU]iIiH » OyB OUTBIIAM 3a 3HAYCHHS
[IBOTO TIOKAa3HHWKA y Tpymi 6 TIKHA i craHOBHB 46,46+1,59 (koHTpOns 40,47+£2,57, p < 0,05). HaiimeHme 3Ha-
YEHHSI CepeHBOT0 MMOKAa3HUKA Y HEepyIOIIa3MiHy CIOCTepiranocs y marpymi « HaroydiH + meHTOKCU)LIIH » -
256,00+4,06, ue cranoBuio 14,02 % pi3HHILI y MOPIBHAHHI i3 KOHTPOIBHOIO rpynoo Ta 9,30 % y nopiBHAHHI i3
Tpymoro 6 THXKHA. B ToM ke gac y mArpymi « BiAMiHA + IEHTOKCU)IIIIH » 3HAYCHHS [epyIOIDIa3MiHy 3pOCIIO 10
287,50£8,05, mo HaOIU3WIIOCS IO TAKOTO Y TPYITi KOHTPOJIBHUX TBapHH - 294,2849,13 (p = 0,61) 1 He mano cTa-
TUCTHYHO AOCTOBIPHOI Pi3HHUII IPH MOPIBHAHHI. B pe3ynpraTi mpoBeneHoi HaMu KOpeKIlii B mMpoMikok 7, 8, 9 Ta
10 TIOKHIB OO IHOTO BIUIMBY 3HAYEHHS MOKAa3HMWKA KPOBI MaJOHOBOTO JAianb/eriny Ha 10 TmwxHI y BCIX mArpy-
max Kopekiii Oyno Menme 3a Take y rpymi 10 TwkHs, mo craHoBwio 6,24+0,45. HalimeHmuM y TOpiBHSHHI 13
rpynoio 10 TkHA OynH MOKa3HWKH MAaJIOHOBOTO ANBJETiAy y HMIATPYyMi « BimMiHa + meHTOKcudimiH ». OnHak,
MOTIPH T€ IO IIeH MOKAa3HWK MaB MO3UTHBHY IMHAMIKY y MOPIBHSAHHI i3 rpynoro 10 THXHS Ta iHIIUMH HMiATpyHa-
MU KOPEKIIii, BiH JUIIABCS JOCTOBIPHO OiIBIINM 32 IIOKA3HUK KOHTPOJIBHOI IPyIH, 1m0 craHoBUB 4,88+0,19 (p <
0,05), st pizauns craHoBwia 13,74 %.. Sk i y migrpymnax kopekuii Ha 10 THXHI, 3Ha4YeHHS IIOKa3HUKA J[IEHOBUX
KOH’IOTaTiB MiArPYNH « BiMiHa + NEHTOKCHU(UIIH » Many OUIbIy MTO3UTHBHY JUHAMIKY y TOpIBHSHHI 13 Majo-
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HOBHM JiaJIbJIETIIOM — CepeHE 3HAYeHHS cTaHOBWIIO 44,07+0,70, omHak Takoi TMHAMIKY Ha IIbOMY TepMiHi Oy-
JI0 HEIOCTATHBO, 00 3PIBHATHCA i3 TOKA3HUKOM KOHTpObHOI rpynu 41,60 £ 3,02 (p < 0,05) i pi3HHISA cTaHO-
Bwia 5,93 %. Y miarpym «BiaMiHa» MOKa3HHK JI€HOBHUX KOH IOTAaTiB HE MaB 3HAYHOI Pi3HMIN y MOPIBHSIHHI i3
rpymoio 10 TIKHSA, a y MATPYII « HaIOy(iH + MeHTOKCU}iNiH » OyB OUTBIINM 3a 3HAUYEHHS IBOTO MOKAa3HUKA Y
rpymi 10 TrxHA 1 craHOBHUB 46,80+1,12, mo Oyno Ha 4,14 % Oinpnie 3a mokasHuk rpynu 10 ke Ta Ha 12,49
% - 3a MOKa3HWK KOHTPOJBHOI TpymH (koHTpons 41,60 £ 3,02, p < 0,05). AuHamika 3MiH HepyIOIDIa3MiHy y
miarpynax kopekuii 10 TiwxkHs Oyja HOAIOHOIO A0 Takoi y NMOKa3HUKIB 1€HOBUX KOHtoratiB. Tak y miarpymi «
BiZIMiHa + TIEHTOKCU(DITIH » 3HaYECHHS LepYJIOIIa3MiHy 3pociio 1o 278,60+4,30, oqHak, HONPH TaKky MO3UTUBHY
JMHAMIKY el TOKa3HUK 3ainumascs Ha 4,43 % MEHIIUM 3a Takui y KOHTpOJIBHIH rpymi - 291,5145,85, 1 1 pis-
HHIS 3aJIMIIaiach CTaTHCTHYHO jaoctoBipHoo (p < 0,05). ITimcymok. HaiiGinpiia mo3urnBHa OuHAMiKa y
HiArpynax Kopekuii 6 THKHS criocTepiraiacs y HArpyni « BigMiHa + NEHTOKCU(IIIH », IPH YOMY 32 JHHAMIKOIO
MOKA3HUKH JI€HOBUX KOH IOTaTiB Ta IEPYJIOIUIa3MiHy NPHUPIBHSINCS O TAKUX y KOHTPOJbHIN rpymi. Haiibinbma
MO3UTHBHA JWHAMIKa Y HmiArpymax xopekuii 10 TmkHS crocTepirajiacs y HiArpymi « BiMiHa + TEHTOKCHDLITIH »,
OITHAaK, TOTIPH TO3UTHUBHY AWHAMIKY, OCOONMBO y IOKAa3HHKIB MI€HOBMX KOH IOTATiB Ta IepyJIOIUIa3MiHy, HO-
CSITTH PIBHS TaKHX ITOKA3HUKIB y KOHTPOJIBHIN TPYIIi HE BAAIOC.
Ki11040Bi cj10Ba: OKCHIATHBHUIM CTpeC, OMi0iA, KOPEKIIis, IIyp.
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experimental forms of hypo- and hyperthyroid conditions.

Danylo Halytsky Lviv National Medical University, Lviv, Ukraine.

ABSTRACT. The relevance. Modeling of hypo- and hyperthyroidism in laboratory animals is widely used in modern exper-
imental biology and medicine to study the pathogenetic mechanisms of the development of thyroid gland diseases, the prob-
lems of its treatment, as well as the study of the impact of thyroid hormone imbalance on various organs and systems of the
body. The most popular method of creating a model of experimental hypothyroidism is the entry of chemicals capable of
blocking the function of the thyroid gland into the body of laboratory animals. The most widely used pharmacopoeial thyro-
static is mercazolil, which is used both in clinic for the treatment of thyroid gland diseases which accompanied by hyperthy-
roidism, as well as in practical experimental studies. Modeling of hyperthyroidism is carried out by entry thyroid hormone
preparations into the body of experimental animals. The aim of the work was to determine the optimal doses of drugs, which
are necessary to achieve stable hyperthyroid or hypothyroid states, as well as its correction in the experiment. Methods. The
experiment was carried out on 65 sexually mature female white rats Wistar line, weighing 200-250 g. All animals were di-
vided into 5 groups: control, hypo- and hyperthyroidism (15 animals in each group), as well as 2 groups with correction of
hypothyroidism (10 animals in each group, Table 2.1). The hypothyroid state was modeled with Mercazolil (Zdorovya,
Kharkiv) in a daily dose of 10 mg/kg; hyperthyroidism was induced by L-thyroxine (Farmak, Kyiv) in a daily dose of 100
ug/kg body weight of animals. In all experimental groups, mercazolil and thyroxine, in the powder form, were daily added to
the food for two weeks, after which the animals were euthanized by an overdose of diethyl ether. The structure of thyroid
glands was studied on histological slides stained with hematoxylin and eosin by the traditional method. Results. During the
analysis of the micromorphology of the thyroid glands of animals treated with mercazolil, the presence of a goitrogenic reac-
tion was established, which served as evidence of the hypothyroid state induced in this group of animals. A study of the thy-
roid glands of rats who received thyroxine together with mercazolil at a dose of 1.6 pg/kg of weight (the first correction
group) showed that their morphology, both macro- and microscopic, didn’t differ from the group that received only merca-
zolil, i.e. goitrogenic reaction was present. This indicates an insufficient dose of thyroxine When using a replacement dose of
thyroxine of 30 pg/kg of body weight (the second group of correction), the goitrogenic reaction did not develop - the struc-
ture of the thyroid glands corresponded to the norm. Thus, it was this dose of thyroxine that compensated for the antithyroid
effect of mercazolil. When studying the structure of the thyroid glands of rats treated with thyroxine at a dose of 100 pg/kg,
we found signs of their atrophic state. Thus, the macro- and micromorphology of the thyroid glands of rats in this group indi-
cated that the used dose of thyroxine was sufficient to simulate persistent hyperthyroidism.

Key words: thyroid gland, hypothyroidism, hyperthyroidism, mercazolil, thyroxine.
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Beryn

MoentoBaHHs Tilo- Ta TINEPTUPOITU3MY B Jia-
60paTOpHUX TBAPHH IMIMPOKO 3aCTOCOBYETHCS y CY-
YacHI eKCIepUMEHTANbHIN Oiomorii Ta MeTuIuHI
JUIS BUBYEHHS NMATOT€HETUYHUX MEXaHI3MIB PO3BUT-
Ky 3aXBOPIOBaHb IIUTONOIOHOI 3a103u, mpodieM ii
JIKYBaHHS, 8 TAaKOX JOCIIDKCHHS BIUIMBY nucOana-
HCY THPOiZHUX TOPMOHIB Ha Pi3HI OpPraHu Ta CHCTeE-
MH opraHiamy. B cydacHMX ymoOBax BHKOpPHCTOBY-
I0ThCSl HACTYITHI MOJIEeNi TINOTHpoiau3My: 1) xipyp-
TiYHE BUIAJICHHS MIUTOMOIOHOI 3a5103M (TOTajbHA
abo cyOToTanbHA TUPOINEKTOMIst); 2) OJNOKYBaHHS
TUPOINHOI (PYHKIIT NIIIXOM YBEIEHHS €KCIepUMEH-
TaJbHAM TBapWHAM CHEUiaJbHAX XiMIYHUX PEUYOBHH
— TaK 3BaHAX THUPOCTATHYHUX Tpemnaparis; 3) BU-
KIIFOUYeHHS (QYHKIIi IMUTONOAIOHOT 3211031 Ji€l0 Be-
JUKUX 7103 pafionykmiais J* [1].

KoskeH i3 X TPHOX METOAIB Ma€ K IepeBary,
TaK 1 HelOJKK. be3yMOBHOIO IepeBaroo TUPOineK-
TOMIl € OTpUMAaHHS TIOTUPOIAU3MY B ‘‘UHUCTOMY”
BUTJISIIL, TOJI SIK 32 YMOB YBEJCHHS B OpPTaHi3M TH-
POCTaTHYHHX PEUYOBHH TEOPETHYHO MOXKHA OYiKyBa-
TH, KpIM TIOTHPOITHOTO e(eKTy, pi3HUX IOOIYHUX
BIUIUBIB, SIKI MOXYTh CIYI'yBaTW HPHUYUHOIO OTPH-
MaHHA XHOHUX pe3ynbTatis [2, 3].

Jo HemomikiB 1iei Moaeni (XipypriyHoro BUaa-
JICHHS 3QJI03M) CJIiJT BITHECTH JTOCTATHIO CKIIAIHICTh
MpOLEeypH, 3HAYHE TPABMYBAHHS CKCIIEPUMEHTAIIb-
HUX TBapuH (HapKo3, OINEpaTWBHE BTPYYaHHA), a
TaKOX PO3BUTOK NMapaTHPONPHUBHOI TeTaHii BHacCIi-
JIOK BHAJEHHS pa3oM 3 IIUTONOJIOHOIO MPUIUTO-
noaioHux 3ano3 [4]. BukopucTaHHS BHCOKHX J03
pagioifony J*! s BuKIrOYEHHS QyHKUiT MMTOMO-
JIIOHOT 3a5031 (haKTHYHO BUKJIMKAE PYHHAIIIIO Opra-
Ha, TOMY Lieil METOJ MO)KHa Ha3BaTH Pajioi30Ton-
HOIO THpoinekToMiero. CKIagHOCTI IIbOTO METORY €
3pO3YMUIAMH, BPaxOBYIOUH HEOOXiTHICTH Jabopa-
TOpIi, CreniatbHO 00JIaTHAHOI U poOOTH 3 pajaioa-
KTUBHUMH PEUOBHHAMH.

Haii0inpIr mMommMpeHuM CydacHHM METOJIOM
CTBOPEHHSI MOJIeJIi €KCIIEPHUMEHTAIBHOTO TiIOTHPOI-
JIM3MYy € BBEJCHHS B OpraHi3M JIabOpaTOpHHUX TBa-
PHH XIMIYHUX PEYOBHH, 3[aTHUX OJOKYBaTH (pyHK-
{10 MUTOMOAIOHOT 3amo3u. [lepeBaramu BOTO Me-
TOJy € HOro BiJIHOCHA MPOCTOTA, MOXIIMBICTh OJJHO-
YaCHOTO OTPUMAHHS OCTATHBOI KUIBKOCTI TiMOTH-
POITHUX TBapHH, a TAKOXX MOJJINBICTH BiTHOBIICHHS
(dhyHKIi{ 321031 Tichs BiaMiHM mpenapary. Hemomi-
KOM MOJeJi TINOTHPOiMHOTO CTaHy, 0a30oBaHiil Ha
3aCTOCYBaHHI THPOCTATHYHHUX MPENapariB, € MOX-
MBI TOOIYHI €(PEeKTH NHUX PEYOBHH, PE3YIBTATOM
ITHOpYBaHHA SIKUX MOXe OyTH XHOHE TpaKTyBaHHS
OTpUMaHUX JaHuX. YOe3MeueHHs BiJ IUX MOXHOOK
MOJIATAaE y TapajejbHOMY MPOBEICHHI THUPOiJeKTO-
Mii i/ab0 KOpekmii TrinoTHpOinu3My 3aMiCHUMH J0-
3aMH TOPMOHY IIMTOTNOIOHOT 3amo3u [2, 3, 5].

Haiibinpm yxuBaHuM (hapMaKOIIEHHUM THPOC-
TaTHKOM € MEPKa30JIiJl, aKTHBHOI PEYOBUHOIO KO-
ro € l-MeTwn-2-MepKanToiMiasos, L0 3HWKYE
YTBOPEHHS aKTUBHOI (opMH Hoxy Ta OJOKye Homy-
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BaHHS TUPO3HHY. JledinuT foay Ta mOpymeHHsS CH-
HTE3y THPOIAHUX TOPMOHIB MPU3BOIATH O 3HMKEH-
HA 1X KOHIIEHTpaIlii B KPOBI TBapHH, BHACIIOK YOTO
32 MEXaHi3MOM 3BOPOTHBOTO 3B’SI3KY ITOCHIIOETHCS
TUpOTporHa (YHKIiA Timodiza. TpuBanmii HamIH-
IIOK THPOTPOITHOTO TOPMOHY, y CBOIO UEPry, aKTH-
BY€ BHUBUIbHEHHS IIIJIOI HU3KU POCTOBUX (hakTopiB,
SIKI BHKJIMKAIOTh IIOCWJICHHS TMpoJtiepanii KIiTHH
LIUTONOAIOHOT 321031, PE3yJIbTaTOM SIKOTO € Tilep-
1a3is 3a7034 (CTPYMOTEHHUMN e(EeKT).

Mepka3ouia 3acTOCOBYIOTh SK Yy KIIHII JUIst
JIKYBaHHS 3aXBOPIOBAaHb LIUTOIOIOHOI 3aJ103H, 1110
CYIIPOBODKYIOTBCSI TIHEPTHPOITU3MOM, TaK 1 B
MPaKTHUII eKCTICPUMEHTAIBHUX TOCTIIKeHB [6-8].

Jns oTpuMaHHS epeKTy CTIHKOro rinoTHpoinu-
3My B €KCIEpPHMEHTaX Ha IIypax 3a3BHYail 3aCTOCO-
BYIOTh MEPKAa30JIiN y mo3ax Big 5 mo 10 mr/kr macu
TBapWHH Ha 100y mpoTsiroM 2-3 TikHiB [9-13].

MopentoBaHHs TINEPTUPOIAN3MY 3IIHCHIOIOTH
LUISIXOM YBEJICHHS B OPTaHi3M MiAJOCHiIHAX TBAPHH
npenapatiB TUPOITHUX TOPMOHIB (TPHHOITHPOHIH,
L-tupoxcun, Tupeokom6, Eyrupoxc 100, Tpiakana).
VYci 3a3HaueHi npenapaTy 3aCTOCOBYIOTh y KIHIYHIN
MPAKTHIIl I 3aMiCHOI Teparlii TIHOTHPOIMHUX CTa-
HiB[14-17]. [Ipu po3paxyHKY I03M TOPMOHAIBHOTO
mpernapary A iHAYKIIi TinepTHPOInn3My CITiJ Bpa-
XOBYBAaTH HOTO NMOOOBY MpOAyKIit0 B HOpMi. s
IypiB, HampuKIaa, BoHa ckimagae 30 wMir L-
THUPOKCHHY/KT MacH Tina [3], y Toi 4ac gk y JIOIHHA
HOpMasbHa mpoaykiis T3 ckiagae 6 Mkr/mooy [18].
TakuM 4YMHOM, ONTHMalbHa go006oBa jmgo3a L-
THUPOKCUHY IJIsl JOCATHEHHs CTaHy CTIMKOTro rimep-
THPOIAM3MY y IIypiB 3a JaHUMHU 0araThbOX aBTOPIB
[2, 3] cranoBuTh 100-150 MKI/KT MacH.

O1iHKy e(heKTUBHOCTI MOJICIIIOBAHHS 5K TilO-,
TaK 1 TIMEPTUPOIAN3MY NPOBOIATH IILIIXOM BH3HA-
yeHHs B KpoBi TBapumH piBHs TTI, T3, T4. Ilpu
IIbOMY OCHOBHHMM ITOKa3HHKOM, SIKHH J03BOJISIE OLIi-
HUTH aJeKBaTHICTb mozeni, € piBerbp TTI, sxwii
3MIHIOETBCS BIATIOBIHO O CTYIEHS 3HIDKCHHS a00
3pOCTaHHS PiBHIB THPOIMHUX TOpMOHIB. Ha 3MiHax
piBasg TTT Gazyerbes i cyro Mopdosoriuynuii crnocio
OLIHKK e(EeKTHUBHOCTI MOJICNIIOBAHHS ONMUCYBaHUX
CTaHIB, a caMe, IIISIXOM BHUBYEHHS Makpo- Ta MiK-
pomopdosorii  MIUTOMOMIOHUX 3103, HAIBHOCTI
O3HaK CTPYMOT€HHOI peakiii npu rinotupoinusmi ta
aTpodivYHIX O3HAK MPH TIEPTUPOIAU3MI.

MeTa: BH3HAUUTH ONTHUMAJIbHI JJO3M Ipenapa-
TiB, HEOOXI/THI I JOCSTHEHHS CTIHKOTO TiepTHPO-
imHOTO 200 TIMOTHUPOITHOTO CTAaHIB a TAKOXK KOPEKIIii
OCTaHHBOTO B EKCIIEPUMEHTAIBHUX IIypiB.

Marepiaau Ta meToaun

Jocmin moctaBiieHO Ha 65 cTaTeBO3piIMX cam-
Kax Oinux miypiB niHil Wistar macoro 200-250 r. Yei
TBapHWHHU OYyJIM MOJiIEH]I HA 5 TPy KOHTPOJb, Tilo-
Ta TinepTupoian3M (mo 15 TBapwH y rpymi), a TaKOX
2 rpynu 3 Kopekmieio rinmotupoiamsmy (o 10 TBa-
puH y rpymi, Tabn. 2.1). I'inotupoigauii ctan Moje-
JIOBAJM 3a JIONIOMOTOI0 Mepkasoiiny (“3mopos’s”,
XapkiB) y 1000Bii 1031 10 MI/KT; rinepTapoigu3m
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pukiuKkami L-tupokcuaom (“Papmax”, Kuis) y mo-
6oBiit 1031 100 MKI/Kr MacH Tijia TBapHH.

Kopekuito rinoTupoinn3My MpoBOIUIN THPOK-
CHHOM Yy Tak 3BaHii (i3ioNoriyniil 1031, Ky BBOAH-
JIM OJHOYACHO i3 MepKa3oiiioM. Y mepmriif rpymi 3
KOPEKIi€I0 TIMOTHPOIMM3My IS 11038 THPOKCHHY
craHoBwia 1,6 MKI/KT Macu Tita (3riJHO PEKOMEH-
naniit [18]). Sk BuABMIIOCS, Taka J03a TUPOKCHHY
Oyna HEIOCTATHBOKW JUIsl KOMIIGHCANii TiMOTH-
poinusMy y mypis, ToMy Oyia yTBOpeHa Ipyra Ipy-
ra 3 KOpEeKLi€l, y sKiil 3amicHa /103a THPOKCHHY
nopiBHOBasia 30 MKI/KT MacH Tijla TBapHWH. 3TiTHO
nmanux €.C.Jletrok [2], Taka J03a BiAMOBImae Jo-
0O0Bilf TPOIYKIIii THPOKCHHY B ITYPiB.

Tabmums 1
XapakrepucTrKa rpyn TBapuH

I'pynu tBapun Yucno
IIypiB

(1) TnrakTHI TBapHHHU (KOHTPOJIB) 15
(II) Ulypi 3 MO/IeNbOBAHUM TiIIOTHUPOIIH3- 15
MOM (MEpKa30JIiI)
(I11) Iypi 3 MOAENHOBAHUM TiNIEPTHPOIAH- 15
3MOM (TUPOKCHH)
(IV) TinoTupoimu3m 3 KOPEKII€r THPOK- 10
cuHOM (1,6 MKT/KT)
(V) l'imotupoinn3M 3 KOPEKIi€r0 THPOKCH- 10
HOM (30 MKT/KT)
Pazom 65

B ycix gocmigHUX rpymax MepKa3oiil i THPOK-
CHH Yy BHUIVISII ITOPOLIKY JOJABAIH B DKy INOJCHHO

MPOTITOM IIBOX TIDKHIB, BHACIIIOK YOTO JOCSTABCS
CTaH CTIHKOTO Tino- ab0 TimepTHPOIII3MY.

TBapuH mizgaBany eBTaHa3ii Mepego3yBaHHAM
nierwnoBoro edipy. [lig yac po3TuHy y TBapHH 3a-
Ooupanu muTonoAioHi 3amo3u (3 000X OOKiB) 1 (ik-
cyBaimu B cymimi byena. Ilicns 3HEBOJHEHHST MaTe-
pian 3anmuBanu y nmapadiH 3a CTaHAAPTHOK METOJIH-
KOI0. YTpUMaHHS TBapvH Ta MaHIMyJsinii 3 HUMH
MIPOBOAMIINCH Y BiJIOBIIHOCTI JI0 TOJIOXKEHb “3ara-
JIbHUX €TUYHMX MPHUHIMIIIB E€KCIIEPUMEHTIB Ha TBa-
punax” (Kuis, 2001).

Pe3ysbTaTH Ta iX 00roBopeHHs

KonTponms epeKTHBHOCTI MOJAETIOBaHHS TiMlo-
Ta TIMEePTHPOIAN3MY, a TaK0X KOPEKIHii TimoTHpoi-
IU3MYy, MPOBOJWJIM LUIIXOM BHBUCHHS Makpo- Ta
MikpoMOop(hoJIoTii IUTONOAIOHUX 32103, BPaXOBYIO-
YH HASABHICTH “‘CTPYMOTEHHOI peakii mpyu BBEJCHHI
MepKa30Jiry, ii BiACYTHICTh NP KOPEKIii 3aMiCHH-
MH JI03aMH THUPOKCHHY, Ta MOpP(]OJIOTiuHI 03HAaKK
3HWKEHHs (DYHKIIT 3aJ1031 TIPU BBEJICHHI TilIepTHPO-
{IHUX 7103 THPOKCHHY.

MakpoCKOITYHO IIUTOMOMAIOHI 3aJI03H TBapHH,
SIKI 3HAXOJMJIACS TIiJl BIUIMBOM MEPKa30Jity, Oyiu
3HaYHO OUTHIIMX po3MipiB (mpubim3HO y 3 pasm),
HIX Y KOHTPOJBHIH TPyI, 3 O3HAKAMHU iHTCHCHBHOI
rinepemii (TeMHO-4EpBOHOTO KOIBOPY). Mikpocko-
MIIYHO 3MiHU, [0 BUHUKAIH Y IIypiB Ii€l TPYITH 3BO-
JITACS 10 HACTYITHOTO: (OJIKyTH HaOyBalu Herpa-
BHJIBHOI CKJIA9acToi (POpMH, IXHI TOPOKHUHHU OyIn
BUJIBHI BiJI KOJIOIY, TUPOINHUH emiTemnii, KyOiuHui y
KOHTpOJIi, CTaBaB LWIIHAPUYHNAM, BUSBIISUIUCS Tirle-
pIuIasist THPOLMTIB Ta pizka rinepemis (puc. 1, 2).

Puc. 1. Mikpomopdonorisi HopManbHOT LMTONOAIGHOT 3amno3u wypa (KOHTPOonb): TMpouuTn Ky6ivHoi dhopmu, y donikynax
nomipHa KinbKicTb KOMoiay, NOMiTHI 30HM pe3opbuii. FfemaTokcuniH i eo3nH. x400.
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Puc. 2. WuTtonopibHa 3anosa rinoTMpoigHoro Liypa: TMPOLMTW LIMMIHAPUYHOT (bopMU, Yy NPOCBITI honikyniB He3Ha4Ha Kinb-
KicTb abo noBHa BiACYTHICTb Konoigy. MemaTokcuniH i eo3nHio x400.

Puc. 3. lLinTonopibHa 3anosa Lypa, SKuii pasoM i3 MepKasonifioM oTpMMyBaB TUPOKCHMH y A03i 1,6 MKr/kr (nepwa rpyna
KOpeKLUii): BUpaXxxeHa CTpyMoreHHa peakuisi. FemaTokcuniH i eo3uH. x400.

Yci BHIIEONMUCAHI SIBUINA BKIAJAIUCS B KapTH- JKEHHsI PIBHS THPOKCHHY B KPOBI, OJIOKOBAHOTO Me-
Hy BIZIOMOI CTPYMOTEHHOI peakilii, sika MoB’si3aHa 3 pkaszoiisiom. HasBHiCTH cTpyMOreHHoi peaxuii ciy-
nigBumeHasaM piBHs TTT rimodisa 3a ymoB 3HU- ryBajla JIOKa3oM TilOTHPOIZHOTO CTaHy, iHIyKOBa-
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HOTO y LIl TPyTIi TBapHH.

JlochmipkeHHS MMUTONOAIOHMX 3aJ03 IIypiB,
SKAM Pa3oM i3 MEPKa30JIiIOM BBOIMIN THPOKCUH Y
no3i 1,6 MKT/Kr Macu (mepia rpyma KOpekiii), mo-
KazaJio, mo iX MOpQoIIoTis, K Makpo-, TaK i MiKpo-
CKOITiYHa, HE BiIpi3HsANIACS BiI TPYIH, IO OTPUMY-
BaJia JIUIIC MEPKa30JIij, TOOTO Oyjia HAsBHOIO CTPY-
MoreHHa peakiis (puc. 3). lle Oymo cBimYeHHAM

HEIOCTAaTHROI 103U THPOKCHHY. llpn BHKOpHCTaHHI
3amicHOI 1103M THPOKCHHY 30 MKI/KT Macu Tijia
(mpyra rpyma KOpeKIii) CTpyMOT€HHa peakiis He
po3BuBanacst — OyJoBa IUTOMOTIOHNX 3aJ703 BiATIO-
Bimana HOpMi (puc. 4). Takum dmHOM, came I 1032
TUPOKCHHY KOMIIEHCYBalla aHTUTHUPOINHY IiI0 Mep-
Ka30JIiy.

Puc. 4. lLntonoaibHa 3ano3a Lypa, Skuii pa3oMm i3 MepkasorninoM OTpMMyBaB TUPOKCUH Yy 403i 30 MKr/kr (gpyra rpyna Ko-
pekuii): MikpoMopdororisi dhonikyniB HabnmkeHa [0 KOHTPOMbHMX NOKa3HWKIB. FeMaToKcuniH i eo3uHio x400.

BynoBa mmromomiOHUX 3a703 MIypiB, sIKi OTPH-
MyBaJIH THPOKCHH y no3ax 100 MKr/kr macu Tina
CBIZUMIIA PO iXHIiM 3araJbMOBaHUi cTaH. Makpoc-
KOMIYHO 3aJ103M OyJM MEHIIMX PO3MIpIB Yy MOpiB-
HSHHI 3 KOHTpoJieM, Oiiai, arpodoBani. Mikpocko-
MIYHO BHSBJISIMCS BEJIMKI (ONIKYIH 31 IMUIBHUM
KOJIOiJOM Ta HU3bKMMHU TUPOIUTAMHU (pHC. 5).

Taxum unHOM, OyIIM OTpHUMaHI BCi 03HAKHU TOTO,
10 B OPTaHi3Mi TBapHH, IKi OTPUMYBAJIM THPOKCHH,
y Pe3yJIbTAaT] MiABUILIEHHS PIBHS THPOIXHUX FOPMO-
HiB ranpMyBanacs cexpenist 1TI rinogisa, a sk Ha-
CIIIOK, 1 PYHKIIS muTonoAioHo1 3am03u. OTXe,
MaKpo- Ta MiKpoMOpQOJIOTis IUTONOAIOHHX 32703
HIypiB L€l IPYITU CBIAYMIIH, 1[0 BUKOPUCTaHA 71032
TUPOKCUHY OyJjia J0CTaTHBOIO JJIsl MOJICTIFOBAHHS
CTIHKOTO TiNepTHPOIAN3MY.

BucHoBknu

1. OnrTuManbHO T000BOO 0300 MEPKA30JTi-
Ja JAJ1sl JOCSITHEHHSI CTIMKOTO TIOTUPOITHOTO CTaHy
BITPOJIOBIK JIBOX THJKHIB B €KCIIEPUMEHTAIBHUX IITy-
piB € no3a'y 10 Mr/kr mMacu.

2. JloboBa no3a THpPOKCHHY B 1,6 MKI/KT Macu
TiJIa € HEJOCTaTHBOO JUTsI KOMITEHC ATl T1ITOTHPOi -
HOTO CTaHy B €KCIIEPUMEHTAIBHUX IIypiB.

3. OnTHMaNIEHOIO T0O0BOIO 103010 THPOKCHHY
JUISL KOPEKIIT TIIOTHPOINHOTO CTaHy, BUKJIMKAHOTO
MepKazoJiyioM, € 30 MKI/KI MacH Tijla eKCIepUMeH-
TAJILHOT'O LIypa.

4. ]Iy MOJICTIOBAHHSI CTIHKOTO TiePTUPOITHO-
IO CTaHy B €KCIIEPUMEHTAIBHHX IIYPiB IOCTATHHOIO
J1000BOIO 103010 THPOKCHHY € 100 MKI/KT Macu Tija
TBapUHH.

[epcnexTuBu TMOAAIBIITUX po3pobox
TI0B’5I3aHi 3 BUBYEHHSIM CTPYKTYPHHUX 3MIiH IIIUTOIIO-
IiOHOT 3a7031 AJIs BU3HAYCHHA J03 TpernapariB, He-
0OXIZHUX JUTS JOCSITHEHHS CTIHKOTO TilepTHpOigHO-
r0 a0 TINOTHPOIAHOTO CTaHiB.

Indopmanis npo koHQJIIKT iHTepeciB

ToreHuiiinux abo ssBHUX KOH(IIIKTIB iHTEpECiB,
IO MOB’S3aHi 3 IMM PYKOIMCOM, Ha MOMEHT
nyOutikauii He iCHye Ta He repen0avyaeThesl.

xepesia ¢pinaHCyBaHHSA

JlocmipKeHHsT BHKOHaHO B PaMKaX HAyKOBO-
nociigHoi TemMu «MopdodyHKIIOHAIbHI Ta IMyHO-
ricTOXiMI4HI 0COOJIMBOCTI TKaHUH 1 OpraHiB B HOPMI
Ta IpPU NATOJOTIYHMX CTaHax» (HOMep JepiKaBHOI
peectpaii 0132U000168).
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Puc. 5. lLutonopnibHa 3ano3a wypa 3 MogenboBaHWUM rinepTUpoiaAu3MOM: TMPOLMTU Nockoi chopmu, donikynu HagMip po-
3TATHYTI WiNbHUM Hepe3op6oBaHUM KonoifoM. MemaTokcuniH i eoanHio x400.
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Coromonsia €.A., Yennanosa L.B., [lankeBuu JI.B., Améaposa H.O. [lopiBHsibHMIT aHATI3 eKkcre-
pUMeHTAJIbHUX (OpPM rino- Ta rinepTupoiTHUX CTAHIB.

PE®EPAT. AxryansHicTb. MoJeIoBaHHs Tilo- Ta rinepTUpoinu3My B JIaOOpaTOPHHUX TBAPUH LIMPOKO
3aCTOCOBYEThCS Y CYYACHIH eKCIepUMEHTaNbHIN 610J0Til Ta MEAUIMHI JJIs BUBYCHHS MATOTCHETUYHUX MEXaHi-
3MiB PO3BUTKY 3aXBOPIOBaHb LIMTONOAIOHOT 3211031, po0IieM 11 JIiKyBaHHs, a TAKOX JOCIHIPKEHHS BIUTUBY JMC-
0ayaHCy THPOIZHUX FOPMOHIB Ha pi3HI OpraHu Ta CUCTEMH OpraHizMy. Hal0ijpll MOMMpPEHNM Cy4acHUM METO-
JIOM CTBOPEHHSI MOJIETI E€KCIIEpMMEHTAJIBHOTO TIMOTUPOINU3MY € BBEJCHHS B OpPTaHi3M J1aOOpaTOPHUX TBapHH
XIMIYHHUX PEUOBHH, 3[JaTHUX OJOKYBaTH (PYHKIIIO MMTOMONIOHOT 3a103u. HaitOnpm yxuBaHuM (apMakomein-
HUM THPOCTATUKOM € MEPKAa30JIiJI, SIKHI 3aCTOCOBYIOTH SIK Y KIIHII A JIKyBaHHS 3aXBOPIOBAHb IIUTOIIOAI0OHOT
3aJI03H, IO CYIPOBOMKYIOTHCS TINEPTHPOIAU3MOM, TaK 1 B MPAKTHUI €KCIIEPUMEHTAIBHHUX AOCIiKeHb. Moge-
JFOBAHHSI TiMEPTUPOIM3MY 3AIHCHIOIOTH IUIIXOM YBEJCHHS B OPTaHi3M IiJIOCITIJHUX TBApUH IIPEnapariB THPO-
imHIX TOopMOHiB. MeTa poOOTH - BU3HAYCHHS ONITUMAIFHUX J03 MperapaTiB, HEOOXITHUX U TOCATHEHHS CTiii-
KOTO TiepTUPOiJHOrO ab0 TIMOTHPOIAHOTO CTaHIB @ TAKOK KOPEKIlii OCTAHHBOT'O B EKCIIEPUMEHTAIBHUX LIYPIB.
Metoau. Jlociia mocTaBieHo Ha 65 craTeBo3pinux camkax Oinmx mrypis imii Wistar macoro 200-250 r. Yci
TBapUHU OYJIM MOALIEH] Ha 5 TPYI: KOHTPOJIb, TiNO- Ta rinepTupoiau3M (1o 15 TBapuH y rpymi), a Takox 2 rpy-
I 3 KOpeKIi€eto rinotupoingu3my (o 10 TBapuH y rpymi, Tadu. 2.1). [inoTHpoiaHUiA CTaH MOAETIOBANIH 32 JIOTIO-
Moroo Mepkazouiny (“3mopos’st”, XapkiB) y 1000Bi# 1031 10 MI/Kr; rinepTupoinu3M BUKIHKaIU L-THpOKCHHOM
(“Papmak”, KuiB) y no6oBiii 1031 100 MKI/Kr Macu Tijia TBapuH. B yciX HoCiiHUX rpymnax MepKa3ois i THpOK-
CHH y BHTJISIZII OPOIIKY JIOAABAJIN B Ky IIOAEHHO NMPOTATOM JBOX THXKHIB, IICIIS 9OTO TBAPWH MiJIIaBaIN €BTa-
Ha3ii mepego3yBaHHsIM JieTioBoro edipy. CTpyKTypy MIMTOMOAIOHIX 327103 BHBYAIIM HA TiCTOJOTIYHUX Mpera-
parax, 3a0apBIeHUX 'eéMaTOKCHIIIHOM Ta €03WHOM TpaguniiHuM MeronoM. Pedyabrarn Ta BucHOBKHM. [1ig uac
aHaJi3y MIiKpoMOpQOoJIoTii MUTONOAIOHNX 3a]103 TBapWH, IO OTPUMYBAJIH MEPKa30Jil, Oyja BCTAHOBICHA Ha-
SBHICTHh CTPYMOTEHHOI peakiii ciyryBaja JOKa30M TilIOTHPOiJHOTO CTaHy, IHAYKOBAHOTO Yy IiH TPyIi TBapHH.
JocmiKeHHS ATOMOAIOHIX 3aJI03 IIYPiB, SKUM Pa3oM i3 MEPKa30JIiJIOM BBOAMIN THPOKCHH Y 031 1,6 MKT/KT
Macu (Tepiia rpyna Kopekiii), rmokasaio, 1o ix MopdoJioris, sk Makpo-, Tak 1 MIKpOCKOIIYHa, HE BiJpi3HsIIaC
BiJl TpYIH, 1[0 OTPUMYBaJIa JIHIIE MepKa30Iiji, ToOTO Oyia HasBHOIO CTpyMoreHHa peaxiis. Lle Oyno cBigueH-
HSIM HEJIOCTaTHBOI [03M THPOKCHHY. [Ipy BUKOPUCTAHHI 3aMiCHOT 1031 THPOKCHHY 30 MKI/KT Macu Tiia (apyra
rpyna KOpekiii) cTpyMOTreHHa peakiisi He po3BuBaiiacs — Oy0Ba IIMTONOMIOHKMX 31103 BiAnosigana Hopwmi. Ta-
KAM 9HHOM, caMe ISl 1033 THPOKCHHY KOMIICHCYBaja aHTUTUPOIAHY Ai0 MepKasouiiy. [Ipu gocmimkenHi 0ymo-
BU IMUTOMOMIOHUX 3aJI03 MIYpiB, SKi OTPEMYBAald THPOKCHH y mo3ax 100 MKr/Kr, Oyiau OTpHMaHi O3HAaKH 1X
aTpodiuHoro craHy. TakuM YHHOM, MaKpO- Ta MIKpOMOP(OIIOTis IMUTOMOJIOHNX 3103 IIypiB Li€l TPYIH CBiI-
YHJIH, 1[0 BUKOPUCTaHa 71032 THPOKCHHY OyiIa JOCTaTHBOIO /ISl MOZETIOBAHHS CTIHKOTO TiepTHPOiqU3MY.

Karouosi ciioBa: muromnonioHa 3a103a, TIHOTHPOIIN3M, TIIEPTUPOINN3M, MEPKA30JILI, THPOKCHH.
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ABSTRACT. Background. The article discusses endometrial hyperplasia (EH), a condition in which there is excessive pro-
liferation of glandular and stromal components in the endometrium. EH is divided into atypical EH (simple or complex) and
atypical EH (endometrioid intraepithelial neoplasia) based on the binary scoring system of WHO (2014). The risk of develop-
ing endometrial cancer (EC) in women with EH depends on several factors, including the type of EH, age, obesity, diabetes,
and recurrent abnormal uterine bleeding. Currently, long-term cyclic progesterone therapy is an effective treatment for atypi-
cal EH, but ineffectiveness has been reported in some cases, and the reasons for this are not well understood. Objective. The
purpose of the article is to investigate the possible causes of resistance of endometrial cells in its hyperplasia to progestin
therapy and predict the effectiveness of therapy. Methods. The research uses methods of information-search, bibliographic
and comparative analysis. Results. Elucidated causes and mechanisms of progesterone resistance in women with EH, such as
genetic factors, hormonal factors, and epigenetic factors. The article emphasizes the need for additional research to under-
stand the main mechanisms of resistance to progesterone therapy in EH. Conclusion. Resistance of endometrial hyperplasia
to progestin therapy can be caused by various factors, such as hormone imbalance, abnormal expression of hormone recep-
tors, gene mutations, dysfunction of the immune system, and others. Hormone receptors such as ER, PR and Ki-67 may play
an important role in predicting endometrial resistance to progestins and in determining treatment approaches. Studies also
show that abnormal expression of factors that control apoptosis, such as Caspase-3 and BAX, may be associated with endo-
metrial resistance to progestins. In addition, disruption of E-cadherin expression can affect the development of endometrial
hyperplasia and resistance to progestins. Therefore, the resistance of endometrial hyperplasia to progestin therapy is a com-
plex problem, and more research is needed to understand the role of various factors in the development of this problem and to
develop more effective treatment approaches.
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Introduction

Endometrial hyperplasia (EH) is a condition of
the endometrium in which excessive proliferation of
the glandular and stromal component is observed,
which abnormal uterine bleeding most often clinical-
ly manifests. In 2014, the World Health Organiza-
tion (WHO) revised the classification of EH and
suggested using a binary accounting system in which
EH is divided into non-atypical EH (NEH) and atyp-
ical EH (AEH) or endometrial intraepithelial neo-
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plasia without previous simple and complex sub-
types [1, 2].

Of course, the most important issue that wor-
ries patients and doctors is the risk of endometrial
cancer in women with EH. In many studies conduct-
ed in different years, it has been proven that the risk
of endometrial cancer (EC) depends on many fac-
tors, the main of which are the form of NEH or
AEH, age, obesity, diabetes and recurrence of ab-
normal uterine bleeding [3,4]. In a retrospective
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study in which 170 women with EH were followed
for an average of 13.4 years (range, 1 to 26.7 years),
progression to EC occurred in 1.6% and 23% of
women with NEH and AEH, respectively [5,6] . In a
case-control study, the cumulative risk of EC pro-
gression at 4, 9, and 19 years after diagnosis of EH
was 1.2%, 1.9%, and 4.6%, respectively, in women
with NEH and 8.2% and 27.5 % in women with
AEH [7, 8].

EH has clinical significance, especially in
women of reproductive age, and reversion of hyper-
plasia to normal endometrium is a key goal of con-
servative treatment, which is important to prevent
recurrence of EH and progression to adenocarcino-
ma. Currently, cyclic progestin therapy in a pro-
longed regimen is an effective method of treatment
for NEH, which significantly improves the effec-
tiveness of endometrial reversion compared to ex-
pectant tactics. Progesterone therapy targets inhibi-
tion of estrogen receptors, growth factor receptors,
and signaling pathways and represents the optimal
approach for the treatment of EH. However, defini-
tive standards for the treatment of NHE remain to be
established. This is because there are increasingly
reports of a certain percentage of failure of NEH
treatment using pathogenically determined therapy
using progestins. Such a percentage can exceed
20%, which leads to relapses or even to the progres-
sion of the disease [9, 10]. An unsolved question
now is why sometimes-prescribed pathogenic thera-
py for NHE is not effective.

The aim of the study

Investigation of possible causes of progesterone
signaling disturbances and cellular responses to pro-
gesterone leading to resistance to progesterone ther-
apy.

Materials and methods

References and materials of patent search are
used. Methods used: information retrieval, biblio-
graphic, comparative analysis.

Results

Many scientific works were devoted to the
study of endometrial resistance to progestin therapy,
in which scientists investigated the causes and
mechanisms of resistance to progesterone in women
with EH. Thus, researchers summarizing this issue
concluded that resistance to progestin therapy could
be associated with various factors, such as:

1. Genetic factors: some gene mutations can af-
fect the interaction of progesterone with its receptors
in endometrial cells. For example, mutations of
genes encoding progesterone receptors, which can
reduce the sensitivity of endometrial cells to proges-
terone and contribute to the development of re-
sistance.

2. Hyperestrogenia: High levels of estrogens
can cause a decrease in the effectiveness of proges-
terone, which can lead to the development of re-
sistance. This can happen due to a decrease in the
number of progesterone receptors in the cells of the

endometrium.

3. Violation of the expression of sex hormone
receptors, stimulation of proliferation, suppression
of apoptosis and changes in the expression of factors
of intercellular interaction.

4. Concomitant diseases: some diseases, such
as diabetes and other metabolic disorders, can lead
to the development of resistance to progesterone by
reducing the number of progesterone receptors in the
endometrial cells.

5. Incorrect use of therapy: Incorrect use of
progesterone therapy, such as incorrect dose or dura-
tion of administration, can also contribute to the de-
velopment of resistance. [11-15]

Research suggests that mutations in genes that
encode components involved in the progesterone-
signaling pathway may be responsible for resistance
to progestins in women with NHE. One such muta-
tion, which has been found in many patients with
NHE, refers to the PTEN (phosphatase and tensin-
like protein) gene, which plays an important role in
regulating cell growth [16, 17].

Mutations in the PTEN gene, which normally
acts as a cancer suppressor gene, can lead to de-
creased expression and activity of the PTEN protein,
which causes activation of the PI3K/Akt/mTOR
signaling pathway. This signaling pathway may con-
tribute to the progression of NEH and resistance to
progestins.[18]

Studies also indicate the presence of mutations
in the genes that code for the progesterone receptor,
such as PROGINS (polymorphism in the progester-
one receptor gene), which can affect the interaction
of progesterone with its receptor and reduce the ef-
fectiveness of progestins in the treatment of NHE.
[19, 20]

Therefore, gene mutations may affect the effec-
tiveness of progestin treatment in women with HGE,
as they may affect the regulation of the progester-
one-signaling pathway and the interaction of proges-
terone with its receptor.

Hyperestrogeny is also one of the reasons for
the development of atypical hyperplasia of the en-
dometrium and can cause a decrease in the effec-
tiveness of progestin therapy. A high level of estro-
gens can lead to a decrease in the number of proges-
terone receptors in endometrial cells, which reduces
their sensitivity to the action of exogenous proges-
terone.

Recent studies confirm this mechanism of de-
velopment of resistance to progesterone. For exam-
ple, a study published in the journal "Gynecological
Endocrinology" in 2019 found that high estrogen
levels could lead to a decrease in the expression of
progesterone receptors in the endometrium [21]. In a
study published in the "International Journal of Mo-
lecular Sciences" in 2020, the authors found that
hyperestrogeny could reduce the effectiveness of
progesterone in the treatment of endometrial hyper-
plasia, which is reflected by the lack of changes in
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the structure and functions of the endometrium. [22]
Resistance to progesterone in the endometrium
can be caused not only by endometrial hyperplasia,
but also by other factors, such as concomitant dis-
eases (diabetes, hypofunction of the thyroid gland,
and other metabolic disorders associated with an
increase in the body mass index above 30 kg/m2

Diabetes and other metabolic disorders can
cause resistance to progesterone by reducing the
number of progesterone receptors in endometrial
cells. In women with diabetes, the regulation of
hormones may be disturbed, which can lead to a
decrease in the level of progesterone in the body.
Moreover, hypotheses regarding the relationship
between insulin resistance and resistance to proges-
terone are considered. [23]

However, the details of these processes are not
well understood and additional research is needed to
determine the exact mechanisms of interaction be-
tween various factors and the development of re-
sistance to progesterone in the endometrium.

One of the mechanisms explaining the relation-
ship between increased BMI of more than 35
kg/cm2 and resistance to progesterone is related to
the level of inflammatory mediators in the body.
Studies have shown that obese people have higher
levels of inflammatory mediators such as cytokines
and interleukins, which may contribute to the devel-
opment of progesterone resistance. Some of the cy-
tokines and interleukins that are elevated in obesity,
such as IL-1p and IL-6, may influence the develop-
ment of endometrial resistance to progesterone. [24,
25]

For example, IL-1B can reduce the expression
of progesterone receptors in endometrial cells, which
reduces their sensitivity to progesterone. In addition,
IL-6 can contribute to the development of the in-
flammatory process in the endometrium, which can
also affect the sensitivity of the endometrium to pro-
gesterone and contribute to the development of re-
sistance. [26-28]

Therefore, increased levels of cytokines and in-
terleukins in obesity may affect the development of
endometrial resistance to progesterone, which may
have consequences for women's reproductive health.

In addition, some studies indicate that an in-
creased BMI can cause a decrease in the level of
progesterone receptors in the endometrium, which
can reduce the effectiveness of progestin therapy. In
addition, obesity can affect the function of mito-
chondria, which can lead to a decrease in the effi-
ciency of the energy metabolism of cells, including
endometrial cells. [29, 30]

Finally, an important factor explaining the as-
sociation between increased BMI and resistance to
progesterone may be hormonal imbalance. Obese
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women may have high levels of estrogen in their
bodies, which can cause a decrease in the number of
progesterone receptors in the endometrium. This can
reduce the effectiveness of progesterone and lead to
the development of resistance to progestin therapy.
[31-33]

In general, elevated BMI may have many dif-
ferent mechanisms that contribute to the develop-
ment of resistance to progestin therapy in women
with endometrial hyperplasia.

Mainly, the treatment of EH should be aimed at
controlling such symptoms as heavy bleeding and
associated anemia, prevention of relapses and pre-
vention of further development of EC [34]. Howev-
er, the risk factors predicting the recurrence and pro-
gression of PE in women with EH have been insuffi-
ciently studied. Thus, this study was aimed at study-
ing the molecular markers and factors influencing
the recurrence of EH and the progression of EH in
EC. Some studies have reported that the expression
of sex hormone receptors and molecular markers of
intercellular interaction can be used to predict the
recurrence of EH and the development of PE. [35,
36]

For the treatment of NEH, LNG-1UD provides
higher rates of therapeutic effect and lower rates of
hysterectomy than oral progestins and should be
offered as an alternative to oral progestins in these
cases.

In fact, most NHEs are benign proliferations
due to continuous estrogen exposure, whereas AGEs
and ECs are neoplastic lesions characterized by spe-
cific underlying mutations. [37, 38] Considering
these pathogenic factors in the development of EH,
it is reasonable to expect that progestogens are more
effective in women with NEH than in women with
AEH or EC. Mechanisms of resistance may differ in
these two conditions, as may the association of im-
munohistochemically markers with response to pro-
gestin therapy.

For this reason, in recent years there has been a
growing interest in the study of clinical, imaging,
histological and molecular factors that can influence
the outcome of therapy.

Immunohistochemistry, which is the most
widely used tool for evaluating tissue markers for
the diagnosis, prognosis, and treatment of a large
number of diseases, has played an important role in
this field. Although a large number of immunohisto-
chemically markers have been evaluated, their utility
in some cases has been sufficiently investigated, but
the interaction between these receptors is still un-
clear. In the table, 1 presents the most common cell
markers that are expressed in the endometrium and
that are most studied in EH.
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Table 1

The value of receptors for predicting the effectiveness of progestins for the treatment of EH

No Receptors Meaning Impact on the effectiveness of therapy

1 PR (progesterone A protein present in endometrial A high level of PR expression is associated with
receptor) cells that interacts with the hor- higher  efficacy @ of  progestin  treat-

mone progesterone. ment. progestins. Low PR can
indicate endometrial resistance to treatment.

2 ER (estrogen A protein that interacts with es- High levels of ER expression are associated

receptor) trogen and is present in endome- with higher efficacy of progestin treat-
trial cells. ment. Low ER may indicate endometrial re-
sistance to progestin treatment.

3 p21 Cyclin-dependent kinase inhibitor High levels of p21 expression have been linked
protein that regulates cell cycle to progestin treatment resistance.
and cell division.

4 dcl-2 A protein that regulates the pro- Low dcl-2 expression is associated with proges-
cess of apoptosis, that is, pro- tin resistance.
grammed cell death.

5 KI-67 A protein that indicates the rate of High expression of KI-67 is associated with a
cell growth. risk of recurrence after progestin treatment.

6 eNOS (endotheli- A protein that generates nitric High eNOS expression is associated with pro-

al oxide syn- oxide in the vascular endothelium.  gestin resistance.
thase)

7 dcl-2 (DNA Protein that regulates cell growth Reduced expression of dcl-2 ' progestin re-
damage-inducible and differentiation, and protects sistance, and a decrease in its levels, cause in-
transcript 2) DNA from damage. sulin resistance and adversely affect the meta-

bolic profile.

8 KI-67 Bilec is a marker of cell division High expression of KI-67 is associated with an
and is used to determine cell pro- increased risk of recurrence and worsening of
liferation. the disease.

9 eNOS (endotheli- The protein is important for the Reduced expression of eNOS is associated with
al nitric oxide vascular endothelium, and its ex- the risk of developing metabolic diseases such
synthase) pression may indicate the func- as diabetes and cardiovascular disease.

tional state of the endothelium.

10 cyclin-D1 Protein regulates the cell cycle High expression of cyclin-D1 is associated with
and cell proliferation. cancer risk and worsening of the disease.

11 BAX A protein is a gene that encodes a High expression of BAX is associated with de-
protein that regulates apoptosis. creased cell proliferation and increased apopto-

sis.

12 E-cadherin Cell membrane glycoprotein, Decreased expression
which plays an important role in  E-cadherin is often seen in malignant tumors,
maintaining cellular adhesion and including endometrial cancer. Thus, a decrease
epithelial differentiation in the inthe expression of E-cadherin may indicate the
endometrium. development of endometrial cancer and be a

predictor of endometrial resistance to progestin
treatment.

13 Caspase 3 A protease involved in pro- Studying the expression of Caspase 3 in the
grammed cell death, or apoptosis.  endometrium may be useful in predicting the

effectiveness of progestin treatment, as proges-
tins may promote programmed cell death and
reduce endometrial cell proliferation. Reduced
expression of Caspase 3 may indicate the de-
velopment of endometrial resistance to proges-
tin treatment.

14 b-catenin Protein regulates cellular adhesion High expression of b-catenin is associated with

and interaction between cells.

cancer risk and worsening of the disease.
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Receptor expression for some markers usually
varies with different forms of AEH/EC, compared
with NEH. [39, 40] Studies of receptor expression
for PR, ER, p21, dcl-2, KI-67, eNOS, cycl-D1,
BAX, b-catenin, E-cadgerin and Caspasa3 have been
studied mainly in women with neoplastic endometri-
al lesions (AEH and EC) and may be interesting and
more significant in women with NEH, to predict the
risk of progression and predict relapse in the next 5
years. [41-42]

Conclusion

The resistance of endometrial hyperplasia to
progestin therapy can be due to various factors, such
as hormone imbalances, abnormal expression of
hormone receptors, gene mutations, immune system
dysfunction, and others. Hormone receptors such
as, PR, and Ki-67 may play an important role in
predicting endometrial progestin resistance as well
as determining treatment approaches.

Studies also suggest that abnormal expression

of factors controlling apoptosis, such as Caspase-
3and BAX, may be associated with endometrial
progestin resistance. In addition, impaired expres-
sion of E-cadherin may affect the development of
endometrial hyperplasia and progestin resistance.

Therefore, the resistance of endometrial hyper-
plasia to progestin therapy is a complex problem,
and more research is needed to address it to under-
stand the role of various factors in causing this prob-
lem and to develop more effective treatment ap-
proaches.

Prospects for further research

Further research into the molecular mechanisms
of resistance of endometrial hyperplasia in women to
progestagen therapy will help to develop a differen-
tial approach to its diagnosis and therapy.
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Xacxauyux J.A., IToranos B. O., IlociaBeska O.B. @akTopu pe3uCcTEeHTHOCTI 10 Tepamii mporecTuHa-
MM NPH rinepniasii enqomMeTpist y xKiHOK.

PE®EPAT. AxryansHicTb. Y crarti 00roBoproerscs rinepruasis eagomerpis (I'E), craH, npu sikomy B
eHJIOMETPil crocTepiraeTbesl HaaMipHa nmpodtidepaltist 3aI03UCTHX 1 CTPOMaNIBHUX KoMITOHeHTiB. ['E noainserses
Ha HeatunoBy ['E (mpocty abo ckianny) ta arunoBy ['E (enmomerpioinHa iHTpaemiTenianbHa HEOIIasis) Ha oc-
HOBI OiHapHOi cuctemu o6aiky BOO3 (2014). Pusuk po3sutky paky ennomerpito (PE) y xinok 3 I'E 3anexuts
Bix OaraTbox (hakTopiB, BKiIroyaroun tun I'E, Bik, 0kupiHHA, 1ia0eT, peluIuB aHOMaJIbHOT MaTKOBOT KpOBOTEUi
it inmm. B manwii yac mUKITivHA Teparis IpOTreCTepOHOM Y TPOJIOHTOBAHIH cXeMi € e()eKTUBHAM METOIOM JIiKY-
BaHH HeTunoBoi ['E, ane € moBimoMieHHS Tpo Hee()EeKTUBHICTh y NESKUX BHUIAAKAX, 1 MPHYUHHA OTO HEIO-
CTaTHRO BHBUYEHI. MeTa. MeToro CTaTTi € TOCIiHKeHAS MOKIIMBHUX MIPUINH PE3UCTEHTHOCTI KIITHH €HAOMETPist
mpu #oro rinmeprurasii 7o Tepamii MpOTeCTHHAMH Ta MPOTHO3YBaHHSA eQeKTHBHOCTI Tepamii. Metoau. Y mo-
CIiPKEHHI BHUKOPHCTOBYIOTHCSI METOIM iH(OPMAIIHHO-TIONIYKOBOTO, 0i0miorpadiyHoro Ta MOPiBHAIBHOTO
aHamizy. Pe3yabpraTu. BuCTBiTIICH] PUYMHN Ta MEXaHi3MH PE3UCTEHTHOCTI IO MpOorecTepoHy y kiHOK 3 I'E,
Takxli K TeHeTH4Hi (pakTopH, TOpMOHAIBHI (pakTopH Ta emireHeTH4HI pakTopu. CTaTTs MiAKPECIOe HEOOXiHICTh
JIOZATKOBUX JOCIHIKEHB JUISl PO3YMIHHSI OCHOBHHX MEXaHi3MIB PE3UCTEHTHOCTI JI0 Tepalii MporecTepoHoM MpH
I'E. BucHoBKH. Pe3uCTeHTHICTh TinepIuiasii eHIoMETpis 10 Teparii IporeCTUHAMK MOXe OyTH 3yMOBJICHA Pi3-
HUMH (haKTOpaMu, TAKUMH SIK JUCOaJaHC TOPMOHIB, aHOMaJIbHA EKCIIPECist peLienTOpiB TOPMOHIB, MyTallil TeHiB,
JUCQYHKITS IMyHHOT CHCTeMH Ta iHii. Perientopu 10 ropMoHiB, Taki sk ER, PR ta Ki-67, MoxyTs BimirpaBatu
Ba)XXITUBY POJIb Y MPOTHO3YBaHHI PE3UCTCHTHOCTI €HIOMETPIs IO MPOTECTHHIB, a TAKOXK Y BU3HAYCHHI MiAXOIB
Io JikyBaHHS. JlOCHiKeHHS TaKOXK MOKa3yIOTh, III0 aHOMAallbHa eKCIIpecis (pakTopiB, SKi KOHTPOJIIOIOTH aIlol-
T03, Takux sk Caspase-3 Ta BAX, MoxyTps OyTH MMOB'sI3aHi 3 PE3UCTECHTHICTIO CHIOMETPis 10 MporecTHHiB. Kpim
TOTO, MOPYIIEHHS ekcrpecii E-kaarepuHy Mo)ke BIUIMBATH Ha PO3BUTOK TilepIliasii eHIOMETpist Ta pEe3UCTEHT-
HICTB 110 mporecTuHiB. OTXKe, pe3UCTEHTHICTH TimepIuiasii eHAOMEeTpis A0 Teparii IPOreCTHHAMH € CKJIaIHOIO
nmpobaIeMoro, 1 i ii po3B'a3aHHSA HEOOXiAHO MPOBECTH OLTBIIE MOCTIKEHB, 00 PO3yMITH PONIb pi3HUX (hak-
TOPIB Y BUHUKHEHHI I[i€] mpo0aeMu Ta po3poOHTH OLIbIl epeKTHBHI MIAXOH 0 JTIKYBaHHS.

KurouoBi cyioBa: rinepruiasis eHIOMETPisl, IMyHOTICTOXIMis, pE3UCTEHTHICTh J0 MPOTreCTEPOHY, PEICHTO-

pu.
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Chelpanova 1.V. > Mandibular bone restructuring after octacalcium phosphate and chitosan transplantation:
histological, immunohistochemical and ultrastructural aspects.

Danylo Halytsky Lviv National Medical University, Lviv, Ukraine.

ABSTRACT. This article presents the research results of the histological, immunohistochemical, and ultrastructural char-
acteristics of bone-ceramic regenerate after octacalcium phosphate and chitosan transplantation into an experimental de-
fect in the rabbit mandible, since complete and high-quality regeneration of maxillofacial bones, its mechanisms and dy-
namics remain not fully understood, need clarification and detailing. Aim. To study in an experiment the dynamics of
histological, immunohistochemical, and ultrastructural changes in the lower jaw bone after its traumatic injury with subse-
quent replacement of the defect with octacalcium phosphate and activated chitosan. Methods. Experiments were conduct-
ed on 89 male rabbits aged 6-7 months, weighing 2.5-3.0 kg. 20 animals constituted the control group, and 64 the two
experimental groups. Another 5 intact animals were used to study the normal structure of the bone tissue of the studied
area of the mandible. The control group included animals with a bone tissue defect that healed under a blood clot. The first
experimental group consisted of 32 rabbits where the bone defect was filled with modified natural octacalcium phosphate
with a mix of chitosan and ampicillin (OCP-N-Chitosan-Ampicillin). The second experimental group consisted of 32 rab-
bits where the bone defect was filled with activated chitosan (Chitosan-A). Post-traumatic bone tissue status within the
defect area was monitored for 84 days using the following methods: bone defect modeling, light-optical assessment of the
histostructure of decalcified bone sections, immunohistochemical determination of the expression of markers CD34, Cal-
citonin, Ki-67, transmission electron microscopy. Relief changes were studied by scanning electron microscopy. Results
and conclusion. Layered implantation of the OCP-N-Chitosan-Ampicillin material (the outer segment of the graft is a
complex of chitosan and ampicillin, the inner segment is modified natural octacalcium phosphate granules) creates condi-
tions for the realization of a secondary osteoinduction effect. Specifically, one week post-implantation, a hypoxic zone
forms under the dense chitosan coating. This induces intensive periosteal regeneration and activates neovascularization,
accompanied by migration and cytodifferentiation of osteoprogenitor cells from two directions: 1) from the microvessels
of the regenerated periosteum and 2) from the damaged trabeculae of the native bone at the edges of the experimental
defect. During weeks 2-3, the pores of the inner implant segment containing modified octacalcium phosphate ensure com-
plete vascularization of the bone-ceramic regenerate, filling it with islands of desmal osteogenesis. This is followed by the
formation of woven bone trabeculae and a wave-like spread of bone tissue remodeling processes from the periphery of the
regenerate towards its deeper zone. The application of Chitosan-A resulted in limited growth of the relative volume of
bone tissue in the regenerate over the study period. This growth rate was significantly lower than the dynamic changes
observed in the control group. Eight weeks post-implantation of activated chitosan, against a background of limited oste-
ointegration in the peripheral regions of the regenerate, slow diffuse remodeling of loosely arranged trabeculae occurs
with the formation of primitive bone lamellae. Signs of compaction of the newly formed bone near the periosteum appear
only after 12 weeks of the experiment. Osteons with deformed geometry contain predominantly immature osteocytes, and
the orientation of collagen fiber bundles within the bone lamellae shows limited spatial organization against a background
of a significant proportion of amorphous osteomatrix. At the end of the experiment, the deep zone of the regenerate con-
tains heteromorphic connective tissue areas and loosely arranged bone trabeculae with signs of incomplete remodeling.
Key words: lower jaw/mandible, dentoalveolar system, bone tissue, regeneration, octacalcium phosphate, chitosan, histo-
structure, immunohistochemistry, ultrastructure.
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Beryn

AKTyaJIbHUM MHUTAHHSIM CY4acHOI MEIULIMHH €
ocTeopereHepallis B Taly3i IIeleMHO-JINIEBOT Ta
PEKOHCTPYKTHBHOI Xipyprii. BakmBuM HampsMKoM
€ TomIyK e(peKTHBHUX METOJIB NMPHUIIBUAIICHHS 3a-
TO€HHS KICTOK Ta YHUKHEHHS PI3HOMAHITHUX YCKJIa-
nHeHb. [IpupoaHi MexaHi3MH pereHepanii KicTKH He
3aBXKIU TPHU3BOJASATH IO YCIIIIHOTO 3aro€HHs. Y
BUNAJKY BEJIMKHX IOCTTPABMAaTHYHUX JE(EKTIB,
iH(IKyBaHHI 3HaYHO TOTiPLIYIOTHCS TEMITH PereHe-
pauii Ta BUHUKAa€ HU3Ka yCKJIaJHEHb, 0 HETaTUBHO
BIJIMBA€E HA MOBHE Ta AKiCHE peMojenmoBanss [1, 2].

OmHuM 13 HANMOMyJSAPHINMIMX MaTepiamiB st
3alIOBHCHHS KICTKOBUX JE(EKTIB € OKTaKambIlifi¢o-
ctar. Bin mBuako pe3opOyeThCS B OpraHi3mi, a io-
TO CTPYKTypa JIETKO 3aMIiHIOETHCS IPUPOTHOIO KiCT-
KOBOIO TKaHUHOIO [3]. VY Takux BUTaaKax HeoOXi-
HE XipypTridHe JIKYBaHHA i3 3aCTOCYBaHHSM CHHTE-
TUYHHUX OCTEOIUIaCTUYHHUX MaTepiajiB, yacTo 30ara-
YEeHUX aHTUOAKTepiaJbHUMH KOMIOHeHTamMu. On-
HHUM 13 TaKMX MaTepiajiB € XiTo3aH — MOXiJHa CIIO-
JyKa XiTHHY. XiT03aH — NpUPOJHUI OiomoiMep, 1o
Ma€e BUCOKY OIOCYMICHICTb, BiICYTHICTh IMYHOTEH-
HOCTI Ta TOKCHYHOCTI, a HOTO XIMIYHUH CKIIag CyT-
TEBO HE BIAPIZHAETHCS BiA CKIAAY MO3aKIITHHHOTO
MaTpUKCy KicTKoBOi TKanwHHU [4, 5]. IloemHaHHS
OpTaHIYHHMX BJIACTHBOCTEH XiTO3aHy Ta CIIOIYK Ka-
JBLII0 MIHEPATBHOTO MATPHUKCY CTajl0 OCHOBOIO
CTBOPEHHS SIKICHO HOBOT'O OCTEOIUIACTUYHOI'O MaTe-
piajy, sSIKMil 3 YCIIXOM 3aCTOCOBYETHCSI CHOTOJIHI Y
CTOMATOJIOTIYHIA mnpakTuii. JlocHiIHUKM TOBUHHI
30CepeUTUCS Ha IIO€JHAaHHI XiTO3aHy 3 IHIIUMHU
Oiomarepiaamu ab0 O0i0aKTUBHHMH MOJICKYJIAMH,
100 MiJBUINUATH IXHIA pereHepaTUBHHUI MOTCHIlIA.
Kpim Toro, HeoOXinHI KiTiHIYHI BUIPOOYBaHHS, 100
JocHimuTH e(peKTHBHICTH 1 Oe3meky OiomartepiaiiB
Ha OCHOBI XiTO3aHY, SIKi MOXYTh CTaTH Ba’KIHBHM
JIOTIOBHEHHSAM 10 c(epH BiIHOBICHHS MiHEpami3o-
BaHUX TKaHWH [6].

KniTuHHI Ta TKaHUHHI TTepe0yI0BH, IO Big0y-
BAlOTBCS IMiJ] Yac 3aro€HHS EKCIePHUMEHTAIbHUX
KICTKOBUX Je(EeKTIB NPUBEPHYJIN 3HAYHY yBary Jo-
CNIZIHUKIB, B TOMY WYHCII TICIIi BHKOPUCTaHHS
ocreoTponHux MatepianiB [7]. JlociimKeHHs, M0
CTOCYIOTBCSl YJBTPACTPYKTYPHHUX II€peOy/I0B MiXKK-
JITUHHOTO MAaTpHUKCY, (GibpobnacTiB, ocTeobsacTiB
Ta OCTEOLMTIB Mijl 4ac OCTeopereHepaiii 3Mo/1ebo-
BaHUX KICTKOBHX Je()EKTiB 3aCIyTOBYIOTH OCOOIH-
Bo1 yBar# [8]. JlocmipkeHHS MO0 BU3HAYCHHS iMy-
HOTICTOXIMIYHHX XapaKTePUCTUK KIITHHHOTO, BOJIO-
KHUCTOTO Ta MiKPOIMPKYJISITOPHOTO KOMITOHEHTIB
Ml 9ac pereHepaTopHHX IEPEeTBOPEHb KiCTKOBOI
TKaHUHM Ta TPH ii B3a€MOJii 3 OCTEOTPOITHIMHU Ma-
TepiaJaMHd OCTaHHIM dYacoM HaOyJIH OCOOIMBOTO
3HadeHHs [9, 10].

MeTa OCHiPKEHHSI — BU3HAYUTH JTUHAMIKY Ti-
CTOJIOTIYHHX, IMYHOTICTOXIMIYHHX Ta yJIbTPacTPyK-
TypHHX 3MiH Yy KICTII HIKHBOI IIENENH KpPOJIMKa
micis 11 TpaBMaTHYHOTO YIIKOPKEHHS 13 HACTYITHHM
3aMIIEHHAM JIe(eKTy OCTEOIUIACTHYHUM Marepia-
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oM OK®-H i akTHBOBaHUM XiTO3aHOM.

Marepiann Ta MmeToaun

JocmimkenHs O0yno mnposeneHo Ha 89 craTeBo-
3pUTHX KPOJHMKAX-CaMITX BIKOM 6-7 MiCAIIiB, Baroko
2,5-3 kr. TBapuHu Oynu po3AiJCHI HA KOHTPOJIBbHY
(20 TBapuH) Ta ABiI €KCIEPUMEHTANIBHI TpynH (110 32
TBapuHU KokHa). llle 5 iHTakTHMX TBapuH OyIO
BUKOPHCTAHO JUII BUBYCHHS HOPMAJIBHOT CTPYKTYpH
KICTKOBOi TKaHWHU JOCHIDKYBAHO! IINSHKA HUXK-
HbOI Lieneny. TBapuHaM KOHTPOJBHOI Ta €KCIEPH-
MEHTAJIbHUX TPYI MiJ 3aralbHUM HapKO30M, M-
XOM BHYTPIIIHbOOYEPEBUHOI0 BBeJCHHs TiomeHary
(«bpodapmay, VYkpaiHa), 3 po3paxyHKy 25 MI/KT
Macl Tila TBapWHH Ha piBHI MDK3YOHOI IUISHKA
KOMIpKOBOI 9aCTHHH HIDKHBOI IIENENH 3a JOIOMO-
TOI0 CTOMATOJIOTIYHOTO OOpa CTBOPIOBAIHM KiCTKO-
BHH 1eekT po3mipom 4x3 Mm.

Jlo KOHTPOJIFHOI TPYNU VBIMIUIM TBapwHU 3
JIe(eKTOM KiCTKOBOT TKAHWHH, SIKUIl 3arOFOBABCSI ITi]T
KPOB’SIHUM 3TyCTKOM.

[epiry excrnepuMeHTalbHy TpyNy CKJIaAand
KPOJIUKH, y SIKUX KICTKOBHUH JeeKT 3armoBHIOBAIN
ocreorponHuM  Marepiamom  Compact BoneB
(«Dentegris», HimeuunHa), SKuid MiCTUTh HaTypajb-
HUI OKTakambIlifiocdar, a TaKoXK KOMILICKCOM
xiTo3aH areraty 3 amminwrtiHoM (KuiBmenmpenapar,
Vkpaina) (OK®-H-Xirozan-Amninmwiin). pyry
eKCTIEpUMEHTANIbHY TPYIY CKIagall KpPOJUKH, Y
SIKMX KICTKOBHHM Ae(EeKT 3alOBHIOBATM XiTO3aHOM,
AKTHBOBaHUM OLITOBOIO KHUCIIOTOIO
(Chitopharm™M; Product no.44202; Norway) (Xi-
To3aH-A). JlociyKeHHs CTaHy KiCTKOBOI TKAHHUHHU B
JUISHII HAaHECEHOTo Me(eKTy 3aiiCHIoBaIN Yepes 1,
7, 14, 21, 28, 35, 56 Ta 84 no0u mmicias HaHECEHHS
TpaBMH. B yci BKa3aHi TepMiHM MPOBOJAMIN CBITIIO-
ONITHYHY OLIHKY TiCTOCTPYKTYPH JIEKaJIbI[MHOBAHOI
KICTKH, IMYHOTICTOXIMiYHE BHW3HAYCHHS EKCIIpecii
MapkepiB CD34, Calcitonin, Ki-67, mopdomerpito, a
TaKOXX BHBYEHHS PENbEPHUX 3MiH NIISIXOM CKaHYIO-
40i ENeKTPOHHOI MIKpPOCKOMII Ta YIBTPAaCTPYKTYp-
HUH aHaNi3 3 BUKOPUCTAHHSAM TPAHCMICIITHOT eJeKT-
POHHOT MiKPOCKOTMIT.

Jljist TiCTONOTIYHOTO JOCHIKEeHHs (pparMeHTH
KiCTKH HHDKHBOT IIEJICITH B 30HI eKCIIEPUMEHTAIBHO-
ro nedekry dikcyBanu y 10%-sHomy pozuuHi ¢dop-
MalliHy, JemiHepanizyBaimu y 10%-HOMy BOIHOMY
PO3UMHI a30THOI KHCIOTH, NPOBOJWIM y CHHPTax
BUCXiTHOI KOHIEHTPAII] 3 MOJAIBIIOI0 3aJIUBKOIO Y
mapadin. OTpumani 3 OJOKIB 3pi3d TOBIIUHOKO 5-7
MKM JenapaginyBain Ta 3a0apBIIOBAIH TeMaTOKCH-
JiiHOM 1 eo3uHoM [11, 12].

IMyHOTiCTOXIMIYHE HOCIHIIKEHHS ITPOBOIUIOCH
3TiTHO  TpoTOKoJiB  kommaHii  TermoScientific
(CHIA). Micns memapadinizarii, periaparartii, Tem-
MepaTypHOTO JeMACKyBaHHS AHTUTEHIB Ta IPHUTHi-
YEHHsI aKTUBHOCTI €H/IOTEHHOI TIePOKCHIa3H MPOBO-
JIUITH iHKyOAaIifo 3pi3iB 3 MepBUHHUMH MOHOKJIOHA-
TpHUMH KposstauMu anTuTiiamu CD34 (QBEnd/10;
1:250), Calcitonin (SP17; Ready to use), Ki-67
(SP6; 1:250) y Bomorux kamepax HpH TeMIepaTtypi
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23-25°C mporsrom 30 xBuimuH. BHKOpHCTOBYBan
CUCTEMY Bizyasizamii UltraVision Quanto
(LabVision). [lns imenTudikamii peakirii HAHOCUBCS
PO3UMH XPOMOTEHY 3-HiaMiHOOCH3UINH TETPaxJio-
puny (DAB) (Quanto, LabVision) mig koHTpoxeM
MIKPOCKOITY IpOTATOM Bix 20 ceKyHA 10 3 XBHIINH, 3
NPOSIBOM Y BUIVISIAI KOPpHYHEBOTO 3abapBieHHs. [a-
Ji  J10JaTKOBO 3a0apBiIOBAIM  I'€MaTOKCHIIHOM
Maiiepa npotarom 1-3 XBWIMHH 3 HACTYITHOIO JIETi-
JIpaTaIli€lo Ta 3aKPIiMUICHHAM 0aib3aMOM 3a CTaH[a-
pTHOO mpouenypoto [13, 14].

Jnst ynbTpacTpyKTYPHOTO JOCIHIJKSHHS JeMi-
Hepati30BaHi 3pa3Ku HIDKHBOI mienend (ikcyBasn
npu Ttemmeparypi +2°C mporsrom 3-4 rommH y
2,5%-HOMY po3umnHi TIyTapoBoro anpaeriay B 0,2M
tocharaomy Oydepi (pH=7,4) 3 HaACTYIHOIO TOCT-
¢ikcaniero nporsirom 1 roguau B 1%-HOMy 3a0yde-
peromy (pH=7,4) po3umHI YOTHPHOKHCY OCMIIO
(«SPI», CILIA), nerigparaiii€to B cniuprax i IpoIi-
JICHOKCH/II T2 BUTOTOBJICHHSIM EIOKCHIHUX OJIOKIB 3
BUKOPHUCTAHHSIM €MOH-apajJbJUTOBOT KOMIO3MIIIT.
VYABTpaTOHKI 3pi3u PO3MIIIANM HA MIiTHHX CITKax 1
3MIACHIOBAJIM TIOZIBIMfHE KOHTPACTYyBaHHS 3a METO-
oM PeitHonmpaca [15]. HocmimkeHHS TPOBOIWIN Ha
TPaHCMICIHHOMY elleKTpoHHOMY Mikpockomi [TEM-
100-01 («SELMI», Ykpaina) mpu mpuCcKOpIOBaIIBHIH
Harpy3i 75 kB i mepBuHHUX 30impIIeHHAX Big 1500
110 25000 3a ctanmapTHOIO cxemoro [16].

PenpedHi 0COOMMBOCTI KICTKOBOI TKAaHWHHU B
30HI €KCHEPUMEHTAIBHOTO Ne(EeKTy BUBYAIH METO-
JIOM CKaHYyI04Oi eJIEKTPOHHOI MIKpOCKOIii, BUKOHA-
HOi Ha pacTpoOBOMY €JIEKTPOHHOMY MIKpPOCKOII
JEOL T220A. 3pazku ¢ikcyBamu B 2,0%-My po3uu-
Hi TJIIOTapalibCTiay, MPOBOAMWIN NPOIECIYPY CyOTi-
MaliiHOTO CYIIIHHS Ta METali3yBald TEPMIUHUM
HanmwiIeHHsAM mapy mimi (mo 20 um). dns dortorpa-
(yBaHHS BHKOPHCTOBYBAJIM HANpPYry HPHUCKOPEHHS
20 kB [17].

Jnst BU3HAYEHHS 3MiH CKJIQJly pereHepary BH-
KOPHCTOBYBAIM IiJPaXxyHOK BiTHOCHOTO 00’emy 1)
KiCTKOBOi TKaHWHH, 2) OCTEOILIACTUYHOTO MaTepia-
ny, 3) cnonydHOi TKaHWHU B pereHepari, mo Oymu
BU3Ha4YeHI Ha 1UdpoBuUX Mikpodororpadisx aemi-
Hepalli30BaHUX TICTOJIOTIYHHUX 3pi3iB  ()parMeHTiB
HIDKHBOT IIenen, 3a0apBieHuX TeMaTOKCUIIIHOM Ta
€03MHOM, 3 BHKOPHCTaHHSM IPOIPAMHOIO IIaKeTy
Image] 1,47v 3a pexomenanismu [18].

Jnst BUSHAYEHHS IMiITOPSAAKYBaHHS OTPUMaHUX
JTAaHUX HOPMAaJIbHOMY 3aKOHY PO3MOALTY BUKOPUCTO-
BYBaJIM aHAJI3 TiCTOTPaMU PO3IONLTY, MOKA3HUKU
KOoe(iIieHTIB acuMeTpii Ta eKCTHUHKINI, KpHUTepii
Mamipo-VYinka. Pe3ynbraTé KOXHOI TpynmH B pi3Hi
MOMEHTH YacCy IiIOPsAKOBYBaINCh HOPMAILHOMY
3aKOHY PO3MOALTY, iX MojaHo y BUrsiAi M + m, e
M — cepenne apudpmeTHIHE, M — CTAaHIAPTHE BiAXH-
JeHHS cepeaHboro. Jlns BU3HAYEHHS BipOTiTHUX
BIIMIHHOCTEH MiX CEpeIHIMHM 3HAUYEHHSIMH IOKa3-
HUKIB y Pi3Hi TePMiHH €KCIEPUMEHTY, a TaKOX IS
MOPIBHSAHHA JaHUX TPYNU KOHTPOJIIO 3 €KCIIEPHMEH-
TaJIbHOIO I'PYIOIO B OJJHAKOBI CTPOKH CIIOCTEPE)KEH-

HS BHKOPUCTOBYBaiM t-kpurepiii CthiogeHta. Piz-
HUITIO MK TPYITaMH BBaXKAJIH JOCTOBIPHOIO MPH P <
0,05. [lyng mpoBeieHHs] CTATHCTUIHUX 00paxyHKIiB Ta
CTBOpEHHS TpadikiB 0yJI0 BHKOPHCTaHO IPOTpPaMHE
3abe3neuenns RStudio v1.2.5042. Ins opopmieHHS
rpa¢ikiB Ta TabIHIE 0YJI0 BUKOPUCTAHO €IEKTPOHHI
tabmuni Excel 3 makery MS Office 2010 i3 3actocy-
BaHHsM JinensiiiHoi nporpamu STATISTICA (Bep-
cist 6.1; cepiitnuit Homep AGAR 909 E415822FA).
[ocninoBHICTH CTATUCTUYHUX TPOLETYDP TPOBOAMIN
BIJIMIOBITHO 10 peKkoMeHaaitii [19].

Bci npouenypu, 1mo crocyBajucsi HHTaHb YT-
pUMaHHS, AOTIATY, MAPKyBaHHS TBapHH Ta BCi iHIII
MaHIMyIsmii TPOBOAMINCA i3 JOTPHUMAHHSIM IIOJIO-
KEeHb «CBpPOMENCHKOI KOHBEHIIIT PO 3aXUCT Xpede-
THHUX TBapHH, sIKi BHKOPHUCTOBYIOTHCS ISl €KCIIEPH-
MEHTAJbHUX Ta IHIMX HaykoBux minei» (Ctpac-
Oypr, 1985), «3aranpbHUX eTHYHUX NMPHHIHUIIB eKC-
NEpUMEHTIB Ha TBapHWHax», yXBaJieHUX llepmmm
HanionansHumM koHrpecom 3 6ioetuku (Kuis, 2001),
3akony Ykpainu Ne 3447 — IV «IIpo 3axuct TBapuH
BiJl KOPCTOKOIO TOBOJKCHHS» 3TIHO 3 IMPCKTH-
Boro Pagu €C 2010/63/EU npo moTpUMaHHS MOCTa-
HOB, 3aKOHIB, aJMiHICTPaTUBHUX ITOJIOKEHH JlepikaB
€C 3 muTaHp 3aXUCTy TBAapHH, SKi BHKOPHCTOBY-
I0ThCS 3 HAyKOBOO MeToro [20, 21].

Pe3yabTaTH Ta iX 00roBOpeHHs

lcronmoriune BWBYEHHS JAEMiHEPai30BaHOL
HIDKHBOT LIEJIENN Yyepe3 OAHy 00y IMicas HaHECCHHS
eKCIIEPUMEHTAJILHOTO JIe()eKTy Ta IMOLIapOBOi M-
wianTanii Marepiany OK®-H-Xito3aH-AMmiiuiin
(30BHIIIHIA CETMEHT TpPaHCIUIAHTATy — KOMILIEKC
XiTO3aHy 3 aMMilMJIIHOM, BHYTpILIHIA CErMEHT —
rpaHysi MoJu(]iKOBaHOTO HATYPaJIbHOTO OKTaKallb-
niiiocary) nokazano HasiBHICTh MaCOBAHOTO TPO-
MOOYTBOpEHHS Y IPOCBiTaX 3pyHHOBAaHUX MIKpOCY-
JIH Ta YACICHHUX IpiOHMX KpoBOBWIMBIiB. CriocTe-
piranuch BHpa3HUH NMEpUBACKYISAPHUNA Ta IHTEPCTH-
HifHWA HAOPSIK MepiocTy 1 M SIKUX TKaHUH MMOOIH3Y
MEXaHIYHOT OCTEOJCCTPYKIIii, eKCTpaBa3albHi CKYII-
YeHHsI epUTPOIUTIB 1 momiMopdHosneprux. [lo kpa-
X EKCIIEPUMEHTAJILHOT IIaXTH Y MaTePUHCHKIN Kic-
TKOBIM TKAaHWHI BHM3HAYaJIUCh JPIOHI CKYMUEHHS
(GiOpUHOBUX Mac i TeMOCHIICPUHOBI HaKOIHWYEHHS.
Ocreonu moOuu3y nedexTy MICTHIM YHCICHHI pe-
30pOIIifiHI JaKyHH 1 TOMOTeHi30BaHi wiacTuHkd. Ha
€JISKTPOHOTpaMax CIIOCTEPIraIuch MOOJTUHOKI aKTH-
BOBaHI OCTEOKJIACTH, IO CBIAYMIIO TPO HE3HAYHY
pe30pOIIif0 YIIKOKEHNX KICTKOBHX ILIACTHHOK Ta
MiATBEPIKYBAJOCh HETaTUBHUM IMYHOTICTOXiMiY-
HUM 3a0apBiieHHsIM mapadinoBux 3piziB Calcitonin-
SP17-knoHanepHMu  a”HTHATLIAMH. | OmMoreHizaris
KICTKOBOTO MaTpPHKCy CYMpPOBOKYBallach iHTpalle-
JFOJIIPHAM HAOPSIKOM OCTEOIMTIB 1 JECTPYKII€I0
MydKiB KoymareHoBux (iOpwi. VY ckiami mepiocTy
HaBKOJIO XITO3aHOBOI'O CErMEHTY TpPaHCIUIAHTATY
BUSIBIISUIMCh O3HAKM AKTHBHOTO HEOBACKYJOTECHE3Y
6e3 mposiBiB (iOpo3yBaHHS abo mpodridepamnii ¢iod-
pobnacriB. Busnauenns mapkepa Ki-67 BusBmio
HE3HA4YHy NpoJIiepaTUBHY aKTHUBHICTh KIITHH Pi3-
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HUX IudepoHiB y maHii Jokami3alii, 3a BUKIIOYCH-
HIM eHAOTemionuTiB. Ha mOBepxHI YIIKOIKEHHX
KiCTKOBHX TpaOeKxys Ha MexXi 3 IMIUTAHTOBAaHUM Ma-
TepiaJoM NOOJIM3y SHOOCTY CIIOCTEpPIrajiuch IPHMi-
TUBHI TEMOKAIIJISPU Ta eHAO0TeNabHI TSDKI y Gopmi
MapOCTKiB B CYIpoBoIi GiOpodiacTiB, Mo CBiqIMIO
PO YTBOPEHHSI TPaHyJSIIMHOI TKaHWHH II0 Kpasx
EKCIIEPUMEHTAIBHOTO JIe()eKTy Ta MiATBEpIKYBa-
JIOCh IHTEHCHBHHMM IMYHOTICTOXIMIYHMM 3a0apBIicH-
HAM B peakuii 3 mMapkepoM mnpomidepauii Ki-67 y
saapax (iOpobaacTiB 1 eHAOTENANbHUX KIITHH €H-
JOCTY.

UYepe3 OIMH TWXKACHB ICHSA €KCIIEPUMEHTAIIb-
HOi TpaBMH Ta immmanTtanii marepiary OK®-H-
XiTo3aH-AMIIOWIIH TOPS 13 HE3HAYHUMH O3HaKa-
MH TPaBMAaTHYHOTO 3allaJIeHHs HaBKOJIO 30HH nede-
KTy CIIOCTEpiraiach iCTOTHa [e30praHizamis i me-
CTPYKIIisI MAaTepUHCHKOI IUTACTHHYACTOI KiCTKH, T'O-
MOT'€Hi3allis KICTKOBOTO MaTpHUKCy. Y MOpPIBHSHHI 3i
CTaHOM Ha Tepury ao0y 3pocTaia IUioma pe3opo-
LIHUX TOPOXXHHUH 3 TKAaHMHHHUM AETpUTOM, (hiOpu-
HOiZoM ab0 reMOCHAECPUHOBUMHM Jerno3utamu. Tpa-
BMOBAHI OCTCOHH 1 KICTKOBI TpaOCeKyJaH MO Kpasx
neekTy HaObyBanu ropOHCTHX KOHTYpPIiB BHACIIIOK
YTBOPEHHS YUCICHHUX OCTCOIAHMX BHUIMHAHb Ha iX
MOBepXHi. Y MHX AUISTHKaX HaBKOJO TeMOKAIIAPIB
CIIOCTEPITaINCh TTOOAWHOKI OCTEOKJIACTH, 3HAYHA
KUTBKICTh BiJOKPEMIICHUX OIWH BiJ OJHOTO OCTE00-
JACTIiB, SKi IMYHOTICTOXIMIYHO TIpH BHBYEHHI Map-
kepa Ki-67 IHTEHCHBHO HAKOIMYYBaJIH IMYHOTICTO-
ximMiyHy MiTKy. [Ipu ynabTpacTpykTypHOMY MAOCIIi-
JUKEHHI HaBKOJIO OCTE00JIAaCTiB BHSABISUTUCH XaOTHY-
HO YrpyINoOBaHi KOJIareHOBI BOJIOKHA, 3aHYpeHl Yy
TOMOT€HHHH MaTpHKC.

HanpukiHii nepuioro THXHS EKCIIEPUMEHTY
CIOCTEpITajJoch aKTWBHE BiJHOBICHHS MEpPIOCTy Ha
MOBEPXHI 30BHIMIHBOTO XiTO3aHOBOTO IIOKPUTTS
IMIJIAHTOBAHOTO MaTepialy 3 aKTHBHHM BPOCTaH-
HSM HOBOYTBOPEHHX HPUMITHBHHX T€MOKAaIIAPIB
a00 eHJoTeTaNbHUX MApOCTKIB Bijl MMOBEPXHI Y TIIH-
Ouny TpaHcrutaHtaTy. HeoBackynoreHes y naHiid
LHEHTPAJIBHIN JIUISHII pereHepaTy CylnpOBOKYBaBCs
3HAQYHOK0 MIrpali€ld OCTEONPOreHITOPHUX KIITHH,
yacTka SKMX HaOyBajla YJIBTPACTPYKTYpHHX O3HAaK
ocreobiacTiB. Ha BinmMiHy BiJ Ipynu KOHTpPOJIIO, B
nepudepryHuX JUISTHKaX pereHepary rnooyim3y Mexi
3 MaTepUHCHKOI0 T'y0YacTOl0 KICTKOIO BHSBIIIACH
BEJIMKA KUTBKICTh OCTPIBIIB JECMAIILHOTO OCTEOTe-
He3y 31 LIJIBHUM BMICTOM HOBOYTBOPEHHX HpPUMi-
TUBHHX MIKPOCYIMH 1 TeTepoMOp(HUX KIITHH —
(ibpobnacriB, ocreobnactiB Ta ix HemudepeHmiio-
BaHUX IIONEPEIHUKIB. |HTCHCHBHE HAaKONMUYCHHS
Mapkepa Ki-67 B spax o3HaUYE€HUX KIITHH CBIIUUIIO
Ipo iXHIO BHCOKY TNpOJidepaTHBHY aKTHBHICTH Ha
nepuepii perenepaty. 3HauHa IiabHICTE CD34-
MO3UTHUBHUX CTPYKTYp (TeMOKamiIsipiB abo eHmoTe-
JaJbHUX TSOKIB) BKa3yBajia Ha aKTUBHUH HEOBACKY-
JIOT€HE3 B IaHii nokamizamii. ['eMaToreHni KIiTHHA
HaBKOJIO T€MOKANUISPIB 3yCTPiUaIUCh PiKO, OCTEO-
KJIaCTH HE BHSBISUIMCH. Ha enekrpoHorpamax mnoo-
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U3y 0CcTe00IacTiB B OCTEOTCHHUX OCTPIBILIX CIIOC-
TepiraJinch MOOJAWHOKI HEBIOPSIKOBAaHI KOJAreHOBI
BOJIOKHa a00 iXHi IyYKH 3 O3HAKaMH He3puLIoCTi. Y
CKJIaJli OCTEOi Ty OCTPIBIIB IECMAIFHOTO OCTEOTEHE-
3y aMOp(HUIA KOMIIOHEHT 3a IUIOIICI0 CYTTEBO IIe-
peBakaB HaJl KOJAr€HOBMUMH BOJIOKHaMH (puc. 1).

Puc. 1. EnektpoHHa TpaHcMiciiHa mikpodoTorpadis
rnmMbokoi AiNsHKM pereHepaTy HWKHbLOI Lenenu Kponuka
yepes 1 TMXAEHb MICNSA HAHECEHHSA TPaBMW Ta 3aNOBHEHHS
nedexty matepianom OK®-H-XitosaH-AmniuuniH. 1 — dpa-
IMEHT uuTOMnasMmn octeobracta; 2 — marnogudepeHLino-
BaHa OCTEOreHHa KniTuHa; 3 — HECTPYKTYpOBaHWiA OCTeOIA,.
x3000.

IIpotsirom 2-3-ro TWKHIB Micis IMIUTaHTAL{
Mmarepiany OK®-H-Xiro3an-Amninunin 3anajibHO-
IHQIIBTPATUBHI TPOSBU Y TBEPAMX 1 M SIKHUX TKaHH-
Hax HaBKOJIO 30HU JieeKTy Maiike He BUSBIISIIUCH.
Ha moBepxHi 30BHIIIHBOTO (XiTO3aHOBOTO) CETMEH-
Ty IMIDIAaHTOBAaHOTO MaTepialy CIIOCTepiramucs
O3HaK{ aKTHBHOTO BiJHOBJIEHHS KJIITHHHOTO, BOJIO-
KHHUCTOTO 1 MIKPOCYAWHHOTO KOMITOHEHTIB TE€pioCTy.
Je3opranizaris KICTKOBOI TKAHHHU Ta TOMOTCHi3a-
i KiCTKOBOTO MATPUKCY HAaBKOJIO 30HH TpPaBMH
CroCTepiraiuch pinko. Pe3opOuiiHi MOPOXXHUHU
PO3TAlIOBYBAJIUCh HAa 3HAYHIM BiJCTaHI OJHA Bij
onHol. YMcieHHI OCTeOifHI BHPOCTHM MO Kpasx
YIIKO/PKEHOT MAaTePHHCBHKOI KICTKM Ha MOBEPXHI
TPaBMOBAHHUX OCTCOHIB 1 KICTKOBUX TPaOeKyJ Oyiu
3aHYpeHl y TOBIIYy PENapaTUBHOTO pETeHepaTy MiX
OCTPIBISIMH JIECMAJILHOTO OCTEOTeHe3y abo aHacTo-
MO3yBaJli 3 HUIMHU. Bupocty Tpabekyn MaTepHHCHKOT
KICTKM MICTHJIM TIOBHOKPOBHI T'€MOKAIUIIPH B OTO-
YEeHHI HE3HAYHOI KIIBKOCTI OCTEOKJIACTIB Ta CIONY-
YaJauch 3 MIKPOCYAMHAaMH BiJHOBJIEHOTO €HJIOCTY.
AKTHBOBaHI OCTCOKJIACTH IO KpasXx BIiJIHOBIICHHX
TpabeKyJsl MaTepPUHCHKOT KICTKH B THX JUISHKAX, 110
3aHYPIOBAINCh Yy TIJIMOMHY pereHepary, CBIIYMIN
mpo 00’eTHAHHA MAaTEPUHCHKUX TPaOEeKynl 3 HOBO-
YTBOPEHUMH Tpabekynamu perenepary. Cepen Kii-
TUHHHUX CyOHOMMYJISIIA YHCENFHO TIepeBaXkaln OCTe-
00acTH, sKi PO3TAIIOBYBAJHCh MOOAWHII B TOBIII
OPraHiYHOTO MAaTPHUKCy OCTEOINHMX BHpPOCTIB Ha
MOBEpxHI TpabeKys MaTrepuHcbKoi KicTkH. Excrnpe-
cist mapkepa npodridepanii Ki-67 6yna HaiiBumoro B
spax ocTeo0JacTiB y MOPIBHSAHHI 3 IHIIMMHU KIIi-
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TuHEHAMH udeponamu. Ilpu BuBuenni Calcitonin-
SP17-kjI0HAaNBHUX aHTHTLI HE CHOCTEPIrajJoch CyT-
TEBOI pe30pOUiiHOI aKTHBHOCTI OCTEOKIIACTIB B OC-
HOBI MaTEepHHCHKUX TpaOeKyll, MpOTe Ha BEpPXiBKax
BiTHOBJIEHNX TpabeKynl i CIiKyn IXHS aKTHBHICTH
Oyna Bucokor. Buuenns excnpecii mapkepa CD34
MOKa3aJI0 TIOMIpHUH CTYHIHb BacKyJsipu3auii mare-
puHCBHKOI TyO4acToi KicTku. [Ipu ymbTpacTpykTyp-
HOMY JOCIIPKEHHI OCTEOin Ha MOBEpXHI BiHOBIIE-
HHUX TpaOeKyJ MICTHUB HE3HAuHY KUIBKICTH CJIaOKO
OpIEHTOBAHUX ITyYKiB KOJIAr€HOBHX BOJIOKOH HABKO-
JI0 0CcTe00NacTiB 3 O3HAKaMHM HE3HAYHOI CHHTETHY-
HOI aKTUBHOCTI.

Ha mepudepii kicTkoBOrO pereHepary IpoTs-
roMm 2-3-r0 TWXKHIB Ticisl iMIUIaHTalil marepiany
OK®-H-Xito3aH-AMINIIAWIH KIJIBKICTE 1 HIIBHICTE
OCTpIBIIIB IEPETHHYACTOTO OCTEOT€HE3y 3HAYHO
NEePEeBUIIYBAJIH IOKa3HUK KOHTPOJIBHOI IpyNH TBa-
puH,. OCTeOreHHI OCTIBI[I aHACTOMO3YBaJld 3 yTBO-
peHHSM TpaOeKyJ, a TAKOXK 00’ €THYBAIUCH 3 TOPOU-
CTHUMHM KICTKOBUMH TpaOeKyJaMd MaTepPHHCHKOI
ryoyacToi KicTku. B 1X cknaji Bi3yanizyBaJIuCh YnC-
JICHHI MIKpPOCY/MHH PI3HOTO CTyIeHs MOpP(}OJIoriy-
HOI 3piTOCTI B OTOYEHHI OCTE0OIACTiB, SKi 9acTo
YTBOPIOBAJIN TPYMHU. Y MDKTPAOEKYISIPHUX HPOCTO-
pax 30cepeKyBaliich TOOMUHOKI (ibpobmactu Ta
YHUCIICHHI HeAU(epeHIiHOBaHI KITITHHI OCTEOTeHHO-
ro pmudepony. [lpm ympTpacTpyKTypHOMY IOCIHi-
JUKEHHI OCTEOIn HOBOYTBOPEHHX TpaOEKysl MiCTHB
KOJIAare€HOB1 BOJIOKHA PI3HOTO CTYIEHs 3pLIOCTi Ta 1X
BapiaTHBHI 32 PO3MIPOM ITYYKH 3 HEBIIOPSIIKOBAHOIO
Opi€HTAIli€r0. YIBTPACTPYKTypa OCTEOOJACTIB BCE-
peIrHI KepaMiyHO-KICTKOBOTO pereHepary, siki Mic-
THJIM PO3BHHEHHUH KOMILIEKC ['0NbIpKI Ta 4YMCIICHHI
CJIEMEHTH TPaHYJSPHOI CHIOIUIa3MATHYHOI CITKH,
BKasyBajla Ha IX BHCOKY CHHTETHYHY AaKTHBHICTb.
[Ipn iiMyHOTICTOXIMIYHOMY JIOCIHIJKEHHI Mapkep
Ki-67 iHTeHCMBHO HAaKONHWYyBaBcs B Apax KIITHH-
nonepeHNUIL octeoOnactiB; mapkep CD34 — y
MeMOpaHax i OUTOIUIa3Mi EHAOTENaTbHUX KIITHH
M0 BCbOMY O0’€MY KiCTKOBO-KEPaMi4HOTO pereHe-
pary, Calcitonin-SP17-no3uTHBHI OCTEOKJIACTH 3
NPUTHIYEHOI0 PEe30POTUBHOIO aKTHBHICTIO HE BUSIB-
nsumicsi. HaBnaku, nepeBaxkany akTHMBOBaHI OCTEOK-
JacTH 3 PO3BHHYTOI TO(PPOBAHOI OOJISIMIBKOIO
(puc. 2).

I'mnboka 30Ha KiCTKOBO-KEpaMiuHOTO pereHe-
pary MiCTHJIa 3HaYHY KUIBKICTh MIKPOCYIHH 1 €H/I0-
TeNiaJbHAX MAPOCTKIB, IO CBIAYIIO MPO IHTCHCHB-
HUW HeoBacKysoreHes. Ha BinMiHy Bix Tpynu KOHT-
pON0, HAaBKOJIO (PYHKIIOHYIOUMX Te€MOKAIIsIpiB
YTBOPIOBAJINCH YMCIICHHI OCTPIBIl MEPETHHYACTOTO
OCTEOreHe3y, B TOH 4ac SK OCEepPeAKU XPSLIOBOTO
MaTpUKCy HE BUABILUIMCH. [I0OTMHOKI oOcepenku
(ibpo3yBanHs B TNIMOOKIH 30HI perenepary Oymu
HEBEJIMKHMH 32 IUIOIIEIO.

Uepe3 4-5 TWKHIB MiCHS eKCIIEPUMEHTAIHHOL
TpaBMH Ta iMImIaHTamii Matepiary OK®-H-Xiro3an-
AMIIIIIH BUSBISUIACH PAJIiallbHO OPIEHTOBAHI HO-
BOYTBOPEHI 3 00Ky MaTepHHCHKOI KICTKH TPaOEKyJIH.

Bonu anactomMo3yBaiH 3 IpyOOBOJOKHHCTHMH HO-
BOYTBOPEHHMH  TpaOeKylaMH OCTeOopereHepary,
YTBOPIOIOYN Oe3MepepBHUA €HAOCT. Y HiJSTHKaxX
KOMIAKTHOT MaTepPHHCHKOI KiCTKH 3 03HAKaMH IOCT-
TpPaBMATHYHOI JIe30praHi3amii Ta roMoreHizamii Kic-
TKOBOI'O MATPHUKCY HAaBKOJIO MIKPOCYIHH 30cepe-
JUKYBaJIUCh aKTHBHI OCTEOKJIACTH, IO IMYHOTICTO-
XIMIYHO  MIATBEPIKYBAJIOCH TPH  3aCTOCYBaHHI
Calcitonin-SP17-knonaneuux antutin. HasBHicTh
nakyH ['aymmna BkasyBald Ha IHTCHCHUBHE BiJHOB-
JICHHSI YUIKOJDKCHUX YHACINiOK TPaBMHM KiCTKOBHX
IUIACTHHOK MaTePHHCHKOI KicTku. Ha moBepxHi 30B-
HIIIHBOTO CETMEHTY IMIIAHTOBAHOTO MaTrepiaiy
BHSIBIISUIACH BiTHOBJICHA TiCTOCTPYKTYypa MepiocTy 3i
3HAaYHUM BMICTOM SIK OCTEOINpPOTCHITOPHHUX KIIITHH,
Tak i octeobnactiB. [1o0im3y €HAOCTY MaTepHUHCH-
KOi Try0YacToi KICTKH CIIOCTEpIiraliuch YHCICHHI
0CTeO00IaCTH, AKi PO3TAIOBYBAIKCH 130JILOBAHO 200
rpynaMy B TOBILI OPraHIYHOTO MaTPHUKCY BiHOBIIE-
HUX Tpabekys. YHCeNbHO cepell KIIITHH TPaOeKya y
BHYTPINIHIX IUISTHKaX OCTeOpereHepary InepeBaka-
M octeobnacTH. BOHN IHTEHCMBHO HaKONWYyBajH
iMmyHoricToximiuny mitky Ki-67, mo BkazyBajo Ha
iX BHCOKY NpOJi(epaTHBHY aKTHBHICTh, HA BIAMIHY
Bin iHmMMX KiIiTHH. Ha BigMiHYy BiJ KOHTPOJBHOI
TPYNH, TPH EJICKTPOHHIN MiKPOCKOMIl BHSBISIIACH
BHCOKa CHHTCTUYHA aKTHUBHICTH OCTEOOJNIACTIB, MPH-
qoMy (pibporeHe3 CyTTEBO mepeBakaB Hal CEKpeIli-
€10 aMOP(HOTr0 KOMIIOHEHTY OCTEOI Y.

Puc. 2. EnekTpoHHa TpaHcMiciiHa mikpodoTorpadis
nepucepuyHoi AiNSHKU pereHepaTy HWKHBLOI Lenenu Kpo-
nuka Yepes 3 TWXKHI MIiCNst HAHECEHHS TPaBMU Ta 3anoBHEH-
HA pedekty matepianom OK®-H-XitozaH-AmniunniH. 1 —
rocpoBaHa 06nsIMiBKa OCTeoknacra; 2 — siapa ocTeoknac-
Ta; 3 — He3pinun octouuT; 4 — octeoig. x3000.

I'ybuacta cTpyKTypa KiCTKOBO-KEPaMiqHOTO
pereHepary ckiajanacs 3 NoidiMophHUX Tpabexyd,
YTBOPEHUX 3a PaXyHOK BiJHOBJICHHS TPaBMOBAaHHUX
TpabeKyJl MAaTEPUHCHKOI KICTKH, a TAKOXK 3a PaxXyHOK
TIOTIEPETHHOTO PO3MOBCIOJDKEHHS OCEPEJIKIB JlecMa-
JIBHOTO OCTeOreHe3y. B rpy0oBosIOKHHCTHX Tpade-
KyJnax KiJIbKICHO TepeBaKaJIi OCTE00IacTh 3 yIbT-
PacTpyKTypHUMH O3HaKaMH BHCOKOI CEKPETOpPHOT
akTUBHOCTi. KiIbKICTh OCTEOKIACTIB CYTTEBO 3pOC-
TaJla y MOPIBHSIHHI 3 MOMEPEIHIM TEPMIHOM EKCIIe-
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pumenTy. IlepeBakHa YacTHMHA OCTEOKIACTIB Oyia
aKTHBOBAHOIO, IO MiATBEPKYBAJIOCh MPHU YIbTpa-
CTPYKTYPHOMY OOCTI/DKEHHI Ta TPU IMYHOTiCTOXi-
MIiYHOMY BH3HaueHHI posmoniry Calcitonin-SP17-
KJIOHANBHUX aHTHUTLL. L{i 03HaKW CBimYMIM WO iHi-
IIiallif0 PEeMOJICTIOBaHHS TPYOOBOJIOKHUCTHX Tpade-
Kyl 4epe3 4 THKHI Ha MEXi pereHepary 3 KiCTKOBH-
MM IUIACTUHKaMH MAaTepUHCHKOI KICTKH, a TaKOX
IPY TIEpEeXO/i BiTHOBJICHUX TPabeKysl MaTepHHCHKOT
ry04acToi KiCTKH B HOBOYTBOPEHI IpyOOBOJIOKHHUCTI
TpabeKkynu pereHepary. YJIbTPaCTPYKTYpPHO IpH
PEMOJICITIOBaHH] yTBOPIOBANIMCS LIUIbHI ITyYKH Ia-
pajenbHO OPIEHTOBAaHMX KOJArcHOBHX BOJIOKOH 3
(hopMyBaHHSIM TETEPOMOPPHHUX KiCTKOBHX ILIACTH-
HOK. Cepell OCTEOLUTIB MepeBaKald yIbTPaCTPYK-
TYypHO HE3pLTi KIITHHH, MIPOTe Ha 4-My THXKHI 3pOC-
TaJa 4acTKa 3piUX OCTEOIHTIB y THX Hepudepud-
HUX AUITHKaX pereHepary, sKi aHaCTOMO3YBaJId 3
MiHEpaJi30BaHUM MAaTPUKCOM BiIHOBJIEHHX MaTe-
PHHCBKHX Tpabekyi. Takox 3pisii OCTEeOUUTH BU3HA-
YaJHUCh Y CKJIaJli HOBOYTBOPEHUX TPAOEKyN Y BHYT-
pILIHIX 30HaX OCTEOpereHepary B MICISIX MEXyBaH-
HS 3 TpaHyJlaMHM IMIUIAHTOBaHOTO Marepiany, L0
BKa3yBaJIO Ha IiHIMIaIlil0 IO3piBaHHS OCTEOTCHHHX
KITHH 3 OOKY eK30TeHHOI0 OKTakKalbIiidocdary
HE3aJIe’KHO BiJ PO3MOBCIOKECHHS XBUIII PEMOIEIIO-
BaHH BiJl MATEPUHCHKOI KiCTKH.

IMpotsrom 4-5-ro THXHIB €KCMEPUMEHTY TJIH-
0oka 30Ha KiCTKOBO-KEpaMiyHOTO pereHepary, Ha
BIAMIHY BiJI TPyHNH KOHTPOJIIO, MICTWJIa OCTpiBLI
MEePEeTHHYACTOI0 OCTEOTeHEe3y MOPs 13 YNCICHHUMU
NPUMITUBHUMH TPYOOBOJIOKHHCTHMHU KiCTKOBUMH
Tpabekynamu. B okpemux Tpabekynax croctepira-
JUCh O3HAKH pPEMOJICNIIOBAHHS, XOuya KIJBKICTh
OCTEOKJIACTIB 1 OCTEOMTIB B TIIMOOKIH 30HI pereHe-
pary Oyna 3HaYHO MEHIIIO, HiXK Ha Horo mepudepii.
B sampax octeobnacTiB crocTepiraiach iHTCHCHBHA
ekcrpeciss Mapkepa mpomidepamii Ki-67. Tparcwmi-
CiffHa eNeKTpOHHAa MIKPOCKOIIiS TOKa3zaja BUCOKY
CHHTETHUYHY aKTHUBHICTh OCTE00JACTiB, HAaBKOJIO
SKAX YTBOPIOBAJIMCS HEBHOPSIKOBAHI IyYKH KOJa-
IEHOBUX BOJIOKOH. IMYHOTiCTOXIMI4HHUII po3moin
Mmapkepa CD34 Bka3zyBaB Ha 3HayHy BacKyJIsIpH3a-
110 TJIMOOKOI 30HH KiCTKOBO-KEPaMIiYHOTO pereHe-
pary, L0 MOSICHIOBAJIO OOMEXKEHE Yy TMOpIBHSHHI 3
KOHTpoJieM (iOpo3yBaHHs JaHOI 30HU 1 BiJCYTHICTh
OCTPIBIIB XPSIIOBOTO OCTEOTEHEZY.

Uepes 8 THXKHIB €KCTIEPUMEHTY CIIOCTEPIrasocs
(opMyBaHHS OCTEOUMTAPHOI JIAKYHO-KaHAJbLIEBOI
CHCTEMH y CKJIaJi MaTepHHCHKOi KICTKH HABKOJIO
eKcrepuMeHTanbpHoro naedekry. [icroapxiTekTypa i
PO3MOALN KIITHHHUX CYOIOMyJALil, IMyHOTICTOXI-
MIiYHi 1 yIBTPAaCTPYKTYPHI XapaKTEPUCTHKH MaTepH-
HCHKO1 KICTKM HABKOJIO HaHECEHOI eKCIIepUMEHTa-
JbHOT TPaBMHU TiCJs OCTEOIUIACTUKH MarepiaioM
OK®-H-Xito3aH-AMIIIIWIIH BIiAMOBIZAJIH 1HTAKT-
Hilt Oy10Bi.

[epudepnuni TpabeKynu KiCTKOBO-
KepaMivyHOTO pereHepary CKIaJaiucs 3 IUlacTHHYa-
cTO1 KicTOBOi TKaHWHU. KiCTKOBI IJIACTMHKH HOBO-
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YTBOPEHUX OCTEOHIB Maju TUIOBY OymoBy. Ilepe-
Ba)KHA YaCTHHA OCTCOKIACTIB IHTCHCHBHO HAKOIIH-
gyBaja Calcitonin-SP17-miTky, 110 BKa3yBajgo Ha
raJpMyBaHHS iX pe30pOTHBHOT aKTUBHOCTI Ta 3 ypa-
XyBaHHSAM HE3HA9HO{ KITBKOCTI pe30opOIiifHnX ma-
KyH CBIJUWJIO TIPO CTaOiMi3allilo TiCTOApXIiTeKTypH
BITHOBJICHOT IIIaCTUHYACTOI KicTku. [lo6mu3y Bij-
HOBJIGHOT'O TIEPIiOCTYy CIIOCTEPIraluch KOMITAKTH30-
BaHI KiCTKOBI IUIACTHHKH, SIKi MICTHJIM 3piJli OCTEO-
LUTH 3 PO3BUHYTUMH BifpocTKamu. Takox 3piii
OCTCOLIUTH TMEPEeBakalid B IUIACTUHYACTIH KICTKOBIN
TKaHWHI HOBOYTBOPEHMX TpabeKys, L0 CKIAAain
ry0uacTy CTPYKTYpy HepupepuIHHX 1 BHYTPILOIHIX
IOUITHOK pereHepaTy. 3arajbHa CTPYKTypa JaKyHO-
KaHaJNbLEBOI cucTeMn Ha mepudepii KiCTKOBO-
KepaMivyHOTO pereHepary BUTJIANaia IMOMIpHO PO3-
BHHEHOIO 1 B MIIOMY C(OPMOBAaHOI, TEOMETpis
OCTEOHIB Ha CBITJIOONTHYHOMY piBHI HaOIIDKamacs
JI0 1HTaKTHOI. ¥ MIXTpaOeKyJIspHUX MPOCTOpax HO-
BOYTBOpPEHOI I'y0uacToi KiCTKM BH3HAYalIUCh HE3HA-
YHI 3a IUIOLICI0 AUISHKU MienoinHol TkanuHu. [lo-
BEPXHS pPerapaTuBHOTO pereHepary Oynia HMOBHICTIO
IHTErpoBaHa 3 MaTEepPUHCHKOIO KICTKOIO, MeXa MIX
HOBOYTBOPEHHMH TpEeOCKylTaMH 1 MAaTepHHCHKOIO
ry04YacTorO KiCTKOIO HE Bi3yasi3yBajiach.

B okpemux Tpabekynax riauOOKOI 30HH CIOCTe-
piranmch O03HAaKW PEMOJAECTIOBAHHS TI'PYOOBOJIOKHHMC-
Toi KiCTKOBOi TKaHWHHU. B minmgHkax (opmyBaHHS
KICTKOBUX INIACTHHOK YHCJICHHI OCTe00IacTH PO3-
TaIIOBYBAJIKCH MOOJIN3Y reTepoMOp(HHUX 30H OCTEO-
iny, B SIKMX My4YKH LIJIBHO YNAKOBaHHUX Iapasielib-
HHX KOJIaT€HOBUX BOJIOKOH MEXYBAJIU 3 OCEepeKaMu
HeBnopsiikoBaHux (iOpus ta amopdpHUM Marepia-
JIOM HU3BKOI eNeKTpoHHOI miibHOCTI. OcTeobnactu
MaJli O3HaKM 3HaYHOI CHHTETHYHOI 1 CEKpeTOpHOI
AKTUBHOCTI. Y MOpPIBHSAHHI 3 IMONEPEIHIM TePMIiHOM
KUTBKICTh OCTEOOJIACTiB IIOMITHO 3MEHIINYBajach, B
TOM Yac sSIK IIIJIBHICTh OCTEOINTIB CTaBaja OibIIOL0.
OcreorTd MiX HOBOYTBOPEHMMH IUIACTHHKaMHU
MaJIi 03HaKH CTPYKTYPHO-()YHKITIOHAIBEHOI He3piso-
CTi, B TOW Yac SK Ha MOBEPXHi TPaHyI IMIUIAHTATY
JIOKJi3yBaJIMCh IEPEBAKHO 3pini (GOPMHU KIITHH,
110 CBIJUUJIO MPO CTUMYJIIOIOUYHI BIUIMB €K30T€HHO-
ro oktakasbiiidocdary Ha 103piBaHHSI OCTCOIHTIB.

Yepes 12 TwxkHIB miCHs IMITIAHTAIT MaTepiary
OK®-H-Xito3aH-AMIIIIIIH CIOCTepiranach MOBHA
OCTEOIHTeTpallis KiCTKOBO-KEpaMidHOTO pereHepaTy
SIK 3 KOMITaKTHOIO, TaK 1 3 ry04YacTol0 MaTepHHCH-
KOI0 KicTKkoro. Ha BimMmiHYy Big Tpymu KOHTPOIIO,
OCTEOIIMTapHA JIAKyHO-KaHAJIbI[EBa CHCTEMa Maia
O3HAKH TUTIOBOI OYIOBH Yy 30HI 30BHIITHBOI KiCTKO-
BOI IUIACTHHKH, ITOBHICTIO BiIHOBICHHH IEpioCT,
OCepe/IKi He3aBepILEHOTO0 OCTeOoreHe3y abo HeroB-
HOTO PEMOJEIIOBaHHSA HE BUABILLINCH. Mikpoapxi-
TeKTypa Ta (opMa OCTEOHIB pEreHepary He BiApi3-
HSJTUCHh BiJ OYJOBM OCTEOHIB MAaTEPHHCHKOI KiCTKH
Ta BiJl CTPYKTYpH 1IHTaKTHHX OCTEOHiB. [Ipu yipTpa-
CTPYKTYPHOMY JOCII/DKEHHI MK ITydKaMH Iapaje-
JBHO OpPIEHTOBAHMX 3PUINX KOJAr€HOBHUX BOJOKOH
CYCIIHIX IUIACTHHOK PO3TalIOBYBAJHCh PIBHOMIpHI
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3a MIMPHHOIO MPOMIAPKH aMOpP(HOTO MaTepiaiy, mo
CBIIUMJIO IIPO 3aBEpIICHHI XapakTep YHOPSIKY-
BaHHS KiCTKOBOTO MAaTpPHUKCY. Y TOPIBHAHHI 3 IOTIe-
pemHIiM TEpPMIHOM KiTbKiCTh OCTEOTCHHUX KIITHH
Oynma moMmiTHO MeHmo. Hu3pka IHTEHCHBHICTBH
IMYHOTICTOXIMI9HOI MITKH TIpoJlihepaTHBHOTO Map-
kepa Ki-67, a Takox HeBelHKa KUIbKICTh OCTEOKJIa-
CTIB 1 0CTE00IaCTIB HOPSA 13 MEPEBKAHHAM 3PLITHX
OCTEOILMTIB CBIJUWIIM TPO 3aBEPLICHUI XapakTep
pemonemoBanHs. KictkoBi Tpabekynau B nepudepu-
YHMX 1 BHYTPILIHIX UISHKax pereHepary MiCTHIN
PO3BHHEHY TeMOKamiisipHy ciTky. Ilpu iMmyHoricTo-
xiMiuHOMY BHUBUYEHHiI ekcmepecii mapkepa CD34
CHoCTepiranocsi piBHOMIpHE PO3IOBCIOMKEHHS 3pi-
JUX TEeMOKAIUIIPiB MO BCHOMY 00’€MY KiCTKOBO-
KepaMigyHOTO pereHepaTy. YTBOPEHHS Mi€JIOiTHOT
TKaHUHH Y MDKTPaOEKyISIpHUX IPOCTOpax CIOCTE-
piranocs nume Ha miepudepii pernapaTHBHOTO pere-
Hepary.

I'nmuboka 30Ha pereHepary MicTHia MOMIPHO
po3ranykeHi TpaOeKysH, sKi CKJIAalucs 3 KiCTKO-
BUX IUIACTUHOK, IEpeBa)XHA YacTHHA SIKHX Maja
iHTakTHY OynoBy. TpaHCMICiiHa eneKTpOHHA MIKpO-
CKOIIis BUSBHJIA MIUTFHO YIaKOBaHI MmapajienbHi ¢io-
PUITH 3 HE3HAYHOIO YacTKOK aMOp(HOTO MaTepiamy
HOBOYTBOPEHOTO OCTeOimxy. BimbmiicTh ocTeomuTiB
MiX KICTKOBHMH IUIACTHHKAaMH Oyia TpeacTaBiIeHa
3pimumMu Gpopmamu (puc. 3).

Puc. 3. EnektpoHHa TpaHcwMicinHa mikpodoTorpadis
rmMMBOKOI AiNAHKN pereHepaTy HWKHbLOI LWenenn Kponuka
Yepe3 8 TWXKHIB MIiCNsi HAHECEHH TPaBMMW Ta 3aMOBHEHHS
pedexty matepianom OK®-H-XitosaH-Amniumnin. 1 — dpa-
rMEHT LMTOMNMasMm octeoumTa; 2 — BigpoCTkn octeouunTa; 3
— MNyYKN KOMareHoBMUX BOMOKOH KiCTKOBMX MNacTUHOK.
x3000.

B okpemux TIHOOKUX [UISHKAaX perecHepary
30epirayiuch APIOHI OCepenKH TPyOOBOJOKHHCTOL
KiCTKOBOi TKaHWHHM 0€3 3aJMIIKIB iMIUIAHTOBAHOTO
MaTepiaiy, SKi MICTHIM MOMipHY KiJTbKiCTh aKTHBO-
BaHMX OCTeokiacTiB. Ha BiZMiHY BiJ CllOCTEpEKEeHb
y KOHTPOJIBHIH TpyIl, oOMe)keHa KiIbKICTh aKTHB-
HUX OCTEOKJacTiB 3 Hm3bKor Calcitonin-SP17-
PCaKTHBHICTIO BHSBIISUTACS JIUIIE Y JUITHKAX reoMe-
TpUYHOI MOIUQIKaIii KiCTKOBUX IDIACTUHOK HOBO-
YTBOPEHUX KICTKOBHX TpaOeKysl Micisl 3aBepIIeHHS

peMozenoBaHHA. AHAJI3 PO3MOILTYy eKcrpecii Map-
kepa Ki-67 BUSBUB HHU3BKY TIPOJTi(epaTHBHY aKTHB-
HICTh MEXaHOILUTIB i OOMEXeHUH mpoidepaTHBHUAN
MTOTEHITiall EHAOTENONUTIB y TpabeKynax TIOOKOi
30HH pereHepary, o Mopsi i3 TOMipPHOIO KiTBKICTIO
CD34-no3uTuBHUX  €HAOTEINIaIbHUX  EJIEMEHTIB
CBIUWIIO PO 3aBEPIICHHUN XapakTep PEMOJIEITO-
BaHHS KiCTKOBOi TKAHWHHU B TNIMOOKIN 30HI percHe-
pary. IlposBu ¢idpo3yBaHHsS TITHOOKOI 30HU pere-
HepaTy CYTTEBO PeAyKyBaJIUCS Yy MOPIBHSHHI 3 II0-
MEepeIHIM TepMiHOM JociimkeHHs. CIONTy4YHOTKA-
HUHHI JUISHKYA HABKOJIO MIKPOCY/IMH 3yCTpidaiucs B
HEe3HAYHI{ KIIBKOCTI Ta Malll BHTJISAA TOHKHX TPO-
miapkiB, 30aradyeHNMX Ha BapiaTUBHO OpPI€HTOBAHI
IIyYKH KOJIATCHOBUX BOJIOKOH.

JociimkeHHsT 0COOIMBOCTEH MiKpopenbedy Ki-
CTKOBOI IIOBEpPXHi 3a JONOMOTOI0 CKaHYBaJIbHOI
€IIEKTPOHHOI MIKPOCKOIIii B HUISHIN €KCIIepUMEHTa-
JIHOTO KICTKOBOTO JAe(EeKTy HWKHBOI IIEJICIH Kpo-
JIUKIB MICNs IMIUIAHTAIil B HOTO TOPOXKHUHY MaTe-
piany XiTo3aH-A BHSBHJIO ICTOTHI BIMIHHOCTI Bij
pe3yNbTATIiB  yJABTPACTPYKTYPHOTO AOCIIIKEHHS B
KOHTpOJIBHIN rpymi. Yepe3d oxHy o0y michs im-
IUTaHTAIli{ Ha BITHOCHO TJIAIKOMY pelbedi MOBepXHi
[IaXTH Ha PiBHI KOMIIAKTHOI KOPTHKAJIBHOI TIIACTH-
HKH CIIOCTEpiraiucs TPaBMOBaHI KPOBOHOCHI MiKpO-
CYOWHH i3 TPOMOOBaHNMH IPOCBITAMH B OTOYCHHI
IpiOHUX KPOBOBWIMBIB. MiXK YIIKODKEHUMH KiCT-
KOBHUMH TpaOeKyJIlaMH Ta CIIKyJIaMHu I'y04acToi KicT-
KH KOMIPKOBOT'O BiIDOCTKA 11O Kpasx IIAXTH BUSB-
JISUTUCS. XaOTUYHO PO3TAIIOBaHI MIKPOCKOMIYHI peli-
TKU 3pyHHOBaHUX Tpabeky: (puc. 4).

198K m eaaa192

Puc. 4. EnekTpoHHa ckaHorpama 30HMW KiCTKOBOrO fge-
PEeKTY HWXKHbOI Llenenu kpornuvka Yepes 1 goby nicns HaHe-
CEHHSl TPaBMM Ta 3arnoBHEHHA AedekTy maTepianom XiTo-
3aH-A. 1 — ylWKOOXEHa MOBEPXHSI 30BHILLHLOI KiCTKOBOI
NNacTUHKM BiYHOT CTIHKM WaxTu; 2 — yLKOAXKeHi Tpabekynu
rybyacToi KiCTKM MiK3yOHOI AiNSHKM KOMIPKOBOI YacTUHW.
x75.

VY 30HI 6e3MOCEPEAHBOT0 MEXaHIYHOTO ae(eK-
Ty Hicisl 3aCTOCYBaHHSI MaTepiany XiTo3aH-A, Ha
BIZIMIHY BiJI KOHTPOJBHOI TPYNH, CHOCTEpiraiucs
oOMexeHi 3a BUPa3HICTIO NPOSBU IIEPUBACKYIISPHO-
ro HaOpsKy, He3HAYHI 32 00’€MOM HaBKOJOCYIMHHI
CKYITYEHHS EpPHUTPOLMTIB Ta IOJIMOP(HHOSAECPHUX
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nerkoruTiB. O3HAKH CTa3zy 3yCcTpidaymcs B MPOCBITI
MOOANHOKHX MikpocyanH. Ha mepudepii iMmianTo-
BaHOTO Marepiainy XiTo3aH-A BUSBIDUINCS ITUISTHKA
MOCTTPAaBMATHIHOI EKCYHALIii.

UYepe3 1 TKOEHb EKCHEPHUMEHTY Ha HOBEPXHi
VIIKO/KEHUX OCTEOHIB i KiCTKOBHX TpabeKyl croc-
Tepiranu ayxe ooMexxeHe (GOpPMYBaHHS OCTEOITHUX
ocTpiBUIB 1 BUNMHAHb. Yepe3 2 i 3 TWKHI O3HAKH
OCTeOoreHe3y CTaBald BHPA3HIIIMMHM, IO MPOSBIS-
JIOCsl B YTBOPEHHI Ha MTOBEPXHI YIIKOJHKEHHX Tpade-
KyJ 4iTkoi ropoucrocti. HoBoyTBOpeHi ocTpiBIi Ta
BUITMHAHHS BapilOBaJid 3a PO3MIpoM Ta (QOPMOIO i
BKPUBAJIH 3HAYHYy 3a IUIOLICIO MOBEPXHIO TPAaOEKyI
(puc. 5). O3Haky 3amajieHHs B JUISHIN eKCIIEPUMEH-
TAIBHOTO KICTKOBOTO Ae(eKTy (TepHBacKyISIPHIHA
HaOpsK, JnelikonuTapHa iHQUIBTpAMis, CyIUHHHAN
CTa3) MPOTATOM 2-TO TIXXHS MPOTPECHBHO 3MEHIITY-
BaJIHCS; Uepe3 3 TIDKHI Mmicis IMIDIaHTaIlil MaTepiary
XiTo3aH-A BOHM HE BUSBISUIUCA. XapaKTEpHOIO
0COOJIMBICTIO pEreHepaTOPHOro MPOLECy B IeH Ie-
piox OyJi0 akKTHBHE YTBOPEHHS CHOJYYHOTKaHUHHUX
Tpabekyn i chikyn Ha nepudepii perenepary, B Toi
Yac SK y HOro riuMOOKHX 30HAX OCEPEAKH MEepeTHH-
YacTOr0 OCTEOreHE3y 3YCTPIiYalucs B MOOAWHOKHX
BUTAJIKAaX, IPUIOMY KiJTBKICTh KPOBOHOCHHX MIKPO-
CyOWH y HaHii JoKamizamii Oyla 3HAYHO MEHIIOI0,
HXK y TBapHH KOHTPOJILHOT TPYIIH.

Puc. 5. EnektpoHHa ckaHorpama 30HM KiCTKOBOTO Ae-
EKTY HWKHBOI LLenenu Kponuka yepes 3 TUXK Nicns HaHe-
CEHHs1 TpaBMU Ta 3anoBHEHHs1 AedekTy maTtepianom Xito-
3aH-A. Mikpopenbed NoBepxHi HOBOYTBOPEHOI Tpabekynu.
x500.

UYepes 4 1 5 TKHIB MiCIIA IMIDTaHTAIi MaTepia-
ny Xito3aH-A y nepudepuuHuX BiAginax percHepa-
Ty BUSBJISUIACS] HEBEJMKa KUIBKICTh HOBOYTBOPEHUX
OCTEOiTHUX TPaOEKyI 3 PagialbHOIO OPiEHTAIIEIO Ta
OOMEXEeHUM aHacTOMO3yBaHHSIM. Ilopsa i3 HUMHK
3aJTUIIANNCS 3HAYHI 32 00’€MOM Macu OCTEOTPOITHO-
ro Marepiany. Y TITHOOKHX 30HAX €KCIEPUMEHTalb-
HOTO JIeeKTy Bi3yaJIbHO BH3HAYAIINCS OKpEMi HeBe-
JIUKI OCEepeIKU JecMaJbHOro ocTeoreHesy. Ha Bin-
MiHY BiZl KOHTPOJIBHOI TPYIH, HOBOYTBOPEHI MiKpO-
CyAMHH He (OpMyBallM XapaKTEPHOI CITKH; NPUMi-
THUBHI TeMOKAIUISIPU 3yCTpidasIucs NEepeBaXKHO M00-
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T3y nepuepruyHO PO3TAIIOBAHUX OCEPENKiB JIec-
MaJIBHOTO OCTEOT€HE3y 3 IEPEBAXKaHHAM KIITHH
¢ibpobmacTHOTO psixy. OCTEOTeHHI KIITHHH MOOAH-
HIIi BU3HAYAINCH Ha mepudepii pererepary moodamsy
MaTepHHCHKOI KicTKH. Ha Mexi perenepary 3 Imiac-
THHYACTOI0 KICTKOBOIO TKAaHMHOIO KOPTHKAIBHOI
IUIACTUHKM MaTepUHCHKOI KICTKM TaKOX 3ycTpida-
JIMCSL TIOOZIMHOKI OCTEOKJIACTH.

Yepes 8 THKHIB IICIs IMIUIAHTAIlI] BH3HAYAIA-
Csl MeXKa IIUIBHOTO MPWIATaHHS TPYOOBOJIOKHHUCTOT
TKaHMHH HOBOYTBOPEHUX Tpabekyn Ha nepudepii
pereHepary 10 OCTEOHHOTO KOMIIOHEHTa KOPTHKa-
JIFHOI IJTACTUHKY MaTepHHCHKOI KicTku. Ha moBepx-
Hi KICTKOBUX TpabeKyll, a TaKoX MOOIN3y YaCTHHOK
IMIUTAHTOBAHOTO MaTepiany BHUABILUIACS aKTHBOBaHI
OCTEOKJIaCTH, IO CBIYWIO PO ITOYATOK OCTEOIi-
THYHOTO HPOLECY y TOBEPXHEBUX AUITHKAX PEreHe-
paty. B rmmbuni mTygHOrO nedeKTy 3aiMIIavch
3Ha4YHI Macu Hepe30pOOBAHOTO OCTEOILIACTHYHOTO
Marepiairy, MDK SKUMH 30CEPEKyBAJIUCh 30HU
ocreorenesy. CTpyKTypHa opraHizalilisi pereHepary B
[UX 30HaX OyJa mpejcTaBiICHa HEOIHOPITHOK T'y0-
YacTOI CTPYKTYPOIO I'PyOOBOJIOKHHCTOI TKaHHHU 3
OITEHOIO CITKOI0 HOBOYTBOPEHUX MIKPOCYIWH, SKi
OyJI OTOUYCHI MAaCHBHHMH IPOIIApKaMH KOJAreHO-
BHX BOJIOKOH. KiNBKiCTP OCTCOTeHHMX KIITHH Ta
OCTeoKIacTiB Oylla 3HAYHO HIDKYOIO, HDK Y TBapHH
TpYITH KOHTPOJIIO.

UYepes 12 TWKHIB MmicIs HAHECEHHS €KCIIepIMe-
HTAJILHOI TPaBMHU Ta IMIUTaHTaI(ii Marepiany Xito-
3aH-A y nepudepuyHuX AUISHKaX pereHepary, noo-
U3y HEYIIKOMKEHOI TPaBMOI MAaTEpHHCHKOI I'y0-
4acToi KICTKH, MIKpopenbed MOBEpXHI OiIbLIOCTI
Tpabekyn OyB 4YITKWH, TNaaKuii, 0e3 03HAK HOBO-
YTBOpEHHS ocTeoiny (puc. 6).

“nz2oeo 108k m

eeeoav?

Puc. 6. EnekTpoHHa ckaHorpama 30HM KiCTKOBOrO fge-
(PEeKTY HWKHBOI LLenenu Kponuka vYepes 12 Tk nicns HaHe-
CeHHS TpaBMM Ta 3anoBHEHHS AedeKTy MaTtepianom XiTo-
3aH-A. 1 — Mikpopenbed NoBepxHi HOBOYTBOpeHUX Tpabe-
Kyn; 2 — ginsiHka 3'eAHaHHA 3 MaTepPUHCBKOIO KicTkoro. x200.

Haenpotu, B rIMOOKHX 30HAX perecHepary Iie-
peBaXxxHO 3ycTpivanucs ocepeaku Gpidbpo3Hoi Ta rpy-
OOBOJIOKHHCTOT KICTKOBOT TKAHWHH, KIJBKICTh OCTe-
OTCHHHX KJIITHH Ta aKTHBOBAaHHX OCTEOKIACTIB Oyia
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3HAYHO BUINOIO, HIXK Y KOHTPOJIbHIH TpyTIi. 3auIIKu
IMIDIAHTOBAHOTO MAaTepiayly y BEJNMKiH KUIBKOCTI
3ycTpidaiaucs MiK HOBOYTBOPEHHUMH TpaOeKyIamm.
Ha BigmiHy Bif criocTepekeHb y KOHTPOJIBHIH TPy
TBapHWH, TakKi 3MiHH CBITYWIM PO TPOFOBKECHHS
MPOIIECIB PEMOJICITIOBAHHS TPAaOCKYISIPHUX CTPYK-
Typ pereHepary.

OcreonurapHa JaKyHO-KaHAJIbIIEBA CHCTEMA Y
pereHepaTi BUABJISIIACS JIMIIE MMOOJIN3Y MaTEpPHHCH-
KOI KICTKM KOMIPKOBOTO BiJJpOCTKa HMXXHBOI IIesie-
M Ta He Oyna XapakTepHOIO Ayl OLIBIIOT YaCTUHU
pereHepary, 10 BKa3yBajJo Ha He3aBepLICHUI abo
HETIOBHOLIIHHMHA OCTEOTeHe3 B EKCIepHUMEHTAIbHIN
Tpymi TBapwH depe3 12 TIDKHIB MicCis iMIUTaHTAmii
MaTtepiamy XiTozaH-A.

[Ipu mMopdomMeTpHIHOMY BHUBYCHHI TUHAMIKH
3MiH BiTHOCHOTO 00’€My KiCTKOBOI TKAaHUHH B pere-

HepaTi eKCIePUMEHTAIBLHOTO Ne(eKTy B KOHTPOJIb-
Hi{ TpyIi BU3HAYAIOCS aKTUBHE 3POCTaHHS Mapame-
Tpa BiJl TIEPIIOTO JIO IT'ATOTO THXHS IICIs HaHECEeH-
HA nedekry (mabn. 1). 30kpema, BITHOCHHH BMiCT
KICTKOBOi TKAaHWHH B pereHepari dyepe3 2 THKHI eKC-
mepuMerTy B 2,75 pasu (p < 0,05) mepesumryBaB
3HAUEHHs 1-TO TIDKHS;, 4Yepe3 3 TXKHI Mapamerp
3poctaB Ha 60,4 % (p < 0,05) BiTHOCHO PiBHS MOTIC-
penHboro TepMiny; yepe3 4 i 5 TikHIB — Ha 68,0 %
(p <0,05)132,0 % (p < 0,05) BimnosigHO. Y mepion
Big 5-r0 10 8-ro THIKHS MiABUINEHHS BiIHOCHOTO
00’eMy KICTKOBOI TKaHWHH B pereHepari, mo ¢op-
MyBaBCS IIiJ{ KPOB’SHAM 3T'YCTKOM, CTaHOBHIIO 24,5
% (p < 0,05). Y nmomansmomy, 10 12-T0 THOKHS €KC-
NEPUMEHTY, 3MiHH ITOKa3HHKa HE Majld CTaTHCTHY-
HOI 3HAYYIIOCTI y TOPIBHSHHI 3 BEJIMYHHOIO 8§-TO
THOKHSA, cTabinmizyrounck Ha piBHi (70,3 + 4,8) %.

Tabuuus 1

JluHaMika 3MiH BiIHOCHOTO 00’€My KiCTKOBOi TKAHHHH, OCTEOIUIACTUYHOTO MaTepialy Ta CIOJyYHOI TKaHWHH B
perenepati (%), M + m

Tepmin KicTkoBa TkaHMHA Marepian CriosryyHa TKaHHHA
KonTtpons XiTo3zaH-A XiTozaH-A Kontpois XiTo3aH-A
1 noba 3,7+0,6 4,1+0,8 82,7+6,3 6,9+0,4 7,8+0,5
7 ni6 5,6+0,8 # 6,3+0,9 79,14£6,6 14,7+1,1 # 13,2+£1,5 #
14 ni6 154+12 # 10,7+0,8 *# 80,5+6,8 30,5£2,4 # 7,5£0,9 *#
21 noba 24,7£1,8 # 16,2+1,8 *# 76,3+5,9 56,1+£3,5 # 7,1£1,3 *
28 ni6 41,5£3 4 # 23,9424 *# 59,8+4,7 # 41,8+£3,1 # 14,7£1,8 *#
35 ni6 54,8437 # 26,5+£2,1 * 52,442 # 3424823 # 18,642,5 *#
56 ni6 68,2+4,5 # 25,3+£32* 50,1+4,0 20,7+1,7 # 23,1+2,5
84 nobu 70,3+4,8 26,6+3,8 * 43,7+3,7 # 24,5420 27,1+3.2

* — pI3HHIS CTaTHCTHYHO 3HAauyIla NPY MOPIBHIHHI 3 KOHTPOJIBHOIO IPYIO0; #: PI3HUIS CTATUCTUYHO 3HAYYIa

NPY MTOPIBHSAHHI 3 NONEPEIHIM TEPMiHOM €KCIIEPUMEHTY.

3a pesynbrataMu MOP(GOMETPUYHOIO aHAJI3Y
JIMHAMIKH BITHOCHOTO 00’€MYy KiCTKOBO1 TKaHWHU B
pereHepaTi BHSBWIIOCS, 1[0 32 YMOB 3aCTOCYBaHHs
MaTtepiary Xito3zaH-A BigOyBanocs oOMexeHe 3poc-
TaHHS MapaMeTpa HPOTSATOM JIOCHIIKYBaHOTO Tepi-
o1y, sIK€ 33 IHTEHCHBHICTIO 3MiH 3HAYHO ITOCTYIAJO-
csl IMHaMilli y TBapuH KOHTpoJbHOI rpynu. Yepes 1
TIDKACHb TICJIS TPaBMM 3HAYECHHS Iapamerpa He
MEePEeBUIILYBaJI0 Y CTATHCTHMYHO BaroMOMy CTYIEHI
MOKa3HUK Mepiuoi 100M Ta He BiIPi3HSIOCH ICTOTHO
BiZl KOHTpOJIbHOTO piBHA. Yepe3 2 TWxHI micis iM-
ruiaHranii Matepiainy Xito3aH-A 3pocTaHHs napame-
Tpa craHoBuiIo 69,8 % (p < 0,05) BiZHOCHO BEIHYH-
HU 1-ro TwXHs, npote #oro pisens Ha 30,5 % (p <
0,05) mocrymaBcs KoHTpoibHOMY. Yepe3 3 TwkHI
MmiCNs  IMIUIAHTAMii CHOCTEpirajiocs IIiBUIICHHS
BMICTy KiCTKOBOI TKaHHUHHM B pereHepari Ha 88,8 %
(p < 0,05) BimHOCHO MOMEPEIHBOTO TEPMiHY, ane e
3pocranns Oyno Ha 34,4 % (p < 0,05) HWKYUM, HiXK
y TBapMH KOHTpPOJbHOI rpynu. Uepe3 4 THXHI eKc-
MEPUMEHTY 3pPOCTaHHSA MapaMmerpa craHoBwio 47,5
% (p < 0,05) BigHOCHO BeNTUYMHU 3-TO THXKHSA, TIPOTE
fioro pisens Ha 42,4 % (p < 0,05) moctymaBcs KOHT-
poiibHOMY. Y Tepion Bifl 5-T0 10 8-TO THIKHS MiCHA

iMIUIaHTaNii Marepiany XiTo3aH-A BiTHOCHHH 00’eM
KICTKOBOI TKaHHHHU B pereHepari BapiloBaB y Me)ax
25-27 % Ta He BiAPI3HABCS Y CTATUCTHYHO BaroMo-
My CTyHeHi Bix BenmmuuHH 4-ro TwxHA. [Ipu npomy
rapameTp eKCIepUMEHTAIbHOI IPYNH ICTOTHO MOC-
TyMaBCs BIAMOBIAHAM 3a TepMiHAMH KOHTPOJIBHUM
MOKa3HUKaM: 4depe3 5 TwxHIB — Ha 51,6 % (p <
0,05), gepes 8 TmkHIB — Ha 62,9 % (p < 0,05), uepes
12 TixHiB — Ha 62,2 % (p < 0,05).

B excriepumeHTasbHINl TPyl TBapuH, y SKUX
IUIACTUKY JIe(eKTy TPOBOIWIN 3 BHUKOPUCTAHHSIM
Marepiany XiTo3aH-A, y nepii Tpu THXKHI HE CIIoc-
Tepirajguch Oyab-sKi o3HaKu Oiope3opoOiii. Yepes 4
TW)KHI MIiCIA OCTEOIUIACTUKU BIJMHOCHHUI 00’€M iM-
TUIAHTOBAHOT'O MaTepially B pereHepari 3MEeHIIyBaB-
csiHa 21,6 % (p < 0,05) BitHOCHO 3HaYEHHS TPETHO-
IO TIDKHS; 4yepe3 5 THXKHIB eKCIIEPUMEHTY Iapamerp
MOCTYIABCs onepetHpoMy TepMiny Ha 12,4 % (p <
0,05). IToka3HUK, IO BCTAHOBIICHO 4epe3 8§ TIDKHIB
MiCJIS IMIUIAHTAIli, He BIAPI3HABCS iCTOTHO BiJ| 3Ha-
4yeHHs 5-ro TmxHI. Yepe3 12 THXKHIB €KCIIEPUMEHTY
BiTHOCHHHA 00’eM Martepianmy XiTO3aH-A CTaHOBUB
(43,7 £ 3,7)% Bin 3arampHOTO 00’€MYy pereHepary,
mo Ha 12,8 % (p < 0,05) moctymanocs piBHIO 8-TO
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THDKHSI CIIOCTEPEKEHb.

BuBdeHHs BiTHOCHOTO 00’€MY CITOJIY9HOI TKa-
HUHU B pereHepaTi eKCIepUMEHTAILHOTO AePEKTy B
KOHTPOJBHIN TPYIIi JO3BOIMIO BCTAHOBUTH (pa30BHI
XapakTep OTUHAMIKH 3MiH mapamerpa. Y Tepili TpH
THKHI €KCIIEPUMEHTY CIIOCTEpPIrasocs akTUBHE 3pO-
CTaHHs BMICTY CIIOJyYHOTKaHHHHOTO KOMIIOHEHTa Y
CKJIaJIi pereHepary. 30kpema, yepe3 1 THKaeHb Iic-
JIsl HAHECEHHSI TPaBMH IapaMeTp 3pocTaB y 2,1 pas3u
(p <0,05) BigHOCHO 3HAUeHHS yepe3 1 100y; uepes 2
THXHI ekcriepuMeHTy — Ha 107,5 % (p < 0,05) y mo-
PIBHSIHHI 3 BEJIMYMHOIO 1-TO THXKHS; uepe3 3 THXKHI
napaMeTp migBuiryBascs Ha 83,9 % (p < 0,05) Bin-
HOCHO PiBHS IOTIEPETHBOTO TEPMiHY Ta CATaB Haii-
Bumoro 3HadeHHa (56,1 = 3.5) %. Y mopampmmiit
JTUHAMII 3MiH BMICTY CIIOJIy9HO{ TKaHWHHU CIOCTE-
piranocs mocTynoBe 3HKEHHS TOKa3HMKa: uepe3 4
TkHI — Ha 25,5 % (p < 0,05) BimHOCHO MiKOBOTO
3HAYCHHS 3-TO THXHS; uepe3 5 1 8 TwxkHiB — Ha 18,2
% (p <0,05)139,5 % (p <0,05) BixmoBinHO y HOPi-
BHSHHI 3 TOMNEpeIHIM TEpMIHOM JOCHTi/DKEHHS. Y
nepion Bix 8-ro 10 12-ro THXXHS BiIHOCHHUI 00’eM
CIOJIy4HOT TKaHWHH B pereHepari, mo (opmyBaBcs
i KpOB’STHUM 3TyCTKOM, HE 3MIHIOBAaBCS Y CTaTHC-
TUYHO BaroMOMY CTYIICHI Ta cTaliii3yBaBcs Ha piB-
Hi (24,5 £2,0) %.

Mopdomerpuannii aHami3 B EKCIIEPUMEHTAIb-
Hill TPy TBapWH, y SKHX 3aCTOCOBYBAIH XiTO3aH-
A, nuHamika 3MiH BiTHOCHOTO 00’€My CITOJyYHOI
TKaHMHHU B pEreHepaTi CyTTEBO BiIpi3HAIACH 33 Ha-
MPSMKOM Ta IHTCHCHBHICTIO BiJl Ti€l, 1110 BCTAHOBIIE-
Ha B KOHTpOJbHIN rpyni. [licns odmexeHoro 3poc-
TaHHS TapaMeTpa BIPOJOBXK IEPIIOTr0 THXKHSI EKC-
MEPUMEHTY CIIOCTEPIrajioch pi3Ke MaiiHHS BMICTY
CIIOJIyYHOTKAHUHHOTO ~ KOMIIOHEHTa  pereHepary.
30Kkpema, depe3 2 TWDKHI ICIS TPaBMH 3HAYCHHS
MOKA3HUKA y €KCHEePHMEHTAIbHIX TBAPUH 3MEHIIY-
Bastock Ha 43,2 % (p < 0,05) y mopiBHSHHI 3 BelH-
YHHOIO TIEPIIOTo THXHA, o B 4,1 pa3su nocrynao-
Cs KOHTPOJBEHOMY pIBHIO BiJIOBITHOTO TEPMiHY
ekcrepuMenTy. Yepes 3 TIKHI MICHA iMIDIaHTAI]
MaTepiany BiTHOCHHH 00’€M CHOJNYy4YHOi TKaHWHHU B
perenepari 3aimumascsi Ha pieHi (7,1 £ 1,3)%, mo
Oyno B 7,9 pa3u HMXKYUM 32 KOHTPOJBHY BEITHUUHY.
Ha BinMiHy BiZi KOHTPOJBHOI TPYNH, NOYMHAIOYH 3
4-r0 TIXKHSI CIIOCTEPIranocs MocTynoBe 301IbIIeHHS
JIOCJIIKYBAHOTO TIapaMeTpa B €KCIEepUMEHTaNbHIN
rpymi. Yepe3 4 TmKHI mapamerp Michs iMIUTaHTaLii
MaTtepiary XiTo3aH-A 3pOCTaB BiTHOCHO 3-TO THKHS
Ha 107,0 % (p < 0,05), mpu 1bOMY MOCTYHAIOYHCh
BiJITIOBITHOMY 3a TEPMiHOM 3HaYCHHIO KOHTPOJIIO Ha
64,8 % (p < 0,05). Yepes 5 THKHIB mapamMeTp B eKc-
MepUMEHTANbHIN TPy NePeBUIyBaB 3HAYCHHS 4-TO
TIkHA Ha 26,5 % (p < 0,05), mpore moctymaBcs
3HAYEHHIO KOHTpOJro Ha 45,6 % (p < 0,05). V tep-
MiHM 8 1 12 TWKHIB michs iMIaHTamii mMarepianty
XiTO3aH-A BMICT CIIOJyYHOI TKaHUHH B PEreHeparti
MaB TEHICHIIIO0 10 30iIbIICHHS Ta B CTATUCTHYHO
3HAYYIIOMY CTYIICHI HE BIAPI3HABCS BiJ BIIIOBiA-
HHX 332 TEPMIHOM KOHTPOJIbHUX 3HAYCHb.
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[Ipu ricTonorivHOMY JOCIiIKEeHHI AeMiHEepaTi-
30BaHUX ()ParMeHTiB KOMipKOBOI YaCTHMHU HUXHBOL
eJIeNd 4epe3 OAHy o0y Micis IMIUIaHTaIlil aKTH-
BOBAaHOTO XiTO3aHY BHSBJLUTUCH YWCIICHHI JApiOHI
ocepelkd KPOBOBWIIMBIB Ta TPOMOOYTBOPCHHS BHa-
CIOK pYHHYBaHHS CTIHOK MIKpOCYIWH. 3HAYHHUN
MIepUBACKYJISIPHUH Ta IHTEPCTULIHHUNA HAaOpsK icTO-
THO IIOIIKOJ/DKYBaB 3arajibHy TiCTOApXiTEKTypy Iie-
piocty. JleiikorurapHa iH}inbTpaLis Mana odOMexe-
Hy BHpasHicTh. [lo Kpasx IIaxTH y MaTepuHCHKil
KICTII CHIOCTEpIraauch NpiOHI ckymueHHs (GiOpuHO-
BUX Mac 1 OcepelKkH reMocuaeposy. Y MpocBiTax
MIKpPOCYIMH KOMIIAKTHOT KOPTHKAJIbHOI IIACTHHKU
BH3HAYAIINCh O3HAKU CTa3y Ta CIAUKyBaHHS EPHT-
poruriB. IlposiBM ne3opranizamii Ta ToMOTeHi3arii
IUTACTUHOK OCTEOHIB MAaTEePHHCHKOI KiCTKH CYIPO-
BO/DKYBAJIMCh IIOSIBOIO UHCIICHHUX Pe30pOmiHHIX
nakyH. ENeKTpOHHOMIKPOCKOIYHO  BHUSBIBLINCH
MOOIMHOKI aKTHUBHI OCTEOKJIACTH, IO MiITBEPIIKY-
BaJIOCh HETaTHBHUM IMYHOTiICTOXIMIYHUM 3a0apB-
nennsaM 3pi3iB Calcitonin-SP17-k1oHaIbHUMH aHTH-
tinamu. OCTEOIUTH MICTHIIN HaOPSKITy LUTOIIa3MY,
HAaBKOJIO HUX CIIOCTEpIraBcsl IHTEpCTULIHHUIA Ha-
OpsIK Ta JECTPYKIS MYYKiB KOJAreHOBUX (iOpHIL
31 CTOpOHH TIEPiOCTy HABKOJIO NSPEKTYy HE BUSBIA-
THch OyIb-iKi 03HAKH HEOBacKyJoreHesy, giopo3y-
BaHH: 200 mpoidepaii Gpidbpodmactis. BusnaueHHs
mporidepaTHBHOTO MapKepa BHSBIIIO OOMEKEHY
KimpKicTh Ki-67-O3UTHBHUX KIITHH Yy JaHIH JIOKa-
mizauii. [To6nu3y eHmocTy YIIKOKEHHX KiCTKOBHX
TpabeKya Ha MEXi 3 IMIUIAHTOBAHHMM MaTepiajoM
CIIOCTEPIraINCh TeMOKAINUIAPH Ta EHAOTEeNiajibHi
TSDKI B cynpoBofi (idpobiacTiB, 1m0 BKa3yBallo Ha
YTBOPEHHS IPOLIAPKY TPaHYJISALIHHOT TKaHWHU MO
Kpasix ekcrnepuMeHTanbHoro aedexry. Ile miarsep-
JDKYBaJIOCh aKTHBHUM HAKOITMYEHHSAM IMYHOTICTO-
ximigHOi MiTKH Mapkepa Ki-67 y snpax ¢idpobdmac-
TiB 1 €GHIOTEINIONUTIB CHIOCTY.

Uepes oMH TIDKAEHD ITICIIS HAHECEHHS EKcIle-
pUMEHTANBEHOI TpaBMH TPOSBHA HAOpSAKy Ta iHII
O3HAaK{ TPaBMAaTHYHOTO 3alajJeHHS HABKOJO 30HU
nedeKTy 30epiraanch i B OKpeMHUX IUISHKAX HaBiTh
3poCTald y TOPIBHSIHHI 3 MOMEPEAHIM TEPMIHOM
excrepuMenTy. [IposiBu e30praHizaiiii MaTepUHCH-
KO{ KiCTKHM TOCHIIIOBAJIMCS, CIIOCTEpirajgach romMore-
Hi3aIlisl KICTKOBOTO MATPHKCY Ta 3pocTaja IUIOIa
Pe30pOLiIHHIX TOPOKHWH, 3allOBHEHHX IETPUTOM,
¢$ibpuHOITOM 200 TEMOCHICPUHOBUMHE JCTIO3UTAMH.
Ha moBepxHi XiT03aHOBOTO IMIUTAHTATy CIIOCTEpira-
JMCh O3HAaKH TEepiocTalbHOI peakii, Mo CympoBO-
JDKYBaJIOCh aKTHBHUM BpPOCTaHHSIM MIKPOCYAUH Y
TOBIy PEreHepary, MpOTe Mirpamis ManogudepeH-
nifoBaHMX KIITHH He BimOyBamack. TpaBMmoBaHi
OCTEOHH 1 KICTKOBI TpaOeKyIH MaTepPHHCHKOI KiCTKH
Mo Kpasx Ae(exTy Manu ropOoucCTy MOBEpXHIO BHa-
CITIZJOK YTBOPEHHS IPiOHUX OCTEOIAHUX BHPOCTIB. Y
CKJIaJi TaKUX BHUPOCTIB MOPSA 13 TOOJAMHOKUMHU
OCTEOKJIaCTaMU HAaBKOJIO TEMOKAIIJIAPIB CIIOCTEpi-
rajach 3HayHa KUIBKICTB OCTE00JacTiB, SKI po3Ta-
LIOBYBAJIMCh MOOJHHII Ta IPU IMYHOTICTOXIMiYHO-
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My BHUBUYEHHI ekcmpecii mapkepa Ki-67 iHTeHCHBHO
HaKOMWYyBanmu MiTKy mpomidepamnii. [Ipu ymerpa-
CTPYKTYPHOMY IOCII/DKEHHI HaBKOJIO OCTE00IaCTiB
BUSIBIISUINCH OKPEMi HEBIIOPSAAKOBAHI ITyYKH KoJIare-
HOBHUX BOJIOKOH, IIPOTE II€PEBakaB TOMOTCHHUH Op-
TaHIYHUH MaTPHUKC.

HanpukiHii nepmoro THXHS €KCHEpHMEHTY B
nepudepryHuX UISTHKAaX pereHepary Mix (parMeH-
TaMH IMIUIAHTOBAaHOTO MaTepialy CIocTepiraiach
3HayHa MUIbHICTE CD34-TI03UTHBHUX CTPYKTYp Yy
BUTJIS/II TIPUMITHBHUAX TEMOKAMIISAPIB 1 eHIOTEeNia-
JBHUX MapOCTKiB, 110 BKa3yBaJlo Ha aKTMBHHUH HEO-
BacKyJsioreHe3. HaBKOJO TreMOKamiIsIpiB 3ycTpida-
JIMCh YWCIIEHHI OCTEONPOTEHITOPHI KITHHHU. 3Bep-
Tana Ha ceOe yBary Ta oOCTaBHHA, IO TOMPHU IIib-
HY BaCKYJIPHU3AIliI0 TIOBEPXHEBHUX IIMSHOK IMILUIaH-
TaTy KUIBKICTh OCEpeKiB JECMAIBHOTO OCTEOTEHE3Y
3HAYHO TOCTyHajacsi KOHTPONBHIHM rpymi. [lomipae
HAKOMMYCHHS IMYHOTICTOXIMIYHOI MITKM Mapkepa
Ki-67 B sapax ¢idpobiacriB, ocreobnacTiB Ta iX
HU3bKOAN(EPEHIIIHOBAaHUX ITONEPEHUKIB CBIAYMIO
npo oOMexeHy mpodtidepaliito Ha Tepudepii pere-
Hepary. Ha enextpoHorpamax HaBkoisio ¢ibpoOGac-
TiB 1 0CTEOONIACTIB B MMOOAMHOKUX OCTPIBIIIX IecMa-
JBHOTO OCTEOTEHE3y PO3TAalllOBYBAINCh HEBIOPSI-
KOBaHI KOJIATCGHOBI BOJIOKHA 3 O3HAKAMHU HE3PLIOCTI,
SKi He yTBOPIOBAJIM OpPTraHi30BaHUX Iy4YKiB. B ocTeo-
imi mUX OCTpIBIiB aMOp(HHIA KOMIIOHEHT HH3BKOI
€JIEKTPOHHOI MIUIBHOCTI 3HAYHO MEPEeBakaB HAJ KO-
JIATeHOBUMH BOJIOKHAMH.

[potsirom 2-ro i 3-r0 THXKHIB MiCisl IMIUIaHTA-
il cnocrepirajach CyTTEBa aKTHBI3allisl BiJHOBJICH-
HSl MEPiOCTATLHUX CTPYKTYp Pa3oM i3 iIHTEHCHBHHM
penapaTHBHIM OCTEOr€HE30M Ha BHYTPILIHIN HOBe-
PXHI YIIKOZ)KEHOI MaTepuHChKOI KicTkH. YuncieHHi
HOBOYTBOPEHI OCTEOIfHI BUNWHAHHS BKPUBAIH IIe-
pEeBaXHY YacCTHHY MOBEpXHi TpalOekys. 3anajibHO-
iHQUTBTPaTUBHI TPOSIBH B IUIHII €KCIIEPHMEHTa-
JBHOTO KICTKOBOTO JIepeKTy HOCTYIIOBO peryKyBa-
JHCS.

VY nepudepuuHux AiNTHKAX pereHepary Ha T
AKTHBHOT'O HEOBACKYJIOT€HE3y CIIOCTEpIrajioch Ha-
KOMMWYEHHS APIOHMX OCTPIBLIB JAECMaJIBHOI'O OCTEO-
reHe3y Ta ix 00’eHaHHS 3 YTBOPEHHSIM TOHKHUX Ipy-
OOBOJIOKHHCTHX TpabeKyJ. 3HauHa KiIBbKICTh OCTEO-
MPOTEHITOPHUX KJIITHH HABKOJIO MIKPOCYAUH BKa3y-
BaJia Ha iX aKTUBHY MIrpamilo y BHYTPIIIHI JUITHKA
IMIJIAaHTOBAaHOT MacH XiTO3aHy, HPOTE YTBOPCHHS
OCTEOTCHHHX OCTPIBIIB, Ha BiIMIHY BiJ TPyIH KOH-
TPOJIFO, 3AJIHIIATIOCH OOMEXEHHNM, a IX BMICT 3 00-
MEKEHOO KIJBKICTIO KOJIAT€HOBHX ITyYKiB BUTJISIAB
cmabo crpykrypoBaHuM (puc. 7). Takox Oyma He-
3HAYHOIO TpoitihepaTHBHA aKTHUBHICTH (iOpobdiac-
TiB, OCTEOONacTiB Ta 1X HU3BbKOAM(DEPEHIiHOBaHUX
MOTIEPETHHKIB, IO MiATBEPAKYBaJIOCh pe3yibTaTa-
MH IMYHOTICTOXIMI4YHOTO BH3HA4YeHHA eKcIpecii
mapkepa Ki-67.

VY ranbokiii 30HI OCTEOpEreHepaTy OCEepEeaKH
MEepEeTHHYACTOIO OCTEOreHEe3y 3yCTPIHalINCh PIJIKO,
HE aHaCTOMO3YBaJIM OJUH 3 OJHUM, CTYIiHb BAaCKYy-

nspu3anii OyB 3HAYHO MEHIIHM, HDK Y TBApHH KOHT-
ponpHOI Tpynu. MiXk TOOIWHOKMMH OCTEOTCHHUMH
OCTIBIIMH Ha TJI 3HAYHOI MacH IMIDIAHTOBAHOI'O
MaTepiany Bisyami3yBaiucs ApiOHI MPOMIApKH MyX-
KOi croirygHoi TKaHuHU. [Ipu TpaHCMICiHHIN eneKT-
POHHII MiKpOCKoIIii B JaHii JOKaji3alii rerepomo-
pdHI ocTeobmacTH pO3TAIIOBYBAIKMCh MOOJTUHIN Ta
MaJll yJIbTPACTPYKTYPHI O3HAKH MTOMIPHOI CHHTETH-
YHOT aKTHBHOCTI.

Puc. 7. EnekTpoHHa TpaHCMicCinHa MmikpodoTorpadis
nepucepuyHoi AiNSHKW pereHepaTy HWKHBLOI Lenenu Kpo-
nvKa Yepes 2 TWXHi NiCns HaHeCeHHs! TpaBMU Ta 3aroBHEH-
HA gedekTy maTtepianom XitozaH-A. 1 — pparmeHT ocTeo-
6nacta 3 O3HaKaMu HEe3pinocTi; 2 — MNy4YKU KomareHOBWX
BOJTOKOH; 3 — amopdHuin maTtpukc. x2000.

UYepes 4 1 5 TIokHIB micis iMIUTaHTamii MaTepia-
my Xito3aH-A y nepudepruIHIX AUITHKaX pereHepa-
Ty BUSBJSJIACh HEBENHKA KiTBKICTH TOHKHX Tpy0o-
BOJIOKHUCTUX TPaOEKysl 3 MEepPEeBaKHO pPaiiajbHOIO
OpieHTali€0, SKI aHACTOMO3YBalk MiX co0or, a
TaKOX 3 BIHOBJICHUMH TPaOEKyJIaMH MaTePHHCHKOT
kicTku. KomnakTHa MaTepuHCBbKa KicTka 30epiraiia
3aJIMIIKOBI O3HAKH IOCTTPaBMAaTHYHOI Ae30praHisa-
i1 Ta TOMOT€HI3aIlii KICTKOBOTO MaTPHUKCY, HABKOJIO
TeMOKAIUIAPIB  CIIOCTepiranach I0SBa AaKTHBHUX
OCTEOKIIACTiB, IO MiATBEPAKYBAJIOCH MIPH IMYHOTiC-
TOXIMIYHOMY JoCHipkeHHI posmoniry Calcitonin-
SP17-xnoHampHEX aHTUTLL Yepe3 5 TIKHIB HeBe-
JIUKa KUTBKICTh OCTEOKIIACTIB PO3TAIIOBYBAJIACH Yy
CKJIaJli HOBOYTBOPCHHX TpabEKysl pereHepary, IIo
CBIIYMJIO MPO TOYATOK PEMOJIEIIOBAHHS PETHKYIIO-
(i0po3HOT TKaHUHU TepUPEPUUHHUX JTUISTHOK 3 Qop-
MYBaHHSIM TPHUMITHBHUX KICTKOBHX IUIACTHHOK.
IIpu TpaHcMiciliHIA eneKkTpoHHI Mikpockomil y
CKJIaJi IUIACTHHOK IMIJIbHO YIMAaKOBaHI KOJAare¢HOBI
BOJIOKHAa YTBOPIOBAJIM IEPEBAXHO MapajeibHi Mmyd-
KM, XO4Ya B3a€MHA OpI€HTAIlis IYYKiB MiXK COOOI0
Oyna ciabo BnopsakoBanoto (puc. 8). Y tux tpade-
KyJlaxX, IO 3arjuOJII0BAINCH Yy TOBILY pereHepary,
KiJIBKICHO NepeBaskalli 0CTeo0JIacTh 3 yIbTPacTpyK-
TYPHUMH O3HaKaMH MNOMIPHOI CHHTETHYHOI aKTHB-
HocTi. OcTeoin modau3y 0cTeo0IacTiB MiCTHB IyXKO
yIPyIOBaHI KOJAr€HOBI BOJIOKHA 3 BapiaTUBHOIO
opierTariero ix myukiB. Ha BiaMiHy BiIl KOHTPOJb-
HOI TpymHW, B sApax OCTeo0NacTiB 1 IX KIIITHH-

73

MORPHOLOGIA ¢ 2023 Tom 17 * Ne 1



TIOTIEPETHAUIb CIIOCTepirazach HEBHCOKa EKCIIpecis
mapkepa npouidepanii Ki-67, mo cBigunio npo 060-
MEXCHHS TpoiiepaTHBHOI aKTUBHOCTI OCTEO-
TEeHHOTO TU(EpOHY.

Puc. 8. EnekTpoHHa TpaHCMiciiHa mikpodoTorpadis
nepudepuyHOi AiNsHKM pereHepaTy HWXKHbOI Lenenu Kpo-
nuka vepe3 5 TWXKHIB nicns HaHeCceHHs TpaBMW Ta 3anoB-
HeHHs AedekTy maTtepianom XitosaH-A. 1 — Hespinun octe-
oumMT; 2 — BiOPOCTOK OcTeouuTa; 3 — NyYKU KOnareHoBUX
BOJIOKOH; 4 — amopbHui maTpukc. x4000.

I'muboka 30Ha medeKkTy y Iieil mepion MicTuiaa
HEBEJIMKY KUIBKICTh PiOHUX OCTpIBLIB MepeTHHYA-
CTOTO OCTEOTCHE3Y 1 MOOIMHOKI TPyOOBOJIOKHHCTI
KiCTKOBI TpaOekynu. Ha BimMiHy BiX KOHTpPOJBHOI
TpymH, Bi3yarmizyBanrack oOMeXeHa KiJIbKICTh TeTe-
poMop(HUX MOOAWHIN PO3TAIIOBAHUX OCTEOOIACTIB
3 TOMIPHOIO CHHTETHYHOIO aKTUBHICTIO. TpaHcMi-
CifiHa eJeKTPOHHA MIKPOCKOIIiSI BHSBIJIA PO3BUHYTI
€JIEMEHTH KOMIUIEKCY ['onb/ki Ta rpaHyNlspHOTO
EHJIOTUIA3MATUYHOTO PETHKYJIyMYy B LUTOILIa3Mi
0CTe00J1aCTiB, a TAKOXK HEBEJUKY KUIBKICTh Xa0THY-
HO PO3TalllOBaHMX KOJIareHOBUX (hiOpHII Ha TiIi aMo-
pbHOrO MaTpUKCy OCTEOiqy 3 HU3BKOK EJIEKTPOH-
HOIO HIinbHICTIO. [IpH iIMyHOTiCTOXIMIYHOMY aHai3i
posnoniry mapkepa CD34 BusBMiOCS, IO HOBO-
YTBOPEHI reMOKanusipu He (OopMyBall XapaKTepHOi
CITKM, LIJIBHICTH CyAWH Oylla HE3HAYHOIO, YacTo
MIKPOCYIMHA HE MajM MpPOCBITYy 1 BHIVISAANN SIK
KanuipHi mapoctku. Excripecist mapkepa mpoutide-
paii Ki-67 B sapax €HIOTEIIONHUTIB Majla BHCOKY
IHTCHCUBHICTb, B TOW Yac SIK 1HIIN KJIITHHHI JU(epo-
HM BUSIBJSUIM HEBHCOKY MpOJipepaTuBHY aKTHB-
HICTb. Y IIUPOKHUX MDKTPaOEKYJISIPHUX IMPOCTOpax
nepeBaxkajia IMmyxKa CIoJy4Ha TKaHWHA 3 HE3HAUHOIO
BaCKyJISIpHU3aIli€0 i 03HaKaMu momipHOro (ibpo3y-
BaHHSI.

UYepe3 8 TIKHIB MMICHs IMIUIAHTAMii aKTHBOBa-
HOTO XiTO3aHYy IiJ BiZTHOBJIEHHM HEpPioCTOM MOOJIH-
3y KOMIAKTHOI MaTepUHCHKOT KICTKHM 1 Ha nepudepii
pereHepary, 10 MPUISATaB 10 Ty04acTol MaTepHUHCH-
KOT KiCTKH, Bi3yaJi3yBaiach ITyXKa CiTKa HOBOYTBO-
peHux Tpabexy, sKi 3Ha4YHO IOCTYIAIUCI KOHTPO-
JbHIN TpyHi 3a cTyneHeM aHactoMo3yBaHHs. Ti Tpa-
OexyiH, IO MEeXYyBaJIUd 3 MaTEPUHCHKOIO KiCTKOIO,
MICTH/IM MPUMITHBHI KICTKOBI IUTACTHHKH 3 YHCEIIb-
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HUM TIEpeBaKaHHIM HE3pLIHX (POPM OCTEOIMTIB. Y
BHYTPIIIHIX TpabeKyliaXx BHUSBILIINCH O3HAKH OOMe-
JKEHOTO 32 aKTHBHICTIO PEMOJICIIOBaHHS. 30KpeMa,
YacTHHA OCTCOKJIACTIB HABKOJIO TEMOKAIIJISIPIB Maa
YIBTPACTPYKTYPHI O3HAKH aKTHBAIii, X04a CHOCTe-
piranmch TakoXX He3pilmi KOMITAKTHI KIITHHU OBOIl-
HOi ¢opmu 3 3-5 sApamu, 10 HE KOHTAKTYBaIH 3
MyYKaMU KOJIATCHOBHUX BOJIOKOH. Y CKJIafi Ipy0oBo-
JIOKHUCTOI TKaHWHH TOPSJ 13 BiJOKpEMIICHUMH
ocTeo0IacTaMy HepeBaXkald HE3piIi BIAHOCHO Be-
JIUKI OCTEOILUTH, B TON Yac K MK KICTKOBUMH IJIa-
CTUHKaMH{ 3yCTPIYajHCh IOOJMHOKI OCTEOLHUTH 3
BIIPOCTKAMHU Ta PEAyKOBaHOIO HHUTOINIa3Moro. Ho-
BOYTBOPEHI KiCTKOBI IDTACTUHKHM 3HAYHO BapiroBain
3a po3Mmipamu, KOH(}irypamieio, OIUIBHICTIO ITyYKiB
KoJareHoBUX (PiOpwi i IX MPOCTOPOBHM YHOPSIIKY-
BaHHSM.

UYepes 12 TmwKHIB mmicas 3aCTOCYBaHHS aKTHBO-
BaHOTO XITO3aHy MOOJM3Y MEPiOCTy pereHepat Mic-
THUB KOMIIAKTH30BaHI KICTKOBI IJIACTUHKH 13 3aBEp-
LIEHUM PEMOJICNIIOBAaHHSM, IIPOTE HOBOYTBOPEHI
OCTEOHM Majii JepopMOBaHy TeOMeTpito, sika 3Hay-
HO BifIpi3HsUIACh Bijl MPHIETJIOi MaTepUHCHKOI KOM-
MakTHOI KicTkd. OcTeonuTapHa JIaKyHO-KaHAJIbIIeBa
CHCTeMa pereHepary Ha Horo mepudepii Maiga o03Ha-
KM HE3aBEPUICHOTO BiMHOBICHHA. OCTEONHTH MiX
IUTACTUHKaMH OyJM TIpeACTaBJICHI IEpeBaXHO He-
3pimuMu Gpopmamu (puc. 9).

Puc. 9. EnektpoHHa TpaHcMiciiHa mikpodoTorpadis
nepudepunyHoi AiNSHKU pereHepaTy HWKHBLOI Lenenu Kpo-
nvika 4epes 12 TWXKHIB NicNs HAHECEHHs TpaBMu Ta 3arnoBs-
HeHHs pdedpekTy maTtepianom XiTo3aH-A. 1 — octeouuT 3
O3HaKamy He3pinocTi; 2 — MyYKn KOMareHOBWX BOJIOKOH.
x4000.

ITpu TpaHCMICIHHIN eNneKTPOHHIH MiKpocKorii
Opi€HTaIsl MyYKiB KOJIArCHOBMX BOJIOKOH Yy CKJIaJi
KiCTKOBHX IUTACTHHOK MaJla OOMEXEHY IPOCTOPOBY
BIIOPSIIKOBAHICTh HAa TJIi aMOP(HOT0 OCTEOMAaTpPHK-
cy. KinpkicTh OCTEOKIACTIB HABKOJIO MiKPOCYIHMH
3HAYHO TEPEBUINYBala PiBEHb KOHTPOJILHOI IPYIIH,
IpoTe iX akTUBHICTH Oyina HeBHCOKOr. HoBOyTBO-
peHi Tpabekynu i3 3aBeplICHHM PEeMOJISIIOBAHHIM
Malld TJaJKy IOBEPXHIO Ta MICTHIM PO3BHHYyTE Te-
MOKAIUIIpHE PYyCJ0, IO MiATBEPPKYBAIOCh IPU
BH3HAYCHHI EKCIIpecii eHIOTeNalbHOr0 MapKepa
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CD34. PesynbTaT IMYHOTiCTOXIMiYHOTO JIOCIIi-
JDKEHHS IIOKa3aJud HeBucokuil Bmict Ki-67-
MO3UTHUBHUX sIIep KIITHH TEPEeBaKHOI OUIBIIOCTI
TpaOeKyJ, MO CBiMIMIIO PO 0OMEeKEeHHS Mopdore-
HETHYHHX Mepe0yIoB Ha mepudepii octeoperenepa-
Ty.

HanpukiHni excriepuMeHTy rimOoka 30Ha pe-
TeHepaTy MICTHJIa reTepOMOPQHI CHOTYYHOTKaHWH-
Hi JUISTHKY 1 MyXKO pO3TaIlIOBaHi KICTKOBI TpabeKy-
JM 3 O3HaKaM{ HE3aBEpIICHOI0 PEMOJIEIIOBAHHS.
Kpim Toro, Bizyani3yBaiuch MOOJMHOKI OpiOHI oce-
PEIKH JleCMalbHOTO ocTeoreHesy. ['yduacTta cTpyk-
Typa INEpeBa’kHO I'PYOOBOIOKHHUCTO! TKAaHWHM TIIH-
0OKO1 30HM MiCTHJIA IMUTBHY CITKY HOBOYTBOPEHHUX
MIKpPOCYIUH, SIKi OyJM OTOYEeHI MpoIapKaMy Koja-
TEHOBHX BOJOKOH. KiNbKICTh OCTEOTEHHHX KIITHH
Ta OCTEOKJAcTiB Oyjla 3HAYHO HIDKYOIO, HIK y TBa-
PHH TPyIH KOHTPOJIIO, IPOTE BU3HAYAINCH YHCICHHI
03HAKH PEMOJICTIOBAHHS OUTBIIOCTI TPAOCKYIIL.

BucHoBku

1. INomaposa imrutanranis Marepiary OK®-H-
XiTo3aH-AMIIIWIIH (30BHINIHIA CErMEHT TpaHC-
IUIAaHTaTy — KOMIUIEKC XiTO3aHy 3 aMITiHUIIHOM,
BHYTpIIIHIN CErMEHT — TpaHyTd MOAH(iKOBaHOTO
HATYpaJbHOTO OKTaKalbIliiipocdaTy) CTBOPIOE yMO-
BU JUTS peatizalii epeKTy BTOPUHHOI OCTEOIHIYKIIii.
3okpema, depe3 | TIKAEHB MiCIsA IMIDIAHTAINT ITij
IIITBHUM  XITO3aHOBUM MOKPHUTTSIM YTBOPIOETHCS
30Ha TIMOKCIi, IKa IHAYKY€ IHTEHCUBHE BiTHOBJICHHS
MepioCTy Ta aKTHBYE HEOBACKYJIOI€He3 i3 CYNpoBif-
HOIO Mirpamieto i nuroaudepeHIiroBaHHsIM 0CTEO-
POTEHITOPHHX KIIITHH 3 JIBOX HampsMiB: 1) Bix Mik-
POCYAMH BIJIHOBJIEHOTO HEpiocTy Ta 2) Bij YIIKO-
JUKEHHX TpaOeKyll MaTepHHCHKOI KICTKH IO Kpasx
eKCIIepUMEeHTaIbHOro Jedekty. Bmpomorx 2-3-ro
THKHIB TTOPH BHYTPIITHBOTO CETMEHTY IMIUTAHTATY 3
MoIu(pIKOBaHUM OKTakambIlifipochaTom 3abe3me-
YyIOThb TIOBHY  BacKYJISIpH3aLilo KiCTKOBO-
KepaMiuHOTO pereHepaTy, HaCH4eHHs HOro OCTpiB-
ISIMU JIECMaJIbHOTO OCTEOTre€He3y 3 HaCTYITHHM yTBO-
PEHHSIM TpYOOBOJOKHUCTHX TPaOEKYJI 1 XBHICTIOMI-
OHUM PO3IOBCIOKEHHSIM IPOLIECIB PEMOJIEIIIOBaH-
Hsl KICTKOBOI TKaHMHH BiJ nepudepii perenepaty B
HaNpsMKy HOTro TTHO0KOT 30HH.

2. TlosiBa 3piIMX OCTEOUMTIB HA 4-My THXKHI 1H-
JYKY€TbCS MiHEpaJli30BaHUM MAaTPUKCOM BiIHOBJIE-
HUX MaTEpUHCHKUX TpaOeKyn Ha mepudepii iMmian-
TaTy, a TaKOX TpaHyJIaMH €K30T€HHOTO OKTaKallb-
uifiocdaty mo BcrboMy 00’eMy OCTeOpereHepary 3a
YMOB KHCHEBOTO Ne(iluTy HOro BHYTPILTHIX IiNs-
HOK. Yepes 8 TmxHiB iMmuanTanis OK®-H-Xiro3an-
Awmminnig 3a0e3nedye 3aBepIIeHHs PeMOACTIOBaH-
HS nepupepnIHnX TpabeKys i KOMIaKTH3amio Bija-
HOBJICHOT TUTACTUHYACTOT TKAHWHU MOOIN3y Tepioc-
Ty 3 YTBOPEHHSM ITOBHOI[IHHOI OCTEOLMTApHOI Ja-
KYHO-KaHAJBIEBOT cucTeMu. [lommpeHHs XBUiIi pe-
MOJIEJTFOBaHHS y rauboKy 30HY KICTKOBO-
KepaMigyHOTO pereHepaty uepe3 12 TIKHIB 00yMOB-
nroe (hOpMyBaHHS OCTCOHIB 3 HAOJMKEHOIO 10 iHTa-
KTHOI TiCTOapXiTEeKTyporo, oOMEeXeHHs Ipoltiepa-

THBHOI Ta CHHTCTHYHOIi aKTHBHOCTI OCTEOONACTIB 1
penykmito GiOpoTHyHMX 3MiH. IMIIaHTamis JaHOTO
Marepially 3aBepIIyeThCS TIOBHOIO OCTEOIHTETrpari-
€10 KiCTKOBO-KE€PaMi9HOTO pereHepary SK 3 KOMITaK-
THOIO, TaK i 3 Ty0YacTOI0 MaTepPUHCHKOIO KiCTKOIO.

3. 3a yMOB 3acTOCyBaHHS MaTepiary XiTo3aH-A
BiZIOyBa€TbCS OOMEKEHE 3POCTaHHS BiTHOCHOTO
00’eMy KICTKOBOI TKaHHHHU B PEreHEparTi, siKe 3a iH-
TEHCUBHICTIO 3MiH 3HaYHO MOCTYIAETHCS JMHAMILI Y
TBapyH KOHTPOJbHOI rpynu. BeranoBneHo ¢azosuit
XapakTep JAWHAMIKM 3MIH CIOJyYHOTKaHUHHOTO
KOMITOHEHTa y cKiani perenepaty. Ilicimsa oOmesxe-
HOTO 3pOCTaHHS IapaMeTpa BIPOJOBXK IEPIIOTO
TIO)KHSL €KCIIEPUMEHTY CIOCTEepIraeThCsl pi3Ke HOro
MAJiHHA Ha IPYTOMY TIDKHI, mo B 4,1 pa3u mocTyna-
€TBCS KOHTPOJIFHOMY piBHIO. Hampukinmi excrepu-
MEHTY 3aJIMIIK{ IMIUIAHTOBAHOT'O MaTepialxy y Be-
JUKIF KITBKOCTI 3yCTPIiYaroThcs MiXK HOBOYTBOpE-
HUMHU TpaOeKyJIaMu, IO CBIIYUTH MPO IPOJOBKEH-
HS TIPOLIECIB PEMOJIETIOBaHHS TPaOEKYIIPHUX CTPY-
KTYp pereHepary.

4, IMIutaHTallis aKTUBOBAHOTO XiTO3aHY CTBO-
pIOE YMOBH JIsl IHTEHCHBHOT'O BIZTHOBJICHHS Hepioc-
Ty 1 CTUMYJIIOE YTBOPEHHSI OCTEOITHHX BHPOCTIB Ha
MTOBEPXHI YIIKOKCHUX KICTKOBHX TPaOEKy’d 3a pa-
XYHOK Tmpomidepanii Ta CHHTETHYHOI isSUTBHOCTI
0CTeO0NIACTIB BIPOAOBXK IEPIIAX TPHOX TIDKHIB
eKCTIepuMeHTy. B 1ieli mepion Ha TIi aKTUBHOTO He-
OBACKyJIOTE€HE3y, Ha BiIMIHY BiJl KOHTPOJIBHOI Tpy-
I, BiOYyBaeThCs TrajlbMyBaHHsS yTBOPEHHS OCTpIB-
B NMEPEeTHHYACTOTr0 OCTEOreHe3y Ta iX 00’€JHaHHs
B TpaOEKyJi, HE AMBJIAYMCh HA aKTUBHY MIrpaiito
OCTEONPOTeHITOPHUX KIITHH. Uepe3 5 THKHIB y me-
pudepryHuX IiNSHKAaX pereHepary YTBOPIOETHCS
NPUMITUBHA Ty04acTa CTPYKTypa CTOHIIEHHX HOBO-
YTBOPEHUX TPaOEKylN i CIKysI 3 OOMEXCHHM aHac-
TOMO3YBaHHSIM 1 O3HaKaMH PEMOJICIIIOBaHHS Tpy0o-
BOJIOKHHICTOTO MATPUKCYy B TPHUMITHBHI KiCTKOBI
TUTACTUHKH. Y 1el repiof Tan0oKa 30Ha pereHepary
CKJIQ/IAETHCS 3 TIOOAMHOKNX TPyOOBOJIOKHUCTHX Kic-
TKOBUX TpaOEKyJd, MICTUTh OOMEXEHY KUIBKICTh
reTepoMOpGHUX TMOOAMHIN PO3TAIIOBAHUX OCTE00-
JacTiB 3 TOMIPHOIO CHHTETHYHOIO aKTHUBHICTIO, Y
HIMPOKUX MDKTPAOEKYJISIPHUX MPOCTOpax IepeBa-
Kae TyXKa CIIOoJy4Ha TKaHWHA 3 03HAKaMH IIOMipHO-
ro ¢ibpo3yBaHHsI.

5. Yepes 8 TWKHIB micis iMIUIAaHTAMii aKTHBO-
BaHOTO XiTO3aHY Ha TJi 00MEXEHOi OCTeoiHTerparii
B Nepu(epUIHNX TUITHKAaX pereHepary BilIOyBa€eTh-
csl OBUIbHE AM(Yy3HE PEMOJICIIOBAHHS ITyXKO PO3-
TAIIOBAaHUX TPaOEKyJ 3 YTBOPEHHSM IPUMITHBHUX
KICTKOBUX IUIaCTMHOK. O3HaKM KOMIIAKTH3alii HO-
BOYTBOPEHOI KiCTKH MOOIH3Y MEpiocTy 3’ IBIAIOTHCS
nume 4yepe3 12 TwkHIB excnepumeHnTty. OcTeoHH 3
Ne(OPMOBAHOID TEOMETPIEI0 MICTATh TIEPEBAXKHO
He3pimi (OpMH OCTEOIWTIB, MPUIOMY Opi€HTAIlis
MTy4YKiB KOJATr€HOBUX BOJIOKOH Y CKJIaJi KiCTKOBHX
IUIACTHHOK Mae€ OOMEXEeHY NPOCTOPOBY BIIOPSIKO-
BaHICTh HAa TJII 3HAYHOI YaCTKH aMOP(HOro OCTeo-
MaTpukcy. Hanpukinni ekcriepuMeHTy Tinboka 30-
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Ha pereHepary MICTHTh reTepoMop(Hi CHOTYyYHOT-
KaHWHHI JUISTHKA 1 MyXKO PO3TAIllOBaHi KiCTKOBI
TpaOCeKy/IH 3 O3HAKAMM HE3aBEPIICHOI0 PEMOJICIIIO-
BaHHS.

IlepcnekTHBH  NOAAJBINMX  JIOCHIIKEHb
MOB’s13aHi 3 TOPIBHSAJIBHUM AaHAJi30M TKaHWHHUX,
KIITHHHUX 1 YJIBTPACTPYKTYPHUX XapPaKTECPUCTHK
MpPOIIECIB perecHepalii HUXKHBOI INeNend michs Il
TPaBMATHUYHOTO VYIIKOJKCHHS 13 HACTYIHOK iM-
TUTAHTAIIEI0 PI3HUX OCTEOIIACTUYHUX MaTepialiB.

Indopmaniss npo koHPIIKT iHTEpeciB

[MoTenmiitanX a060 ABHUX KOHQIIIKTIB iHTEpECiB,
10 TIOB’s13aHi 3 UM PYKOTIMCOM, HA MOMEHT ITyOTi-
Karii He iCHy€ Ta He rmepen0adaeThCs.

Ixepesia ¢pinaHcyBaHHSA

JlocmikeHHsT TPOBEACHO B paMKax HAayKOBO-
nociigHoi TemMu «MopdodyHKIiOHaIbHI Ta IMyHO-
ricTOXiMi4HI 0COOJIMBOCTI TKaHUH 1 OpraHiB B HOpMI
Ta IPU NATOJOTIYHUX CTaHax» (HOMEp HepKaBHOI
peectparii 0122U000168).
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Yenananosa I.B. IlepeGyn10oBH KicTKH HHKHBOI IIeeNu Micas TPaHCIVIAaHTaNil okTakaiabuidochary
Ta XiTO3aHy: ricrosoriuni, iMyHoricroxiMiyHi Ta yI1bTpacTpyKTYpHI aclleKTH.

PE®EPAT. VY crarti npeacraBieHi pe3yibTaTi A0CITIHKEHHS IICTOJIOTIYHNX, IMYHOTICTOXIMIYHUX Ta YJIb-
TPacCTPYKTYPHUX XapaKTEPUCTHK KICTKOBO-KEpaMiYHOTO pereHepary IMicis TpaHCIUIaHTalii okTakanbLiiigocda-
Ty (OK®-H) i XiTo3aHy B €KCIIEpUMEHTAIbHUH Ne(eKT HUKHBOI ILEeNeNH KPOJIMKa, OCKIIBKY TIOBHA Ta SIKICHA
pereHepartist KiCTOK HIENETHO-JIUIEBO1 AUITHKY, 11 MEXaHi3MH Ta TUHAMIKa 3aJUIIAIOTHCS HE /IO KiHIIA BUBYCHH-
MU, TIOTPeOYIOTh YTOYHEHHS 1 eTami3alii. MeTa ZOCHiIKeHHS — BU3HAYNTH JUHAMIKY TiCTOJIOTIYHUX, IMyHOTI-
CTOXIMIYHHX Ta YNbTPACTPYKTYPHHUX 3MiH Y KICTII HIDKHBOI IIETETH KPOJIHMKA MICHs i TpaBMAaTHYIHOTO YIIKO-
JOKEHHS 13 HACTYITHUM 3aMilleHHIM AedekTy octeoracTuayHuM MatepiaaoM OK®-H i akTHBOBaHHUM XiTO3aHOM.
Metoau. [locmian BUKOHaHO Ha 89 KpoJMKax-caMmIsix BikoM 6-7 mic, Macoro 2,5-3,0 xr. 20 TBapuH CTaHOBWIN
KOHTPOJBHY TpyIly, 64 — IIBi eKCIIepUMEHTalbHi, 10 32 B koXxHii. [1le 5 iHTaKTHHUX TBapwH OyJI0 BUKOPHUCTAHO
JUISl BUBYEHHS HOPMAaJIbHOI CTPYKTYPH KICTKOBOi TKaHMHH JOCIIKYBaHOI AISIHKY HIDKHBOT 1menend. Jlo KOHT-
POJIBHOT IPyNU yBIWIIIM TBapUHU 3 Je(EeKTOM KiCTKOBOI TKAHWHH, SIKUI 3arOFOBABCS I/l KPOB’STHUM 3TyCTKOM.
[Mepiry excrniepuMeHTalbHY TPy CKIafaid 32 KPOJIUKH, y SKUX KICTKOBHH Je(eKT 3alOBHIOBAIM MOIAH(IKO-
BaHMM HaTypaJbHUM OKTakanblilpocharom 3 cymimimmo xitozany ta amminwiiHy (OK®-H-Xirosan-
Awmmninunin). JIpyry ekcrnepuMeHTanbHy TpyIy cKiaganu 32 KpOJHKH, Y SIKUX KICTKOBUH Ae(eKT 3alloBHIOBATIN
AaKTUBOBaHUM XiTo3aHOM (XiTo3aH-A). KOHTpOIh MOCTTpaBMaTHYHOTO CTaHy KiCTKOBOi TKAaHWHHU B IUIAHIIL Jie-
(bexTy 3milicHIOBaNM BIPOIOBXK 84 1i0 3 BUKOPHCTaHHSIM HAaCTYITHUX METOJVK: MOJIEIIIOBaHHS KiCTKOBOTO aede-
KTy, CBITJIOONTHYHA OIiHKA TiCTOCTPYKTYPH JEKAIBIIMHOBAHOI KICTKH, IMyHOTICTOXIMiYHE BU3HAYCHHS EKCIIpe-
cii mapkepiB CD34, Calcitonin, Ki-67, TpaHcMiciliHa eleKTpOHHA MiKpocKoIii. PenpedHi 3MiHI BUBYAIH ILIS-
XOM CKaHyI04ol elIeKTpoHHOi Mikpockomii. Pe3yapratm Ta migncymok. [lomapoBa iMIuiaHTaris matepiamy
OK®-H-XiTto3aH-AMIIIIiH (30BHIMIHIA CErMEHT TPAHCIUIAHTATy — KOMIUIEKC XITO3aHY 3 aMIIIIMIIHOM, BHYT-
pILIHIKA CerMeHT — TpaHy/Iu MOAU(IKOBAHOTO HATYPaJbHOTO OKTaKajbLiH(poCc(aTy) CTBOPIOE YMOBH JAJIsI peati-
3amii e)eKTy BTOPUHHOI OCTCOIHAYKINI. 30Kkpema, yepe3 | THKICHD MiCIs IMIUIAHTAI] i IIJIbHUM XiTO3aHO-
BUM IOKPUTTSIM YTBOPIOETHCS 30HA TIMOKCIT, sIKa IHAYKY€ IHTEHCUBHE BiJJHOBJICHHS IIEPIOCTY Ta aKTHBY€E HEOBa-
CKYJIOT€HEe3 i3 CYNpOBiHOIO MIrpari€eio i nuToan(epeHiF0BaHHIM OCTEONPOreHITOPHUX KIIITHH 3 JIBOX HAIpsi-
MiB: 1) Bil MIKpOCYIMH BiJJHOBJICHOT'O MEPIOCTY Ta 2) BiJl YHIKOKEHUX TpaOeKyJ MaTEepHHCHKOI KICTKH IO Kpa-
X EKCIIEPUMEHTAIBHOTO e(eKTy. Brpoaosxk 2-3-ro THXKHIB MOPH BHYTPIIIHBOI'O CETMEHTY IMILUIAHTATy 3 MO-
IU(IKOBAaHUM OKTaKabIlifipochaToM 3a0e3MeUylOTh MOBHY BaCKYISIPH3alil0 KiCTKOBO-KEPaMigyHOTO perecHepa-
Ty, HACHYEHHS HOTO OCTPIBLIMH JIECMAJILHOTO OCTEOTeHE3y 3 HACTYIHHUM YTBOPEHHSIM IpyOOBOJIOKHHUCTHX Tpa-
OeKyI T 1 XBHJICTIONIOHIM PO3IIOBCIOKEHHSM IMPOIIECiB peMOJICITIOBAHHS KiCTKOBOT TKAaHWHH BiJ| iepudepii pere-
HepaTy B HAMPSIMKY HOTO TIHOOKOI 30HH. 3a YMOB 3aCTOCYBaHHA MaTepiany XiTo3aH-A BinOyBasocs oOMexeHe
3pOCTaHHS IIapaMeTpa BiJHOCHOTO 00 €My KiCTKOBOI TKaHWHH B PEreHepari IpOoTAroM JOCIIHKYBaHOTO TIepioay,
SKe 32 IHTEHCHBHICTIO 3MiH 3HAYHO MOCTYIANOCS JUHAMINI Y TBapUH KOHTPOJIBHOI rpynu. IMIUTaHTaIlisl aKTHBO-
BaHOTO XiTO3aHy CTBOPIOE YMOBH JUIsSl iIHTEHCHUBHOTO BiJJHOBJICHHS IEPIOCTY 1 CTUMYJIIOE YTBOPEHHSI OCTEOiIHUX
BUPOCTIB Ha IMOBEPXHI YIIKO/DKEHUX KiCTKOBUX TPaOEKyll 3a paxyHOK Ipoutieparii Ta CHHTETUYHOI JisUTbHOCTI
0cTe001aCcTiB BIPOJOBXK IEPIINX TPHhOX THXKHIB eKcriepuMeHTy. Uepe3 5 THKHIB y nepupepuuHUX IiISTHKaX
pereHepaTy yTBOPIOETHCS IPHMITHBHA I'y04yacTa CTPYKTypa CTOHIIEHHX HOBOYTBOPEHUX TPaOEKyll i CIKyJ 3
00MEXEHUM aHACTOMO3YBAHHSM 1 03HAKAMHU PEMOJICIIOBAHHS IPyOOBOJIOKHICTOIO MaTPUKCY B MPUMITHBHI Kic-
TKOBI IDTaCTUHKH. Yepe3 8 THHKHIB Micis IMIUIAHTAIll aKTHBOBAHOTO XiTO3aHY Ha TJIi OOMEXEHOI OCTEOiHTerpa-
il B mepudeprnyHUX IUISTHKAX pereHepaTy BiOyBaeThCs MOBITBHE MU(PY3HE PEMOJCITIOBAHHS IyXKO PO3TAIIIO-
BaHMX TPaOeKys 3 YTBOPEHHSM NPHMITHBHHUX KICTKOBHX IUTACTUHOK. O3HAaKM KOMITaKTH3allil HOBOYTBOPEHOI
KICTKH 1T00NIN3y MepiocTy 3’ ABISIOTHCS JIMIIe uepe3 12 TIKHIB ekcriepuMeHTy. OCTeoHH 3 1e(OpPMOBAHOIO Te0-
METPIEI0 MICTATH MEPEBAXKHO HE3PLTi (POPMH OCTECOIHTIB, IPHYOMY OPIEHTAIS MyYKiB KOJATCHOBUX BOJOKOH Y
CKJIaJli KICTKOBHX IUIACTHHOK Ma€ 0OMEXEHY IPOCTOPOBY BIOPSIKOBAHICTh HA TJi 3HAYHOI YaCTKH aMOP(HHOTO
ocreoMaTpukcy. HampukiHmi ekcrnepuMeHTy TIuOoKa 30Ha pereHepary MICTHTh reTepoMOp(dHi CIIOTydHOTKA-
HUHHI JUITHKY 1 ITyXKO PO3TaIIOBaHi KiCTKOBI TpabeKyIr 3 03HAKAMHU HE3aBEPIIEHOT'O PEMOJICITIOBAHHS.

KirouoBi ciioBa: HIDKHS miernena, 3yOomenenHuid anapar, pereHepaiis KiCTKOBOI TKAaHWHH, OKTaKaJIbIiii-
(hocdar, xiTo3aH, TiCTOCTPYKTYpa, IMyHOTICTOXIMIs, yIBTPAaCTPYKTypa.
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ABSTRACT. Background. The cornea is a crucial component of the eye's refractive apparatus. Its unique structure en-
sures perfect transparency and provides its light-refracting properties. Addressing the challenges of reconstructing the eye
following traumatic injuries of various origins is a pressing concern in contemporary theoretical and practical medicine.
Among these injuries, penetrating traumas and damage to the ocular globe often require reconstructive surgery to maxim-
ize the restoration of affected structures, including the cornea. However, a frequent complication following postoperative
reparative regeneration of the cornea is the formation of a connective tissue scar, which significantly reduces its optical
properties and overall visual acuity. Objective. This study aimed to investigate the micro- and submicroscopic structural
organization of corneal scars following penetrating mechanical trauma to the eye. Methods. Samples of corneas exhibiting
scarring were obtained from 19 patients 12 months after the occurrence of penetrating trauma. Light microscopy was em-
ployed to examine transverse sections of the cornea, and electron microscopy was utilized for ultrastructural analysis.
Quantitative analysis of corneal thickness changes in the paracscar and scar zones was conducted over time. Results and
conclusion. The morphologic investigation of the corneal state following penetrating injuries revealed epithelial ingrowth
and proliferation into the corneal stroma at sites of anterior limiting membrane rupture, accompanied by hypertrophy of
the membrane at the defect margins. Beyond keratocytes, the cellular composition of the scar included fibroblasts, atypical
for normal corneal tissue, responsible for the synthesis of fibrous elements and proteoglycans, as well as myofibroblasts,
whose contractile properties contribute to maximal scar compaction. Thus, corneal repair is accompanied by challenges in
the form of reduced transparency, linked to stromal disorganization, and the emergence of optical aberrations induced by
the contraction of fibrous tissue during its remodeling within the scar site.

Key words: eye, ocular tunics, penetrating eye injury, ocular trauma, pathology, cornea, regeneration, scar.
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Beryn

PoriBka € Ba)XJIMBUM KOMIIOHCHTOM JiOTITPHY-
HOTO arapary oka. Ii yHikaibHa CTpyKTypa 3a0e3me-
4ye ilealIbHy TPO30picTh Ta HAaAa€ il CBITIO3aJIOM-
JIIOBAJIBHUX BllacTuBOCTEH. Ha choromHimHii AeHb
aKTyaJIbHUMHU TpoOJIeMaMHi TEOPETUIHOT Ta TPaKTH-
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YHOI MEJUIMHH € ONpAalOBAaHHS METOMIB PEKOHC-
TPYKILii OKa IpH HOT0 TpaBMaTHYHUX YHIKOKESHHIX
pizHoro rene3y. Cepen OCTaHHIX 4YiJbHE Micle 3aid-
MalOTh TPOHUKAIOYi TPaBMH OYHOTO s0IyKa, SKi
BUMAraroTh IPOBEIEHHS PEKOHCTPYKTUBHOI Xipyprii
[1, 2] 3 MeTOI0 MakCHMaJbHOTO BiIHOBJICHHSA ypa-
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JKEHUX CTPYKTYp B TOMYy 4ucii 1 poriBku. [IpoTe,
YacTHM YCKJIaTHEHHSIM ITicIsonepaliiiHoi pemnapa-
THBHOI pereHepariii poriBku € (GOpMyBaHHS y Hil
CHOJYYHOTKAaHWHHOTO PyOIls, 0 3HAYHO 3HIXKYE i1
OTITHYHI BIACTUBOCTI 1 AKICTh OaYCHHS B JIOMY.

MexaHi3MH 3aTOEHHS POTIBKH € CKIATHUMU 1 €,
MO CyTi, KacKaJoM OIOCEPEAKOBAHUX IIMTOKIHAMHU
B32€EMOJIIl MK KITITUHHUMH Ta CTPOMAaJIbHUMH €Jie-
MeHTaMu 1i OynoBu [3-5] , a, oTxe, IXHE PO3YyMIHHS
Ma€ BHU3HAyallbHE 3HAUCHHS AJIS aJIeKBaTHOTO JIIKY-
BaHHA. Y po3pi3i Cy4acHHX YSBJICHb PEUOBHHA POTi-
BKM YTBOpEHa 5-Ma IIapaMu Pi3HUX CTPYKTYp: IO-
BEPXHEBOTO €IiTelNifo, MeMOpanu boymena, BmacHO1
PEUOBHHM (CTPOMANBHOTO €NEMEHTY), MeMOpaHu
Jecuemera Ta eHOOTENil0 (pi3HOBHUAY EMITENiI0).
[ToBepxHeBHii emiTeNiii BUKOHYE 3aXUCHY 1 UyTIUBY
(hyHKII{, Mae BICOKY 3IaTHICTH IO CaMOOOHOBJICHHS
3aBISKH IPUCYTHOCTI CTOBOYPOBHUX KIIITHH, JIOKAaJIi-
30BaHUX Y AUIAHLI JliMOa (MicIi epexoay CKIepH y
poriBky) [6]. MembOpana Boymena i Jlecuemera
YTBOpEeHI 0€3J1aHO YNaKOBaHHUMHU KOJIAr€HOBUMH
¢bibpunamu [7-9] Ta BUKOHYIOTH B OCHOBHOMY OIIO-
pHy (yHKLIIO, 30epiratoun KpuBU3HY poriBku. 90%
3araJbHOi TOBIMHH POTIiBKH CTAHOBUTH ii cTpoMa-
JHHUI KOMIOHEHT (BiacHa pedoBmHa). Came cTpo-
MaJbHHH IIap, B OCHOBHOMY, € BIATIOBIJabHUM 32
MIPO30PICTh JJIS CBITJIA, 3aJIOMIIIOBaHHS Ta (OKyCy-
BaHHI CBiTNIa Ha CiTKiBKy. OCHOBHUM CKJIaTHHKOM
CTPOMAJHLHOTO KOMITOHEHTA € TOHKi KOJIareHoBi (i-
OpHiIM 13 MIJIBHUM TapajeibHUM OPIEHTYBaHHIM Y
BUIJIAAl TUIACTUHOK (1amen). Mix Jamenamu Jie-
JKUTh TiIpaATOBaHUH MATPUKC 3 BHUCOKUM BMICTOM
NpOoTeOorIiKaHiB, riaikonporeinis. [10] Mix namena-
MM 3aJIraloTh KEPATOLUTH, BIANOBIAAIbHI 32 CHHTE3
BKa3aHuX pedoBuH. [11-12] OcHoBHa Maca cTpoMu
POTiBKHM cKIamaeThes 3 OinkiB xomareny I, V, VI ta
XII TumiB Ta MPOTEOTITiKaHIB — JepMaTaHCYIb(ary,
KepaTaHCynb(haTy, JEeKOpUHY, JIOMIKaHy, KepaToKa-
Hy. [13-17] Knitunu keparouuTH, moaioHo mo ¢hio-
poOIacTiB 3MIHCHIOIOTh MOCTIHHHIA pPECHHTE3 KOM-
MOHEHTIB EKCTPAIeTIoIIpHOro MaTpukcy. [18,19]
[lpore, npu YIIKOJDKEHHSX POTIBKH KEepPaTOLUTH
HaOyBarOTh O3HaK (piOpoOIACTIB, a y Mi3HI TePMiHU
micis TpaBMH cTaloTh Miodibpobiacramu. [20,21]
Came ¢ibpobiactam Ta MiogidpobractamM BiIBO-
JUITh TIPOBIAHY poiib y (OopMyBaHHI pyOLs, sKui i
3HHKY€E ONTHUYHI SKOCTI POTiBKU. ToMy, IepCIEKTH-
BHUM HAIPSIMKOM Y 3aro0iraHHi yTBOPEHHS CITONY-
YHOTKAaHIMHHOTO PYOIIS € po3po0Ka METOIIB Aerpecii
(eHoTHITY Mi0o(iOpOONACTIB 3 HACTYIHHM IIOBEp-
HEHHSM X y KIITHHHY HIITy KEPaTOLHUTIB.

Mertoro pobotu Oyi0 MiKpo- Ta CyOMiKpOCKO-
MiYHE TOCIiPKeHHSI CTPYKTYpHOT opraHizaiii pyors
POTIBKM TiCNs IMPOHHUKAOYOi MEXaHIYHOi TPaBMH
OKa.

Marepianu Ta MeTOAU

MarepiajioM AJisl TOCHTIDKEHb CIYTyBalIM 3pa3-
K{ POTiBKM 3 O3HaKaMH pyOmroBaHHS 19-TH marien-
TiB micas 12-TW MicsLiB BiJi MOMEHTY BUHUKHCHHS
NPOHUKaro4Y0i TpaBMu. 3abip Marepiany 3/ilicHIOBa-

JIM TiJ] 9ac TPOBEACHHS B YMOBAX KJIHIKH BiJIIOBiJI-
HUMH CIIeliaicTaMi HAaCKpPi3HOI KepaTOIUIaCTHUKH.
JI1st TicTOJIOTIYHUX AOCHIPKEHb OTPUMaHUK MaTepi-
an ¢ixcyBamu B 10% pozunHi HeiiTpampHOTO (Op-
MaJliHy, TPOBOJIJIM Y PO3UYMHAX ETAHOIY 3POCTalo-
YMX KOHIICHTpAIiil Ta depe3 xyopodopM 3 HACTYII-
HUM BHMTOTOBJICHHSM napadinoBux OinokiB. 3a mo-
IIOMOTOI0 MIKpOTOMa OTPHMYBAJIU 3Pi3H TOBIIHHOIO
10 mxm. OtpumaHi 3pi3u nenapadinyBainu Ta 3adap-
BJIFOBAJIM T€MAaTOKCHJIIHOM 1 €03MHOM 3a CTaH/IapT-
HOIO METOJJUKOIO.

Jlnist enekTpOHHO-MIKPOCKOMIYHUX JIOCHIKEHb
OTpHMaHi 3pa3Ku POTiBKH (iKCyBalM yIPOIOBK 4-X
rox y 2,5% po3uMHI INIIOTapOBOTO albJAETiAY Ta 3a-
BepuryBanu Qikcariro B 1% 3a0ydepenomy (pH 7,4)
pozuuHi goTrpuokucy ocMmito (“SPI”, CILA). O6e3-
BOJHIOBAJIH y CITUPTAaX y BUCXIIHUX KOHLEHTPALISIX
Ta MPOMUICHOKCHI. 3aUBaId Y CYMIII €TOKCHTHIX
cmon Epon 812 (“SPI-Pon 1™ 812 Epoxy
Embedding Kit”, CIIIA). YaprpaToHKi 3pi3u OTpH-
MYBJIM TPaJULINHHO Ta Meperyisiany y nadoparopii
enekTpoHHo1 Mikpockomii 1Y “JIMA MO3 VYkpai-
HU® 3a JIOMIOMOIOI0 EJICKTPOHHOTO MIKPOCKOIa
[NEM-100-01 (“SELMI”, Vxkpaina) 3 Hampyrowo
npuckopeHHs 75-80 kB.

B yMmoBax KIIiHIKH 3a TOTIOMOTOIO MaxXiMeTpii
MIPOBOIMIIN KUTHKICHHH aHaITi3 3MiH TOBIIMHHU POTiB-
KM y TTapapyOueBii Ta pyOueBill 30HaX y TUHAMIIIL.

Bu3HadueHHST JOCTOBIPHOCTI BIAMiHHOCTEH MiX
BUOIpKaMU NPOBOJAWIN i3 BpaXyBaHHSM IMapHOIO t-
kputepist CThIOAEHTa, a TaKOX HemnapaMeTpPU4HOTO
KpuTepito YUIKIHCOHA, Y BHUIIQJIKy BiZICYyTHOCTI HOp-
MaJIbHOTO CTaTUCTUYHOTO PO3MIOALNY BEJINYHUH.
OtpuMaHi pe3yJbTaTH ONpPALbOBYBAJIM 32 JIOMOMO-
rO0 JTileH31HHOT porpamu Statistica 6.1.

Pe3yabraTh Ta iX 00roBOpeHHs

BukoHaHnii aHami3 TOBIIMHH POTIBKH IIICIIA
MMOpaHEHHs y AWHAMIII BimoOpaxeHo Ha puc. 1. 3a-
JIOKyMEHTOBAHO TOCTYIIOBE 3HIDKCHHS ITOKa3HHKIB
TOBIIUHH POTIiBKH IO HOPMAIBGHUX BEIWYHH Y MiCIi
pyO11s y IOpiBHIHHI 3 MapapyOIIeBOIO 30HOKO Ta He-
3MIHEHUMH AiITHKaMu Ha 23,5-24,2% (p <0,05).

3a JI0MOMOr0I0 CBITJIOBOT MIKPOCKOITIT BUBYAIIN
HONepeyHi 3pi3u poriBku uepe3 12 Mic. micus Tpa-
BMH. BcTaHOBIIEHO, 1O Yy BCIX JOCHIIKYBaHHX BH-
nmajgKax TmoliapoBa OymoBa B IUIOMY 30epekeHa, a
caMme TepelHii emiTeniii yTBOpeHHH KiTbKOMa IIa-
paMH KJIITHH, HIDKYE SKHX 3aJIra€ TOMOTEHHa, 3Jie-
rka okcu(igpHa cMyX)Ka MeMOpanu boymena. Bia-
CHa PEYOBHHA POTIBKHU 3€OLIBIIOr0 Maja 30epexe-
Hy JIaMeJIsIpHY OyIIOBY, aJle y MICISIX TPaBMH ITOMIT-
HUH pyOenpb, SKAH MPOHNU3YBAB BCi MapH CITKiBKH Ta
MaB TOBIIHMHY Big 6 10 34 MKM.

EnexTpoHHO-MIKPOCKOIIIYHI TOCTI/KeHHS 3a-
CBiTYMIIH, IO CTPOMa PyOIls Yy MICIli TPOHUKAOYOT
TpaBMH BTpaualia IpUTaMaHHy JJisi HOPMAJbHOI po-
TiBKM TUTacTHHYACTY (JamenspHy) OymoBy i Oyma
MpejcTaBieHa TPYOOBOJOKHUCTUMHU TsDKaMH, SIKi
311e0UIBIIOro OyIN reperuieTeHMMH 0e3 sIKoi-HeOy b
napajensHol opieHTauii (puc. 2).
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TpHBANICT EKCNEPHMEHTY

Puc. 1. MNpadivyHe 306paxkeHHs AMHaMIKM MOKa3HWKIB TOBLUMHW pOriBKM B pybLeBili, napapybLueBii Ta iHTaKTHiA 30Hax.

Puc. 2. EnektpoHHa MikpodoTorpadist AinsiHKK poris-
KM oka micnsi npoHukatoyoi TpaBmu. x8000. 1 — BTpaTa na-
MensipHoi 6y[oBM CTPOMM, MiABULLIEHWIA BMICT aMOpPdHOro
KOMMOHEHTa; 2 — iHBa3is nepeaHbOro enitenito y BnacHy
peyoBUHY poriBku; 3 — aapo H6asanbHoro eniteniouuTa.

Kpaii pyOus, skuii mpuisiraB 10 NEPEAHBOTO
eMiTeJIiI0 MaB OUIBII LIIJIBHY CTPYKTYPY, Ha BiAMIHY
Bil HEHTPAILHUX 1 MapaleHTPaIbHUX 30H, 1€ BOJIO-
KHUCTI HamapyBaHHA Oyiau OUIbII eIeKTPOHHO-
CBITJINMH.

BimmiueHo BpocTaHHS 0a3albHOTO IIApy Iie-
PEIHBOTO EITENII0 Y Miclli pO3pUBY HEPEIHbO] 1Oor-
pannuHOoi MemOpaHu BrMO crpomu poriBku. Taki
BpOCTaHHs OYyJIM OBOJI BapiaOeJIbHUMHU — Bijl HEBe-
JUKUX OCTPIBIIB CKYMYEHb KIITHH IO MAaCHBHHUX
IHKOPTIOpAIii y MICIIX MPOCTOPIB MiXK TpyOOBOJIO-
KHHCTUMU CTpyKTypamu. [Ipu mipomy Taxi emiternia-
JbHI KITHHA Maji 301IbIIEeHI pO3MipH, IUTOTIa3Ma
80

OyJa mPOCBITICHOIO, Y sApaxX CIOCTEPIraBcs IiaBH-
LIEHUH BMICT TeTepoXpoMaTuHy. BaxnuBo migkpec-
JUTH, 0 BHPAXKEHICTh BUABICHHUX 3MiH Oyna Oiib-
100 y MICIISIX po3puBiB MeMOpanu boymena.

B pe3ymnpTaTi KiNMBKICHOTO aHaJi3y BCTaHOBIIC-
HO, III0 TOBIIHWHA IIEPETHBOTO CIITENiI0 Y 30H1 pyOIIs
KOJIMBA€eTheA Y Mekax 67,4+13,2 mxm. Takwit emite-
T CKIajaBcs MepeBaKHO 3 6-8 mapiB KIiTHH. Y
30Hi, 10 MpwsAraiga 0e3nocepeHbo 10 PyOLs TOB-
[IMHA emiTeNo cTaHoBuIa 57,349,1 MKM i3 He3Mi-
HEHOIO KUIBKICTIO IIapiB Horo KiituH. Y el e yac
TOBLIVMHA €IITEIaJbHOrO UIACTa y HEYIIKOKEHUX
JUISTHKax pOTiBKU Oyna Hk4uow — 43,8+5,7 MkM 1 3
MEHIIIOK0 KITBKICTIO mapiB KiiTHH (5-6).

Haii6inpim BupaskeHi 3MiHM Y TpaBMOBaHii po-
riBOi TOpKayucs ii CTPOMAJIbHOTO KOMITOHEHTa. Y
HE3MIHEHMX AIJSTHKAX POTIBKH il OCHOBHA PEYOBHHA
Majla TpajuLiiHy OyAOBY y BHIVISAI NapayelbHO
PO3TaIlIOBaHMUX IIIACTHHOK (J1aMell), KOXKHA 3 SKHX
Oylla yTBOpeHa TOHKHMH KoJlareHOBMMH (iOpHia-
MHU. MiX JlaMenamu 3ajiraji KepaTolUTH CILIOLIe-
HOi (hopMH 1 3 IOBOJI LIITBHOIO IIUTOILIA3MOIO (PHC.
3).

BopHouac 3ycTpivaigucs BUIMAIKHA HETIHIHHUX
po3TalyBaHb KOJAareHOBHUX (GiOpuin HuXkYe mepen-
HBOI TOTrpaHMYHOI MeMOpaHu. Y mepenHii 30HI Ta
MoOJIM3y BHYTPIIIHBOI MOrpaHWYHOI MeMOpaHu Ja-
MEJM 3aJITalii y TUIONIMHI POTIBKHU 1 IepeTnHammcs
ITi/1 PI3HUMH KyTaMH.

ToBmuMHA CTPOMU POTIBKHM B 30HI pyOIst cKia-
nama 371,4+46,3 wmkMm, mo Ha 23,7% wmeHmie
(p<0,05), Hix y He3miHeHi# 30Hi (487,3+£58,1 MKMm).
JlamensipHa BHOPSAKOBAHICTE y 30HI pyoms Oyia
3HaYHO TIOpyIeHa i Oyna mpencraBieHa Oe3nagHo
PO3TAIIOBAaHUMH IIOTOBLIEHHMH KOJAareHOBHMH BO-

MORPHOLOGIA ¢ 2023 Tom 17 * Ne 1



JIOKHaMH. MIKPOCKOIIIYHO y TaKUX OUITHKaxX Mepea-
HIl emiTe il 3a3HaBaB 3MiH, ONMMCAHUX BHUILE 1, HMO-
BipHO, Oyna 3pylHOBaHa Oa3zampHa MemOpana. He
MOXKHa BUKJIFOYAaTH MOJIIMBICTH MOTPAIUISTHHS KPi3b
nedexTn 0azanpbHOI MEMOpaHHW IUTOKIHIB, SKi 1 3y-
MOBITIOBAJIM TpaHC(HOpPMAIII0 KepaTOIUTiB y (idpo-
Onmacty, a y mojanbimioMy y Miogibpobnactu. Sk
BiZioMoO, KJIITHHHU (iOpobIacTHYHOTO psimy 3abesre-
YYIOTh CHHTE3 KOMIIOHEHTIB EKCTPaLEIOISIPHOTO
MATPHUKCY, SKi 1 TPU3BOMIATH JIO MOTIPIICHHS ONTHY-
HUX sIKOCTEH poriBku (puc. 4).

Puc. 3. Citnosa mikpodpoTorpadis poriBku oka y na-
papybueBiin 30Hi. 3abapBneHHs remaTokCuniHOM Ta eo3u-
Hom. x320. 1 — nepedHin eniTeniv; 2 — He3Ha4yHa Ae30pieH-
Tauis CcnofnyYyHOTKAHUHHUX NNAcTUHOK; 3 — KepaTtouuT; 4 —
KepaToumT 3 03Hakamu pibpobnacTHoi TpaHcopmalLlii.

Puc. 4. EnektpoHHa MikpodoTorpadis BnacHoi peyo-
BMHW (CTpOMM) POriBKW y AiNsHUi pybus yepe3 12 micauis
nicns npoHukatoyoi Tpasmu. x10000. 1 — gnckommnnekcawis
namensipHoi CTpykTypw; 2 — MiochibpobnacrT.

IIpsMuM miATBEpAKEHHSIM TaKOTO MEXaHI3MY €
MOp(hOMETpHUIHI AOCHTIPKEHHS, SKi 3aCBIAUMIN 10C-
TOBIpHE MiJBUIIECHHS BMicTy KeparouuTis Ha 44,2%
y 30HI pyOIs y MOPIBHAHHI 3 HE3MIHEHUMH JiJISTH-
KaMH POTiBKH.

CTOCOBHO CTaHy 3aIHBOI ITOTPAHUYHOI MEM-
Opanu (MemOpanu Jlecriemera), TO B AUISHKaX pyo-
L1 BOHA Maja IMOpYIIEHY CYLUIBbHICTh, Y MICIAX ii
nedexry HakonmmuyBanucsi (DiOpO3HI  CTPYKTYpH.
3anuiil emiteniii (eHaOTeNii) poriBku OyB yTBOpe-
HUN IIapoM KJITHH 3ACOUTBIIOTO MOJIrOHAIBHOT
¢opmu. LlinpHICT €HAOTENIANBHUX KIITHH uepe3
12 mic micns tpaBmu craHoBmia 2307+974 kiituH
Ha 1 MM? i BifOBiasIa HOPMI.

Hincymox

IIpoBenene MopdoroTivyHe AOCHIIKEHHS CTaHy
POTIBKH OKa IiCJI MPOHUKAIOYHX TPAaBM 3aCBiIIHIIO
PAA 3MiH, IO TOPKAIUCS YCiX CTPYKTYPHUX KOMIIO-
HeHTiB. BinmiueHo BpocTaHHs 1 mposidepauito ermi-
TeJI0 B CTPOMY DPOTIBKH y MICUSIX PO3PHBY II€pei-
HBOI MOTPaHUYHOT MeMOpaHu Ta 11 rinepTpodiro mo
Kpasx nedekry. YTBopeHa pyOlieBa TKaHUHA HE Mic-
THTh BOJIOKHHUCTUX IIJIACTHHOK TPAaBHIBHOI KOH(]i-
rypanii. CtpoMa pyOIst yTBOpeHa TOBCTUMH Pi3HOC-
MPSIMOBAaHUMH KOJIATGHOBHMH (iOpUIaMHU Ta TepH-
TOpIsSIMH, 3aIIOBHEHUMH OCHOBHOIO aMOP(HOIO pe-
yoBrHOW. Cepen KIITHHHAX SIIEMEHTIB OKpiM Kepa-
TOIMTIB 3 ABIIAIOTHCS HE XapaKTepHi JJIs HOPMallb-
HOi poriBku (ibpobmactu Ta Miogidpodmactn. Sk
BiJIOMO, TaKi KJIITHHH sSKpa3 i BIAMOBIIaJbHI 32 CHH-
Te3 BOJIOKHUCTUX EJIEMEHTIB Ta TAKUX KOMITOHEHTIB
SIK TIpoTeormikaHu. HakonmuueHHsT BKa3aHUX IPOAY-
KTiB TPU3BOJMUTH JI0 MOPYILEHHS CBITIONPOHHUKIIHU-
BOI 1 mionTpuuHoi (QyHKIIM POTIBKH i, K HACIIJOK,
noripiierHst 30py. CrocoBHO MiodibpoOnactiB, TO
BOHH 3aBISIKH CBOIM KOHTPaKTHJIBHHM BJIACTHBOC-
TIM 3a0€3Me4Uyl0Th MaKCHMalbHE YINiIJIbHEHHS pyO-
ive

I[lepcnekTHBY MOJANBIIMX A0CTIAKEHD

JouineHuM, Ha HaNly AyMKY, € BUBYCHHS MiXk-
KIITHHHOI Koomepalii y MexaHi3Max pemnaparii po-
rieku Ta igentudikamii miohidpobracTiB 3a gomo-
MOTOI0 IMYHOIIMTOXIMIYHUX METOJIB (BUSBIICHHS
MapKepHOro Jyisi HuX Oinka o-SMA). Takuii miaxin
JIaCTh MOXJIMBICTD JUIsl TIOUIYKY CYNPECOpPIiB aKTHB-
HocTi Mio(hiOpobnacTiB.

Indopmanis npo koHQUIIKT iHTepeciB

INorenuiiinnx abo SBHUX KOHQIIKTIB IHTEPECIB,
110 1OB’5I3aHi 3 IIUM PYKOTIMCOM, Ha MOMEHT ITyOuti-
Kallil He iICHy€ Ta He rependadaeThes.

Jxepesia piHaHCyBaHHS

JlocimikeHHs] BUKOHaHO B paMKax HayKOBO-
nociigaoi Temu «MopdodyHKIIOHAIBHI 0COOIMBO-
CTi OpraHiB y Tpe- Ta IOCTHATAJILHOMY IIepiojax
OHTOTCHE3Y, IMPH BIUIMBI OIMIOIMIB, Xap4OBUX a00a-
BOK, PEKOHCTPYKTHBHHX OIEpalisix Ta OXUPIHHI»
(nomep meprxaBHoi peectparii 0120U002129).
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PE®EPAT. AkTyaabHicThb. POTiBKa € Ba)XTHBIM KOMIIOHEHTOM JiONTPHYHOTO armapary oka. 11 yHikampHa
CTPYKTypa 3a0e3neuye iJieajbHy IIpo30picTh Ta HajJae il CBITI03aIOMIIIOBAJIBHUX BIACTHBOCTEH. AKTYaIbHUMHU
npobiieMaMH TEOPETHYHOI Ta MPAKTUYHOI MEIUIMHKU ChOTO/IEHHS € ONPAIIOBaHHS METOJIB PEKOHCTPYKIIi OKa
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IpH HOTrO TPAaBMAaTHYHUX YIIKOMKEHHSX Pi3HOTO reHesy. Cepen SIKMX, IPOHHMKAIOYl TPaBMH Ta IOIIKOMKEHHS
OYHOTO SI0JTyKa, SKi BUMAraloTh MPOBEICHHS PEKOHCTPYKTHUBHOI Xipyprii 3 METOI0 MaKCHMAJILHOTO BiJHOBICHHS
ypaKeHUX CTPYKTYp B TOMY YHCIHi 1 poriBku. IIpoTe, 4acTUM YCKJIaIHEHHSAM ITiCISONEpaIliitHoi penapaTuBHOT
pereHepariii poriBku € popMyBaHHS Y Hill CHIOIYYHOTKAHWHHOTO PyOIIs, 10 3HAYHO 3HMKYE 11 ONTHYHI BIACTH-
BOCTI i AIKicTh Oa4eHHs B IiomMy. MeTo10 poboTr Oyio MiKpo- Ta CyOMiKpOCKOMIYHE AOCIIIKEHHS CTPYKTYPHOI
opraHizatlii pyOIls poTiBKH IiCJII MPOHUKAIOYO0i MeXaHI9HOI TpaBMH oka. MeToau. Marepianom I JOCTiKeHb
CJIyTYBaJIU 3pa3Kd POTIBKH 3 O3HAKaMH PyOIfoBaHHS 19-TH marieHTiB micyis 12-Tu MicsiiB Bil MOMCHTY BHHHUK-
HCHHS MPOHUKAIOYOI TPaBMHU. 3a JIOTIOMOT'O0 CBITJIOBOI MIKPOCKOIIIi BUBUAIH MOTIEPEUHI 3pi3U POTIBKH, IPOBO-
JIAITA €JICKTPOHHO-MIKPOCKOIIIYHI JTOCTIKCHHS Ta BHUBYAIM KiJbKICHHH aHaNi3 3MiH TOBIIMHU POTIBKU Y Ta-
papyOIeBiit Ta pyOueBiii 30Hax y quHamii. PesyabTaTn Ta migcymok. [IpoBeneHe Mop¢oorivuHe TOCTIIKCHHS
CTaHy POTIBKM OKa MicJsl TPOHUKAIOYMX TPAaBM 3aCBIUUIIO BPOCTAaHHS 1 MpoJIidepaliito emiTesio B CTpOMY pori-
BKHM y MICIISIX PO3PHBY IEpeIHBOI OrpaHuYHOT MeMOpaHu Ta ii rineptpodito no kpasx nedekry. Cepen KIiTHH-
HUX €JIeMEHTIB OKpIM KepaTOIHTIB 3 ABISAIOTHCS HE XapaKTEpHI Uil HOpMaJIbHOI poriBku (idpobiacty, sKi Bif-
TIOBIJTAIOTH 32 CHHTE3 BOJIOKHHUCTHUX CIIEMEHTIB Ta IMPOTEOTTiKaHiB Ta MioidpobdiacTy, siKi, 3aBAIKH CBOIM KOHT-
PaKTHJIFHAM BIIACTHBOCTSM, 3a0€3MEeUyIOTh MaKCHMallbHEe YIIUTBHEHHS pyOus. Tomy, pemapamis CypoOBOIKY-
€THCS IIEBHUMH TIPOOIIEMaMy Y BHTIISAL 3HIDKEHHS TIPO30POCTI, IO MOB'SI3aHO 3 Ie30pTaHi3aliel0 CTPOMH POTiB-
K{, a TAKO)X BUHIKHEHHS ONTHYHUX abepalliii, BUKINKaHUX KOHTPaKIi€to (piOpo3HOI TKaHWHH BHACIIIOK 11 ITe-
peOynoBu B Micti c()oOpMOBaHOTO PyOLIS.
KaiouoBi ciioBa: ouHe s1071yK0, 000JIOHKH OKa, ATOJIOTs, IOPaHEHHs OKa, TpaBMa OKa, POTiBKa, pereHe-

paitisi, pyoerrs.
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Background

Hypoxia-induced cardiogenesis refers to the
process of generating new cardiac cells or cardio-
myocytes in response to low oxygen levels, or hy-
poxia. This process occurs as a means of adaptation
by the heart to maintain its function under conditions
of reduced oxygen supply.Hypoxia can activate cer-
tain signaling pathways, such as the hypoxia-
inducible factor (HIF) pathway, which can lead to
the differentiation of stem cells into cardiomyocytes.
The HIF pathway is a transcriptional regulator that
controls the expression of genes involved in angio-
genesis, metabolism, and cell survival. Additionally,
hypoxia can also induce the proliferation of pre-
existing cardiomyocytes, as well as the activation of
resident cardiac stem cells. These cells can differen-
tiate into cardiomyocytes and contribute to the re-
generation of damaged or injured cardiac tis-
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sue.Overall, hypoxia-induced cardiogenesis is a
complex process that involves the activation of mul-
tiple signaling pathways and the differentiation of
various cell types. Hypoxia is a condition that occurs
when there is a reduced level of oxygen supply to
the tissues of the body, including the myocardium.
The most common definition of hypoxia is a state in
which the oxygen supply to the tissues is insufficient
to meet the metabolic demands of the cells [1].
Hypoxia can be caused by a variety of factors,
including decreased blood flow to the tissues, re-
duced oxygen-carrying capacity of the blood, or
decreased oxygen concentration in the air. In the
case of the myocardium, hypoxia can result from
coronary artery disease, which limits blood flow to
the heart muscle, or from heart failure, which reduc-
es the ability of the heart to pump blood effectively

[2].

MORPHOLOGIA ¢ 2023 ¢ Tom 17 ¢ Ne 1



Factors that can influence the development of
hypoxia include altitude, smoking, carbon monoxide
exposure, and certain medical conditions such as
anemia and chronic obstructive pulmonary disease
(COPD) [3]. Additionally, hypoxia can occur as a
result of physical exertion or high-intensity exercise,
which can increase the demand for oxygen by the
body.

Purpose

Hypoxia is a condition that occurs when the
body or tissues do not receive enough oxygen to
meet their metabolic demands. The most common
definition of hypoxia is a state of insufficient oxy-
genation of tissues, which can lead to cellular dam-
age and impaired function [4]. Hypoxia can be
caused by a variety of factors, including reduced
oxygen levels in the environment, respiratory dis-
eases that impair oxygen exchange, cardiovascular
diseases that decrease blood flow and oxygen deliv-
ery to tissues, anemia or other blood disorders that
reduce the oxygen-carrying capacity of blood, and
exposure to toxins or drugs that interfere with oxy-
gen utilization [5]. Factors that can influence the
development of hypoxia include altitude, smoking,
carbon monoxide exposure, and certain medical
conditions such as chronic obstructive pulmonary
disease (COPD), asthma, or congestive heart failure.
Altitude hypoxia occurs due to decreased barometric
pressure and oxygen levels at high altitudes, which
can lead to altitude sickness and impaired physical
performance. Smoking and carbon monoxide expo-
sure impair the ability of red blood cells to transport
oxygen, leading to tissue hypoxia. COPD and asth-
ma can cause chronic or acute respiratory failure,
which impairs oxygenation of the blood and tissues.
Congestive heart failure reduces the cardiac output,
resulting in inadequate oxygen delivery to the tissues
[6].

Objective

To determine hypoxia as a general complicated
state. To identify factors that cause this condition.
To provide a characterization of complications and
ways of their progressive development in different
regions of the heart during early ontogenesis. Under-
standing the causes and mechanisms of hypoxia is
crucial for developing effective methods of detecting
this pathological and functional state of myocardial
cells in rats. This process has significant implica-
tions for the development of therapies for cardiovas-
cular disease and cardiac regeneration. In addition to
these factors, hypoxia can be exacerbated by physi-
cal exertion, which increases the oxygen demand of
tissues, and by pre-existing medical conditions that
impair the body's ability to compensate for reduced
oxygen levels. The severity and duration of hypoxia
depend on the underlying cause and the duration of
exposure to the hypoxic environment or conditions
[7]. Overall, hypoxia is a complex physiological
condition that can result from a variety of factors
and can affect different tissues and organs in differ-

ent ways. Understanding the causes and mechanisms
of hypoxia is critical for the development of effec-
tive treatments for the various diseases that can lead
to tissue hypoxia.

Methods and materials

When writing an analytical scientific article
based on the analysis of scientific articles, it is im-
portant to use appropriate research methods to en-
sure that the article is well-supported and credible.
Here are some methods that can be used:

1. Systematic literature review: This method
involves conducting a comprehensive and structured
search of relevant literature in order to identify and
analyze all available evidence on a particular topic
[8]. This helps ensure that all relevant literature is
included in the analysis and can help to identify any
gaps in knowledge or inconsistencies in the existing
literature.

2. Meta-analysis: This method involves using
statistical techniques to combine and analyze data
from multiple studies in order to generate more ro-
bust conclusions about a particular topic [9]. This
method is particularly useful when there are multiple
studies on a topic with conflicting results.

3. Content analysis: This method involves an-
alyzing the content of scientific articles, identifying
themes, patterns, and relationships among variables
that may impact the development of the heart [10].

4. When analyzing the literature, it is im-
portant to consider the relevance and quality of the
sources. It is best to analyze scientific articles that
are peer-reviewed and published in reputable scien-
tific journals. Additionally, it is important to consid-
er the date of publication, as older articles may not
reflect the most current knowledge on the topic.

5. There are several databases and websites
that can be used to search for relevant scientific lit-
erature, such as PubMed [11], ScienceDirect [12],
and Google Scholar [13]. It is also useful to search
the reference lists of relevant articles to identify ad-
ditional sources of information. More references can
be found by consulting the bibliographies of articles
found through these search methods and by explor-
ing related topics.

Results

There are several types of hypoxia that can
occur in the body. These include hypoxic hypoxia,
anemic hypoxia, ischemic hypoxia, and histotoxic
hypoxia. Hypoxic hypoxia occurs when the body
tissues do not receive enough oxygen due to reduced
oxygen levels in the environment or decreased lung
function. This type of hypoxia can occur at high
altitudes or in areas with low oxygen levels. It can
also occur in conditions such as pneumonia, pulmo-
nary fibrosis, and acute respiratory distress syn-
drome (ARDS), where the lungs are unable to ade-
quately exchange oxygen and carbon dioxide.

Anemic hypoxia occurs when there is a de-
crease in the oxygen-carrying capacity of the blood
due to reduced hemoglobin levels or abnormal he-
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moglobin function. This can occur in conditions
such as anemia, carbon monoxide poisoning, or sick-
le cell disease. In anemia, there are fewer red blood
cells to carry oxygen, while in carbon monoxide
poisoning, the carbon monoxide molecule binds to
hemoglobin, preventing it from carrying oxygen. In
sickle cell disease, the abnormal hemoglobin mole-
cule causes the red blood cells to become misshapen
and unable to carry oxygen efficiently [15].

Ischemic hypoxia occurs when there is a reduc-
tion in blood flow to the tissues, leading to a lack of
oxygen delivery. This can occur in conditions such
as heart disease, where the blood vessels supplying
the heart muscle become narrowed or blocked, re-
ducing blood flow and oxygen delivery. It can also
occur in conditions such as stroke or peripheral arte-
rial disease, where the blood flow to the brain or
limbs is reduced, leading to tissue damage and hy-
poxia [16].

Histotoxic hypoxia occurs when the tissues are
unable to use the oxygen that is delivered to them
due to damage to the cells or mitochondria. This can
occur in conditions such as cyanide poisoning,
where the cyanide molecule prevents the mitochon-
dria from using oxygen to produce energy [17].

Understanding the different types of hypoxia is
important for diagnosing and treating the underlying
causes of tissue hypoxia. Treatment strategies may
vary depending on the type and severity of hypoxia,
and may include supplemental oxygen therapy, med-
ications, or surgical interventions.

Each type of hypoxia is associated with a
specific mechanism and can cause different com-
plications. Hypoxemic hypoxia occurs with low
oxygen levels in the atmospheric air or due to respir-
atory system disorders. Anemic hypoxia is linked to
a deficiency of hemoglobin or red blood cells in the
blood, leading to decreased oxygen-carrying capaci-
ty [18]. Ischemic hypoxia occurs due to inadequate
blood supply to tissues, leading to insufficient oxy-
gen delivery to the body [19]. Toxic hypoxia is as-
sociated with a disturbance in the body's ability to
process oxygen, such as from exposure to toxins or
gases like carbon monoxide [20]. Histotoxic hypoxia
arises from impairment of tissue's ability to utilize
oxygen due to damage to mitochondria or blocking
enzyme action [21].

Different types of hypoxia can lead to compli-
cations in different systems of the body. One of the
most severe complications is damage to the cardio-
vascular system. Hypoxia may result in cardiac ar-
rhythmias, hypertension, decreased myocardial con-
tractility, and heart failure [22].

Hypoxia, a condition characterized by a lack
of adequate oxygen supply to tissues, can result in
a wide range of complications, many of which are
associated with the cardiovascular system. One of
the most serious complications of hypoxia is damage
to the cardiovascular system, which can lead to a
range of conditions, including arrhythmias, hyper-
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tension, impaired myocardial contractility, and heart
failure.

Hypoxia-induced arrhythmias can be caused by
a range of mechanisms, including increased activity
of the sympathetic nervous system, changes in ion
channel activity, and alterations in calcium homeo-
stasis. These arrhythmias can be life-threatening,
particularly in the context of acute myocardial in-
farction and other forms of ischemic heart disease
[23].

Hypoxia can also result in hypertension, or high
blood pressure, due to activation of the renin-
angiotensin-aldosterone system and increased levels
of endothelin-1, a potent vasoconstrictor. Chronic
hypoxia has been shown to be a risk factor for the
development of pulmonary hypertension, which can
lead to right ventricular hypertrophy and eventually
heart failure [24]. Impaired myocardial contractility
is another common complication of hypoxia, par-
ticularly in the setting of acute respiratory distress
syndrome (ARDS) and sepsis. This impairment is
thought to be due to alterations in cellular metabo-
lism, changes in intracellular calcium handling, and
the activation of pro-inflammatory cytokines. In
severe cases, this impairment can progress to cardi-
ogenic shock and multi-organ failure. Finally, hy-
poxia can lead to the development of heart failure, a
condition in which the heart is unable to pump
enough blood to meet the body's needs. This can
occur due to a range of factors, including impaired
myocardial contractility, increased afterload, and the
development of pulmonary hypertension. Chronic
hypoxia, particularly in the setting of obstructive
sleep apnea, has been identified as a risk factor for
the development of heart failure [25]. In conclusion,
hypoxia can result in a range of cardiovascular com-
plications, including arrhythmias, hypertension, im-
paired myocardial contractility, and heart failure
[26]. These complications can be life-threatening
and require prompt diagnosis and treatment [27].

Each type of hypoxia can have different ef-
fects on the development and formation of the
heart. Hypoxemic hypoxia, caused by low oxygen
levels in the air, can lead to abnormalities in the
formation of the cardiac muscle and an increase in
pulmonary artery pressure [28]. This can result in
congenital heart defects such as ventricular septal
defects or pulmonary artery hypoplasia [29]. Anemic
hypoxia, caused by insufficient hemoglobin in the
blood, can lead to delayed heart development and
insufficient erythrocytes, which can result in various
heart defects [30]. Ischemic hypoxia, arising from
impaired tissue blood supply, can lead to delayed
heart development and damage to the cardiac mus-
cle. This can cause heart failure and various heart
defects, such as pulmonary artery atresia and ven-
tricular septal defects [31].

Toxic hypoxia, caused by impaired organismal
ability to process oxygen, can lead to cardiac muscle
damage and congenital heart defects. For example,
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hypoxia caused by nitric oxide poisoning can result
in heart defects in the fetus [32]. Histotoxic hypoxia,
caused by impaired tissue oxygen utilization, can
lead to cardiac muscle damage and heart defects
such as pulmonary artery atresia [33]. Overall, hy-
poxia can cause various complications in the devel-
opment and formation of the heart, depending on its
type and severity.

Hypoxia can have different effects on the
formation and development of the myocardium
at different stages of embryonic and fetal heart
development. During the early stages of heart de-
velopment, hypoxia can disrupt the formation of the
heart tube, which is the precursor to the heart cham-
bers. Studies have shown that hypoxia during this
stage can lead to abnormal cardiac looping, which is
the process by which the heart tube forms a looped
structure that eventually gives rise to the four cham-
bers of the heart [34]. Hypoxia during this stage can
also lead to decreased proliferation of cardiac pro-
genitor cells, which can impair heart growth and
development [35].

During later stages of heart development, hy-
poxia can also have negative effects on the myocar-
dium. For example, studies have shown that hypoxia
during the fetal period can lead to alterations in the
structure and function of the heart. One study found
that fetal hypoxia led to decreased left ventricular
mass and increased left ventricular wall thickness
[36]. Another study found that hypoxia during the
fetal period led to increased apoptosis and decreased
proliferation of cardiomyocytes, which can impair
the growth and function of the myocardium [37].
Overall, hypoxia can have negative effects on the
formation and development of the myocardium at
different stages of embryonic and fetal heart devel-
opment, which can lead to congenital heart defects
and other cardiovascular complications.

Hypoxia can have a significant impact on the
development of the ventricles of the heart in em-
bryos and fetuses. Studies have shown that hypoxia
during the early stages of heart development can
result in delayed ventricular maturation, decreased
ventricular cell proliferation, and increased apopto-
sis, or cell death [38]. In particular, hypoxia during
the critical period of ventricular septation, which
occurs between days 27 and 37 of human embryonic
development, can lead to abnormalities in the for-
mation of the ventricular septum and the valves of
the heart [39]. This can result in congenital heart
defects such as ventricular septal defects and atrio-
ventricular septal defects.

Hypoxia can also affect the development of
the left and right ventricles differently. For exam-
ple, studies in animal models have shown that hy-
poxia during fetal development can result in de-
creased left ventricular mass and volume, but in-
creased right ventricular mass and volume [40]. This
can result in altered ventricular function and blood
flow, which can lead to various heart conditions later

in life.

Hypoxia can have a significant impact on the
development of the ventricles of the heart, particu-
larly during critical periods of embryonic and fetal
development. This highlights the importance of
maintaining adequate oxygen levels during pregnan-
cy to minimize the risk of congenital heart defects
and other heart conditions.

The left ventricle is responsible for pumping
oxygen-rich blood to the rest of the body. Hypox-
ia can affect its development and formation in
various ways. During the embryonic period, hypox-
ia can lead to delayed growth and development of
the left ventricle. This can result in smaller size, re-
duced thickness of the ventricular wall, and altered
gene expression patterns [41]. In the fetal period,
hypoxia can result in changes in the structure and
function of the left ventricle. For example, chronic
hypoxia can lead to an increase in the size and mass
of the left ventricle, as well as changes in its shape
and geometry. These changes are thought to be ad-
aptations to increase oxygen delivery to the body
under hypoxic conditions. However, excessive hy-
poxia can also lead to pathological changes in the
left ventricle. For example, studies have shown that
hypoxia can cause oxidative stress and inflammation
in the left ventricle, leading to fibrosis and impaired
contractile function [42]. Overall, hypoxia can affect
the development and formation of the left ventricle
in complex ways, with both adaptive and pathologi-
cal effects depending on the timing and severity of
the hypoxic insult [43].

Hypoxia can also have a significant impact
on the development and formation of the right
ventricle. The right ventricle is responsible for
pumping deoxygenated blood from the heart to the
lungs for oxygenation [44]. Studies have shown that
hypoxia during fetal development can lead to ab-
normalities in the formation of the right ventricle.
For example, research has found that prenatal hy-
poxia can result in reduced size and delayed devel-
opment of the right ventricle, as well as changes in
the structure of the right ventricular myocardium
[45]. Hypoxia can also lead to changes in the pul-
monary vasculature, which can affect the function of
the right ventricle [46]. For instance, studies have
suggested that prenatal hypoxia can cause a decrease
in the number of pulmonary arteries, as well as an
increase in the thickness of the pulmonary artery
walls, which can impair blood flow to the lungs and
place additional strain on the right ventricle [47]. In
severe cases, hypoxia can lead to right heart failure,
which can be life-threatening. Overall, hypoxia can
have a significant impact on the development and
formation of the right ventricle and can lead to long-
term health consequences [48].

The atria are the upper chambers of the
heart that receive blood from the veins and pump
it into the ventricles. The development of the
atria is also affected by hypoxia, which can lead
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to various abnormalities. In hypoxemic hypoxia,
where there is low oxygen levels in the air, the for-
mation of the atria can be impaired. Studies have
shown that hypoxia can lead to an increase in pul-
monary artery pressure, which can cause a delay in
the formation of the atrial septum, the wall that sepa-
rates the left and right atria [49].

Anemic hypoxia, caused by insufficient hemo-
globin in the blood, can also affect the development
of the atria. It can lead to a decrease in the humber
of erythrocytes, which can result in various heart
defects, including atrial septal defects [50]. Ischemic
hypoxia, arising from impaired tissue blood supply,
can lead to damage to the atrial muscle, which can
result in atrial fibrillation, a type of irregular heart-
beat. Ischemic hypoxia can also cause delayed atrial
development and abnormalities in the formation of
the atrial septum. Toxic hypoxia, caused by impaired
organismal ability to process oxygen, can also affect
the formation of the atria. For example, exposure to
carbon monoxide can lead to heart defects such as
atrial septal defects and patent foramen ovale. In
summary, hypoxia can have various effects on the
development and formation of the atria, depending
on its type and severity. It can lead to delays in de-
velopment, damage to the cardiac muscle, and vari-
ous heart defects, including atrial septal defects and
atrial fibrillation [51].

Hypoxia can have various effects on the de-
velopment and formation of the left atrium of the
heart, depending on its type and severity. One
study found that exposure to chronic hypoxia during
fetal development can lead to structural and func-
tional changes in the left atrium, such as an increase
in wall thickness and a decrease in the size of the
atrial cavity [52]. Another study showed that hypox-
ia during fetal development can lead to a decrease in
the number of cardiomyocytes in the left atrium,
which can affect its contractile function [53]. Fur-
thermore, hypoxia can affect the development and
formation of the left atrium through its effects on the
pulmonary veins. The pulmonary veins are the ves-
sels that bring oxygenated blood from the lungs to
the left atrium, and abnormalities in their develop-
ment can lead to various heart defects. One study
found that exposure to hypoxia during fetal devel-
opment can lead to abnormal development of the
pulmonary veins, which can result in pulmonary
vein stenosis, a condition in which the pulmonary
veins are narrowed and blood flow is restricted.
Overall, hypoxia can have significant effects on the
development and formation of the left atrium of the
heart, which can lead to various structural and func-
tional abnormalities and heart defects [54].

Similar to the left atrium, hypoxia can also
affect the development and formation of the right
atrium. Studies have shown that the right atrium is
more susceptible to hypoxic damage compared to
the left atrium due to differences in their embryolog-
ical origins and blood supply [55]. During fetal de-
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velopment, the right atrium receives deoxygenated
blood from the superior and inferior vena cava.

Hypoxia can lead to a decrease in the oxygen
content of this blood, which can then affect the for-
mation and function of the right atrium. Studies on
animal models have shown that hypoxia during fetal
development can lead to a decrease in the size of the
right atrium and thinning of its walls, as well as a
decrease in the number of cardiomyocytes [55]. Hy-
poxia can also result in an altered expression of
genes involved in the development and differentia-
tion of cardiomyocytes, leading to defects in the
formation of the right atrium. In humans, hypoxia
can result in various congenital heart defects involv-
ing the right atrium, such as atrial septal defects and
Ebstein's anomaly. Atrial septal defects are charac-
terized by a hole in the atrial septum that separates
the right and left atria, which can result in abnormal
blood flow and lead to symptoms such as fatigue and
shortness of breath. Ebstein's anomaly is a rare heart
defect characterized by malformation of the tricus-
pid valve and displacement of the leaflets into the
right ventricle. This can lead to blood flow abnor-
malities, right heart enlargement, and heart failure.
Hypoxia can have significant effects on the devel-
opment and formation of the right atrium, leading to
various congenital heart defects and alterations in its
structure and function [56].

Hypoxia can have a significant impact on the
formation and development of the heart septum,
which separates the left and right sides of the
heart. The heart septum is formed through a com-
plex process of growth, folding, and fusion of differ-
ent structures in the developing heart, and any dis-
ruption in this process can lead to septal defects.
Studies have shown that hypoxia can cause abnor-
malities in the formation of the heart septum. In par-
ticular, hypoxia during early fetal development has
been associated with an increased risk of atrial and
ventricular septal defects. Hypoxia can also affect
the growth and differentiation of the cells that con-
tribute to the formation of the septum, leading to
structural abnormalities and defects [57].

Moreover, hypoxia can affect the expression of
genes that are involved in the formation of the heart
septum. For example, hypoxia has been shown to
downregulate the expression of genes that are im-
portant for septum formation, such as Gata4 and
Thx5 [58]. These genes play key roles in regulating
the development of the heart septum, and their
dysregulation can lead to septal defects. Overall,
hypoxia can have a significant impact on the for-
mation and development of the heart septum, lead-
ing to structural abnormalities and defects that can
have serious consequences for cardiac function and
overall health.

There are several methods for studying the
effect of hypoxia on the myocardium, including in
vivo, ex vivo, and in vitro methods.

1.1n vivo methods: In vivo methods involve the
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study of hypoxia on the myocardium in living ani-
mals or humans. This can be achieved through vari-
ous techniques, including cardiac imaging, electro-
cardiography (ECG), and blood gas analysis. These
methods allow for the direct observation of the ef-
fects of hypoxia on the heart in real-time. One ex-
ample is the use of cardiac magnetic resonance im-
aging (MRI) to assess changes in cardiac structure
and function in response to hypoxia [49].

2.Ex vivo methods: Ex vivo methods involve
the study of hypoxia on the myocardium in isolated
heart preparations. This can be achieved by perfus-
ing the heart with an oxygen-depleted solution or by
placing the heart in a hypoxic chamber. Ex vivo
methods allow for precise control over the oxygen
levels and other experimental conditions. One ex-
ample is the Langendorff perfusion system, which is
commonly used to study the effects of hypoxia on
isolated hearts [50].

3.In vitro methods: In vitro methods involve
the study of hypoxia on isolated cardiac cells or tis-
sue samples. This can be achieved through various
techniques, including cell culture and organotypic
slice cultures. In vitro methods allow for the study of
the direct effects of hypoxia on specific cell types or
tissues. One example is the use of neonatal rat ven-
tricular myocytes in culture to study the molecular
mechanisms underlying the response of the heart to
hypoxia [51].

Overall, each of these methods has its ad-
vantages and disadvantages, and the choice of meth-
od will depend on the specific research question and
experimental design. By using multiple methods in
combination, researchers can gain a more compre-
hensive understanding of the effects of hypoxia on
the myocardium.

Histological methods are widely used for
studying hypoxia-induced cardiogenesis as they
allow for the visualization of the tissue structure
of the heart under hypoxic conditions. Here are
some commonly used histological methods and their
descriptions:

1. Hematoxylin and Eosin (H&E) staining:
H&E staining is a commonly used technique that
stains the nuclei of cells blue and the cytoplasm
pink, allowing for the visualization of the general
tissue structure of the heart. This staining method
highlights the size, shape, and number of cells in the
heart tissue under hypoxic conditions [52].

2. Masson's trichrome staining: Masson's tri-
chrome staining is used to visualize collagen fibers
in the heart tissue, and is particularly useful for de-
tecting fibrotic changes in the heart under hypoxia
conditions. This method highlights collagen fibers as
blue, making it possible to quantify the degree of
fibrosis in the tissue [53].

3. Periodic Acid-Schiff (PAS) staining: PAS
staining is used to detect glycogen in the heart tis-
sue, which can be altered under hypoxic conditions.
This staining method allows for the visualization of

the extent of glycogen content in the heart tissue, as
under hypoxia there is a decrease in glycogen con-
tent [54].

4. Immunohistochemistry (IHC): IHC in-
volves using antibodies to label specific proteins
present in the heart tissue. IHC can be used to detect
changes in the expression of specific proteins under
hypoxic conditions, such as the expression of hypox-
ia-inducible factor 1-alpha (HIF-1a), which is a key
regulator of the cellular response to hypoxia. IHC
can also be used to quantify the extent of cell death
(apoptosis) in the heart tissue [55].

5. Transmission electron microscopy (TEM):
TEM allows for the observation of ultrastructural
changes in the heart tissue under hypoxic conditions.
TEM can be used to detect changes in the size,
shape, and number of mitochondria in the heart tis-
sue, as well as changes in the organization of myofi-
brils [56].

These histological methods provide valuable in-
formation about the structural and cellular changes
that occur in the heart tissue under hypoxic condi-
tions. Combining these methods with other tech-
niques, such as gene expression analysis, can pro-
vide a more comprehensive understanding of the
mechanisms underlying hypoxia-induced cardiogen-
esis.

Immunohistochemistry (IHC) is a widely
used technique for studying the expression and
localization of proteins in tissues. It involves the
use of antibodies that bind to specific proteins and
can be visualized using various methods, such as
enzymatic or fluorescent staining. IHC can provide
valuable information about the cellular response to
hypoxia in the heart tissue. Here are some common-
ly used immunohistochemical methods for studying
hypoxia-induced cardiogenesis:

1. Hypoxia-inducible factor 1-alpha (HIF-1a)
staining: HIF-1a is a transcription factor that plays a
central role in the cellular response to hypoxia. Un-
der normoxic conditions, HIF-1a is rapidly degrad-
ed, but under hypoxic conditions, it accumulates in
the cell and translocates to the nucleus, where it ac-
tivates the expression of genes involved in the adap-
tive response to hypoxia. IHC can be used to detect
changes in HIF-1a expression and localization in the
heart tissue under hypoxic conditions [57].

2. Apoptosis detection: Hypoxia can induce
cell death (apoptosis) in the heart tissue. IHC can be
used to detect the presence of apoptotic cells in the
heart tissue by labeling them with antibodies specific
to cleaved caspase-3, a marker of apoptosis. The
number of apoptotic cells can be quantified using
image analysis software [58].

3. Fibrosis detection: Fibrosis is a common
feature of the heart tissue under hypoxic conditions.
IHC can be used to detect the presence of fibrotic
tissue by labeling it with antibodies specific to col-
lagen I and I11. The degree of fibrosis can be quanti-
fied by measuring the amount of collagen staining in
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the tissue [59].

4. Angiogenesis detection: Hypoxia can in-
duce the formation of new blood vessels in the heart
tissue, a process called angiogenesis. IHC can be
used to detect the presence of endothelial cells, the
cells that line blood vessels, by labeling them with
antibodies specific to CD31 or von Willebrand fac-
tor (VWF) [60].

5. Inflammation detection: Hypoxia can also
induce inflammation in the heart tissue. IHC can be
used to detect the presence of immune cells, such as
macrophages and T cells, by labeling them with an-
tibodies specific to CD68 and CD3, respectively
[61].

These immunohistochemical methods can pro-
vide valuable information about the cellular and mo-
lecular changes that occur in the heart tissue under
hypoxic conditions. Combining these methods with
other techniques, such as gene expression analysis,
can provide a more comprehensive understanding of
the mechanisms underlying hypoxia-induced cardi-
ogenesis.

Experimental animal models are widely used
to investigate the mechanisms underlying hypox-
ia-induced cardiogenesis. Here are some common-
ly used animal models for studying hypoxia-induced
cardiogenesis:

1. Rodent models: Rodents, such as mice and
rats, are commonly used for studying hypoxia-
induced cardiogenesis due to their small size, low
cost, and relatively short lifespan. These models
involve exposing the animals to hypoxic conditions,
either by reducing the oxygen concentration in the
air or by subjecting them to high-altitude conditions.
The degree of hypoxia and the duration of exposure
can be adjusted to study different aspects of hypox-
ia-induced cardiogenesis, such as changes in cardiac
structure, function, and gene expression [62].

2. Canine models: Dogs are also used as ani-
mal models for studying hypoxia-induced cardi-
ogenesis due to their similarities to humans in terms
of cardiac structure and function. These models in-
volve subjecting the animals to hypoxia either by
reducing the oxygen concentration in the air or by
inducing pulmonary hypertension. Canine models
are particularly useful for studying the effects of
hypoxia on cardiac electrophysiology and arrhyth-
mias [63].

3. Swine models: Pigs are often used as ani-
mal models for studying the effects of hypoxia on
cardiac function and remodeling due to their similar-
ities to humans in terms of cardiac structure and
size. These models involve exposing the animals to
hypoxia either by reducing the oxygen concentration
in the air or by inducing pulmonary hypertension.
Swine models are particularly useful for studying the
effects of hypoxia on myocardial metabolism and
substrate utilization [64].

4. Zebrafish models: Zebrafish are increasing-
ly being used as animal models for studying hypox-
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ia-induced cardiogenesis due to their genetic tracta-
bility and ability to regenerate their heart tissue.
These models involve exposing the animals to hy-
poxia either by reducing the oxygen concentration in
the water or by inducing anemia. Zebrafish models
are particularly useful for studying the effects of
hypoxia on cardiac regeneration and repair [65].

These animal models provide valuable tools for
investigating the mechanisms underlying hypoxia-
induced cardiogenesis. By combining these models
with histological and molecular techniques, re-
searchers can gain a better understanding of the cel-
lular and molecular pathways that are activated in
response to hypoxia.

Experimental representation of hypoxia in-
duced cardiogenis in models of laboratory rats of
the Wistar line under the influence of 1% sodium
nitrite. Hypoxia-induced cardiogenesis can be stud-
ied in laboratory rat models of the Wistar line that
are modeled with sodium nitrite. Sodium nitrite is a
potent inducer of hypoxia and can be used to create
a hypoxic environment in rats. The Wistar rat is a
commonly used laboratory rat strain and is well
characterized for studying cardiovascular physiology
and disease [66]. This model has been used to study
the effects of hypoxia on the heart and to investigate
potential mechanisms underlying hypoxia-induced
cardiogenesis. To create a model of hypoxia-induced
cardiogenesis, Wistar rats are exposed to sodium
nitrite in drinking water, which causes a decrease in
oxygen delivery to the tissues and simulates a hy-
poxic environment. This leads to changes in cardiac
function and structure, including an increase in heart
weight and a decrease in ventricular function [67].
The model can be used to investigate the molecular
and cellular mechanisms underlying hypoxia-
induced cardiogenesis, as well as potential therapeu-
tic interventions. The use of this model has led to the
identification of various pathways and molecules
that play a role in hypoxia-induced cardiogenesis.
For example, one study found that hypoxia-inducible
factor-1 alpha (HIF-1a) plays a critical role in the
development of hypoxia-induced cardiac hypertro-
phy in Wistar rats exposed to sodium nitrite [68].
Another study found that the activation of the Notch
signaling pathway is involved in the regulation of
angiogenesis and the response to hypoxia in the
hearts of Wistar rats exposed to hypoxia [69]. In
summary, the use of laboratory rat models of the
Wistar line that are modeled with sodium nitrite
provides a useful tool for studying hypoxia-induced
cardiogenesis. This model can be used to investigate
the molecular and cellular mechanisms underlying
hypoxia-induced cardiac dysfunction, as well as po-
tential therapeutic interventions.

Hypoxia-induced cardiogenesis in lab rats
can be modeled using sodium nitrite administra-
tion. Sodium nitrite is a potent vasodilator that can
cause a decrease in systemic oxygen delivery and
result in hypoxia. Several animal models have been
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used to study hypoxia-induced cardiogenesis using
sodium nitrite in lab rats.

One of the animal models that have been used
is the Wistar rat. Wistar rats have been widely used
in biomedical research, and their genetic homogenei-
ty and susceptibility to experimental conditions
make them a popular choice for modeling human
diseases. In one study, Wistar rats were treated with
sodium nitrite to induce systemic hypoxia, resulting
in cardiac injury and remodeling [71]. Another study
found that Wistar rats treated with sodium nitrite
showed increased levels of oxidative stress and in-
flammation in the heart tissue [72].

In another animal model, male Sprague-Dawley
rats were treated with a single dose of sodium nitrite,
resulting in acute hypoxia. The study found that hy-
poxia led to cardiac injury and increased expression
of hypoxia-inducible factor 1-alpha (HIF-1a) and
vascular endothelial growth factor (VEGF), both of
which are involved in the cellular response to hy-
poxia [73]. These animal models provide valuable
information about the mechanisms underlying hy-
poxia-induced cardiogenesis and the potential thera-
peutic targets for treating hypoxia-induced cardiac
injury.

The current state of morphological studies of
the development of the myocardium in the mor-
phological studies of Ukrainian morphologists. In
recent years, there has been significant research in-
terest in understanding the ultrastructure of the mito-
chondrial apparatus in cardiomyocytes and its
changes under various conditions. Several studies
have been conducted on this topic, which shed light
on the morphological features of cardiomyocyte
development and the effects of hypoxia, hypothy-
roidism, and electromagnetic radiation exposure.

Kosharnyi et al. (2019) investigated the ultra-
structure of the mitochondrial apparatus in left ven-
tricular cardiomyocytes of rats exposed to different
levels of electromagnetic radiation under conditions
of hypothyroidism. Their findings contribute to our
understanding of the impact of electromagnetic radi-
ation on cardiomyocyte ultrastructure. [74].
Ivanchenko and Tverdokhlib (2013) explored the
formation of the mitochondrial apparatus of contrac-
tile cardiomyocytes under normal conditions and
hypoxic damage to cardiogenesis. They discussed
how these conditions affect the cardiomyocyte ultra-
structure and mitochondrial apparatus formation.
[75, 80] Ivanchenko (2013) studied the ultrastructur-
al rearrangements of mitochondria in contractile
cardiomyocytes of rat ventricles under chronic pre-
natal hypoxia conditions. The findings of this study
provide insight into how hypoxia can impact the
development of cardiomyocyte mitochondria. [76,
81]

Kozlov et al. (2014) investigated the changes in
the mitochondria of contractile cardiomyocytes in
rats during postnatal ontogeny. This study provides
valuable information on the changes in mitochondri-

al ultrastructure that occur during different stages of
postnatal development. [77, 82]

Shevchenko (2019) examined the morphologi-
cal features of atrial myocardium embryonic devel-
opment and how it is affected by hypoxia [78] In
another study (2016), Shevchenko investigated the
development of the vascular component of rat atrial
myocardium on the background of atrial surface-
volume characteristics changes after the influence of
acute prenatal hypoxia [79].

Perspectives of hypoxia research. Myocardial
hypoxia, a state of inadequate oxygen supply to the
heart, is a significant contributor to cardiovascular
disease. Research in recent years has focused on
elucidating the underlying mechanisms of hypoxia
in the heart, particularly in rats, in order to develop
new therapeutic interventions. This review aims to
provide an overview of the latest studies in this area.

One study by Chen et al. [83] investigated the
role of hypoxia-inducible factor-1o (HIF-1a) in my-
ocardial hypoxia. The authors found that HIF-1la
expression increased in hypoxic rats, leading to an
increase in glycolysis and angiogenesis. They con-
cluded that targeting HIF-1o. could be a promising
strategy for treating myocardial hypoxia.

Another study by Wu et al. [84] investigated
the role of long noncoding RNA (IncRNA) in myo-
cardial hypoxia. The authors found that IncCRNA
expression changed significantly in hypoxic rats, and
that inhibiting IncRNA reduced oxidative stress and
improved cardiac function. They suggested that tar-
geting IncRNA could be a novel therapeutic strategy
for treating myocardial hypoxia.

A study by Zhang et al. [85] investigated the
role of microRNA (miRNA) in myocardial hypoxia.
The authors found that miRNA expression changed
significantly in hypoxic rats, and that targeting spe-
cific miRNAs improved cardiac function and re-
duced apoptosis. They suggested that targeting
miRNAs could be a promising therapeutic approach
for treating myocardial hypoxia.

Another study by Wang et al. [86] investigated
the role of autophagy in myocardial hypoxia. The
authors found that autophagy was upregulated in
hypoxic rats, and that inhibiting autophagy reduced
apoptosis and improved cardiac function. They sug-
gested that targeting autophagy could be a potential
therapeutic strategy for treating myocardial hypoxia.

Overall, recent studies have identified several
potential therapeutic targets for treating myocardial
hypoxia, including HIF-1a, INcRNA, miRNA, and
autophagy. Further research is needed to fully un-
derstand the mechanisms underlying myocardial
hypoxia and to develop effective treatments.

Recent research has shed new light on the po-
tential of histological methods for studying hypoxia.
Several studies published within the past year have
demonstrated the utility of various histological tech-
niques in investigating the effects of hypoxia on
different tissues, including the heart, brain, and liver
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[87-89].

One promising approach is the use of immuno-
histochemical staining to detect and quantify specif-
ic markers of hypoxia, such as HIF-1o and VEGF. A
recent study by Zhang et al. found that HIF-1a ex-
pression in the myocardium was significantly upreg-
ulated in response to hypoxia, and that this increase
was accompanied by increased VEGF expression
[87]. This suggests that immunohistochemistry may
be a valuable tool for studying the mechanisms un-
derlying hypoxic injury in the heart.

Another area of research involves the use of
electron microscopy to investigate the ultrastructural
changes that occur in response to hypoxia. For ex-
ample, a recent study by Xu et al. used electron mi-
croscopy to examine the effects of hypoxia on the
mitochondria of rat liver cells, and found that hypox-
ia induced mitochondrial fragmentation and autoph-
agy [88]. This approach could potentially be applied
to other tissues as well, providing insights into the
cellular and subcellular changes that occur during
hypoxia. Overall, these recent studies demonstrate
the potential of histological methods for studying
hypoxia, and suggest that these techniques could be
valuable tools for investigating the mechanisms un-
derlying hypoxic injury in various tissues.

Hypoxia during the process of cardiogenesis
can lead to significant cardiac damage in rats and
other animal models, resulting in structural and
functional changes in the heart [89-93]. Rats ex-
posed to sodium nitrite-induced hypoxia can develop
myocardial pathology, including oxidative stress,
inflammation, fibrosis, and apoptosis [93]. Histolog-
ical techniques such as H&E staining, Masson's tri-
chrome staining, PAS staining, immunohistochemis-
try, and TEM can provide valuable information
about the structural and cellular changes that occur
in the heart tissue under hypoxic conditions [94].
H&E staining can be used to detect changes in the
size, shape, and number of cells in the heart tissue
under hypoxia conditions [95, 96]. Masson's tri-
chrome staining can be used to observe the degree of
fibrosis that occurs in the heart tissue under hypoxic
conditions [97-104]. Immunohistochemistry
can be used to detect changes in the expression of
specific proteins under hypoxic conditions, such as
the expression of HIF-1a and the extent of cell death
(apoptosis) in the heart tissue [105, 106].

Overall, the use of histological techniques in
animal models can provide insights into the mecha-
nisms underlying hypoxia-induced cardiogenesis
and can help in the development of effective treat-
ments to mitigate the harmful effects of hypoxia on
cardiac function [114].

Congenital heart disease (CHD) is a common
condition affecting individuals of all ages, with an
estimated prevalence of 0.8-1% in the general popu-
lation [114]. The etiology of CHD is multifactorial,
with both genetic and environmental factors contrib-
uting to its development. Hypoxemia, or low levels
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of oxygen in the blood, is a common complication
associated with CHD, and can have profound effects
on the developing heart [115].

Hypoxemia in CHD can result from a variety of
factors, including abnormal pulmonary blood flow
and ventilation-perfusion mismatch [117]. The se-
verity and duration of hypoxemia can have signifi-
cant impacts on the structure and function of the
heart. For example, hypoxemia can lead to altera-
tions in mitochondrial metabolism and energy pro-
duction, which can contribute to heart failure and
other cardiovascular complications [118]. Early in-
tervention is crucial in managing hypoxemia in pa-
tients with CHD [116]. Factors that predict the need
for early intervention include the type and severity
of the CHD, as well as the degree and duration of
hypoxemia [119]. Advances in imaging technolo-
gies, such as cardiac MRI and CT, have improved
our ability to diagnose and monitor CHD, and to
guide interventions aimed at improving oxygenation
[120]. In conclusion, hypoxemia is a common and
significant complication associated with CHD. Re-
search focused on understanding the mechanisms
underlying hypoxemia-induced cardiac injury and
identifying novel interventions to improve oxygena-
tion is critical for improving outcomes in patients
with CHD. Advances in imaging technologies and
other diagnostic tools will continue to play an im-
portant role in the diagnosis and management of
CHD-associated hypoxemia [121].

Conclusion

Recent advancements in electron microscopy
and histological techniques have enabled researchers
to gain a better understanding of the cellular and
molecular mechanisms involved in hypoxia. Here
are seven conclusions regarding the importance of
studying hypoxia using these cutting-edge methods:

1. Electron microscopy allows for high-
resolution imaging of cellular structures and orga-
nelles, providing insight into the structural changes
that occur in cells during hypoxia [1].

2. Histological techniques, such as immuno-
histochemistry and in situ hybridization, allow for
the detection of specific molecules and proteins
within tissues, aiding in the identification of key
signaling pathways involved in hypoxia.

3. Studying hypoxia using electron microsco-
py and histology can help identify potential thera-
peutic targets for hypoxia-related diseases, such as
cancer and ischemic injury.

4. The use of advanced imaging techniques
can aid in the development of non-invasive diagnos-
tic methods for hypoxia-related conditions, such as
magnetic resonance imaging and positron emission
tomography.

5. Studying hypoxia at the cellular and mo-
lecular level can provide a better understanding of
how different tissues and organs respond to hypoxia,
potentially leading to the development of personal-
ized treatment options.

MORPHOLOGIA ¢ 2023 ¢ Tom 17 ¢ Ne 1



6. The use of electron microscopy and histo-
logical techniques can help elucidate the role of hy-
poxia in various physiological processes, such as
embryonic development and wound healing.

7. Advances in electron microscopy and his-
tology have led to the discovery of new mechanisms
involved in hypoxia, such as hypoxia-induced au-
tophagy, which may have important implications for
the treatment of hypoxia-related diseases.

In conclusion, the study of hypoxia using ad-

vanced electron microscopy and histological tech-
niques is of paramount importance, as it has the po-
tential to shed light on the mechanisms underlying
hypoxia-related diseases and lead to the develop-
ment of new therapies and diagnostic tools.
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PE®EPAT. AxkrtyaibHicTh. ['imokcis Ha paHHIX eTamax KapIioreHe3y NIypiB BHUKIHKAE YCKIIATHCHHS
(hyKIiOHATEHOTO PO3BUTKY KapioMionuTiB. KapmioreHnes, B CTaHi TiMOKCii, BIIHOCHTHCS IO TPOIECY TeHeparlil
HOBHX CEPIIEBHX KIITHH a00 KapiOMIOIMTIB y BiAIMOBIF HA HU3BKHUI PiBEHh KUCHIO 200 rinmokcito. Llei mporec
BiOyBaeThCs K 3aci0 amamTarii cepus Uil MIATPUMKH CBO€T (QYHKINI B yMOBaX 3HIDKCHOTO IOCTaYaHHS KHC-
HeM. ['iMokcist Moke aKTHBYBAaTH MEBHI CHUTHANbHI IIISAXHM, Taki SK NUIIX (aKTOpa, 1HIYKOBAHOTO TiMTOKCI€I0
(HIF). MeTta. BusHaunTy TilOKCIf0, K 3aralbHAH yCKIAIHEHHI CTaH. BUSBUTH YMHHUKH, SIKi 3yMOBIIOIOTH IeH
craH. Hagati XapakTepucTUKY YCKIIQJHEHHS Ta IUISIXM 1X MPOTPECHMBHOIO PO3BUTKY B PI3HHX JISIHKAX CEpJILst
B TepioJl paHHBOTO OHTOTeHe3y. PO3yMiHHS MPUYMH 1 MEeXaHi3MiB TiMokcii Mae BHUpilIanbHE 3HAYCHHS IS PO-
3po0KkK e(heKTHBHUX METOJIIB BHSIBICHHS I[bOTO MATOJOTIYHOTO Ta (PYHKIIOHATBHOTO CTaHy KJIITHH MioKapja
mypiB. Meroau. CrcteMaTHYHNI OIS JIITEpaTypH, MeTa-aHalli3, KOHTeHT-aHami3. Pe3ynbrarn HaBeneHo oc-
HOBHI BHJIM TiIOKCIi Ta IX BIUIMB Ha CTPYKTYPY Ta PO3BHTOK MioKapJa HIypiB. /leTaibHO OmMHCcaHO Mporec po-
3BHTKY Mio(iOpmiI i MITOXOHApPIH y pi3HUX 30HaX Miokapaa B oHroreHesi. Ilimcymok. BukopucranHs TicTO-
JIOTIYHMX METOJIIB Ha TBAPMHHUX MOJEISIX MOKE JIaTH PO3YyMIHHSI MEXaHi3MiB, 1[0 JIEXKATh B OCHOBI Kap/lioreHe-
3y B CTaHi TillOKCIi, i MOX€ JOTIOMOI'TH B po3po0Ili e(eKTUBHIX METO/IB MIarHOCTUKH BIUTUBY HU3BKOTO PiBHS
KHCHIO Ha Tpoliec (JOPMyBaHHS CEPLEBO-M SI30BOT TKAHHHHU.

Kiro4uoBi cjioBa: xapaiomMionuTH, CKOPOTHHH amapaT, capKomep, TIiIOKCis, Kap/IioTeHe3 y MpeHaTaJIbHOMY
OHTOTEHE31 ITypiB.
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ABSTRACT. Background. Connective tissue is a diverse and vital component of the body, serving a wide range of func-
tions that are essential for proper physiological and pathological processes. It plays an essential role in providing structural
support, binding and connecting tissues and organs, and facilitating the transmission of nutrients, oxygen, and waste products
between cells and blood vessels. Without connective tissue, the body would not be able to maintain its shape, withstand me-
chanical stress, or protect internal organs. This is essential for understanding certain health conditions and diseases. Many of
them affect connective tissue, such as rheumatoid arthritis, scleroderma, and systemic lupus erythematosus. Knowledge of
connective tissue is crucial in the development of medical treatments and procedures. Objective is to provide an in-depth
understanding of this type of tissue and its functions in the body. This article may cover various topics related to connective
tissue, including its structure, types and roles in the body. It also discusses the different types of cells found in connective
tissue, such as fibroblasts and macrophages, and how they contribute to tissue maintenance and repair. Methods. Lecture-
based teaching, microscope-based teaching, computer-based teaching, problem-based learning, group-based learning. To
effectively study connective tissue composition and properties, students and teachers will need access to high-quality histolo-
gy textbooks, online resources, microscopes, and tissue slides. Results and conclusion. One of the primary functions of con-
nective tissue is to provide mechanical support to other tissues and organs in the body. This is achieved through the produc-
tion of extracellular matrix (ECM), which is composed of fibers and ground substance. The fibers in ECM, such as collagen,
elastic, and reticular fibers, provide tensile strength, elasticity, and resistance to compression, respectively. The ground sub-
stance, which is made up of glycosaminoglycans (GAGSs) and proteoglycans, acts as a lubricant and shock absorber. Connec-
tive tissue also plays a critical role in wound healing and tissue repair. Another essential function of connective tissue is to
transport substances between cells and blood vessels. Additionally, connective tissue cells such as fibroblasts and macro-
phages produce cytokines and chemokines, which regulate immune cell activity and facilitate the movement of immune cells
through the tissue. In summary, connective tissue is necessary for the proper functioning of the body. It provides structural
support, facilitates wound healing and tissue repair, and allows for the transport of nutrients and waste products between cells
and blood vessels.

Key words: connective tissue, fibroblast, mast cell, plasma cell, macrophage, collagen, collagen fibers, elastic fibers, reticu-
lar fibers, ground substance.

X, Marchenko D.G. X Basic principles of the structure and organization

Citation:

Cherkas OA, Kobeza PA, Marchenko DG. Basic principles of the structure and organization of connective tis-
sue. Morphologia. 2023;17(1):98-106.

DOI: https://doi.org/10.26641/1997-9665.2023.1.98-106

Cherkas Olga ORCID 0000-0001-5422-0189
Kobeza Pavel ORCID 0000-0003-1113-4007

Marchenko Darya ORCID 0000-0001-7616-3613
X helga.cherkas@gmail.com; kobeza.pavel@gmail.com; dashal9862305@ukr.net
© Dnipro State Medical University, «Morphologia»

Introduction providing mechanical strength, and contributing to

Studying the composition and properties of
connective tissue is an essential part of human his-
tology education. Understanding the structure and
functions of connective tissue is important for un-
derstanding the roles they play in supporting organs,
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the immune system. Here are some tips on how stu-
dents can effectively study connective tissue compo-
sition and properties:

e Review the basics: Before diving into the
details, it's important to have a solid understanding
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of the basics of connective tissue structure and clas-
sification. This includes understanding the different
types of cells and fibers found in connective tissue,
as well as the composition and functions of the
ground substance.

e Use visual aids: Connective tissue can be
complex, so visual aids such as diagrams, micro-
graphs, and 3D models can be extremely helpful for
understanding the structure and relationships be-
tween different components. Many histology text-
books and online resources provide high-quality
visuals that students can use for studying.

e Attend practical classes: Histology practical
classes are crucial for developing a hands-on under-
standing of connective tissue composition and prop-
erties. In these classes, students have the opportunity
to observe tissue samples under a microscope and
identify different cells, fibers, and ground substance
components.

e Seek guidance from teachers: Histology
teachers are experienced in teaching the subject and
can provide valuable guidance and feedback. They
can help students understand difficult concepts, in-
terpret microscopic images, and provide further re-
sources for studying.

e Practice, practice, practice: Like any other
subject, studying connective tissue composition and
properties requires practice. Students should aim to
review and practice regularly to reinforce their un-
derstanding and identify areas where they may need
further study.

To effectively study connective tissue compo-
sition and properties, students and teachers will need
access to high-quality histology textbooks, online
resources, microscopes, and tissue samples. Histolo-
gy laboratories should be equipped with appropriate
instruments and reagents for preparing and staining
tissue samples, and teachers should provide clear
instructions and guidelines for practical classes. Ad-
ditionally, histology teachers should have expertise
in the subject and be able to provide support and
guidance to students.

The aim of the article on connective tissue
would be to provide a comprehensive overview of
this important tissue type and its functions in the
body, as well as to explore its role.

Methods and materials

Histology is a subject that involves the study of
the microscopic anatomy of tissues and organs. To
teach the topic of connective tissue in a histology
lesson, several methods and techniques can be used,
including:

e Lecture-based teaching: This involves the
teacher presenting information on connective tissue
to students in a traditional lecture format. The lec-
ture can be accompanied by visual aids such as
slides, diagrams, and models to help students under-
stand the topic better.

e Microscope-based teaching: This involves
the use of microscopes to observe and study the

structure of connective tissue under a microscope.
The teacher can provide students with slides of dif-
ferent types of connective tissue, and they can ob-
serve and study the tissue under the microscope.

e Computer-based teaching: This involves
the use of computer programs and software to teach
the topic of connective tissue. The teacher can use
interactive 3D models, virtual slides, and other com-
puter-based tools to help students understand the
topic better.

e Problem-based learning: This involves pre-
senting students with real-world problems related to
connective tissue and challenging them to solve the
problems using their knowledge of the topic. This
method encourages students to think critically and
apply their knowledge to solve real-world problems.

e Group-based learning: This involves divid-
ing students into small groups and assigning them
tasks related to connective tissue. The group mem-
bers work together to complete the task, which helps
to develop teamwork and collaborative skills.

In practical classes of human histology, teach-
ers need access to high-quality microscopes, slides,
and other equipment required for studying connec-
tive tissue under the microscope. They also need to
have a good understanding of the topic and be able
to present the information in a clear and concise
manner. Students need to be provided with clear
learning objectives, study materials, and opportuni-
ties to practice and apply their knowledge of connec-
tive tissue. Practical classes should be designed to be
interactive and engaging, allowing students to ask
questions, discuss ideas, and explore the topic in
more depth.

Content

Structural features of connective tissue.
Connective tissue is a type of tissue that provides
support and structure to the body. It is classified into
various types based on the nature of the extracellular
matrix, cell types, and fibers present. The following
is a classification of the different types of connective
tissue [1, 2]:

Loose connective tissue: This type of tissue has
a loose arrangement of cells and fibers in the extra-
cellular matrix. It is further divided into areolar, adi-
pose, and reticular connective tissue based on the
types of cells and fibers present.

Dense connective tissue: In this type of tissue,
the extracellular matrix is densely packed with col-
lagen fibers, providing great tensile strength. It is
further divided into regular, irregular, and elastic
connective tissue based on the arrangement of fibers.

Cartilage: This is a type of connective tissue
that provides a smooth surface for joint movement.
It is classified into hyaline, fibrocartilage, and elastic
cartilage based on the composition of the extracellu-
lar matrix.

Bone tissue: Also known as osseous tissue, it
provides support and protection. It is classified into
compact and cancellous bone based on the arrange-
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ment of the extracellular matrix.

Blood: This is a fluid connective tissue that is
composed of blood cells and plasma. It is responsi-
ble for transporting nutrients, gases, and waste prod-
ucts throughout the body.

List of cells of connective tissue proper and
their functions:

o Fibroblasts: These cells are the most com-
mon cells in connective tissue proper and are re-
sponsible for synthesizing and maintaining the ex-
tracellular matrix. They secrete collagen, elastin, and
other extracellular matrix proteins, and play a key
role in wound healing [1-3].

e Adipocytes: These cells are responsible for
storing and releasing fat in the form of triglycerides.
They also secrete various hormones that regulate
metabolism, appetite, and other physiological pro-
cesses [3].

e Macrophages: These cells are part of the
immune system and play a key role in phagocytosis,
the process of engulfing and digesting foreign parti-
cles, microorganisms, and dead cells. They also se-
crete cytokines, which are important signaling mole-
cules that regulate immune responses [4].

e Mast cells: These cells are involved in the
body's defense against pathogens and play a key role
in allergic reactions. They contain granules that re-
lease histamine and other inflammatory mediators in
response to injury or infection [5].

e Plasma cells: These cells produce and se-
crete antibodies, which are proteins that bind to and
neutralize pathogens, toxins, and other foreign sub-
stances. They develop from B lymphocytes in re-
sponse to an antigenic challenge [6].

e Mesenchymal stem cells: These cells have
the ability to differentiate into various types of cells,
including osteoblasts, chondrocytes, adipocytes, and
myocytes. They play a key role in tissue repair and
regeneration [7].

Fibroblasts are a type of cell that is commonly
found in connective tissue. Although they have a
similar appearance, there are actually several sub-
types of fibroblasts that differ in their structure,
functions, and origins:

1. Superficial fibroblasts: These are fibro-
blasts that are located close to the surface of the
skin. They have a flattened shape and are responsi-
ble for synthesizing the extracellular matrix that
gives the skin its strength and elasticity.

2. Reticular fibroblasts: These are fibroblasts
that are found in lymphoid tissues such as the
spleen, lymph nodes, and bone marrow. They have a
more elongated shape than superficial fibroblasts
and produce a delicate network of fibers called re-
ticulin.

3. Peri-vascular fibroblasts: These are fibro-
blasts that are found in the walls of blood vessels.
They play a key role in regulating blood vessel di-
ameter and blood flow.

4. Activated fibroblasts: These are fibroblasts
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that have been stimulated by an injury or inflamma-
tion. They have a more rounded shape than quies-
cent fibroblasts and produce higher levels of extra-
cellular matrix proteins, such as collagen and fibron-
ectin, to help repair damaged tissue.

Fibroblasts have a characteristic spindle-
shaped morphology, with a large nucleus and prom-
inent rough endoplasmic reticulum (rER) and Golgi
complex. They are responsible for synthesizing and
maintaining the extracellular matrix, which is com-
posed of fibers (such as collagen and elastin) and
ground substance (such as glycosaminoglycans and
proteoglycans). Fibroblasts also secrete growth fac-
tors and cytokines that play a key role in tissue re-
pair and regeneration.

Fibroblasts are derived from mesenchymal
stem cells, which can differentiate into various types
of cells including osteoblasts, adipocytes, chondro-
cytes, and myocytes. During development, fibro-
blasts are derived from mesodermal cells that mi-
grate to various tissues and differentiate into fibro-
blasts [8].

Macrophages are a type of immune cell that
play a critical role in defending the body against
infection and foreign substances. They are derived
from monocytes, which are a type of white blood
cell produced in the bone marrow.

Macrophages are characterized by their large
size, irregular shape, and ability to engulf and de-
stroy foreign particles and microorganisms through a
process called phagocytosis. They also play a key
role in antigen presentation, which is the process of
displaying foreign substances to other immune cells
in order to activate an immune response.

The structure of macrophages is complex and
highly specialized. They have a large cytoplasmic
volume, multiple nuclei, and a high degree of cellu-
lar heterogeneity. They also have numerous surface
receptors that allow them to interact with other cells
and molecules in the immune system.

The functions of macrophages are diverse and
multifaceted. In addition to their role in phagocyto-
sis and antigen presentation, macrophages also pro-
duce a wide range of cytokines and chemokines,
which are signaling molecules that help to coordi-
nate the immune response. They also play a key role
in tissue repair and regeneration by secreting growth
factors and other molecules that promote healing [9].

The mononuclear phagocyte system (MPS) is a
collective term used to describe the network of cells
and tissues in the body that are involved in the
phagocytosis and removal of foreign substances and
microorganisms. It includes monocytes, macrophag-
es, and other related cell types such as dendritic cells
and Kupffer cells. The MPS is an important compo-
nent of the innate immune system, which provides
rapid and nonspecific defense against a wide range
of pathogens [10].

In summary, macrophages are a specialized
type of immune cell that are derived from mono-
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cytes and play a critical role in defending the body
against infection and foreign substances. They have
a complex structure and diverse functions, including
phagocytosis, antigen presentation, cytokine produc-
tion, and tissue repair. The mononuclear phagocyte
system is a network of cells and tissues that is in-
volved in phagocytosis and removal of foreign sub-
stances and microorganisms [11].

Mast cells, also known as tissue basophils, are
a type of immune cell that are involved in allergic
reactions and inflammation. They are derived from
hematopoietic stem cells in the bone marrow and are
typically found in tissues that are in contact with the
external environment, such as the skin and mucous
membranes.

The structure of mast cells is characterized by
their numerous granules, which are filled with a va-
riety of bioactive molecules, including histamine,
cytokines, and proteases. The granules are surround-
ed by a thin layer of cytoplasm and a plasma mem-
brane. Mast cells also have a central nucleus and a
complex network of cytoplasmic processes that al-
low them to interact with other cells and tissues in
the body.

The primary function of mast cells is to medi-
ate allergic reactions and inflammation. When
stimulated by an allergen or other trigger, mast cells
release their granules into the surrounding tissue,
causing a range of effects, including vasodilation,
smooth muscle contraction, and increased vascular
permeability. These effects are mediated by the var-
ious bioactive molecules present in the granules,
which can activate a variety of cells and pathways in
the immune system [12].

The components of mast cell secretory gran-
ules include histamine, proteases such as tryptase
and chymase, cytokines such as interleukin-4 (I1L-4)
and tumor necrosis factor (TNF), and chemokines
such as interleukin-8 (IL-8). These molecules are
released in response to a variety of stimuli, including
physical injury, infection, and allergic reactions, and
can have a range of effects on nearby cells and tis-
sues [13].

In summary, mast cells are a type of immune
cell that play a critical role in mediating allergic re-
actions and inflammation. They are derived from
hematopoietic stem cells and are characterized by
their numerous granules, which contain a variety of
bioactive molecules. The components of their secre-
tory granules include histamine, proteases, cyto-
kines, and chemokines, which are released in re-
sponse to a variety of stimuli and can have a range
of effects on nearby cells and tissues [14].

Plasma cells are specialized cells of the im-
mune system that are responsible for producing and
secreting large amounts of antibodies, also known as
immunoglobulins (Igs). These cells are derived from
activated B lymphocytes, which have been stimulat-
ed by an antigen.

The structure of plasma cells is characterized

by their abundant cytoplasm and large, ovoid nuclei.
They are typically found in lymphoid tissues such as
the spleen and lymph nodes, but can also be found in
other tissues, particularly during an immune re-
sponse.

The primary function of plasma cells is to pro-
duce and secrete antibodies, which are specialized
proteins that recognize and neutralize specific anti-
gens. The process of antibody production is known
as the humoral immune response, and involves the
activation and proliferation of B cells, followed by
their differentiation into plasma cells [15].

During this process, B cells undergo a series of
changes in gene expression and cellular morphology,
ultimately resulting in the production and secretion
of large amounts of antibodies. These antibodies are
then released into the circulation, where they can
bind to and neutralize their target antigens, thereby
preventing or controlling infection.

Plasma cells are also capable of undergoing
somatic hypermutation, a process by which the ge-
netic sequence of the antibody molecule is modified
in order to increase its affinity for its target antigen.
This process allows the immune system to generate
highly specific and effective antibody responses to a
wide range of pathogens [16].

In summary, plasma cells are specialized cells
of the immune system that are responsible for pro-
ducing and secreting large amounts of antibodies in
response to an antigen. They are derived from acti-
vated B cells and are characterized by their abundant
cytoplasm and large nuclei. The primary function of
plasma cells is to produce and secrete antibodies,
which play a critical role in the humoral immune
response [17].

Connective tissue fibers

Connective tissue fibers are specialized protein
structures that provide strength, support, and flexi-
bility to the tissue. There are three main types of
connective tissue fibers: collagen fibers, elastic fi-
bers, and reticular fibers.

Collagen fibers are the most abundant type of
connective tissue fiber and provide tensile strength
to the tissue. They are made up of the protein colla-
gen and are highly resistant to stretching and tearing.
Collagen fibers can be arranged in parallel bundles
or in a mesh-like pattern, depending on the type of
tissue. In addition to providing strength, collagen
fibers also play a role in maintaining the structural
integrity of the tissue and in regulating cell behavior
through interactions with cell surface receptors.

Elastic fibers are composed of the protein
elastin and provide elasticity and recoil to the tissue.
They are found in tissues that require a high degree
of flexibility, such as the skin, lungs, and blood ves-
sels. Elastic fibers are able to stretch and recoil
without breaking, allowing the tissue to deform and
then return to its original shape. They are also able
to withstand repetitive stretching and compression,
making them well-suited for tissues that experience
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constant mechanical stress.

Reticular fibers are composed of a type of
collagen called type 111 collagen and provide a sup-
portive network for cells in certain tissues, such as
the liver, spleen, and lymph nodes. They form a
mesh-like pattern that supports cells and other struc-
tures within the tissue. Reticular fibers are also in-
volved in cell signaling and can influence cell be-
havior through interactions with cell surface recep-
tors.

Each type of connective tissue fiber has unique
properties that contribute to the function and struc-
ture of the tissue. Collagen fibers provide tensile
strength and structural support, elastic fibers provide
elasticity and recoil, and reticular fibers form a sup-
portive network. The composition and arrangement
of these fibers vary depending on the type of tissue,
allowing each tissue to perform its unique physio-
logical function [18, 19].

Collagen fibers are a type of connective tissue
fiber that provide tensile strength to tissues. They are
composed of the protein collagen, which is secreted
by fibroblasts and other specialized cells.

The structure of collagen fibers is complex and
hierarchical. Collagen molecules are composed of
three polypeptide chains that are tightly coiled to-
gether in a triple helix. These molecules are then
cross-linked together to form collagen fibrils, which
are about 10-300 nm in diameter. The fibrils are then
organized into collagen fibers, which can be several
micrometers in diameter.

Collagen fibers have several general properties
that contribute to their function in tissues. They are
highly resistant to stretching and tearing, which
makes them well-suited for providing structural sup-
port to tissues. Collagen fibers are also able to with-
stand compressive forces, which helps to maintain
tissue shape and prevent deformation. In addition,
collagen fibers are relatively inert, meaning that they
do not trigger an immune response in the body.

There are many different types of collagen fi-
bers, each with a unique structure and function.
Some types of collagen fibers are found primarily in
skin and bone, while others are found in cartilage,
tendons, and other connective tissues. The properties
of collagen fibers vary depending on their composi-
tion and organization, which allows them to perform
a wide range of functions in the body [20].

Overall, collagen fibers are an essential com-
ponent of many tissues in the body and provide cru-
cial support and strength. Their unique structure and
properties make them well-suited for a wide range of
physiological functions.

Collagen fibers are synthesized and degraded
through a complex process involving multiple steps.
The following is a brief overview of the main steps
involved in collagen synthesis and degradation [21].

Collagen Synthesis:

1. Transcription: The first step in collagen
synthesis is the transcription of the genes that en-
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code the collagen protein. These genes are found in
the cell nucleus and are transcribed into messenger
RNA (MRNA).

2. Translation: The mRNA is then transported
out of the nucleus into the cytoplasm, where it is
translated into collagen protein by ribosomes.

3. Post-translational ~ Modifications:  After
translation, the newly synthesized collagen protein
undergoes several post-translational modifications,
including the addition of hydroxyl and glycosylation
groups, which help to stabilize and modify the pro-
tein structure.

4. Assembly: Once the collagen proteins are
modified, they are assembled into triple helix mole-
cules and transported to the extracellular space. In
the extracellular space, the triple helix molecules are
organized into collagen fibrils, which are then as-
sembled into collagen fibers.

Collagen Degradation:

1. Proteolysis: Collagen fibers are degraded
by a family of enzymes called matrix metallopro-
teinases (MMPs) and other proteases. These en-
zymes break down the triple helix structure of colla-
gen fibers, allowing them to be broken down further.

2. Uptake: The degraded collagen fragments
are then taken up by macrophages and other phago-
cytic cells.

3. Recycling: The collagen fragments are then
recycled by the cell and used to synthesize new col-
lagen fibers.

Overall, the synthesis and degradation of col-
lagen fibers are complex processes involving multi-
ple steps and cellular components. These processes
are essential for maintaining the structural integrity
of tissues and for allowing tissues to adapt and re-
model in response to changes in the environment
[22].

Reticular fibers are composed of type Il col-
lagen, which is a thinner and more delicate form of
collagen compared to the type | collagen that forms
the bulk of collagen fibers in connective tissue. In
addition to type Ill collagen, reticular fibers also
contain glycosaminoglycans, proteoglycans, and
glycoproteins. The glycosaminoglycans and proteo-
glycans in reticular fibers contribute to the formation
of a gel-like matrix that provides a supportive envi-
ronment for cells such as blood cells, lymphatic
cells, and adipocytes.

Reticular fibers are primarily found in reticular
connective tissue, which is a type of loose connec-
tive tissue found in various organs such as the liver,
spleen, lymph nodes, and bone marrow. In these
organs, reticular fibers form a delicate network that
provides structural support to the parenchymal cells
and allows for the exchange of materials between
the blood and the surrounding tissues [23].

Elastic fibers are a type of connective tissue
fiber that provide tissues and organs with elasticity
and resilience. They are composed of a central core
of elastin surrounded by microfibrils made of fi-
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brillin and other glycoproteins. The elastin core is
responsible for the elastic properties of the fibers,
while the microfibrils provide support and organiza-
tion to the fibers [24].

Elastic fibers are highly flexible and can be
stretched up to 150% of their original length without
breaking. They are found in tissues that require elas-
ticity, such as the skin, lungs, arteries, and liga-
ments. The elastic fibers in the skin, for example,
allow it to stretch and return to its original shape
after being stretched, while the elastic fibers in the
lungs allow for the expansion and contraction of the
lungs during breathing [25].

The synthesis and deposition of elastic fibers is
regulated by specialized cells called fibroblasts and
smooth muscle cells, which secrete the precursor
molecules that are later assembled into elastic fibers
by specialized cells called elastogenic cells [26].
Degradation of elastic fibers is primarily carried out
by matrix metalloproteinases and elastases, which
break down the elastin and microfibrils [27].

Overall, elastic fibers play an essential role in
providing tissues with elasticity and resilience, and
their proper synthesis and degradation are crucial for
maintaining tissue function.

Ground substance is a gel-like substance that
fills the space between the cells and fibers of con-
nective tissue [28]. It is composed of a mixture of
proteins and carbohydrates, including glycosamino-
glycans (GAGs) and proteoglycans (PGSs).

GAGs are long, unbranched polysaccharides
composed of repeating disaccharide units [29]. The
disaccharide units are composed of an amino sugar
(either glucosamine or galactosamine) and a uronic
acid (either glucuronic acid or iduronic acid). GAGs
are negatively charged due to the presence of sulfate
and/or carboxyl groups on the uronic acid residues.
This negative charge allows GAGs to bind to posi-
tively charged molecules, such as ions or proteins.
The major GAGs found in ground substance are
hyaluronic acid, chondroitin sulfate, dermatan sul-
fate, keratan sulfate, and heparan sulfate.

PGs are complex molecules composed of a
core protein to which GAGs are covalently attached.
The GAG chains extend from the core protein like
the bristles of a brush. PGs are typically large mole-
cules that can occupy a large volume of space. They
are responsible for the compressive strength of carti-
lage and provide a hydrated gel-like matrix for cells
to reside in. The major PGs found in ground sub-
stance are aggrecan, versican, decorin, and syndecan
[30].

Overall, the composition of ground substance
provides a hydrated gel-like matrix that allows cells
to migrate through and provides compressive
strength to tissues.

Adipose tissue is a specialized connective tis-
sue that plays an important role in energy metabo-
lism and insulation. There are two main types of
adipose tissue: white adipose tissue (WAT) and

brown adipose tissue (BAT).

White adipose tissue (WAT) is the most
common type of adipose tissue in the human body. It
is composed of adipocytes, which store triglycerides
and release them as free fatty acids when energy is
needed. WAT is located throughout the body, with
the largest depots in the subcutaneous tissue, ab-
dominal cavity, and around organs such as the kid-
neys and heart. WAT also secretes adipokines, such
as leptin and adiponectin, which regulate metabo-
lism and inflammation.

In contrast, brown adipose tissue (BAT) is
specialized for heat production and is more common
in newborns and hibernating animals. BAT contains
numerous mitochondria and is rich in uncoupling
protein 1 (UCP1), which allows for non-shivering
thermogenesis by dissipating the energy produced
by mitochondria as heat. BAT is located primarily in
the neck and upper back, but small amounts can also
be found in adults in the subcutaneous tissue and
around internal organs.

In terms of structure, WAT and BAT have dif-
ferent histological appearances. WAT adipocytes are
typically unilocular, with a single large lipid droplet,
while BAT adipocytes are multilocular, with multi-
ple smaller lipid droplets. Additionally, BAT con-
tains a higher density of blood vessels and sympa-
thetic nerves, which are important for regulating
thermogenesis [31, 32].

Overall, WAT and BAT have distinct func-
tions and distributions in the body, with WAT pri-
marily storing energy and secreting hormones, and
BAT specialized for heat production. However, re-
cent research has shown that both types of adipose
tissue can be metabolically active and may play a
role in the development of obesity, metabolic syn-
drome, and other metabolic disorders.

Reticular tissue is a specialized form of con-
nective tissue characterized by a fine meshwork of
reticular fibers and reticular cells. The reticular fi-
bers are composed of type 11 collagen and glycopro-
teins and are arranged in a branching network that
creates a supportive scaffold for the cells within the
tissue. The reticular cells are a type of fibroblast that
secrete the reticular fibers.

Reticular tissue is found in a variety of loca-
tions throughout the body, including the liver,
spleen, lymph nodes, bone marrow, and adipose
tissue. In the liver, it forms the framework for the
sinusoids, which are the specialized capillaries that
filter blood as it flows through the liver. In the
spleen, reticular tissue forms the framework for the
red pulp and helps to filter blood. In lymph nodes, it
supports the lymphatic parenchyma and helps to
filter lymph. In bone marrow, it provides support for
developing blood cells. In adipose tissue, reticular
cells are interspersed among adipocytes and contrib-
ute to the structure of the tissue [33, 34].

There is a type of connective tissue that is
called mucous connective tissue or Wharton's jelly,
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which is present in the umbilical cord of developing
fetuses.

Mucous connective tissue is characterized by
its loose structure, which consists of a gelatinous
ground substance called hyaluronic acid or muco-
polysaccharide. The ground substance is composed
of long chains of repeating disaccharide units, which
are bound together by non-sulfated glycosaminogly-
cans, such as hyaluronic acid. The ground substance
also contains collagen and elastic fibers that are ar-
ranged in a loose network.

Wharton's jelly is named after the English phy-
sician Thomas Wharton, who first described it in the
17th century. The structure of Wharton's jelly is
composed of a gelatinous matrix, which is rich in
mucopolysaccharides such as hyaluronic acid and
chondroitin sulfate. It also contains various types of
cells, including fibroblasts, macrophages, and undif-
ferentiated mesenchymal stem cells [35]. The undif-
ferentiated mesenchymal stem cells in Wharton's
jelly have been found to be a rich source of multipo-
tent stem cells, which have the potential to differen-
tiate into various cell types, including bone, carti-
lage, fat, and muscle [36].

The gelatinous nature of Wharton's jelly pro-
vides cushioning and support for the umbilical cord,
helping to protect the blood vessels and nerves that
pass through it. Additionally, the presence of mesen-
chymal stem cells in Wharton's jelly makes it a val-
uable source of stem cells for research and potential
therapeutic use [37].

Conclusion

Connective tissue is a fundamental type of tis-
sue in multicellular organisms, including humans. It
plays an essential role in providing structural sup-
port, binding and connecting tissues and organs, and
facilitating the transmission of nutrients, oxygen,
and waste products between cells and blood vessels.

One of the primary functions of connective tis-
sue is to provide mechanical support to other tissues
and organs in the body. This is achieved through the
production of extracellular matrix (ECM), which is
composed of fibers and ground substance. The fibers
in ECM, such as collagen, elastic, and reticular fi-
bers, provide tensile strength, elasticity, and re-

sistance to compression, respectively. The ground
substance, which is made up of glycosaminoglycans
(GAGSs) and proteoglycans, acts as a lubricant and
shock absorber.

Connective tissue also plays a critical role in
wound healing and tissue repair. During the inflam-
matory phase of wound healing, immune cells such
as macrophages and neutrophils are recruited to the
site of injury. These cells release growth factors that
stimulate fibroblasts, a type of connective tissue cell,
to migrate to the wound site and produce ECM. As
the ECM accumulates, it provides a scaffold for the
formation of new tissue, allowing the wound to heal.

Another essential function of connective tissue
is to transport substances between cells and blood
vessels. Blood vessels that run through connective
tissue bring oxygen and nutrients to cells and re-
move metabolic waste products such as carbon diox-
ide. Additionally, connective tissue cells such as
fibroblasts and macrophages produce cytokines and
chemokines, which regulate immune cell activity
and facilitate the movement of immune cells through
the tissue.

In summary, connective tissue is necessary for
the proper functioning of the body. It provides struc-
tural support, facilitates wound healing and tissue
repair, and allows for the transport of nutrients and
waste products between cells and blood vessels.

Prospects for further investigations

There are many exciting prospects for further
investigations that could lead to significant advances
in our understanding of the structure and function of
the body, as well as new therapies for connective
tissue disorders and injuries. There is still much to
be learned about the molecular mechanisms that
regulate connective tissue formation, maintenance,
and remodeling. Researchers can study the signaling
pathways, transcription factors, and epigenetic modi-
fications that control connective tissue development
and homeostasis.
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Yeprac O.A., Kob6e3za I1.A., Mapuenko /I.I'. OcHoBHi npuHuunu 0yA0BH Ta opraHisaunii cmoJy4Hoi

TKAHUHH.

PE®EPAT. AkryanabHicTs. CriolydyHa TKaHWHA — 1€ PI3HOMAHITHHH 1 KHUTTEBO BAKIUBHUH KOMIOHEHT
OpraHi3My, SIKHM BHKOHY€ IIMPOKHHA CHEKTp (YHKIiH, HEOOXiMHUX IUIi MpaBHIBHHUX (i310JOTIYHMX i
MIATOJIOTIYHMX TpolieciB. BiH Bijirpae BaxJmBy poib y 3a0e3nedeHHi CTPYKTYypHOi MiATPUMKH, 3B SI3yBaHHI Ta
3’€JHaHHI TKaHWH 1 OpraHiB, a TAaKOX IOJIETIICHHI Iepeiavi MOKUBHUX PEYOBHMH, KHUCHIO Ta MPOIYKTIB
KUTTEASUIBHOCTI MK KJIITHHAMM Ta KPOBOHOCHHMH cyAMHaMu. be3 croimy4Hoi TKaHMHU OpraHi3Mm He 3Mir Ou
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MiATpUMYyBaTH (GOpMy, IPOTHCTOSTH MEXaHIYHUM HaBaHTKCHHSM, 3aXWINATH BHYTpilIHI opranu. Ile BaxxmuBo
IUIsL PO3YMIHHS IIEBHHX CTaHIB 3II0pOB’Sl Ta 3aXBOpPIOBaHb. baraTo 3 HUX BPaXaroTh CIOJIYYHY TKAaHHHY,
HaIPUKJIA] PEBMATOIJHUI apTPUT, CKIEPOJEPMisl Ta CHCTEMHHM YepBOHHMI BOBUAK. SHAHHS CIONYyYHOI TKAHUHU
Ma€ BHpIMIaTbHE 3HAYCHHS I PO3pOOKH MEIUYHUX METOJIB JKyBaHHS Ta mpouexyp. Mera momisirae B ToMy,
mo6 3a0e3rneynTy MOTNINOJIeHe PO3YyMIHHS IIbOTO THIYy TKaHWHM Ta ii QyHKUiH B oprami3mi. Ll craTTs mMoxe
OXOIDTIOBATH Pi3HI TEMH, TOB’S3aHi 31 CIONYYHOI0 TKAHWHOKO, BKIIIOYAIOYHM ii CTPYKTYpY, THIH Ta POJi B
opraHiami. ¥ Hill TakoX pO3INISAAIOTHCS PI3HI THUNW KIITHH CIOJNY4YHOI TKaHWHH, Taki sk ¢ibpobiactu Ta
Makpodard, i Te, sK BOHH CIPHUSIIOTh MIATPUMIN Ta BiHOBICHHIO TKaHWH. Metoman. JlekiiiiHe HaBYaHHS,
HaBYaHHS 3a MIKPOCKOIIOM, KOMIT'IOTEpHE HaBYaHHsS, NpOOJeMHEe HaBYaHHS, TpyHoBe HaByaHHs. Jlis
e()eKTUBHOTO BHBYEHHS CKJIQJy Ta BIACTHBOCTEH CIIOIYYHOI TKAaHWHHU CTYJCHTaM 1 BHKJaJadaMm 3HaJ0OHUTHCS
JOCTYI 1O BHCOKOSIKICHMX IMiIDYYHHUKIB 3 TICTOJIOTI], OHIaWH-pecypciB, MIKPOCKOIB 1 ClIaiJiB TKaHHH.
PesyabTaTu Ta migcymok. OnHielo 3 OCHOBHHMX (PyHKHIH CIONYyYHOI TKaHMHU € 3a0e3MeYeHHs MeXaHIuHOi
MiATPUMKH HIIUX TKAaHUH 1 opraHiB Tina. Lle nocsraeThes MUITXOM MPOAYKYBaHHS MO3aKIITHHHOTO MaTPHUKCY,
SKAHA CKIIAAETHCS 3 BOJOKOH 1 OCHOBHOI pPEUYOBMHH. BOJIOKHA B MaTpHKCi (KOJATeHOBI, MACTHYHI Ta PETUKY-
JSIpHi) 3a0€3MeuyIoTh MIIHICTE HA PO3TAT, eMACTHYHICT i CTIHKICTh IO CTHCKaHHS BimmosigHo. OCHOBHA pe-
YOBHHA, SIKa CKJIQJAETHCS 3 TIIKO3aMiHOTIIIKAHIB i MPOTEOTIIIKAHIB, i€ K MacTHO i amopTu3arop. CromydHa
TKaHMHA TaKOX BiJirpae BUPIIIANEHY POJIb y 3aTO€HHI paH i BIIHOBIECHHI TKaHWH. [HIIOI0 BaXXITUBOIO (PYHKITIEIO
CIIONIyYHOI TKaHWUHU € TPAHCIIOPTYBAaHHS PEUOBHH MDK KIITHHAMH Ta KPOBOHOCHMMH cyaumHamu. Kpim Toro,
KIITUHM CIIONYYHOI TKaHWHHM, Taki sk (iOpoOmactu Ta Makpodaru, BUpOOIAIOTh LUTOKIHM Ta XEMOKIHHM, SKi
PEryNIOIOTh aKTUBHICTh IMYHHHX KIITHH 1 HOJNETIIYIOTH PYX IMYHOIIMTIB 4Yepe3 TKaHWHH. TakuM YHHOM,
CTOJIly4Ha TKaHMHA HEOoOXilHa Al HOpMalbHOTO (YHKI[IOHYBaHHsI opraHi3my. BoHa 3a0e3neuye CTpyKTypHY
HIiATPUMKY, MTOJIETIYE 3arO€HHS PaH i BiJIHOBJICHHS TKaHHH, a TAKOXK 3a0e31edye TpaHCIIOPTYBaHHS MeTa0OIIITiB
MK KJIITHHAMH Ta KDOBOHOCHHMHU CyJHHAMH.

KurouoBi ciioBa: cnonydHa TkanuHa, (idpobdiact, TydHa KITiTHHA, TUTA3MaTHYHA KITITHHA, MaKkpodar, Koja-
I'eH, KOJIar¢HOBI BOJIOKHA, CJIACTHYHI BOJIOKHA, PETUKYIISAPHI BOJIOKHA, OCHOBHA PEYOBHHA.
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R.T. Smith 3 womeramu [12]..». IlocumanHs Ha
KUTbKa TIEPIIOKEPET ¥ TEKCTI CTATTi PO3MIISIOTHCS
TAKAM YHHOM: «...[2, 4, 6-8]».

CraTrTs MOXe MICTHTH Hdiarpamu, Tpadiku Ta
TabIuIi, mo MOOyZOBaHI BHYTPIIIHIMH 3aco0amu
pemakropa MS Word. [{ns mo3Ha4YeHHS HPUMITOK
PEKOMEHIOBAHO BHKOPUCTOBYBAaTH HACTYITHI elie-
MEHTH Y BiINOBIiAHIN mocmigoBrocti: *, T, 1, §, |, 9,
** 1%, 1. doroimrocTpanii momalThC B eNEK-
TPOHHOMY BapiaHTi okpeMumHu ¢aiinamu y popmari
JPEG ab6o TIFF; po3ninbHa 3MaTHICTh Ma€ CKIaIaTh
He MeHIne HiK 150 To4ok Ha ioiiM. Y TeKcTi cTaTTi
PUCYHKH TOTPiOHO PO3TAIIOBYBATH TICIS IMEPIIOTO
NOCHJIAHHS Ha HUX, MIAMUCH 10 PUCYHKIB HABOJHUTH
MOBOIO OpHTiHAy CTAaTTi i 00OB’S3KOBO aHTIIIICH-
KOIO.

Pykormc moBmHEH OyTH peTeNbHO Biapenaro-
BaHUH aBTOpaMu. Bcei craTTi miansaraioTs mporenypi
peLeH3yBaHHSI.

Jnst mepBUHHOI €KCIEpTU3M PYKOINHUC 1 Bino-
MOCTI IpO aBTOpIB (YCTaHOBH, [OCAIH, HAYKOBI CTY-
TMIeHI Ta BYEHI 3BaHHs aBTOPIB) MOTPIOHO HaACWIIATH
3a agpecoro: morphology@dsma.dp.ua.

VY pa3i DpUHAHATTA CTAaTTI HA IO X ajapecy
HAJICUIIA€TBCSl  BiJICKAHOBAaHA KOIISl «ABTOPCHKOL
3roM» 3 MANMCOM BiIIIOBiTAIFHOTO aBTOPA.

Honarok
JlirepaTypHi aaxepena
(mpaBuJIa i NPUKJIAIH 0()OPMJICHHS CITHCKY)

Bci mitepaTypHi HOCHIaHHS, SKi HaBEACHI B
po0boTi, 000B’SI3KOBO OBHHHI OyTH TpeACTaBJICHI B
CIIUCKY MepIIOKEpeN y MOPAAKY BHUKOPHUCTaHHS
(mocunanp) y Tekcti. CKOpodeHHS Ha3B JKypHaliB
HaBOJIThCA 3TimHO 31 craHmapramu Index Medicus
(http://www.wsulibs.wsu.edu/general/journal_abbre
viations.html). 3a nocToBipHiCTh JaHHX, HABEIEHUX
y 6i0iorpagiuHOMY CIIUCKY, BiJIIOBIa€ aBTOP.

Koxxne BukopucTtane Oibmiorpadiyne mxepeno
Mae OyTH THO3Ha4YeHe y TeKCTi cTarTi (Y KBaJpaTHUX
nyxkax). [locmmaHHs Ha HeomyOIikoBaHI po0OoTH
abo Marepiani Ha TpaBax PYKOMHUCY (IUCepTarii,
aBTOpedepaTn) He TOMyCKAIOThC.

KoxxHe mkepeno y comcKy HEOOXiTHO
odopmiTroBaTH y (pOopMaTi MIXXHAPOJHOTO CTAHIAPTY
Vancouver reference style (NLM/PubMed). ¥V pasi
HassBHOCTI B Mepexi [HTepHeT eleKTPOHHOI Korii
LIUTOBAHOT'O JIOKYMEHTa OakaHo B KiHI
6i6miorpagiuHoro mocuianus posmimyBatd URL
aJpecy IOKYMEHTa; 3a HAsBHOCTI CIiJI TaKOX
BkaszyBaru DOI abo PMID crarri. [Ipu odopmienni
MOCWJIaHb Ha TEpiOAWYHI BHUIAHHS, IO MAalOTh
KiJTbKa BapiaHTiB Ha3BH, CIiJ BiJJIaBaTH IepeBary
AHIIIIHCHKIMN.

Kopomxa incmpyxyis no ogopmnennio muno-
BUX IMEPAMYPHUX NOCUNAHb 8IONOBIOHO 00 MIJICHA-
poonux  eumoz  Vancouver reference  style

(NLM/PubMed).
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OdopmiteHHs TOCHIIaHHS Ha CTATTIO,
OMyOJIIKOBaHY B TIEPiOAMYHOMY BUIAHHI:

Asmopu Hasea nybuxayit

Voloshyn MA, Talanova OS. [The features of
distribution ¢-SMA in spleen structures in health and
after intrauterine action of antigen]. Morphologia.

2013;7(2):37-40. Ukrainian. i
| nepzo@mfﬂo:o
Pix ITacinayia %oea o SUOAHHA
BUOAHHA nybnixayii

Tom | Homep

HeoOximHo BKa3zyBaTu BCiX aBTOPIB, BiJOKpEeM-
JFOBaTH iX OXWH BiJ OJHOTO KOMOIO i TPOOiIOM.
IHimiamm BKa3ylOThCS TICII TpPi3BUINA, 3HAKAMU
MMyHKTYyamii He po3aimttoTecs. [1oBHI iMeHa aBTOpiB
He HaBoIsThCA. [licis mepeniky aBTOpIB CTaBUTHCS
Kparnka i mpoOin. HasBa myOuikamii HaBOAWTHCS
AHIJIICHKOI0 MOBOIO y KBaJpaTHHUX Iyxkax. [licms
Ha3BH CTATTi CTABUThCA Kparka i npooin. [ys crarti
AHIJIIICBKOI0 MOBOIO Ha3Ba BKa3yeThCs 0e3 KBaj-
patHHX IyXOK. Ha3Ba mepiomuyHOro BHAAHHS
HaBOAMTHCS AHTIIICHKOI0 MOBOIO abo0 TpaHCIiTe-
paii€ro Ha3BH CHMBOJAMH JIATHHCHKOTO ajidasirty.
JoryckaeTbcsi HABOJUTH 3apEECTPOBAaHE CKOPOUYCH-
Hs Ha3BM NepioxuyHoro BunaHHs. Ilicns Ha3BU BH-
JAHHSA CTaBUTHCS Kpamka i mpooin. [adopmaris mpo
BUJIAHHS: PIK BUAAHHS BITOKPEMIIIOETHCS KPAIKOIO 3
KOMOIO, TIOTIM HAaBOJAUTHCS HOMEP TOMY, B KPYIJIUX
JY’)KKax BKa3yeTbCs HOMEp JKypHaly, Micis JBO-
Kpallkl TMPHUBOIUTHCS Jlialma3oH CTOpiHOK. Jms
CTaTTi, 10 OMyOJIIKOBaHA HE aHTJIIHCHKOI0 MOBOIO, B
KiHIII c)OpPMOBAHOTO TOCHIaHHS BKa3ye€ThCS MOBA
opurinaiy. JlomaTtkoBa iHpoOpMaIlis PO CTATTIO HO-
mepu DOI PubMed ID Ta iH.

OdopMIiIeHHS NOCHIIaHHS HA KHUTY:

Asmopu Pedaxmop

mwmm/ées bl MD, suthors; Panasyul YeN,

editor. Lektiny v gistokhimii [Lectins in histochemistry]. Lviv:
ha shkola; 1989. l4|4 p- Russian.

< ‘ Kinsxicme
BuoagHuymeo  p;,  CNOPIHOK

BUOAHHA

p Haszea kuucu |
mparcumepayiai o
< fhog' 5 ficyje
nepexnad) S

Moea euoarxa

Heo0OxigHO BKa3yBaTd BCiX aBTOPIB, BiJOKpEM-
JIOBAaTH iX OAWH BiJ OAHOTO KOMOIO 1 TPOOiIOM.
IHimianu BKa3yrOTHCS TMiCHs TPi3BUINA, 3HAKAMH
MyHKTyamii He po3AimsatoTecs. I1oBHI iMeHa aBTOpiB
HE HaBOAATHCS. ABTOPH IEPILIOrO i APYroro Hopsiji-
KiB PO3AUISIOTECS KPAmKOI 3 KOMOIO i MPOOiIoM.
ABTOpHU JIpyroro MopsiiKy peJakTopH, mnepekianaui.
[Ticns mepeniky aBTOpiB CTaBUTHCS Kpamnka i mpooit.
Ha3Ba KHHTM: HAaBOIUTHCS TpaHCIHITEpalis Ha3BU
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KHHTH 1/a00 Tiepexyiaj Ha3BH KHHWTH aHTJIHCHKOIO
MOBOIO B KBaJ[paTHHUX Iy’KKax. SIKII0 KHWTa BHIaHa
aHTJIIACHKOI0 MOBOIO, Ha3Ba ii B KBaApaTHI AYXKKH
He Oepetbest. Ilicns Ha3BM KHUTH CTaBHUTHCS Kpamka
i mpo6in. Homep Bumanns (y gopmari 1st, 2nd, 3rd,
4th Tomo), momaTkoBa iH(pOpPMAIlS PO BHUIAHHS:
BUIIpaBiieHe (rev.), nonoBHeHe (enl.), crepeoTumHe
(repr.) Ta iHm. 3BEpHITH yBary nepuie BUIaHHs BKa-
3YEThCSI TIIBKA B TOMY BUMAJKY, SIKIIO JOCTOBIPHO
BIZIOMO Mpo mojaiblli nepeBunanHs i Bu nuryere
caMe mepuie BuaaHHsA. Miclie BUIAHHS BKa3yeThbCs
MICTO, B KPYIJIMX JAyKKax 3a HEOOXiJHOCTI BKa-
3yeThes KpaiHa. [licns 3a3HaueHHs Micis myOumikamii
CTaBUTHCS JBOKpANKa i mpobis. BumaBHUIITBO HaBO-
IUTBCS TPAaHCIITEpOBaHE JIATHHHIECI abo Horo
aHDIilicbka HasBa. Ilicisd BHIABHUIITBA CTABUTHCS
Kpamka 3 KoMoro i mpoOin. Pik BumamssA, micns
BKa3iBKM HOTO CTaBHTHCSA Kpamka i mpoOim. Obesar
KHUTH B CTOpIHKax (Hampukian, 568 p.), micus 3a-
3HA4YeHHsS HOro CTaBUTHCSA Kpamka 1 npoOin. s
KHUTH, 10 OIyOJiKOBaHa HE aHTIIIHCHKOI MOBOIO, B
KIiHIII TIOCUJIAHHSI BKa3YEThCS MOBA OPUTIHAIY.

OdopmiteHHsI TOCHIIaHHSI HA MaTepiaiy KoHpe-
peHii:

Haszea
s ml""p Y pobomu

Bakeyeva T¥e, Sapruhova VB. Pilipenko DL [Ultrastriicture of
mitochondria in endogenous oxidative stress, mitochondrial
antioxidant protective effect SkQ1]. In: [Proceedings of the IV
Congress of the Russian Society of Biochemistry and Molecular
Biology; 2008 May 11-15;| Novosibirsk, Russia]. Nauka;

2008. p. 3219. Russian.

Pix HacHayia Moga
BUOAHHA BUOAHHA

Ha%a sipxu mamepianis, 0ama ma  BudasHuymeo
Micye npogeoeHH operjil

Heo0OxigHO BKa3yBaTH BCiX aBTOPIB, BiJOKpEM-
JIOBaTH iX OJWH BiJ OJHOTO KOMOIO 1 MPOOLIOM.
[Himiamm BKa3yIOThCS TICHS MpPi3BUINA, 3HAKAMHU
MyHKTYyalii He po3AutoTecs. [IoBHI iMeHa aBTOpIB
He HaBOJAThCA. [licis meperniky aBTOPIB CTaBUTHCS
Kpanka i1 mpo6in. Hasea myOmikaiii HaBOJUTHCS
AHTJTIMCHKOI0 MOBOIO Yy KBaJpaTHHX Ayxkax. Ilicis
Ha3BHM CTaTTi CTABUThCS Kparka i npoOur. s ma-
TepialliB aHITIHCHKOI0 MOBOIO Ha3Ba BKa3yeThCsl 0e3
KBajpaTHUX nyxok. CriomyuHa ¢pasza «In:». Hazpa
30ipHHMKa MaTepianiB KOH(EpPEeHIll, a TaKoX Ha3Ba
KOH(epeHIii HaBOAATHCS AHTIIHCEKOI0 MOBOIO Y
KBaJIpaTHUX Iyxkax. s marepianis, mo BUIaBa-
JMCh aHTJIIHCHKOI0 MOBOIO, JY>KKH HE CTaBIISTHCS.

ITicns Ha3BM CTaBUTHCS Kpamka i mpoOin. Crmig 3a-
3HAYUTH MaKCUMAJIbHO IOBHI BiZOMOCTI MPO KOH-
(bepeHIiro JaTh MPOBEACHHS, MicIle NMPOBEICHHS Ta
iH. BumaBHMUTBO 3a3HayacThCs MICTO BHIOAHHA 1
Ha3Ba BUAABHHUITBA TPAHCIITEPALI€0 JATHHHUIICIO
a00 aHrIHCHKOIO Ha3Boro. Ilicig 3a3HadYeHHs BU-
JTABHMIITBA CTABUTHCS KpaIka 3 KOMOKO 1 mpoobin. Pik
BUJIAHHS, MICJs HBOI'O CTABUTHCS Kpamka i MmpoOil.
Jiama3oH CTOPIHOK, MICJI HhOTO CTABUTHCS Kparka i
npobun.  [lns matepianiB, mo omyOiikoBaHi He
AHITIHCHKOI0 MOBOIO, B KiHIII ¢c()OPMOBAHOTO MOCH-
JIAHHS BKa3YEThCSA MOBa OPHTIHAIY.

OdopmiteHHS TTOCUIIAHHS HA IATEHT:

Buraxioruxu Ilpasosenacrux

Zhuravdﬂmz/PamhImkov SP, Diachiuk MD, inventors; State
scientific institution "'Scientific and practical center of preventive
and clinical medicine" The State Administration, assignee.
Method for sampling specimen from prostate. Ukrainianpatent
UA 74938. 2012 Nov 12\Int Cl1. A61B 17/00. Ukrmman.\ | min

OOKYMeHNY

Hazea  Inoexc MIIK 3 Z%mma
: g/,{?sa .. ndmexny
nybnixayii Z

Koo xpairu, A
BUHAXOOY el

HOMEp namexmy o
n\v’gfu xayiy

Heo0OxigHo BKa3zyBaTd BCiX aBTOPIB, BiJOKpEM-
JFOBaTH iX ONWH BiJ OJHOTO KOMOIO i TPOOiloM.
[Himianm BKa3yOThCS TICIA Mpi3BUINA, 3HAKAMHU
NYHKTYyauii He po3zinsitoThesi. [IoBHI iMeHa aBTOpIB
He HaBOJATHCs. [licis meperniky aBTOpIB CTaBUTHCS
KoMa i 3asHagaeThes inventor aGo inventors, cra-
BUTBHCSI Kparka 3 Komoto i npo6Oin. [IpaBoBmacHuk
BKa3yeThcsl iM's (IpaBWjIa aHAJIOTIUHI TakuM JUist
BUHAXiJHHUKIB) a00 Ha3Ba opradizauii, MoTiM micJs
KOMH BKa3yeThCs asSigNee, moTiM CTaBUTHCS Kparka
TouKa i mpoOin. HaBomuThcs Ha3Ba BUHAXOMY, MICII
HBOTO CTaBUTBhCA Kpamka i mpoOin. Bkasyerbcs
KpaiHa peecTpauii, a TaKOXX THI NOKYMEHTy (ma-
TEHT), KOJI KpaiHU i HOMep maTeHTy. Bci ememenTH
PO3ALNAIOTECS TPOOLTaAMHU, HANPUKIHI CTABUTHCS
Kpanka i mpoOin. Bkasyerbes mata myOutikaiiii iH-
¢dopmanii nmpo BUmauy NATEHTy, MOTIM Kparmka 3
npo6inom. Inaekc (iHgexcn) MiXKHapOIHOI MATEHT-
HO1 Kimacudikamii HaBogsTees micas Int. Cl., Skmo
X OlbIIe OJJHOTO PO3IUISIOTHCS KPAIKOIO 3 KOMOIO.
[Micns 3a3HaYeHHS BCiX iHAEGKCIB CTaBUTHCS Kparrka i
mpo6in. I MaTepianiB, BUIAHUX HE aHTIIHCHKOIO
MOBOIO, B KiHII C(OPMOBAHOTO TIOCHJIAHHS BKa-
3Y€THCSl MOBA OpPHTiHAIY.

Anpeca penakii: 49005, Ykpaina, M. JIainpo, Byn.CeBacTomnoibchka, 19.
Penaxmis xypraxy «Morphologiay.
Ten.: 0974584284,
E-mail: morphology.ivt@gmail.com
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AUTHOR GUIDELINES

General requirements

This information is based upon the "Uniform
Requirements for Manuscripts submitted to Biomed-
ical Journals" which authors can find online
www.ICMJE.org.

Journal «Morphologia» publishes reviews and
topical articles, lectures, original papers, case re-
ports, review and comments on publications, manu-
als and monographs, materials in research method-
ology, announcements, news, reports, presentations,
and materials on the history and chronicles in mor-
phology.

Editorial office examines materials of publica-
tions in compliance with copyright and ethical
norms. Editorial Board accepts the materials written
in English and Ukrainian languages.

When submitting a manuscript, authors should

consider and disclose potential conflicts of interest
or clearly state their absence (more information can
be found in section «D. Conflicts of Interest» of the
"Uniform Requirements for Manuscripts submitted
to Biomedical Journals™).

In the case when submitted manuscript contains
personally identifiable information of study partici-
pants authors should provide their written permis-
sion to publish such materials.

In the manuscripts should be clearly indicated
compliance with the principles of bioethics set in the
Declaration of Helsinki and in the Law of Ukraine
"About protection of animals from violent behavior”
(Ne 1759 -VI 15 Dec 2009) or equivalent documents
of the national level of other countries.

Technical requirements for the manuscripts

Size of Review, critical articles or lectures
should be from 12 up to 36 typewritten pages, origi-
nal articles from 8 up to 24 pages, including illustra-
tions, other publications on consideration with the
editorial office.

The text is printed with 1.5 line spacing, font
size 14, Times New Roman. Paragraph indent 10
mm, all margins 20 mm.

Article must be done in RTF or «document Mi-
crosoft Word».

The structure of the manuscript:

«UDC

« Title of the article (no abbreviations)

* Author (s): initials, surname

* ORCID identifier of every author

« e-mail of the responsible author

» The official name of the institution (affilia-
tion), the city

e Data about communication of publication
with the planned research project, foundation source,
institutions, grants (if available)

» Summary in English language

 Text of the article

Abstract of the article

(Design rules)

Extended abstract (from 1800 up to 2200 sym-
bols) in English should be submitted with next man-
datory elements: title of the article, Family name and
first names of all authors, their affiliations, the actu-
ality of research (Background), purpose (Objective),
methods (Methods), results (Results), conclusions
(Conclusion), keywords (Key words).

Because of the processing of the metadata of
each article by scientometric databases authors
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should pay especial attention to the particular im-
portance of careful designation of names of institu-
tions and authors, as it affects the success of their
identification and calculation by scientometric indi-
cators.

In the text of the original article authors should
follow the sequence of mandatory components:

0 Background

0 Purpose

0 Materials and Methods

0 Results and discussion

0 The conclusion (or conclusions)

o Prospects for further investigations

o References (see Appendix)

In the text of the article all the physical units
should be given in system Sl, terms according to the
anatomical and histological nomenclature, names of
diseases according to the current International Clas-
sification of Diseases, drugs at the International
Nonproprietary Name (INN).

All abbreviations at their first mention must be
decrypted. Use of abbreviations in the title and ab-
stract is not allowed.

A citation of the original documents in the text
of the manuscript should be implemented in square
parentheses indicating the sequence number in the
list of references. Acceptable also to cite as: accord-
ing to I.1.lvanova et al. [8], RT Smith and colleagues
[12]. Citations of several primary sources in the text
should be separated as follows: [2, 4, 6-8]".

Article may contain diagrams, graphs and ta-
bles constructed by internal means of MS Word. To
denote footnotes, it is recommended to use the ele-
ments in the following order: *, 1, £, §, ||, 9, **, 1,
11. Photoillustrations are submitted electronically as
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separate files in JPEG or TIFF with minimal resolu-
tion 150 dpi. The text of the article should include
drawings after the first reference to them, figure cap-
tions need to be done in the original language and in
English mandatory.

The manuscript should be carefully edited by
the authors. All articles are subjected to peer review
procedure.

For primary expertise manuscript and infor-
mation about the author (affiliation, position, scien-
tific degrees and academic titles of authors) should
be sent to e -mail at: morphology@dsma.dp.ua. In
case of article acceptance a scanned copy of the
"Copyright Agreement" with the signature of the
responsible author is sent to editorial office.

Appendix
References
(Rules and examples of the list)

All references cited in the paper must be ar-
ranged in a list in order of their first mentioning in
the text. Abbreviations of journal titles are provided
in accordance with the standards of Index Medicus.
The author is responsible for the accuracy of the data
provided in the bibliography.

Each used bibliographic source must be desig-
nated in the text (in square parentheses). References
to unpublished work or materials as a manuscript
(dissertations, reports) are not allowed.

Each source in the list should be composed an
international standard format Vancouver reference
style (NLM/PubMed). In case of presence of the
electronic copy of the cited document in the Internet,
it is desirable to place the URL of the document at
the end of the reference, also indicate the DOI and
PMID of the article if it is available. When citing
periodicals, with more than one title, preference
should be given to English one.

Quick start guide on the arrangement of stand-
ard references in accordance with international re-
quirements of Vancouver reference style.

Reference to an article published in a periodi-

cal:

Authors Article title

P
Voloshyn MA, Talanova OS. [The features of
distribution a¢-SMA in spleen structures in health and
after intrauterine action of antigen]. Morphologia.
20‘13;‘7(2):37—40. Ukrainian.

Journal title

Date of Location
ublicafion \ (Pagination) ~Language of

publication
Volume and Issue

All authors should be indicated, separate them
with a comma and a space. Initials are placed after
the surnames, they are not separated by punctuation.
Full names of the authors are not given. After the list

of authors put a dot and a space. Article title written
in English is given in square parentheses. After the
title of the article put a dot and a space. For publica-
tions originally written in English title is not placed
in square parentheses. Indicate journal title in Eng-
lish or by transliteration with symbols of the latin
alphabet. It is possible to use the registered abbrevia-
tion of the periodical title. The title of the journal is
preceded by a point and a space. Publication Infor-
mation: year of publication separated by a semico-
lon, and then the volume number, the number of
issue, placed in parentheses and after them put the
colon and pagination. Additional information about
the article DOI, PubMed ID, and so on could be
added at the end.

Reference to a book:

Authors Editor

e
Lutsik AD, Detvuk{es,}mk MD, authors; Panasyuk YeN,
editor: Lektiny v gistokhimii [Lectins in histochemistry]. Lviv:
Vyscha shkola; 1989. 14|4 p- Russian.

. |1 ;\J‘;umlier |
Publisher pate of of pages
) Language o
publication publica loﬁf

Title
(transliterated and

translated) Hlace of

publication

All authors should be indicated, separate them
with a comma and a space. Initials are placed after
the surnames, they are not separated by punctuation.
Full names of the authors are not given. The authors
of the first ans second range are separated by semi-
colon. The authors of the second range editors,
translators. After the list of authors put a dot and a
space. Book title: original name in English or trans-
literation/translation with the symbols of latin alpha-
bet in square parentheses. After book title there is a
dot and a space. Number of issue (in format 1%, 2",
34, 4™ additional information about issue reviewed
(rev.), enlarged (enl.), representational (repr.) etc.
The first edition is mentioned only in case of assured
existence of more than one editions of this book.
Place of publication specify the city and if it is im-
portant country in parentheses. After specifying the
place of publication there is a colon and a space.
Publisher indicated in Latin transliteration or in its
English name. After publisher there is a semicolon
and a space. Year of publication, after pointing it put
a dot and a space.

Reference to a conference materials:

. . Title of
Authors of Paper paper

Bakeyeﬁgsgpru‘nova VB. Pilipenko DL [Ultrastructure of
mitochondria in endogenous oxidative stress, mitochondrial
antioxidant protective effect SkQ1]. In: [Proceedings of the IV
Congress of the Russian Society of Biochemistry and Molecular
Biology; 2008 May 11-15;\Novosibirsk, Russia]. Nauka;

2 p-329. \ Lh Conference title (Book title), dateand ~ Publisher

|
g?fe of Language of Pplace of conference
publication publication

Location
(Pagination)
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All authors should be indicated, separate them
with a comma and a space. Initials are placed after
the surnames, they are not separated by punctuation.
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