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Marchenko D.H. X, Rodynskyi R.O. > Morphologic aspects of ethanol-induced changes in the glymphatic
system and their effect on nervous system function.

Dnipro State Medical University, Dnipro, Ukraine.

ABSTRACT. The glymphatic system, a perivascular network responsible for the exchange of cerebrospinal (CSF) and
interstitial (ISR) fluids, plays a critical role in the clearance of metabolic wastes, particularly neurotoxic proteins such as -
amyloid and microtubule-associated protein tau (MAPT). Disruption of its function is commonly associated with neuro-
degenerative diseases, including Alzheimer's disease. However, ethanol (C-HsOH), a widespread neurotoxic substance, has
also been shown to cause profound structural and functional changes in the central nervous system (CNS); in particular, its
effect on the glymphatic system cannot be ruled out, which is still poorly understood. This review examines ethanol-induced
morpho-histological changes in the glymphatic pathways, focusing on astrocyte integrity, aquaporin-4 (AQP4) mislocaliza-
tion, perivascular inflammation, and vascular dysfunction. A systematic review of available studies shows that ethanol con-
sumption leads to redistribution of AQP4 away from perivascular astrocytic endings, impairing glymphatic flow and reduc-
ing the efficiency of waste clearance. Thus, histopathologic evidence suggests ethanol-induced gliosis (pathologic over-
growth of glial cells in the CNS), neuroinflammation, and oxidative stress further exacerbate glymphatic dysfunction. In
addition, ethanol disrupts basic mechanisms of sleep, which in turn as a process is a critical regulator of glymphatic activity;
thereby exacerbating the adverse effects on CNS homeostasis. These mechanisms suggest a potential link between chronic
ethanol exposure and accelerated progression of neurodegenerative diseases associated with glymphatic dysfunction. De-
spite the accumulating evidence of ethanol's neurotoxicity, studies directly addressing its effects on the glymphatic system
at the tissue-cellular level remain scarce. Future research, which is extremely promising, should focus on elucidating the
reversibility of ethanol-induced glymphatic disturbances and identifying potential pharmacological and behavioral interven-
tions to mitigate their effects. Understanding these interrelationships of these processes, as well as their overall analysis and
awareness, is necessary for the development of targeted neuroprotective strategies, especially in populations with chronic
alcohol use.

Key words: ethanol, glymphatic system, morphology, histology, aquaporin-4, astrocytes, neurodegeneration, cerebrospinal
fluid, neuroinflammation, neurodegeneration, waste clearance.
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ITocranoBka npodJiemMu

BoxuBaHHS eTaHONy uYepe3 aJKOTOJIbHI Hamoi -
MIMPOKO TONIMPEHA MOBE/IHKA, 1[0 Ma€ 3HAYHI Hac-
JIJIKK JUIsL 310POB'st HACETIeHHs. XpOHIUYHE BXXMBAaHHS
JIKOTOJIO TIOB'A3aHE 3 YWCICHHUMH HEBPOJIOTid-
HUMH PO3JIaJlaMH, BKIIIOYHO 3 HeWpoJereHepaTuB-
HHMH 3aXBOPIOBAaHHAMH Ta KOTHITHBHUMH ITOPYIIEH-
HsMu. OJMH 3 OCHOBHHMX MEXaHI3MiB, IO JISKaTh B

6

OCHOBI IIMX €(DEeKTiB, MOTEHIIHHO TOB'sI3aHUH 31 3Mi-
HaMU B TIiM(aTHIHI cCUCTEeMI, sSTKa BiAMOBIA€E 32 BU-
BEJICHHSI TIPOJIYKTIB JKUTTEIISUIHOCTI 3 MO3KY. Bif-
MOBITHO TMOPYIICHHS M€l CUCTEMHU NPU3BOMIATH IO
HAKONHUYCHHS TOKCHYHHUX PEYOBUH, CIIPHUSIFOYN MOIII-
KOJKCHHIO HEHPOHIB 1 3HWKCHHIO KOTHITHBHUX 37Ii-
OHocTeil. PO3yMiHHS KOHKPETHUX MEXaHi3MiB Ha TKa-
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HUHHO-KJIITHHHOMY PiBHi, 32 IOTIOMOTOIO SIKHX €Ta-
HOJI TIOPYITy€e POOOTY TIiM(aTHIHOI CHCTEMH, Mae
BHpIIIANIbHE 3HAYCHHS JIJIs1 pO3POOKH ITITHOBUX Tepa-
MEBTHYHUX CTpaTeriif, CHpsSMOBaHWX Ha MOM'SK-
IIeHHS, a00 TEOPeTHYHO-TIEPCIEKTHBHE YacTKOBE
3HEUIKO/HKEHHSI HEBPOJIOTIYHUX HACIHIAKIB XPOHIY-
HOT'O CIIOKMBAHHS aJIKOTOJIIO.

Mera cTaTTi — Ha OCHOBI aHANI3y BiAMOBiTHOT
0a3M HaAyKOBHUX 3HAHB 13 BiJIIOBITHUX JDKEPEI BHUCY-
HYTH TinoTe3y npo Mop(ho-TicToNOoriuHi 3MiHU B TJIi-
MbaTU4HIi cucTeMi, CHPUYMHEH] BIULIMBOM €TaHOITy,
Ta OIIHUTH IXHIi! MOTEHIIMHUH BIUTUB Ha QYHKIT He-
PBOBOI CHCTEMH 3 OCHOBHUM aKIIEHTOM Ha TilTOKAMIT
1 KOpY TOJIOBHOTO MO3KY, IIIO € TIePIIOYEproBO Bpas-
JUBUMH 10 YIIKOJDKCHb, CIPHYMHEHUX aJIKOTOJIEM.
Takum 9rHOM, 1151 pOOOTa TAKOXK CIIPSIMOBaHA Ha aHa-
J1i3 Ta MiIKpeCIeHHS He0O0XiHOCTI MiJIeCTIPSIMOBaHUX
MOp(OJOTIYHUX JOCHiKEHh [UIA  TOTTUOJICHHS
3HaHb Ta PO3yMiHHS MEXaHi3MiB HEHPOTOKCUYHOT Aii
€TaHoIy.

OcHOBHI acneKkTH npodJaeMHu

I'nimpaTnyna cuctema siBisie co00I0 HeloJa-
BHO BHSBJICHY MEPEKY, IO OXOIUIIOE BECh MO30K 1
Ma€ BHpIIIANbHE 3HAUYCHHS U1 BUIAJICHHS MeTabo-
JYHUX BIAXOMIB 1 MATPUMKH TOMEOCTA3y IEHTPAIb-
Hoi HepBoBoi cuctemu (ITHC) [1]. Brepmie omicana
y 2012 poui, 1151 cucTeMa crpusie OOMiHy CITHHHOMO-
3koBoi (CMP) 3 irTepctruniansaoto piguH (ICP) ge-
pe3 MepruBacKyJISAPHI MPOCTOPH, IO OTOUYIOTH IIepe-
OpaybHi KpOBOHOCHI cynuHH. Lle mporiec 31ificHi0-
€THCS 32 JIONIOMOTOI0 BOJHUX KaHaJB aKBaropuH-4
(AQP4), nokanizoBaHUX MEPEBaXKHO B KIHIIEBUX Yac-
THUHAaX acTpouuTis [2, 3]. [miMpaTnyHui HUIX Bigir-
pae KII0YOBY pOJb Y BUJAJICHHI IOTEHIIHHO HEHpO-
TOKCHYHHX PEUOBHH, TAKHX SIK OLIKH [3-aMiIoin i Tay-
6imok (Microtubule-associated protein tau, MAPT),
SKi TIOB'A3aHi 3 HEHPOJETCHEPATUBHIUMH 3aXBOPIO-
BaHHSIMH. E(QEeKTHBHICTH JTaHOH CHCTEMH MTOMITHO Ti-
JBUIYETHCS T 9ac CHY, IO CBIAYUTH PO JTUHAMI-
YHY B3a€MOJIII0 MiXK (Pi310JOTIYHUMH CTaHAMH, IIHP-
KagHUM (DOOOBMM) PUTMOM Ta MEXaHi3MaMH BUZA-
nenHst Bianosiguux Biaxoxis 3 LIHC [4]. [icronori-
YHO TIiM(aTHYHA CUCTEMa XapaKTepU3YEThCS HasIB-
HICTIO [IEPUBACKYIISIPHUX MIPOCTOPIB, ACTPOLUTAPHUX
3aKiH4YeHb 1 MOJIEKYJsipHOi apxitektypu AQP4, siki
MOJKHA Bi3yaJli3yBaTH 3a JOIOMOTOI TAKUX METOJIIB,
SIK IMYHOTICTOXiMisI, IMyHO(ITyOpeCHeHIIis (UB. pHUC.
1. ImyHODIyOopeceHTHEe 300pakeHHS: ACTPOIUTH,
imyHomapkoBani GFAP (glial fibrillary acidic
protein), 3 KiHIIEBUMH HixkkamHu (astrocytic endfeet),
10 00paMIISIFOTE KPOBOHOCHI CYJMHH) Ta €JICKTPOHHA
Mmikpockoris [5]).

Etanon xe, sik Bxke Oyi0 3rajiano, MupOKO Po3-
MOBCIOJIDKEHU HEHPOTOKCUKAHT, SIKUH YMHUTH TJIH-
OOKMii BILTMB Ha HEPBOBY CUCTEMY, TIOYMHAIOUH 3 TO-
CTpUX TOPYIICHh CHHANTHYHOI Iepenadi i 3aKiHdy-
I0OYM XPOHIYHUMH HACIiKaMHU, TaKUMH SIK BTpara
HEHpOHIB 1 KOTHITHBHI TOpPYIIEHHS. XPOHIYHHI
BIUIUB €TaHOJIY BUKJIMKA€E OKCHIATUBHUH CTpec, Hell-
pozanajneHHs 1 3MiHy 1epeOpaibHOro MeTaboIi3My,
110 CTaBUTH MiJl 3arpo3y Mo cyTi ycii QyHKuii MO3Ky

[7]. HoBi x maHi, mo 3'IBJISAIOTHCS, CBiYaTh PO TE,
10 €TaHOJ MOXE TAaKOX MOPYIIyBaTH TIiM(paTHIHy
(yHKIi0, TOTEHITIITHO Yepe3 NENpPUBAIIii0 CHY, TIOPY-
IIeHHS Horo ¢yHIaMeHTaIbHOI HelpodiziomorigHoi
apxiTeKkTypu; 3HIKeHH excrpecii AQP4 i cynuHHy
michynkmis. TakuMm dYHHOM, HAmpPUKIAN, TOCIHi-
JOKEHHS TTOKa3alH, 10 €TaHOJI IPUTHIYYE MOBUIHHO-
XBHJIBOBHI COH - CTaH, KPUTUYHO BAXKJIMBUI IS OTI-
TUMaJIBHOTO ITIM(aTHYHOTO KIIPEHCY, 1 THM caMuM,
MOJKJIUBO, MOCHJIIOE HAKOIIMYEHHS HEHPOTOKCHYHUX
MmetabouiTiB [8, 9]. Taki QyHKIIOHAIBHI TOPYIIEHHS
BUKJIMKAIOTH LIJIKOM PE30HI IUTaHH, M0A0 Mopdo-
JIOTIYHUX 3MiH, AKi 00YMOBIIOIOTE, a00 XK 00YMOB-
JIOIOTHCS 3TYOHHM BIUIMBOM €TAHOILY.

Puc. 1. ImyHodnyopecueHTHe 306paxeHHs: AcTpo-
umnTK, 3abapeneHi Ha GFAP, 3 KiHLEeBMMM NanbLamu, Lo o0b-
pamnsTb KPOBOHOCHI CyanHM [6].

OT03X, OTIpH 3pOoCTarode po3yMiHHS HEHPOTOK-
CHYHOI Aii €TaHOIIy Ta POJIi TIAIM(PATHIHOT CHCTEMH B
romMeocTasi MO3Ky, 30epiraeTbcs 3Ha4Ha MPOTaHA B
3HAHHAX LIOJI0 crenu(piuHX MOP(HOJIOTiYHUX 3MiH,
SKI CIIPUYMHSIOTBCS €TAaHOJIOM B EJIEMEHTax, SKi
CKJIQJIAIOTh ITiM(aTHYHy CUCTEMY; Ta IXHBOTO MO/a-
JBLIOTO BIUIMBY Ha (yHKuii HepBoBoi cucremu. Y
TOW Yac sSK MOJIEKYJIAPHI Ta (QyHKLIOHAIBHI JOCHi-
JUKEHHSI JIal0Th YSBJIICGHHS NpPO BIUIMB €TaHONY Ha
AQP4 i coH, nuime nesKi JTOCHIKSHHS BUBYAIN i
3MiHHM Ha TiCTOJIOTIYHOMY DiBHi, HAIIPUKJIA]], 3MiHH B
MIEPUBACKYISIPHAX MPOCTOpax abo MOp(oIIOTito acT-
pouuTiB. BincyTHicTh MOP(}OIOTIYHAX TOCTIIKECHB
o0Mexye Hallle po3yMiHHS TOTO, SIK IIIiM(aTHIHa T1-
CYHKIIS, BUKJIUKaHA €TAHOJIOM, CIIPHSE LIMPIINM
HEeHpOomaToJIOTiYHUM HACTiIKaM, TaKUM SIK HeHpoJe-
TeHepais i Helpo3ananeHHs.

JlonaTKOBI eJIeMEHTH CHCTEMU

I'mimdarnaanii nporec He TUTBKK OYHIIIAE OO0~
BHHI MO30K BiJl BiIXOJiB, @ ¥ pO3MOALISE TOKUBHI
PEUYOBUHHU Ta CHTHAJBbHI MOJIEKYJIH IO IUISHKaX MO-
3Ky. JlocmikeHHsI 3 BUKOPUCTaHHAM JIBO()OTOHHOI

7
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MIKpPOCKOTIi1 Ha MHIIIAX MMOKA3aJIH, M0 TIAiM(paTHIHHHA
MOTIK MOPYIIYETHCA MiJ] 9ac CTapiHHA Ta HeHpojaere-
HEPATUBHHUX 3aXBOPIOBaHb, IO CBIAYHUTH MPO HOTO
Bpa3IMBICTh 0 (izionorigamx crpecopi [10, 11].
Hanpuknan, 3samkenns excrupecii AQP4 B actporm-
TaxX KOPEIOE 31 3MEHIICHHSIM e(QEeKTHBHOCTI KIipe-
HCY, LIO MiJKPECIIIOE MOJIEKYJISIPHI OCHOBH TiTiM(a-
tiuHOiT QyHkuii [12]. [Tpu upoMy 151 [UHAMIKa MOXe
OyTH KOHLIENTYaJbHO IPOLTIOCTPOBAHA JUIs IMOPIB-
HSIHHS LIBUJIKOCTI KJTIPEHCY Iiji 4ac cHy 1 0axpopocTi
[13].

Bnoius eranony Ha ¢gyHkuio raimgarnyHoi
CHCTEMH: MOJIEKYJISIpHI Ta (pyHKIioHATbHI acme-
KTH

ETanon 9nHUTH 6araTOCTOPOHHIH BIUIMB HA MO-
30K, 0araro 3 AKUX MOXXYTb OyTH CIIpSIMOBaHi Ha TJTi-
MaTHYHY CHCTEMY Yepe3 MOJICKYIIPHI Ta PYHKIIIO-
HanpHI Urgsxu. OOUH 3 OCHOBHUX MEXaHI3MIB ITOB'SI-
3aHMN 13 TOpPYIICHHSIM CKCIpecii Ta Jokaizamii
AQP4 B actporuTax. TakuM YUHOM, TOCIIIXKCHHS HA
MOJIETISIX TPU3YHIB MOKa3yIOTh, [0 XPOHIYHHUI BIUIUB
eraHony 3HKye piBerb MPHK 1 6inka AQP4 y kopi
Ta TINOKaMIli, NOTCHLIHHO MOpyIIyIoud e(eKTHB-
HicTh 00MiHy CSF-ISF [14, 15]. BBaxaeTscs, mo me
3HIW)KEHHS 3yMOBJICHE BHKJIMKAaHUM €TAHOJIOM OKCH-
JATUBHHUM CTPECOM, SIKUIl aKTHBY€ CUTHAJIbHI IUISXH,
0 TPUTHIYYIOTH TpaHckpumiito AQP4 [16]. Taxi
MOJIEKYJISIpHI 3MiHH PUITYCKAIOTh MPSIMHUH BIUIUB Ha
rmiMpaTHgHy (QYHKIIIO0, X04a TiCTOJIOTIYHE HiATBEp-
JUKEHHS 3MiHeHOTo po3noainy AQP4 it 3amumaerbes
0OMEKEHUM.

IIle oauH Ba)xXIMBUM NUISX, IKAM €TaHOJ MOXKE
BILUIMBATH Ha IIIM(QATHYHY CHCTEMY, - 11€ TOPYILCHHS
apxitekTypu cHy. ['nmimdaTnyHa cuctema JEeMOHCT-
pPy€ MakCHMaJbHUN KITIPEHC MiJ] Yac MOBLILHO-XBU-
JBOBOTO CHY - CTaHy, 10 XapaKTepU3y€eThCs CHHXPO-
HI30BaHOIO aKTUBHICTIO HEHPOHIB 1 pO3IIUPEHUM iH-
TePCTUIIaTbHIM TIpocTopoM [4]. Takum 9rHOM, eTa-
HOJI TIPUTHIYY€E TOBUILHOXBUIIBOBHI COH, CIIPUSIOUN
(hparMeHTanii cHy, PO IO CBiAYaTh IOJiICOMHOTPa-
(hivyHI qOCTIKEHHS Ha JTIOAIX 1 TBapuHax [8]. Y mry-
PpiB, sIKi 3a3HABAJIM XPOHIYHOTO BIUIMBY €TAHOJY LIS~
XOM BJIMXaHHS TapiB, CKOPOYCHHS TPUBAJIOCTI OBI-
JIbHO-XBUJILOBOTO CHY KOPEJIIOE 31 3HHIKEHHSM KJIipe-
HCy Tpacyrounx pedoBuH y CMP, 110, B cBOIO Uepry,
3HOBY K CBITYUTH MPO (PYyHKIIOHANBHE MOPYIICHHS
rmiM¢aTtigHoi cuctemu [17]. Lle mopymenHs Moxe
MOCHJIIOBATH HAKOIMYEHHS HEHPOTOKCHYHUX MeTa-
0O0JiTIB, CTBOPIOFOYH OCHOBY ISt MOP(O-TiCTONIOTIU-
HUX 3MiH Yy TTiM(aTHIHIX KOMIIOHCHTAX.

ETaHon Takox BUKJINKaE OKCUAATHBHUI CTpecC 1
3amayieHHs, OOH/(Ba 3 IKUX MOXYTh IOOIYHO MO YIITy-
BaTH (GYHKLIO TTiM(paTHdHO] cUcTeMH. XPOHITHUNA
BIUIMB €TAaHOITy 30UIbIIy€e BHPOOICHHS PEaKTUBHHUX
BuAiB kucHIO (ROS) y MO3Ky, OIIKOIKYIOUH acTpo-
IIUTH Ta €HAOTENialbHI KIITHHU CYIHWH - KJTFOYOBI
KOMITOHEHTH TiiMdaTruaHoro nuisixy [7]. Kpim Toro,
€TaHOJI CIPUYUHSE BUBUIbHEHHS MPO3aNabHUX IH-
TOKIHIB, TaKuX SIK (P)aKTOp HEKPO3y MyXJIWHH-aIIb(ha
(TNF-0) ta inTepeiikin-1 6eta (IL-1B), ski MOXYTB

3MIHIOBAaTH TMEPUBACKYIIPHY AWHAMIKY Ta aCTPOIH-
tapHy ¢yukmio [18]. Hanpuxiax, Bukinkane 3ama-
JICHHSIM HaOpsIKaHHS ~acTPOLMTApPHUX 3aKiHICHb
MoOke (I3MYHO TMEepemKoKaTH IePUBACKYIIPHUM
mpocTopaM, 3MeHIryoun notik CMP. Brim ricromo-
TiYHI HACTIAKY y BUIIIAAL 3MiH Mopdourorii mepuBac-
KYJISIDHUX TPOCTOPIB ab0 YyJIBTPAaCTPYKTYpPH acTpo-
[UTIB BUMAararTh MOJANbIIOr0 J0CTiKkeHHs [19].

IlependauyBani ricroJioriuni 3miHm B rui-
MaTnuHiil cucTeMi Mix BIVIMBOM eTaHOJIY

3 oy Ha MOJEKYJSIpHI Ta (YHKIiOHaJbHI
MOPYILICHHS, CHPUYMHEH] €TaHOJIOM, MOXHA ITPUITYC-
TUTH KiJIbKa TiCTOJNIOTIYHHX 3MiH y TIiMpaTHIHIHA CH-
cremi. OHA 3 MOKIIMBHX 3MiH CTOCY€THCS TIEPHBAC-
KYJISIPHUX ITPOCTOPIB, SIKI MOXKYTh 3a3HATH 3BY>KCHHS
a00 OKJIIO3ii Yepe3 CIPUYUHEHY eTaHOIOM AUC(HYHK-
1ifo eHnoTenito. Bimomo, mo XpoHIYHAH BIUIHB €Ta-
HOJIy TIOPYUIY€ IUTICHICTD CyIWH YHACIHIiTOK OKFHC-
HOTO CTpPeCy Ta 3amaJieHHs, 1[0 MOXKe IPU3BECTU JI0
BIJIKJIQ/ICHHS KOMIIOHEHTIB MO3aKIiTHHHOI'O MaTpH-
KCy ab0 KIITHHHHUX 3aJIHIIKIB y KX mpocTopax [20].
Taxi 3MiHM MOXXHA BHSIBUTH 32 JIOTIOMOTOIO IPOCBI-
YyBaJIbHOT €JIEKTPOHHOI MIKPOCKOIMIi, 10 BHSBISE
3MEHIIEHHS iaMeTpa IMEepPHBACKYIIPHUX IPOCTOPIB
a00 HenpaBWIEHY MOP(OIIOTI0 EHAOTETIaIBHIX KITi-
THH.
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Puc. 2. CxemaT4He NOPIBHAHHA HOPMarbHOro CTaHy
BUZINbHUX NPOLECIB, 3AINCHIOBAHNX MiMGATUYHOK cucte-
MO0 Ta MaTosioriyHoro. A — kapTMHa xapakTepHa Monoaum
Ta 340pOBUM OpraHiamam (Kpim Aiii TOKCUYHUX PEYOBUWH, TTa-
KX SK €TaHOM; AiANbHICTb rMiMgaTUYHOI CUCTEMM TaKOX 3Mi-
HIOETBLCS i3 BIKOM Ta MOLLKOAXKYETLCS NMPU Takux 3axBOpHo-
BaHHAX 9K Anburevimep). CMP HagxoamTb A0 napeHxiMm Mo-
3Ky nepviapTepianbHUMM LLNSXaMy, BUMUBAE BiAXOAW 3 iHTe-
pcTuLianbHOro NPOCTOPY | BUNOPOXHIOETLCS BEHaMmu. B — 3a
NaTonoriYHMX CTaHiB, 30KpeMa CrNpUYMHEHUX [OBroTpuBa-
OO Ai€t0 eTaHOIy, NePUBACKYISIPHMIA NPOCTIP NEHETPYHOYMX
apTepiii CXUINbHUIA [0 HAaKOMUYEHHS B-aminoigHuX NenTuais.
MopibHi 3MiHM NpU3BOASATL A0 AHOMANbHOMO PO3LUMPEHHS
nepuBackynsipHOro NPOCTopy BHU3 3a Teuieto, WO Le BinbLue
3HWXKYeE rnicagHun knipeHc (iHdopmadis — [21]).

Ili 3MiHK MOXYTh MEXaHIYHO MEPEIIKOIKATH
motoky CMP, moCHIIIOr0YM HAKOITMYESHHS BIIXOMIB Y
MO3KY.
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Jpyra nependauyBana 3MiHa TOB'sI3aHa 3 HC-
(yHKITI€I0 aCTPOIMTIB, OCOOIHMBO B KiHIIEBUX BiIIi-
nax, ki excrpecyioTs AQP4. 3HrmKeHHS HasBHOCTI
AQP4 mig miero etaHONy, SIK 3a3HAYAIOCS paHiIle,
MOXE CYIPOBODKYBATHCS MOPQOJIOTIYHUMH 3Mi-
HaMH, TAKMMU SIK HaOpsikaHHS a0 BTATYBaHHS acT-
POLMTapHUX 3aKiH4eHb, IO TOTEHLIHHO MOpYIIye
TXHIO B3a€MOJIIIO 3 MEPUBACKYISIPHUMH IIPOCTOPAMHU
[14]. HaOyxauHst MOXke OyTH pe3yJIbTaTOM OCMOTHY-
HOrO JuCOaNTaHCy, CIOPUYHMHEHOTO METadoIi3MOM
€TaHOIy, a BTATYBaHHS MOXeE BiIOOpaXkaTH LIUTOCKE-
JIETHE MOUIKO/KEHHS BHACIIZOK OKHCHOTO CTpECy.
Ii 3MiHE MOXKHA Bi3yani3yBaTH 3a JOIOMOTOIO iMy-
HorictoxiMmigHoro nocmimkenus (II'X) ama AQP4 i
GFAP, mopiBHIOIOYM KOHTPOJbHI TKAaHWHHA Ta TKa-
HUHH, Ha 5Ki 0yJI0 3aCTOCOBAHO BIUTUB €TAHOIY, IS
BUSIBJICHHS BifMiHHOCTEH y 3a0apBieHHI Ta Mop¢o-
JIoTi1 KiHIIEBHUX HIXOK acTpouwnTiB. Taki ricTomoriyni
3MiHH, y CBOIO X 4epry HOPYIIYIOTh 3JaTHICTb TJIi-
M(paTUIHOT CUCTEMU CIIPUATH OOMIHY PiJiH, 3HOBY 3K
CIPHSIOYH PO3BUTKY IATOJIOT1 HEPBOBOI CHCTEMH.

Kpim Toro, eranos Moxe CIpHATH aKTHUBALIiT Mi-
KpOTJIii B IEpUBaCcKYJIIPHUX IMPOCTOPax, 110 BiioOpa-
JKae JIOKAJi30BaHy 3allaJibHy peakIlifo Ha AUC(HYHK-
10 TIiM(paTAYHOI CHCTeMHU. XPOHIYHIIA BILTHB €Ta-
HOJIy aKTHUBY€ MIKPOTJIiO, PO IO CBITYHUTH IiJBH-
[IEHA CKCIIpecis 10Hi30BaHOI KalbIli€3B'I3yBaIbHOI
amanrepHoi monekynu-1 (Iba-1), o 38'13ye Kajblii,
y pi3HUX IiNIHKaX MO3KY [22]. ¥ koHTeKcTi riiMda-
THUYHOI CUCTEMH aKTHBOBaHA MIKpOTJIisi MOXE HaKo-
MMYYBATHCS B IEPUBACKYJISIPHUX IPOCTOPAX, BUALISA-
I0YM IIUTOKIHH, SKI MMOCEPEAHUITBOM IHIyKyBaHHS
3amnajeHHs e OIblle TOPYLIYIOTh TUHAMIKY plIUHH
Ta BUKOHAHHS (QYHKII{ aCTpOIMTIB.

BrnuimB naToIorivHOro HU3XiIHOTO MOTOKY Ha
¢yHkuii HepBOBOi cucTeMHn

[opymenns rmiMpaTHaHOi QYHKIT BHACTITOK
BIUIUBY €TaHOJIy, YMHUTH TJIMOOKWI MOAaIbIIMK
BIUIMB Ha (DyHKIIiT HEPBOBOT CUCTEMH, TIPO IO JIAI0Th
CYIUTH 30KpeMa ¥ rictosnoriudi 3MiHu. OIHUM 3 oc-
HOBHHMX pe3yJbTaTiB € HeHpojereHepamis, 3yMOB-
JICHa HaKOIMYEHHSAM HEHPOTOKCHYHHMX METaOOIITIB.
Poutb rniMmgaTtuyHOT CHCTEMH B OYHIICHHI BiJ| aMijo-
iny-6erta Ta Tay-01JIKiB NpUITyCcKae, o 11 AUCYHKIs
MOe IIPU3BECTH JI0 arperarii BiIoBiIH1X OJIKIB Ta
3arubeni HeHpoHiB, 0COOIMBO B TAKUX BPA3IUBUX Ji-
JSHKAX, sIK Timokamir [23]. YV Moaensx rpusyHiB mo-
pyuIeHHs riiMbaTHYHOi QYHKIT (HAIPHUKIIAL, Y MH-
el 3 HOKayToM (3 BUAAJICHUM BiIIIOBITHUM T€HOM)
AQP4) 3HIKEHHS KIIPEHCY KOpEItoe 3i 30iIbIIeH-
HSM OJISIIIOK aMioigy-0era i 3arnOesuto HeHpOHiB,
IO JIa€ 3MOTY NPHUITYCTUTH HMOBIpHMH MeXaHi3M
BITUBY eTaHoiy [12]. [icTonoriyao 1me Moke mposiB-
JISITUCS. B 3HIDKEHHI MIIIBHOCTI HEWPOHIB y AUISHIN
CA1 rimokamma, o MOKHa BUSIBUTH 32 3a0apBIieH-
HiM NeuN y MO3Ky, SIKUi 3a3HaB BILUIMBY €TaHOINY,
MOPIBHIOIOYH HOTO i3 KOHTPOJBHOIO 3I0POBOIO TPY-
TOI0.

3HOBY JX HeWposzamajeHHs sBIs€ COOOI0 He
TUIBKW YMHHHK, aJie ¥ e OANH HACIIIJIOK TOPYIICHHS

pobotu riimMdaTudHOl cucTeMu. [lopyreHwid Kii-
PEHC NpO3amnanbHUX MOJEKYN, TaKUX SIK IHUTOKIHH,
110 BUBUIBHSIOTHCS Mifl BIUINBOM €TaHOITY, MOJKE T10-
CHJINTH aKTUBAIIIFO MIKPOTJIii Ta acTPOrIio3 (1aToo-
TiYHE PO3POCTaHHSA ACTPOIHTIB) y BCHOMY MO3KY
[18]. Taxwii XpoHIYHHUI 3amaIbHAN CTAaH MOXKE TIOCH-
JIMTH TIOLIKOJKEHHSI HEHPOHIB, 0COOIMBO B KOpi Ta
AKIpIi, SKi OepyTh y4acTh y KOTHITHBHIM 00poOui
iHpopmanii. CBO€IO 4eproro, TiCTONOTIYHUMH J0Ka-
3aMH HeWposzamnajeHHs MOXYTh OyTH ¥l mijBuUILEHE
IT'X 3abapsienns Ha TNF-o Ta IL-1f, a Takox Mop-
(ororivyHi 3MiHM Mikporii (Hampukian, ame0oigHa
¢dopma), sKi crocrepiraroTbesa 3a momomororo 11X-
nocimmkenss Iba-1. ILle BimoOpaxkae oOepeHeHHI
3B'SI30K: MOPYIICHHA TIiMpaTHIHOI QYHKLIi € pe-
3yJIBTaTOM 3alaJIeHHs 1 crpusie oMy, CTBOPIOIOYN
TIOPOYHE KOJIO.

Takox i cHHanTHYHA TUC(YHKITSA Ta KOTHITHBHI
MOPYIICHHS € IIJTKOM WMOBIPHHUMH HACIiJIKAMH Ta-
Kux 3MiH. ['miMmdarinyHa cucrema ouymiae iHTEPCTH-
HiaJbHUI TIPOCTIp BiA 30y/KyBalbHUX HEHpOTpaHC-
MITEpiB, TAaKUX K TIyTamar, 3arnoliratouu ekcairo-
TOKCHYHOCTI [24]. SIKIIO * €TaHON MopyIIye el
MIPOIIEC, TPUBAIHMH BIUIMB TIIyTaMaTy MOKE IPU3BO-
JUTTHU IO BTPATH CHHAIICIB 1 HOPYIIEHHS HEWpOILIa-
CTHYHOCTi, OCOOJIMBO B TaKHX IINITHKAX, K mpedpo-
HTaJbHA Kopa. [icTONOriYHO 116 MOXe TPOSBISATHCS
y 3MCHIICHHI IMITHHOCTI CHHAICIB, [0 MOXXHAa BH-
SIBUTH 3a fornomoroto II'X /Uit CHHaITHYHUX MapKe-
PiB, TAKUX SIK IOCTCUHANITHYHUI O1JIOK IIILHOCTI-95
(PSD-95) (mie sik kapkac, yTpUMYIOYH pPi3Hi Oinku;
Oepe yuacThb y mpoliecax, siki 3MiHIOIOTh CHITy CHHATI-
TUYHMX 3B'I3KIB, 1110 € OCHOBOIO HABYAHHS Ta IMaM'sTi;
Jl0rioMarae JIOCTaBJIsITH PELETOPH 10 MOCTCHHAIITH-
yHoi MemOpanu) Ta cuHantodizuH (Oepe y4acTb B
YTBOPEHHI Ta PEUUPKYJISNii CHHANTHYHUX BE3UKYI,
peryIsmii BUBITEHEHHS HEHPOTPAHCMITEPIB, a TAKOX
MATPUMIIL 3aTaJIbHOT CTPYKTYPH CHHATICIB).

Kuiniyna 3HauymicTh T2 HACTIAKH IS AJIKO-
roJIiYHUX po3aagiB

MopdodyHaKioHansHI HacHiaKu rTiM(aTHIHOT
JUChYHKIIT, CIPUYNHEHOI €TaHOJIOM, XapaKTepH3y-
FOTHCS BaKJIMBHUM KJIIHIYHUM 3HAYEHHSIM, 0COOJIMBO
JUIsL HEBPOJIOTIYHMX 3aXBOPIOBaHb, IOB'A3aHUX 13
BXKMBAHHSAM aJKOroJito. TakuM 4YMHOM, MOPYILEHHS
rIIiMQATHYHOTO KITIPEHCY MOKE CIIPHUSTH IIaTOT€HE3Y
TaKMX CTaHIB, SIK AJKOTOJbHA JEMEHIS Ta CHHIPOM
Bepnike-KopcakoBa, 3a SKMX XapakTepHHUMH O3Ha-
KaMU € 3HIKEHHS KOTHITUBHHUX 310HOCTEH Ta HEM-
ponerenepartis [25]. Hanpukian, HakonwmueHHS HEH-
POTOKCHYHHUX METa0OITIB YHACTIIOK IMOPYIICHHS
pobotu TmiM(paTHIHOI CHCTEMH MOXKE TOCHIIOBATH
CHpUYMHEHY e(ilIUTOM TiaMiHy BTpaTy HEHpOHIB 3a
cunapomy Beprike-Kopcakosa, mo nependadae cu-
HEPTeTUYHUA MEXaHi3M e OUTbIIOrO YIIKOKESHHS
(muB puc. 3).

3acTocyBaHHS MOTCHIIIMHUX TiCTOIOTIYHUX 0i0-
MapKepiB CTBOPIOE Ie OJUH MUISAX IS KIiHIYHOTO
3aCTOCYBaHHS HaBeIEHOT KOHIEMIT HEHPOTKCHYIHO-
cti. Taki 3MiHH, K HeNMpaBUIbHA JOKami3amis AQP4
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B aCTPOIMTAPHUX KiHIEBUX HIXKKaX ab0 MepHUBacKy-
JsIpHA MIKpOTJIiajJbHa aKTHUBAIIis,, MOXKYTh CIyTyBaTH
JIarHOCTUYHHMH 1HANKATOPAaMH PaHHBOT riTimMpaTiy-
HOI TUCOYHKIIT B 0Ci0 3 aIKOTOJIFHOIO 3AJICXKHICTIO.
ITocMepTHI TOCTiIKEHHS MO3KY XPOHIYHUX aJIKOTO-
JKIB MiATBEPIKYIOTh HASBHICTH X OioMapKepis,
BukopucToBytoun II'X i crepeosiorito, Ays KinbKicHOT
OLIIHKH 3MiH y TiiMdaTHyHUX KOMITOHeHTax [26]. Lle
JIO3BOJISIE BUSIBIISITH AJIKOTOJIbHI YIIKO/KSHHS MO3KY
Ha OUIBLI paHHIX CTajisfX, WO CHPHUsUIO O CBO€dYac-
HOMY BTPYYaHHIO /10 HACTaHHS HE3BOPOTHOI HEHpo-
JiereHepariii, 0T)ke CTAaHOBUTh 3HAYHWMHN JiarHOCTHY-
HUH MOTEHIIial Ta mepcreKTuBH [27].

#

Puc. 3. KoHuenTyanbHa cxema 3B’3Ky rnimdatuyHoi
OUCYHKLUIIO 3 BIANOBIAHMMU KIiHIMHUMK HacriakaMu.

3 TepaneBTUYHOI TOYKH 30Dy, MOJIIIISHHS TJTi-
MbaTtnaHOi (YHKIIT TIpenCcTaBIIeTbess 6araTooOims-
FOYOI0 CTPATErilo MOM'SKIIEHHsI HeHPOTOKCHYHOT Aii
eTaHoiy. Boke 3apa3 3axo/u, 0 CIPUAIOTH PO3BUTKY
MOBIIBHOXBHJIBOBOTO CHY ((papmakosioriuti 3acodw,
CIPsIMOBAHI Ha 3MiHY apXiTEKTYpH CHY) NOJIMIIYIOTh

rTiMpaTHYHINA KITIPEHC Y JTIo/Iei, SKi 3a3HaIN TOKCH-
YHOTO BIUIMBY etaHoiy [28]. Kpim Toro, momymsamis
excrpecii AQP4 abo 3MeHIIICHHS TEPUBACKYIISIPHOTO
3aMajeHHs 3a JIOIIOMOTOI0 IPOTH3AMANbHOI Teparii
TaKoXX MOXXYTh 30€perTH IUICHICTh TmiMbaTHIHOL
cucrtemu. HasBHICTD MOMIOHMX MiAXOiB BimoOpaxae
3HAYHUH TEepareBTUYHUI NOTEHIliall BIUIMBY Ha TJIi-
M(paTHYHY CHCTEMY JUIS JIIKYBaHHsI HEHPOMATOJOTIT,
MOB's13aHOT 3 ankorojeM. TakuM YMHOM, MalOyTHI
MEPCIICKTUBHI JTOCTIDKCHHS, SKi OyAyTh 00’ €IHY-
BaTH MOP(}O-TICTOJNOTIUHI, MOJIEKYJISPHI Ta KIiHIYHI
JlaHi, MAaTUMYTh BUpIlIajbHEe 3HAYECHHS JJIs BTUICHHS
OUX i7ie y MOBHOIIHHI e()eKTHBHI AiarHOCTHYHI Ta
TepareBTUYHI CTpaTerii, o, B CBiOI0 Yepry IOIo-
MOJKe JIIKyBaTH HaBeIeHI MaTOJIOTI9HI CTaHH.

Hincymox

Etanon cnpuunase Mop(ho-TiCTONOTIUHI 3MiHH
B rimiM(aTHYHIH cHCcTeMi, BKIFOUHO 31 3BY)KSHHSIM TIe-
PHUBACKYJISIPHUX MIPOCTOPIB, PyHHYBAaHHSIM aCTpPOLH-
TapHHX 3aKIHYCHb Ta aKTHBALIEIO MEPUBACKYIIIPHUX
MIKpOTJTialbHUX KJIITHH, MOTipPLUIYIOUU KIIPEHC Bif-
xofiB. 1li 3MiHH, CBOEIO YEProro, MPU3BOIATH 0 Ha-
KOIMYEHHsI HEHPOTOKCUYHUX MeTaloJIiTiB, HeWpo3a-
TAJICHHS Ta CHHAITHYIHOT MICc(YHKIIi1, 0COOINBO B Ti-
MTOKAMITi Ta KOpi TOJIOBHOTO MO3KY, III0 MOXE CIIPH-
SITH PO3BUTKY IOB'S3aHHUX 3 AJIKOTOJIEM HEBPOJIOTid-
HUX PO3NAMiB, TAKUX SK KOTHITHBHI TOPYIICHHS Ta
Heliponereneparis. [HTerparis & TiCTOJNOTIYHUX Ha-
HUX i3 Bi3yaji3ali€ro rmM(aTHIHOTO MOTOKY Ta MO-
JIEKYJIIPHUM TIPO(UIIOBAaHHSAM CIIMHHOMO3KOBOI pi-
JIMHU Ja€ Taudine po3yMiHHS 1 Oe3nocepeHpo Oepe
y4acTh y (OpMyBaHHI TepaneBTHYHOTO norisiny. Ta-
KHUM YUHOM, OyJI0 BCTAaHOBJICHO, 110 HOJIMILIEHHS TJIi-
MbaTtnuHoi (YHKIIT HUIIXOM ONTUMI3alii CHy abo
moayisinii AQP4 nom'skirye HeHpOTOKCHYHI eeKTH
€TaHOIy Ta € OJHUM 3 HaOUTBII MTePCIIEKTUBHIX Ha-
TIPSMKIB JUIsl JIIKYBaHHS aJIKOTOJIIYHUX po3nais. Jlo-
CIIJDKEHHS JITepaTypH MiAKPECIIH HEOOXiTHICTh
caMe MDKIUCHHIUTIHAPHUX IMIAXOJIB, BKJIIOYHO 3
MOpPQOIOTIYHIMHU, T 00T PYHTYBAHHS NATOJIOTIYHOT
Iii eraHoiy, GopMyBaHHS 1iarHOCTHYHHUX 1 Tepares-
THYHHX CTpaTerii.

Indopmanis npo koHQJIIKT iHTepeciB

[MoTteHuiitnnx abo sBHUX KOHQJIIKTIB iHTEpECIB,
IO MOB’sI3aHi 3 UM PYKOIIMCOM, HA MOMEHT IyOJIi-
Kaii He iCHy€ Ta He rmepe0ayaeThCs.

Jxepesia piHaHCyBaHHSA

Poboty mpoBeneHo B pamMKax HayKOBO-TOCHiJI-
HOi TeMH «['icTOreHe3 KOMIIOHEHTIB CepLeBO-CYANH-
HOI CHCTEMH JIIOAWHY Ta 1JabOpaTOpHUX TBAPHH B HO-
pMi Ta 32 yMOB EKCIIEPUMEHTY» (HOMep Aep>KaBHOI
peectpanii 0118U004730).

JlitepaTypHi n:xepesa
References

1. liff JJ, Wang M, Liao Y, Plogg BA, Peng W,
Gundersen GA, et al. A paravascular pathway facili-
tates CSF flow through the brain parenchyma and the

10

clearance of interstitial solutes, including amyloid f.
Sci Transl Med. 2012;4(147):147ralll. doi:
10.1126/scitransImed.3003748.

MORPHOLOGIA ¢ 2025« Tom 19 Ne 1



2. Johansson PB, Wehrheim C, Engel JA. Aqua-
porin-4 and the blood-brain barrier. Front Physiol.
2015;6:357. doi: 10.3389/fphys.2015.00357.

3. Mestre H, Mori Y, Nedergaard M. The brain’s
glymphatic system: current controversies and future
directions. Trends Mol Med. 2020;26(9):844-57. doi:
10.1016/j.molmed.2020.05.003.

4. Xie L, Kang H, Xu Q, Chen MJ, Liao Y,
Thiyagarajan M, et al. Sleep drives metabolite clear-
ance  from the adult brain.  Science.
2013;342(6156):373-7. doi: 10.1126/sci-
ence.1241224.

5. Smith AJ, Verkman AS. Aquaporin-4: physi-
ology, pathophysiology, and structure. Physiol Rev.
2018;98(3):1387-417.
d0i:10.1152/physrev.00022.2017.

6. Jeffery JI. Astrocytes.jpg [Internet]. Wikipe-
dia, The Free Encyclopedia; 2012 Jan 10. Available
from: https://en.wikipedia.org/wiki/File: Astro-
cytes.jpg.

7. Crews FT, Nixon K. Mechanisms of neuro-
degeneration and regeneration in alcoholism. Alcohol
Alcohol.  2009;44(2):115-27. doi:  10.1093/al-
calc/agn079.

8. Thakkar MM, Sharma R, Sahota P. Alcohol
disrupts sleep homeostasis. Alcohol. 2015;49(4):299-
310. doi: 10.1016/j.alcohol.2014.07.019.

9. Zhang Y, Wang X, Liu Y, et al. Chronic etha-
nol exposure impairs glymphatic function via down-
regulation of AQP4 in rats. J Neurochem.
2020;152(4):429-440. doi: 10.1111/jnc.14983.

10. Kress BT, Hliff JJ, Xia M, Wang M, Wei HS,
Zeppenfeld D, et al. Impairment of paravascular
clearance pathways in the aging brain. Ann Neurol.
2014;76(6):845-61. doi: 10.1002/ana.24271.

11. Benveniste H, Liu X, Koundal S, Sanggaard
S, Lee H, Wardlaw J. The glymphatic system and
waste clearance with brain aging: a review. Gerontol-
ogy. 2019;65(2):106-19. doi: 10.1159/00049247131.

12. Iliff JJ, Chen MJ, Plog BA, Zeppenfeld DM,
Soltero M, Yang L, et al. Impairment of glymphatic
pathway function promotes tau pathology after trau-
matic brain injury. J Neurosci. 2014;34(49):16180-
93. doi: 10.1523/JNEUROSCI.3020-14.2014.

13. Moro C, Valverde A, Dole M, Hoh Kam J,
Hamilton C, Liebert A, et al. The effect of photobio-
modulation on the brain during wakefulness and
sleep. Front Neurosci. 2022;16:942536. doi:
10.3389/fnins.2022.942536.

14. Asada T, Yamamoto K, Tojo H, Nishimoto
I. Ethanol exposure alters brain aquaporin-4 expres-
sion: a potential mechanism for cerebral edema in al-
coholism. J Neurosci Res. 2012;90(4):875-84. doi:
10.1002/jnr.227974.

15. Wang X, Zhang Y, Liu Y, Zhang X, Zhao J,
Wang H, et al. Ethanol-induced downregulation of
AQP4 contributes to glymphatic dysfunction and
cognitive impairment in mice. Neuropharmacology.
2021;198:108763. doi: 10.1016/j.neuro-
pharm.2021.1087623.

16. Harper C. The neuropathology of alcohol-
specific brain damage, or does alcohol damage the
brain? J Neuropathol Exp Neurol. 1998;57(2):101-
10. doi: 10.1097/00005072-199802000-00001.

17. Lundgaard I, Wang W, Eberhardt A, Vinit-
sky HS, Reeves BC, Peng S, et al. Beneficial effects
of low alcohol exposure, but adverse effects of high
alcohol intake on glymphatic function. Sci Rep.
2018;8(1):2246. doi: 10.1038/s41598-018-20424-y.

18. Qin L, Crews FT. Chronic ethanol increases
systemic TLR3 agonist-induced neuroinflammation
and neurodegeneration. J  Neuroinflammation.
2012;9:130. doi: 10.1186/1742-2094-9-130.

19. Walter TJ, Crews FT. Microglial depletion
alters the brain neuroimmune response to acute binge
ethanol  withdrawal. ~J  Neuroinflammation.
2017;14(1):86. doi: 10.1186/s12974-017-0856-z.

20. Rosenberg GA. Matrix metalloproteinases
and their multiple roles in neurodegenerative dis-
eases. Lancet Neurol. 2009;8(2):205-16. doi:
10.1016/S1474-4422(09)70016-X.

21. Jessen NA, Munk ASF, Lundgaard I,
Nedergaard M. The Glymphatic System: A Begin-
ner’s Guide. Neurochem Res. 2015;40(12):2583-99.
doi: 10.1007/s11064-015-1581-6.

22. Marshall SA, McClain JA, Kelso ML, Hop-
kins DM, Pauly JR, Nixon K. Microglial activation is
not equivalent to neuroinflammation in alcohol-in-
duced neurodegeneration: The importance of micro-
glia phenotype. Neurobiol Dis. 2013;54:239-51. doi:
10.1016/j.nbd.2012.12.016.

23. Rasmussen MK, Mestre H, Nedergaard M.
The glymphatic pathway in neurological disorders.
Lancet  Neurol.  2018;17(11):1016-24.  doi:
10.1016/S1474-4422(18)30318-1.

24. Thrane AS, Rangroo Thrane V, Zeppenfeld
D, Lou N, Xu Q, Nagelhus EA, et al. General anes-
thesia selectively disrupts astrocyte calcium signaling
in the awake mouse cortex. Proc Natl Acad Sci U S
A. 2012;109(46):18974-9. doi:
10.1073/pnas.1209448109.

25. Zahr NM, Kaufman KL, Harper CG. Clinical
and pathological features of alcohol-related brain
damage. Nat Rev Neurol. 2011;7(5):284-94. doi:
10.1038/nrneurol.2011.42.

26. Verkhratsky A, Rodriguez JJ, Parpura V. As-
troglia in neurological diseases. Future Neurol.
2013;8(2):149-58. doi: 10.2217/fnl.12.90.

27. de la Monte SM, Kril JJ. Human alcohol-re-
lated neuropathology revisited: what we know and
what we don’t know after 50 years. Acta Neuropathol
Commun. 2023;11(1):35. doi: 10.1186/s40478-023-
01531-5.

28. Plog BA, Nedergaard M. The glymphatic
system in central nervous system health and disease:
past, present, and future. Annu Rev Pathol.
2018;13:379-94.  doi:  10.1146/annurev-pathol-
051217-111018.

11

MORPHOLOGIA ¢ 2025« Tom 19 Ne 1



Mapuenko /I.T'., Ponuncskuii O.I'. MopdosoriuHi acnekTu eTaHOJI-iHAYKOBAHUX 3MiH y rJiiMdaTny-
Hiii cucTeMmi Ta iX BILINB HAa QYHKIIiI0 HEPBOBOI CHCTEMU.

PE®EPAT. I'mimdpaTrryHa cucTemMa — eprUBacKyJIsIpHA Mepeka, IO BiAMOBITAE 32 0OMIH CHIMTHHOMO3KOBOT
(CMP) Ta inrepcrumiansaoi (ICP) pigmn, — Bimirpae HaiBa>KIHBIITY poiib y KIPEHCI METaOONMIYHUX BiAXOIIB,
30KpeMa HEHPOTOKCHYHKX OiNKiB, TakuMX sIK B-aminoin i Tay-6inok (Microtubule-associated protein tau, MAPT).
[opymenns #oro QyHKII 3a3BUYaif MOB'sI3aHe 3 HEHPOJeTeHEPATHBHIMH 3aXBOPIOBAaHHIMH, BKIFOYHO 3 XBOPO-
6oto AubrreiiMepa. Brim, Takox Oyno nmokasano, mo i eranon (C.HsOH), mupoko nommpeHa HepoTOKCHYHA
peyYOBUHA, COPUUMHSE MIMOOKI CTPYKTYpHI Ta ()YHKI[IOHAJbHI 3MiHN B LIeHTpanbHii HepBoBiil cucremi (LJHC);
30KpeMa He BHKJIFOUA€ThCS HOTO BIUIMB Ha IIIiM(paTHYHy CHCTEMY, 110 BCE JK TaKK Hapasi 3aJIMIIAETHCSl HEA0CTa-
THHO BHBYEHHUM. Y I[bOMY OIISAZl PO3TISIAIOTHECS MOPQOIOTIYHO-TICTONOTIYHI 3MIHM, CIPHYMHEH] €TaHOJIOM Y
IiM(AaTHYHUX OUISIXaX, 3 aKIEHTOM Ha IUTICHICTh aCTPOLKUTIB, MiciIoKai3allito akBamnopina-4 (AQP4), mepusac-
KyJISIpHE 3anajieHHs 1 cyauHHY aucdyHkuito. CUCTeMaTHYHUI aHajli3 HasBHHUX JOCIHIIKEHb MOKa3ye, M0 BXKH-
BaHHS €TAaHOJY IPU3BOAUTH 10 mepepo3noairy AQP4 y Gik Bijg HepHBACKYISIPHUX acTPOLUTAPHUX 3aKiHYCHB,
MOPYIIYIOYH TIiMGpaTHIHHNA TOTIK 1 3HIDKYIOUX €(PeKTHBHICTh KITipeHCY BiaxoaiB. TakuM 4WHOM, TiCTOMATONOTI-
YHi JJaHi CBiAYATh MO IIIi03 (MATONOTiYHe po3pocTaHHs rmansHuX KiIiTHH y LIHC), Helipo3amaneHHs Ta OKHACIIO-
BaJIBHUH CTpec, CHPUYNHEH] €TaHOJIOM, SKi IIe O1TbIlle TOCHITIOITE TiiMbpaTndHy aucyskmio. Kpim Toro, era-
HOJI TIOPYIIIY€ OCHOBHI MEXaHI3MH CHY, SKHI B CBOIO UEPTy sIK IPOIIEC € HAWBAXKIIMBIIINM PEryIATOpOM ririMpa-
TUYHOI aKTUBHOCTI; THM CaMHM IOCHITIOIOYH HEeCTIPUATINBIHA BIUMB Ha romeoctas LIHC. Lli MexaHi3Mu 1aroTh
3MOTY NPUITYCTUTH NOTCHIIHHUH 3B'I30K MK XpOHIYHMM BIUIMBOM €TaHOJY i IPHUCKOPEHUM IMPOrPECyBaHHIM
HeWpo/iereHepaTUBHUX 3aXBOPIOBaHb, MOB’SA3aHMX i3 TOPYLIICHHSAMHU riliMdarndHoi cucteMu. [lonpu Hakomm-
YCHHS JI0Ka3iB HEHPOTOKCHYHOCTI €TaHOIY, TOCIIKCHb, 0€3IM0CePEIHBO MPUCBAYCHUX HOTO BIUIMBY Ha TiliMda-
TUYHY CUCTEMY Ha TKaHHHHO-KJIITHHHOMY DiBHi, 5K 1 paHiie, Mano. MalOyTHI TOCIIPKEHHSI, SIKi Y CBOIO Yerpy €
BKpai epCIIeKTUBHUMH, MalOTh OyTH CIPSMOBaHI Ha 3'siICyBaHHSI 000POTHOCTI ITiM(AaTHYHUX MOPYIIEHb, CIIPH-
YUHCHUX €TAHOJIOM, i BH3HAYCHHS MOTCHIIIMHNX (hapMaKOIIOTIYHHAX i MOBEIIHKOBHUX 3aXOJIIB AJIS ITOM'SIKIICHHS
ixHiX HacHigKiB. Po3yMiHHS X B3a€MO3B’ I3KiB IIUX MPOIIECIB, a TAKOXK IXHIH 3arajbHUIA aHANTI3 Ta YCBIOMIICHHS
HEOoOXiZHe Il pO3POOJICHHS IITFOBUX HEHPOIPOTEKTOPHIX CTPATETii, 0COOIHBO B MOMYIALIAX 13 XPOHIYHIM
BXKUBaHHSM aJIKOTOJIIO.

KurouoBi ciioBa: etanon, riaiMpaTayHa ciucTeMa, MOPQOJIOTis, TICTONOTisA, aKBaIlOpUH-4, aCTPOLUTH, HEH-
poereHeparlis, CHHHHOMO3KOBa piAWHA, Helfipo3ammaieH s, HelipoaereHeparis, BUIIJICHHS BiAXOIIB.
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Chelpanova l.V. > Structural and functional features of bone tissue and their significance in osteoregeneration.
Danylo Halytsky Lviv National Medical University, Lviv, Ukraine.

ABSTRACT. The aim of this study was to investigate the structural and functional characteristics of bone tissue and their
significance for osteoregeneration. To achieve this goal, we reviewed relevant domestic and international scientific and
medical literature. Results: Bone tissue is a composite material with mineral crystals embedded in a collagen matrix; its
mechanical properties depend on the interaction between these components. Bone possesses the capacity for lifelong re-
modeling, adapting to internal and external factors, with age-related remodeling influencing its mechanical properties. The
collagen (1), forming a triple helix structure, is the most abundant protein in the bone matrix, providing structural support
and mechanical strength. Non-collagenous proteins constitute approximately 10-15% of the total protein content in bone
tissue and participate in mineralization, remodeling, and cell signaling, as well as regulating the activity of osteoblasts and
osteoclasts. Major non-collagenous proteins include osteocalcin, osteonectin, osteopontin, bone sialoprotein, and others.
Together, these proteins form a highly organized and dynamic structure that supports the mechanical properties of bone and
governs the complex processes of bone formation, maintenance, and remodeling. The inorganic component of bone is pre-
dominantly composed of minerals, with calcium and phosphate being the most important. These minerals form hydroxyap-
atite crystals (Caio(PO4)s(OH)2), which are embedded within the collagen matrix. Hydroxyapatite provides hardness and
rigidity, contributing to the structural strength of bone and constituting approximately 60-70% of its dry weight. The pres-
ence of hydroxyapatite is crucial not only for maintaining the structural integrity of bone but also for facilitating key regen-
erative processes such as osteoinduction and osteoconduction. The complex interplay between osteoblasts, osteoclasts, and
other regulatory factors ensures that bones remain functional and strong, responding to the demands of growth, aging, and
mechanical loading while preventing pathologies associated with bone remodeling imbalance. Histomorphometry and his-
tomorphometry can be employed using static and dynamic methods, depending on whether the tissue is examined at a single
time point or tracked over a period of time. Conclusion. A review of the scientific literature reveals some inconsistencies
in understanding the structural and functional variations in bone tissue reconstruction across different clinical scenarios. A
significant number of scientific studies, both experimental and clinical, are devoted to the study of osteoregeneration, but in
modern conditions, correct understanding of the sequence and timing of osteogenetic regenerative processes is of particular
importance. Therefore, it is justified to study the dynamics of histoarchitectural changes that occur during the healing of
bone defects, which will allow the development of personalized osteoregeneration strategies adapted to the needs of a par-
ticular patient.

Key words: bone tissue, osteoregeneration, remodeling.

Chelpanova V. [Structural and functional features of bone tissue and their significance in osteoregeneration].
Morphologia. 2025;19(1):13-22. Ukrainian.
DOI: https://doi.org/10.26641/1997-9665.2025.1.13-22

Chelpanova 1.V. 0000-0001-5215-814X
X ilona.med75@gmail.com
© Dnipro State Medical University, «xMorphologia»

AXTyallbHICTh BUBUEHHSI CTPYKTYPHO-(PYHKIIO-
HaJIbHUX 0COOJIMBOCTEH KiCTKOBOT TKAHWHH Ta iX 3Ha-
YeHHsI ISl OCTeOpereHepallii B CydacHUX yMOBax 3y-
MOBJIEHa KiJIbKOMa YHHHUKAMH: 3pOCTaHHIM KiIbKO-
CTi TPaBM KIiCTOK 3 TIOPYLIEHHSM X HiLTICHOCTI, HE0O-
XiJTHICTh PO3pOOKH €PEKTUBHUX METOJIB JIIKyBaHHS
KiCTKOBHUX Je()eKTiB, rocTpa motpeda B iHHOBAIIiii-
HUX Ta e(hEeKTHBHIMNX MiJX0JaX JI0 OCTeopereHepa-
1ii. BceOiune po3yMiHHA CTPYKTYpHO-(QYHKIIIOHAIH-

HUX Bapiamii KiICTKOBOI TKAHHHH Y Pi3HHUX JIFOAEH J10-
3BOJIUTH PO3POOJISITH IIEPCOHAII30BaHl  CcTparerii
ocTeopereHepallii, ajantoBaHi 10 NOTped KOHKpET-
HOTO MarjieHTa. MeTa — 10CIiINTH CTPYKTYpHO-(QYH-
KIIOHAIBHUX OCOOJIMBOCTEH KiCTKOBOT TKAHMHU Ta 1X
3HAYEHHs JUIA ocTeopereHeparii. st pocsrHeHHS
MIOCTABJIEHOT METH HaMH OYJI0 ONPaIlbOBAHO JDKEPEa
HayKOBOi MEIMYHOI BITYM3HSIHOI Ta CBITOBOI JIiTEpa-
TYpH.

KicTka € ckIagHO OpraHi30BaHUM i€papXidHUM
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marepianom [1-4], a ii yHiKaJabpHA apXiTeKTypa Ta OIl-
TAMaJIbHUM CKJIaJa JO3BOJIIIOTH JIOCSTTH PiAKICHOTO
MOETHAHHS BHCOKOT MIITHOCTI Ta THYYKOCTi, CKJIaJ-
HOTO OarlaHCy B TpaIWIiHHOMY AW3aliHI MatepialiB
[5-8]. KicTkn € muHAMIiYHHMH CTPYKTYpPaMH, BOHH
MOCTIIHO TepeOyIOBYIOTHCS 1 OHOBIIOIOTHCS YIIPO-
JIOBX JKUTTS, 110 3HAYHOIO MIpOIO CIIpUsiE ajanTanii
JI0 BIUIMBY €K30- Ta €HJOT€HHUX YMHHHKIB. BikoBa
nepeOyjoBa XapaKTEPU3yETbCS PEMOIETIOBAHHIM
KICTKH — 3MIHOIO 1i po3MipiB Ta (hopMH, 1110, CBOEIO
yeproto, 3abesneuye QopmyBaHHs I MeXaHIYHHX
BiacTuBoctei [9].

KicTka ckmamaerscs mpubiansHo 3 35% opranid-
HOTo Marepiany Ta 65% MiHepaJTbHUX KOMIIOHEHTIB.
MexaHi4HI BIaCTHBOCTI MaTepiajly TICHO MOB's3aHi 3
fioro ckmanom i ctpykryporo [10]. V Bumanky KicTku
Il BTaCTUBOCTI BU3HAYAIOTHCSI OpraHi3amiero ii opra-
HigyHuX cknagHukiB [11,12], Ta HeopraHiYHHX KOM-
MOHEHTIB, IEPEBAXHO TiIPOKCHANIATUTIB KaJbLiO
[13,14], a Takox Boau. HalimommpeHinmm 6i1koM y
KICTKOBOMY MAaTpHKCi € KojareH | Tuimy, skuid yTBO-
pIOE CTPYKTYpY MOTPiiHOI cmipai, mo 3abe3nedye
CTPYKTYpPHY WIITPUMKY Ta MEXaHIYHy MILHICTh
[9,11]. Lleii konareH BiAMOBIAA€ 3a THYYKICTh KiCTKH
Ta 1l 34aTHICTH MPOTHUCTOSNTH CHJIAM PO3TATYBaHHS,
1110 pOOUTBH HOTO KPUTUYHO BaXKJIHBUM KOMIIOHEHTOM
y migTpuMIi nijgicHocTi Kictku. Komarern [I11 V Ti-
MiB, X04a 1 MPUCYTHI B MEHIINUX KUTBKOCTAX, TAaKOXK
BiZirparoTh BaxKuBY poib. Komaren tuny 11 migsu-
IIy€ THYYKICTh KICTKOBOI TKAHHHH, TOJI SK KOJIAar'€H
TUITy V J01IoMarae peryioBaTH CTPYKTYpPY Ta OpieH-
Tallil0 KOJIATEHOBUX BOJIOKOH Y KICTKOBOMY MaT-
pukci. Kpim Toro, ¢idpun-acouiiioBani KonareHu 3
MepepBaHUMH MOTPIHHUMU CIIpaIsIMH BHKOHYIOTh
¢yHkuil, noaibHI 10 KojareHy V TuIly, Jonomara-
104X B OpraHisailii KoJareHoBHX BOJIOKOH [9].

HexkomareHoBi O1TKH cKI1aat0Th MpuOIM3HO 10-
15% Bix 3arambHOTO BMICTYy OUIKIB Y KICTKOBIHM TKa-
HUHI 1 BiIITPalOTh BAXKIMBY POJIb Y Pi3HAX 0i0JIOTiv-
HUX rnporecax. Li 6inku OepyTh ydacTs y MiHepai-
3aIlii, peMOAeTIOBaHHI KiCTKOBOI TKAHWHH Ta KITITHH-
HIl CUTHAITI3A1li], 8 TAKOX PETYJIIOI0Th AKTUBHICTD Ki-
CTKOBUX KJIITHH, 30KpEMa 0CTe00JIacTIB Ta OCTEOKIa-
criB [9]. JIo OCHOBHMX HEKOJIAreHOBUX OiNKiB Hae-
JKaTh OCTEOKAJIBIIMH, OCTEOHEKTHH, OCTEOIIOHTHH, Ki-
CTKOBHIA cianonpoTein Ta inmi [15-17]. Ocreokains-
IIUH BiJirpae MoaBidHY pOJIb y peryIroBaHHI GopMy-
BaHH: KiCTKOBOI TKAHMHY Ta aKTHBHOCTI OCTEOKJIac-
TiB, a TAaKOXK BIDIMBA€ Ha CUCTEMHI IPOIIECH, TaKi SK
MeTaboMi3M 1HCYINIHY Ta CEKpelis TeCTOCTEPOHY.
OCTEOHEKTHH MOJYIIO€ aKTHBHICTH (paKTOPIB pOCTY,
crpusie anresii KIITHH Ta 3a0e3medye mporec MiHepa-
Ji3arii, COpUsAIOYN BiIKIIAIEHHIO TiAPOKCHANIATHTY.
OcTeonoHTHH Oepe yJacTh y peryioBaHHI (hopmy-
BaHHS KiCTKOBOI TKAHWUHH, MiTparlii KJIiTHH, aare3ii Ta
MiHepamizamii. KicTkoBuii cianmonpoTein 3B's13ye i0HU
KaJbBIIiIO 1 BiIIrpae BaXKIMBY pOJIb Y IPOLIECi MiHepa-
m3amii. Pa3oMm KojlareHoB1 BOJIOKHA Ta HEKOJIATE€HOBI
OIIKM YTBOPIOIOTH BUCOKOOPTAHI30BaHy Ta JHHAMI-
YHY CTPYKTYPY, 5IKa HiITPUMY€E MEXaHIUHI BJIaCTHBO-
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CTi KICTKH Ta Kepye CKIATHUMH TporiecaMu popmy-
BaHHS, MATPUMKH Ta 11 peMOIeTIOBaHHSI.

Heopraniuauii KOMIIOHEHT KICTKH IEPEBAXKHO
CKJIaJa€ThCs 3 MiHEepaliB, cepell IKUX HaiOiIpII Ba-
JKIIMBUMH € KalbIiit i pocdat. L{i minepann yTBopro-
o1h Kpuctanu rigpokcuanaTuty (Caio(PO4)s(OH)2),
siki BOYJIOBaHi B KOJIATGHOBHI MaTPHUKC KiCTKH. ['if-
pokcuanaTuT 3abe3nedye TBEpAICTb 1 MKOPCTKICTB,
yuM 3a0e3neuye CTpYKTYPHY MILHICTh KICTKH 1 cTa-
HOBUTH 0su3bK0 60-70% cyxoi macu [18]. Ipucyr-
HICTh TIAPOKCHANIATHTY HEOOXigHA HE TITBKU IS
MATPUMKH CTPYKTYPHOT IITICHOCTI KiCTKH, aJie i uis
TIOJICTIICHHS KJIIOYOBUX PEreHEepPaTHBHUX IPOLECIB,
TaKHX SIK OCTEOIHAYKIIiS Ta ocTeokoHayKis [19,20].

Oxpim KanbIifo Ta ¢pocdaris, y KicTKOBOMY Ma-
TPUKCI MICTSTBCS ¥ 1HII 10HH, TaKi K HATPiH, Kamii,
MarHi#, kap6onar, 6apiit Ta muak [21]. IIi iorn Mo-
JKYTh BIUIMBATH HA KPHUCTANIYHICTH KICTKOBHX MiHe-
payiiB, BIUIMBAIOYX Ha TaKy BIACTUBICTH, SIK PO3YHMH-
HICTh, MO BAXJIUBO JUIS MiJTPUMKH MiHEPaLHOTO
romMeocrasy Ta ajantamii KicTKOBOi CTpyKTypH J10 (i-
3ionoriunux motped [22].

Bona Takox Bifirpae BaKJIMBY poJib y CKJIaJi Ki-
CTOK. BOoHa MICTHTBCS B KOJIATEHOBOMY MATPHKCI 1
cupusie Tiapartamii Ta THy4KocTi Kictku. [ToBepxHs
KPHCTAJIIB TiAPOKCHANATUTY TiApaTOBaHA, yTBOPIO-
FOYHM HAaBKOJIO KPUCTANIB IIap BOAM Ta ioHiB. Leit ri-
JpaTamiiHui ap HeoOXiTHHHA IS OJIETIIIeHHS 10H-
HOTO OOMIHY MiXK KpHUCTaJIlaMH Ta PiTUHAMHU OpTraHi-
3My, IO JIOTIOMAara€e peryJoBaTH MiHepanbHUN Oa-
JaHC 1 MATPUMYBATH 3arajibHUH CTaH CTPYKTYpH Ta
¢byukuii kictku [21].

barato nmocnimkeHb 30cepelkeHi Ha BHBYECHHI
HAHOCKOIIYHUX i€PapXiYHUX PIBHIB, aJKe came Mi-
Hepali30BaHi KOJIareHoB1 (GpiOpHiIH CIIyryroTh GyHIa-
MEHTAJILHUMH OyiBeIbHUMU ONokamu Kictku [2,3].
YcepeanHi KoxXHOT (piOPUITH TPONOKOJIATEHOBI HUTKH
pO3TalIOBaHI B YBEPTh-CTYMIHYACTOMY IOPSIKY,
YTBOPIOKOYH 30HHU NEPEKPUTTS 1 PO3PHBIB, IO Yepry-
FOThCS, iHTepBamamu 27 HM 1 40 HM, BiIIOBiTHO, B pe-
3ynbTatTi 4oro GOpMyeETHCs TOCMYTOBaHa CTPYKTypa
posmipom 67 um [23,24]. 1i Gi6puam 3 yacom mine-
panisytoTthcs [25-27]. Xoua TouHMI MEXaHI3M I[OTO
NPOLIECY 3aJMIIAEThCS He3posyminuM [28], € mawi,
SIKi BKa3yIOTb, LII0 MiHEpasi3alisi Moxe BiOyBaTHCs
kpocdibpunspro [29]. BaxkaeTbes, M0 KiCTKOBHIA
MiHepall CKJIaJaeTbCd 3 IUIACTHHOK PO3MipoM
50%25%3 HM, OCi SKHX BHpIBHSHI 3 KOJATr€HOBHMH
¢biopunamu [30-32]. HemonasHo ony0iikoBaHi qaHi
CBIYATh MPO Te, IO IIi MiHEPAJbHI INTACTUHKHU TAKOK
iepapXi4HO OpraHi30BaHi, CKIAJAIOTHCS 3 MEHIIHX
[UIACTUHOK Ta TOJKOMOAIOHMX KpucTaiiB [29].

OcreobnacTu — 1€ cremniaaizoBaHi KiCTKOYTBO-
PIOIOY KIIITHHM, SKi BiAIrpalOTh BUPIIIAIBHY POIb Y
(hopmyBaHHI Ta peMOJIENIOBaHHI KiCTKOBOT TKAHWHH.
OcteobmacTd MOXOAATh 3 ME3EHXIMHHX CTOBOYpPO-
BHX KJTITHH KiCTKOBOTO MO3KY 1 € KITFOYOBUMH JIJISI CH-
HTe3y Ta MiHepaisalii KicTKOBOro MaTpukcy. Ixmiit
PO3BHTOK B ocTeoOnacTu BinOyBaeThCs 3a JONOMO-
roto nurixy Wnt/B-kateHiny Ta acoriifoBaHux OUIKIB
[33]. Li kmituHH, hopMa SKUX 3MIHIOETHCS 3AJICIKHO
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BiJl aKTUBHOCTI, BUCTHJIAIOTh KiCTKOYTBOPIOIOYi TO-
BEpXHi B Mipy no3piBarHs. OCTe00IacTH PEryIiol0Th
poGoty ocreokiacTie [34] i mpoayKyrOTh KOMITOHE-
HTH KICTKOBOTO MAaTpukcy. [leski 3 HHX 3aTpuMy-
IOTBCSL B OCTAHHBOMY, HEPETBOPIOIOYKCH Ha OCTEO-
IIUTH Ta MPUITMHAIOTH CeKpenito octeoiny. Ha ocreo-
OJacTH TaKOXK BIUIMBAIOTh TOPMOHH, (haKTOPH POCTY
Ta (i3UYHA AKTUBHICTh, YAM 3a0€3MEUYIOTh PEaKIIit0
KICTOK Ha 30BHiIIHI moapa3Huku [35].

OcreobnacTy — 11e MOHOHYKJICapHi KJIITHHH, L0
MICTSITh PI3HOMaHITHI KJIITHHHI OpraHei, HeoOXiaHi
it ix ¢yHKIioHyBaHHS. Y IXHIM nMTOIUIA3MI Mic-
TUTHCS PO3MIMPEHUN amapat ["ombpki, BiAIIOBiTa b-
HUH 32 00p0oOKy Ta MaKyBaHHS KIIFOYOBUX OiNIKiB Kic-
TKOBOT'O MaTPHKCY, TAKHX K KOJAreH Ta OCTEOKab-
muH. i Oinky 3B'SI3yIOTBCSA 3 KPUCTAaJaMH TiIpPOK-
CHAIIaTUTY B KiCTI, CHPUSAIOYH MiHEepai3arii KicTKO-
BO1 TKaHIMHH. OCTE00IaCTH TAKOXK MAIOTh JOOpe po3-
BUHEHY TpaHYJISIpHY €HJOIUIa3MaTH4HY CITKY, sKa
Oepe yuacTh y CHHTE31 ITUX OLJIKIiB, a TAKOXK YHCIICHHI
CEKpPETOpHI MyXUpIi, SIKi TPAHCIIOPTYIOTh IX Yy 1M03aK-
mituHHUA MaTpukce [17,36].

Ha BimMiHy BiJl OCTEOKIIACTIB, sIKi BiIIOBIJAIOTh
3a pe3opOwLito0 KiCTKH, OCTe00JIacTH CHHTE3YIOThH i
30epiraroTh HOBY KICTKOBY TKaHUHY, MIATPHMYIOUN
6ananc kictkoBoro romeocrasy [37]. Le#t aunamiv-
HUH IIporiec BKITI0YA€e pe3opOIliro ctapoi abo monrko-
JOKEHOT KICTKH OCTEOKJIACTaMH Ta ii 3aMiHy HOBOIO Ki-
CTKOBOIO TKaHWHOIO TIPH JOIOMO3i OCTEO0IACTiB.
[Mpouec GopMyBaHHS KICTKOBOI TKaHWHH BilOyBa-
€ThCS MOBUIBHIIIE, HIX pe30pOIlis, TOMy ocTeobJa-
CTH PETYJIOIOTh aKTHBHICTh OCTEOKJIACTIB, 00 3a-
Oe3meunTr 30epeKCHHS KICTKOBOT MacH Ta MEXaHid-
HOI MILIHOCTI IPOTATOM ychoro XUTTs. [lopymeHHs
[OT0 DaJIaHCy MOJKE TIPU3BECTH 10 aHOMAIILHOTO pe-
MOJICITIOBaHHS KiCTOK 1 TAKMX 3aXBOPIOBaHb, SIK OCTE-
01opo3, ocreoneTpos abo paxir [37,38].

HesBaxxaroun Ha pi3He MOXOKECHHS Ta PYHKIIII,
0CTEO0IACTH Ta OCTEOKIIACTH MPOXOAATH CXOXKI JKHT-
TEBI IUKIIH, 110 BKIIOYAIOTh aKTHBAIIII0, aKTHBHICTE
1, BPELITi-pemIT, afomnTo3 (3aIporpaMoBaHy KIITHHHY
CMEpTB) MiCIsl 3aBepIICHHS IXHBOT POJIi B PEMOJIEIIIO-
BaHHI KICTKOBOi TKaHWHH. X04Ya OCTE00JIaCTH 3alIH-
[IAIOTHCS BIJHOCHO JIOKATi30BAHUMH ICISL JT03pi-
BaHHs, iXHI KJIITHHU-TIONIEPEHUKH 3JaTHI MirpyBaTu
y BiAIaJieHi AUITHKY Y BiNOBIIh HA crierudiuni cu-
THAJH, Ie BOHU AU(EPEHIIIOI0THCS Y 3pilli ocTeo0a-
cTH 1 OepyTh y4acTh y pereHeparii KiCTKOBOI TKa-
uwuan [17,21,36]. Takum urHOM, OCTE00IaCTH HEOO-
X1THI U TIATPUMKH 300POB'S Ta CTPYKTYPHOI HiJTic-
HOCTI KICTOK IIUITXOM ITOCTiHHOT TIepeOyI0BH KiCTKO-
BOi TKAHMHM. [XHSl AKTHBHICTh CTPOTO PEryJIHOEThCS,
106 30aaHCyBaTH il OCTEOKIIACTIB, 3a0e3neuyoun
HaJIe)KHE PEMOJISNTIOBaHHS KiICTKOBOT TKAHUHU Ta 3a-
noOiralogM posiazaMm, MOB'SI3aHUM 3 IMOPYIICHHSM
MeTabo1i3My KiCTKOBOI TKAHUHHU.

Octeonuty — 1€ TepMmiHaIBbHO audepeHiiiio-
BaHi 0cTe001acTH, sKi GYHKIIOHYIOTh Y B3a€MOIIOB'-
SA3aHUX Mepekax Uil MATPUMKH MeTaboi3My KiCT-
KOBOI CTPYKTypH. BOHM € HalimommpeHimmmMu KTl TH-

HaMU y 3piJTifi KiCTKOBil TKaHHWHI Ta CTAHOBJISTH ITPH-
6mu3HO Bix 90% 10 95% KIIITHHHOIO KOMITOHEHTA Ki-
ctku. [Ticnst Toro, K 0cTe00IaCcTH 3aBEPITYIOTH CBOIO
KiCTKOYTBOPIOIOUY POJIb, AESKi 3 HUX BOYHZOBYIOTHCS
B KICTKOBHUII MaTpHUKC Y HEBEINKI MPOMDKKH, IO Ha-
3MBAIOTHCS JIAKYHAMH, IIEPETBOPIOIOYNCH HA OCTEO-
muth. Ti ocTeobnacTy, sKi HE 3a3HAIOTH IIi€l TpaHC-
(dopmartii, a00 CTarOTh KIITHHAMH, [0 BHCTUIAIOThH
KIiCTKYy, a00 3a3HalOTh aroITo3y (3amporpaMoBaHOi
KJIITHHHOT cMepTi) [22].

OcreonyTy MaloTh yHIKaIbHY MOpdoJIorito, 1110
XapaKTepU3yeThCsl JACHIPUTONOAIOHUMH  BiJpOCT-
KaMH, SIKi BIIXOIATH BiJl TiIa KJITHHY i KOHTaKTYIOTh
3 IHIIMMHU OCTEOLUTAMH, TOBEPXHEBUMH KiCTKOBUMH
KIIITHHaMHU a00 KPOBOHOCHUMH cyAnHAMH. Taki 3B's-
3KH 320€31eIyI0THCS KPUXITHIMH KaHAJIaMH B KiCTIIi,
BiTOMHMH SIK KaHAJIbLI. Yepe3 mi KaHaJIl OCTEOIUTH
KOMYHIKYIOTb 3 OTOYYIOUHM CepeIOBHUILEM 1 BiTirpa-
I0Th BUPIIIAIBHY POJIb Y TPAHCHOPTYBaHHI ITOKUB-
HUX PEYOBHH 1 IPOAYKTIB KUTTEAISUILHOCTI MIX Kic-
TKOBMMH KJITHHAMH Ta KPOBOHOCHOIO CHCTEMOIO
[39]. KomyHikariist peanizyeThest 4epes IIinHHI KOH-
TaKTH, YTBOPEHI OIJTKOM KOHHEKCHHOM, 3a0e3meuy-
109 METaboJIuHy Ta €NEeKTPUYHY Iepesady CHUTHa-
ais [40,41].

OcCTeolTH TakoX MAIIOTh K MEXaHOCCHCOPH,
CTIPSIMOBYIOYH OCTEOKJIACTH Ta OCTEO0IAaCTH B HPO-
eci peMoienoBatHs KictkoBoi Tkanuuu [10,42]. V
CTapiloiid KiCTIII MOPOXKHI JIAKYHH BKa3yIOTh Ha aIio-
NITO3 OCTEOIUTIB, KA MOTSHIIIMHO MOKe OYTH CIIPO-
BOKOBAHUI1 BTPATOIO IUIMHHUX KOHTAKTIB a00 3B's13-
KiB MDXK KJIITHHAMH T4 MaTPUKCOM. 3aru0eib 0CTeo-
LUTIB, 0cOOJIMBO yepe3 nedinur ectporeny abo Jiky-
BaHHS IIIOKOKOPTUKOiJaMH, HETaTHBHO BILIMBAE Ha
craH kicrok. OJHaK, Taki npenapary, K eCTpOreHH
Ta GichochoHaTH, pa3oM i3 HOPMAIEHUM MEXaHid-
HUM HaBaHTa)XEHHSIM, MOXKYTb JONOMOI'TH 3a1I00II'TH
aronTo3y sk 0CTe001acTiB, Tak i ocreoruTis [43,44].

[Tig gac cBoei TpanchopMarii 3 ocTeobIacTiB
OCTCOLUTH TMPOXOIATh KiJbKa CTamill, sSKi MOXKHA
imeHTH}IKyBaTH 32 MOP(OIOTIYHUMH Ta MOJIEKYIISP-
HuME 3MiHamu [45,46]: npeocteonntu | Trmy, mpeo-
creouuty II Tuny Ta npeocreouuru III Tumy.

OcCTeoLyTH BiIrpaloTh KIOYOBY POJIb Y pery-
JSIIIIT roMeocTa3y KiCTKOBOI TKaHHHH. BoHM B3aeMo-
JUIOTh 3 0CTE00JIACTAMHU Ta OCTEOKIACTAMH, KOOP.IH-
HyIOud (OpMYBaHHS Ta pe30pOIil0 KiCTKOBOI TKa-
HUHH, MITPUMYIOUYH OaJaHC PEMOICTIOBAHHS KiCT-
KOBOI TKaHWHH. JISHIPHUTHI BIIPOCTKH OCTEOLHTIB
JIO3BOJISIFOTH M PETYJIIOBATH aKTHBHICTH OcTeo0Iac-
TiB, 110 3a0e3meuye eekTuBHE (OPMYBAHHS KICTKH.
OcTeonuTH TaKoX pearyioTh Ha MexaHidHI HaBaHTa-
JKEHHsI T2 CUTHAJIM TOPMOHIB, TAKHX SIK ITapaTrOPMOH,
JOTIOMAraroyd MiATPUMYBAaTH IIiJBHICTH KiCTKOBOI
TKAHWHH Ta KaJbllieBuil romeocTas [46-48].

Tpancdopmariisi octeobnacta B OCTEOIUT Bij-
OyBaeTbcs, KOJIM KIIITHHA ININOIIE BOYAOBY€ETHCS B Ki-
CTKOBHMH MaTpHKC 1 i JEHIPUTHI BIAPOCTKU IPHUIIH-
HSIIOTH pOCTH. Take NPUIMHEHHS POCTY € CUTHAJIOM,
SIKMH 3aITycKa€e OCTaTOYHE NMEPEeTBOPEHHS Ha 3piuid
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ocreonuT. KpoBOHOCHE MOCTaYaHHS OCTEOLNTIB 3Me-
HIIYETHCS B Mipy TOTO, SIK JOJAIOTHCS HOBI MapH Ki-
CTKOBOI TKaHWHH, 110 TOJATKOBO CUTHAJII3Y€ PO T0-
TOBHICTH OcTeoOacTa TpaHchopMyBaTHCS B OCTEO-
mut. L{i ocTeonuTH CIyTyroTh KOOPIAMHATOPAMH ITif-
TPUMKH KiCTKOBOT TKaHUHH, 320€3MeTyI0un CTPYKTY-
PHY UTICHICTD KICTKH MPOTArOM KHUTTA [22,49].

OcreokiacTy — 1€ BEJHMKI OaraTosepHi Kii-
THUHU, SIKI BAHUKAIOTh B PE3YJIBTATI 3JIUTTSI MOHOHYK-
JIeapHUX MOTIEPETHUKIB 3 POJUHN MOHOLIUTIB/MaKpO-
(bariB. OCKIJBKH 1Ii KIIITHHU BiAMOBIAAIOTH 32 Pe30p-
OIIif0 KICTKOBOI TKaHWHH, BOHM HEOOXI/HI I HOP-
MaJIEHOTO PO3BUTKY CKeJlleTa Ta PeryJisimii KiCTKOBOI
macu [50]. Ix Bucoky meraGomiuHy akTHBHICTH Ta
e(eKTHBHICTh y pyHHYBaHHI KiCTKOBOI TKaHWHH 3a-
0e3meuyoTh JeKiJibKka M00pe PO3BUHEHHUX OpTaHell,
BKITIOYAIOYHN MITOXOHIIpii, €HAOTUIA3MATHYHUI PETH-
KyIryMm, amapart ['oipIKi, J1I30COMH Ta TPAaHCHOPTHI
Be3uKyiH. OfiHI€0 3 HaliXapaKTEePHIINX 0COOIMBOC-
TE OCTEOKNACTIB € ropoBaHa oOIsIMIBKa — CKIIaj-
YacTa KJIITHHHAa MeMOpaHa 3 YMCICHHUMH MiKpOBOP-
CHHKaMH, 1110 BUXOJSTh Ha IIOBEPXHIO KICTKOBOT TKa-
HuHU. L9 crienianizoBaHa CTpyKTypa € MiCLieM aKTH-
BHOI KiCTKOBOI pe3op6iii [17,51].

[pormec pe3opOLii KiCTKA TOYNHAETHCS 3 TU(eE-
PCHIIIFOBaHHS MOTIEPETHUKIB OCTEOKIACTIB, SKi MPH-
KPIIUTIOIOTBCS 10 TIOBEPXHi KICTKH 1 (POPMYIOTE 30HY
yminpHeHH:. Ll 30Ha (ikcye ocTeokmacT y KicTii,
JI03BOJISTIIOUH HoMy copMyBaTH MeMOpaHy 3 XBHJIS-
cToto oOmsmiBKoOIO. L1 MeMOpaHa MiCTUTh IPOTOHHY
TIOMILY, sIKa IiJKUCIIIOE MIKPOCEPEJIOBHIIE B JIAKYHI
pe3opoi1Iii (pocCTip, CTBOPEHUI MK KICTKOO 1 KITITH-
HO10). IlimKuCneHHs tornoMarae po34MHUTH Heopra-
HIYHUH KOMIIOHCHT KiCTKOBOTO MATPHKCY, 30KpeMa
TiPOKCHANaTHT, MOJIETUIYIOUM pO3Maj KiCTKOBOI
TKaHuHH [22].

OcTeokiIacTH  XapakTepu3yIOThCs HASBHICTIO
(hepMeHTY TapTpaT-pe3uCTEHTHOI KUCIOi Ppocdarasw,
SKAH BUKOPHCTOBYETHCS SIK TiCTOJNIOTIYHUM Mapkep
Ut imeHTH(IKail X KIITHH i 9ac aHaNi3y TKa-
HuH. el ¢pepMeHT Bimirpae BaXIMBY POJb Y Pe30p-
O11ii KiCTOK, CIPUSIIOYH JAerpajallii OpraHidHuX CKia-
JHHKIB KICTKOBOI TKaHWHMU. ITiciist TOro, Ik KiCTKOBHIA
MaTpHKC PO3NAAAETHCS, TPOAYKTH JAerpajanii Bujia-
JISIFOThCS 3 JIAKYHH Pe30pOIlii 3a JOMOMOTO IpO-
Hecy, KM Ha3MBaeThes TpaHcuuro3. Lli mpomykTn
SHJIOLUTYIOTHCS Ha XBHJIACTOMY KOP/OHI 1 TPaHCIIO-
PTYIOTBCSI Yepe3 OCTEOKIIACT Y BE3UKYJIaxX, MepII HiX
BUBIIBHAIOTECSA Ha TIPOTHIICKHOMY OOII KIITHHA
[17,18].

OCTEOKJIaCTH BiAIrpalOTh BUPIMIANBHY POIb y
MiATPUMIII HOPMaJIBHOTO CTaHy KiCTOK, BPIBHOBaXKY-
1049M TporecH (OpMyBaHHA Ta pe3opOmii KiCTKOBOT
TKaHUHHY, 320e3Meuyroun ii MocTiiHe OHOBIICHHS Ta
aJlanTaIlito 10 MEXaHIYHUX Ta METabOMYHUX MTOTPeO
opranizmy. lleii 6e3nepepBHUII Mpolec peMOAEIIO-
BaHHS Ma€ BAXKJIMBE 3HAYEHHS JJIs1 MII[HOCTI, BIJHOB-
JIEHHSI Ta 3arajbHOl IiIicHOCTI ckeneTa. OcTeoKia-
CTH TPAIIOIOTH PAa30M 3 OCTEOOIACTAMH, SIKi BiIMOBI-
JTAIOTh 3a (POPMYBAHHS KiCTKOBOI TKAHWHU, JJIS ITiT-
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PUMKH 3I0POBOTO CTaHy KicTOK. bajlaHC MiX aKTHB-
HICTIO OCTEOKIIACTIB Ta OCTEO0JIACTIB BU3HAYAE KICT-
KOBY Macy, a aucOajaHc Ha KOPUCTh OCTEOKIIACTIB
MIPU3BOJUTE JI0 OCTEONOPO3Y, KOIH 3HIKCHA IIIhb-
HICTh KiCTKOBOI TKAHWHH 301LTBIITy€E PU3HK IIEPETIOMiB
[52].

MopentoBaHHS Ta peMOJICIIOBaHHS KICTOK € Ba-
JKITUBHMU NIPOLIECaMU Y XpeOETHHX TBapHH, SIKi pery-
JIOIOTH aJIaNTalilo KiCTOK IPOTITOM YCHOTO JKHTTSL.
MopenroBaHHS KICTOK 3MiHIOE opMy i Macy KiCTOK
y BIJITIOBIJIb HA MEXaHIYHI HABAHTaKEHHS ITiJ] 9ac po-
cTy i crapinus. Lle BinOyBaeThCs MUITXOM OpraHi3ariii
pe3opOwii Ta (opMyBaHHS KiCTKOBOi TKaHWHH Ha
MIPOTUIIC)KHUX TTOBEPXHSX, IO MPHU3BOIUTH 0 «MO-
JeNBHOTO peridy», SKUH 3MIHIOE CTPYKTYpPY BiAro-
BiIHO /10 0COGIMBOCTE# POCTY Ta HaBaHTaXeHb [53].
PeMonentoBaHHS KiCTKH, 3 IHIIOTO OOKY, MiATPUMYE
LUTICHICTh KICTKH, 3aMIiHIOIOYH cTapy abo MOIIKO-
JDKEHY KICTKY HOBOIO TKAHWHOIO 0e3 3MiHu popMH Ki-
ctku. Lle#t Ge3nepepBHUIA TpoLEC € KUTTEBOBAXKIIH-
BHUM JUTS1 MIITHOCTi Ta cTaGinpHOCTI KicTok [54].

J1yist IOsICHEHHST TIPOLIECY PEMOJISITIOBaHHS Kic-
TKH OYyJI0 BBEJICHE MOHATTS OCHOBHOI 0araTOKJIITHH-
Hoi ogunuii [54]. Ile THMuYacoBa aHATOMIYHA CTPYK-
Typa, IO CKIAJA€ThCS 3 CHHXPOHI30BAaHMX KIITHH,
SIKI TIPAITIOIOTh Pa3oM, 00 BHOAIUTH i CPOPMYBaATH
KiCTKy B meBHOMY Micmi. KokHa onuHUIS CKiana-
€TBCS 3 OCTEOKIIACTIB Yy «PLKYy4OMY KOHYCi», 3a
SIKUMH CIIAYIOTh OCTEOOJIACTH Y «3aMHUKAIOTiid 30H1»,
a TaKOX OCTEOLMTH Ta IHII KIITHHHI KOMIIOHEHTH.
Ii KIITHHHM MPANIOITh CKOOPIMHOBAHO, 100 MiAT-
pUMYBAaTH TOMEOCTa3 KiCTKOBOi TKaHMHU. PiBHOBara
MDK pe3opOliero Ta (OpMyBaHHSIM KICTKOBOI TKa-
HUHU Ma€ BHpIlIaJbHE 3HAYCHHs; OyAb-sKe MOpY-
IICHHS MOXE MTPU3BECTHU 10 TAKUX CTaHIB, SIK BTparTa
KicTKOBOi TKaHWHH a0o0 HaaMipHe ii (popmyBaHHS
[55].

3B'I30K MiXK OCTEOKJIacTaMH Ta ocTeodIacTaMu
B JUITHKax pPEMOJECNIOBAHHS T'apaHTye, IO BHJa-
JICHHS KiCTKOBOi TKAHUHH CYIIPOBOKYETHCS 11 3aMi-
meHHsM. Lle «BOrHHUIIEBE 3UEIUICHHS PETYIIOETHCS
CHTHaJIaMH BiJl OCTEOKIIACTIB, SIKI 3aJ1y4aroTh i aKTH-
BYIOTh O0cTeo0iacTH i popMyBaHHSI HOBOT KiCTKH.
Xoua 3'eIHAHHS KOPCTKO PETYJIOETHCS, BOHO € acH-
HXPOHHHUM — pe30pO1is i popMyBaHHS KiCTKH Bif0y-
BAIOTHCS B PI3HMH yac Ha pi3HuX JiisHKax. Lleit 6e3-
MEpEepBHUN TIpOLIeC HEOOXiTHWHA s 3armoOiraHHs
BTPaTH KICTKOBOI MacH B NEPiOJy aKTHBHOTO PEMO-
nentoBanust [56]. KicTkoBuii 00ir, pe3yabraT pemo-
JIeIMIOBaHHs, BimoOpa)xxae 9acTKy 00'eMy KiCTKOBOI
TKaHWHY, IO 3aMimryeTbess 3 uyacoMm. LIBuakicTs
00ITy 3aJIe)KHUTh BiJl KITBKOCTI OCHOBHUX 0araTOKIi-
TUHHUX OJIMHUIIL Ta OajaHCy MiX pe3opoiieto Ta ¢o-
PMyBaHHSIM KiCTKOBO{ TKaHWHH Ha KOXKHIN JUISHII.
Bucoka mBHIKICTE KICTKOBOI pereHeparii Moxe
MIPU3BECTH JJO KPUXKOCTI KiCTOK, SKIIO pe30pOIis BHU-
niepekae HOpMyBaHHS, SIK 1€ CHOCTEPIraeThest MpU
ocreornopo3si. | HaBmaku, HU3bKa 0OOPOTHICTH MOXKE
TIPU3BECTH JI0 TIOT'aHOTO BITHOBJIEHHS KiCTKOBOI TKa-
HUHH Ta CTPYKTypHOi ciabkocti [56]. 3pemiroto,
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CKJIaJHa B3a€EMOZISA MK 0CTe00JIaCTaMHU, OCTEOKIAC-
TaMU Ta IHIIAMHU PETyJIATOPHUMU PaKTOpaMu TrapaH-
TY€, 10 KICTKU 3aJIAIIAIOTHCS (PYHKIIOHATBHUMH Ta
MIITHIMH, pearyiodd Ha IIOTpedu poCTy, CTapiHHS Ta
MeXaHi9HI HaBaHTa)XEHHS, 3a100iralou mpu HEOMY
[aTOJIOTisAM, IOB'SI3aHMUM 3 IHCOaIaHCOM KiCTKOBOTO
PEMOJICITIOBaHHSL.

[Ipouec crapiHHS CYTTEBO BILIMBAE Ha CTPYK-
TYpY KICTKOBOI TKAaHWHH, IPU3BOJSIYH IO TOMITHOTO
3MEHILEHHS KICTKOBOi MacH Ta 3MiHHM MiKpoapXiTek-
TYpH, 1110 B KIHLIEBOMY ITiICYMKY CTaBHTb I1iJ] 3aTpO3y
LUIICHICTh CKeJeTa Ta MOro MeXaHidHI BIAaCTUBOCTI
[57,58]. KimrouoBoro 0COOGNMBICTIO BiKOBOTO MOTip-
IICHHS CTaHy KiCTKOBOI TKaHWHH € 3HIDKCHHS MiHe-
paNbHOI MITBHOCTI KiCTKOBOI TKAaHWHH, IO € HACIIA-
KOM JucOanaHcy MK (popMyBaHHSAM Ta pe30pOILi€eio
KICTKOBOI TKaHUHHM. 3 BIKOM aKTHBHICTh ocTeo0Jac-
TiB (BiANOBiJaTFHUX 32 (POPMYBaHHS KiCTKOBOI TKa-
HHMHH) 3HHXKYETBCSI, TOJI SIK aKTUBHICTh OCTEOKJIACTIB
(s1xi OepyTh y4acTb y pe3opOuii KicTKOBOT TKaHWHH)
cTae OinbI BupakeHoto. Llei mucbananc e OibIie
MOTJIMOIIOETHCS 301IBIICHHSAM BUBIJIBHEHHS IpO3a-
MaJbHUX MOJIEKYJ, TAKHX SIK (JaKTOp HEKpO3y MyX-
mH-anbda (OHII-a), inTepneiikin-1 (IJI-1) Ta 1JI-6.
i ¢akropu CTUMYMIOIOTH (PYHKIIIIO OCTEOKIIACTIB,
MPUCKOPIOIOYH BTpaTy KicTkoBoi Tkanuuu [59,60].

CTpyKTypHI 3MiHH B KICTKaX XapaKTepU3YIOThCS
BUTOHYEHHSM TPAaOEKyJI Ta IMiIBUIICHOO IIOPHUCTICTIO
KOPTHKAIBbHOI TKaHWHH, L0 MPU3BOJUTH OO 3HH-
JKEHHSI MITHOCTI KicToK. LIi MikpoapxiTeKTypHi 3MiHH
BUHMKAaIOTh 4epe3 HEeraTWBHUH KICTKOBHH OanaHc,
KOJIM pe30pOLisl KICTKOBOT TKAHUHHU MEPEBUILYE KiCT-
KOYTBOpPEHHsI. SIK HaciIOK, 3 BIKOM MILIHICTb i NIpy-
JKHICTh CKEJIeTa 3HIDKYHOTBCS, IO CIPUSE IiIBH-
IICHHIO PU3HKY MEPEIOMIB 1 PO3BUTKY TaKHX 3aXBO-
PIOBaHb, SIK 0CTEONOpo3 Ta octeoaptpuT [61]. Oxpim
BTPATH MacH Ta apXiTEeKTYPHUX 3MiH, 3 BIKOM 3MiHIO-
€TBCS 1 CKJIaj KicTkoBOT TKaHWHM. KonareHoBuit ma-
TPHUKC y KICTKaX CTa€ BCe OUTBIT 3MIUTUM, IO MPH3-
BOJIUTH JI0 TOTO, IO KICTKH CTAalOTh XXOPCTKIMINMH Ta
kpuxkimumu [62]. L{s sKOpCTKICTh y MO€AHAHHI 31
3HM)KEHHSIM MEXaHIYHOT CTIMKOCTI KiCTOK 1i1e Oiblie
MI/IBUIIY€ PU3UK NepesioMiB. BikoBi 3MiHM MiHepaib-
HOTO CKJIQ/ly KICTOK TaKO CIIPHSIOThH IIUM MeXaHi4-
HUM MOPYIICHHSM, 3MEHIIYIOYM MIIHICTh Ta THYY-
KIiCTh KICTOK, SIKi € KDUTUYHO BAXKJIMBUMH JJIS ITi/T-
PHMKH 3arajibHOTO 3JJ0pPOB'SI CKeJIeTa Ta HOro pyXJIH-
Bocri [63].

ITpouec crapiHHS CyTTEBO BILUIMBAE SIK HA OCTE-
OIINTH, TaK 1 Ha KIITHHA-TIONepeaHuLi. OCTEONUTH,
HAWMOIMIMPEHIIT KIITHHA KICTKOBOI TKAHWHH, BiJliT-
paroTh KIIOYOBY POJIb Y PEMOJETIOBAHHI KiCTKOBOI
TKaHWHU, BUSBIITIOUN MEXaHI9HI CHTHAJIH Ta PETYIIIO-
F0YH aKTHBHICTh OCTEO0JIACTIB Ta OcTeokIacTiB. Ox-
HaK 3 BIKOM Yy TaKUX KIITHHAX BiJI0yBaIOThHCS JIeTeHe-
paTuBHI 3MiHU. 3MEHIIEHHS KUTBKOCTI OCTEOLIUTIB Ta
X 3B'A3HOCTI MPU3BOJAUTH O BTPATH MEXaHIYHOI Uy-
TIMBOCTI, IO MOTIPIIye 3JaTHICTh KIITHH PETyIIo-
BaTH PEMOJICIIIOBAHHS KiCTKOBOI TKaHMHU [64,65].

[Tpouec cTapiHHS OCTEOIMTIB 3yMOBICHHH KOM-
Oinamiero (akTopiB, BKIIOYAIOYM OKCHIATHBHHN

CTpec, 3HWKECHHS e()EeKTHMBHOCTI CHUCTEM permapartii
JIHK, a Takok 30BHIIIIHI BIUIMBH, TaKi K J1ia0beT i ro-
PMOHAJBHI 3MiHH, 110 HETATHBHO BIIMBAE HA ajarl-
TaIlif0 KiCTOK 1 MEXaHIYHy YyTJIHBICTB, IIe OilbIIe
MOCIa0IIIOI0YH CTPYKTYpY cKeleta [66-68].

KrnitTuan-ionepetHUII octeoreHesy, BiMmoBia-
JBHI 32 (OpMyBaHHS KICTKOBOI TKaHMHH, TaKOX 3a-
3HAIOTh 3HAYHMX 3MiH 3 BIKOM. Y IIUX KJIITHHaX CIIO-
CTepiraeTbCsi 3HWKEHHS aKTHBHOCTI TeJIoMepasH,
BKOPOYEHHSI TEJIOMEPIB 1 HAKOTTMYEHHS MTOLTKOKEHb
JHK w4yepe3 oxucmroBanpuuii crpec [69]. [Hoci-
JOKCHHS TTOKA3aJIi TIOMITHE 3HIXKCHHS KIJTBKOCTI KJTi-
THUH-TIOTIEPETHAUID Y BIKOBHX KIiCTKax, IO CYIPOBO-
JOKYETHCS T IBUIIEHNM PiBHEM eKcTpecii reHiB p53 i
p21CIP1, sixi crIpHUSAIOTH KJIITHHHOMY CTapiHHIO 1 3HH-
JKCHHIO TIOTEHINially pereHepanii KicTKOBOi TKaHUHH
[70]. Take 3uwKEHHS DYHKIIOHATBHOCTI KITiTHH-TIO-
MepPEeHULb OCTEOreHe3y MOocNabIioe 3arajbHy 31at-
HICTB 110 (POPMYBaHHS KiCTKOBOT TKAaHHHH.

KuiHiuH1 HACIIKU CTApiHHSA SIK OCTCOIMTIB, TaK
1 KITHH-TIOTIepeiHULb € 3HayHuMH. Crtapi ocTeo-
IUTU HE 3/1aTHI e(EeKTUBHO NepeaaBaTH MEXaHidHi
CHUTHAJIH, 1110 MPU3BOIUTD O 3HMXKEHHS SIKOCTI KiCT-
KOBOI TKQaHWHH, IiJBHILCHOI CXUIIBHOCTI 10 Mepesio-
MiB Ta YHIOBUTPHEHOTO 3arO€HHS TIEPEIOMIB Yy JIITHIX
mozei. Boanouac, 3MeHIIIEHHS KITBKOCTI KJII THH-II0-
NepPEIHULb OCTEOTeHe3Y MOTIpIIye pereHepaito Kic-
TKOBOI TKaHMHH, L0 NIPU3BOJNTH O 3HIKECHHS Mill-
HOCTI Ta MacH KiCTOK, CIIPUSIFOYH PO3BUTKY OCTEOIO-
pO3y Ta IHIIKX BIKOBHX 3aXBOPIOBaHb KiCTKOBOI TKa-
uuan [71]. HoBi TeparneBTuyHi miaxoau 30cepemkeHi
Ha MPOTHAII CTApPIHHIO OCTEOLUTIB Ta KJIITHH-IIONE-
pennunb. CrpsiMmoBaHa 00poTh0a 3 OKCHUIATHUBHHUM
CTPECOM Ta MOIIYK MeXaHi3MiB pearyBaHHs Ha IOLI-
xomxkeHHa JJHK moxe momomortu momepeauTtu mo-
YaTOK KJIITHHHOTO cTapiHHs [72].

Ha cTpykTypHY HiTiCHICTH KiCTOK BILTHBA€E Oe3-
7id pakTopiB, BKIFOYAOUH 3aralibHy KiCTKOBY Macy,
TeOMETPIIO Ta BIACTHBOCTI caMOl KiCTKOBOi TKaHUHH.
Cepen HHX MiHepajbHa IMITBHICT KICTKOBOI TKa-
HHUHH IIUPOKO BHKOPHCTOBYETHCS B KIIHIYHUX yMO-
Bax IS JIarHOCTHKH TaKHX CTaHIB, SIK OCTEOIOPO3,
Ta OLIHKM PH3MKY IepenoMiB. MiHepaibHa MLIiJIb-
HICTh KiCTKOBOI TKAHHHH 3a3BHYail BUMIPIOETHCS 3a
JIOTTIOMOTOI0 JIBOCHEPT€TUYHOT PEHTIEHIBCHKOT a0Co-
pOuiomerpii [73]. Bona BigoOpaxae KilnbKicTh MiHe-
PABHUX PEYOBHUH Y KICTIIi, alle He BPaXOBYE 1HIII Ba-
JKJIMBI aCIEKTH SKOCTI KICTKOBOI TKAHMHH, SIK1 BILIK-
BAIOTh Ha 3arajbHy MIIHICTh KiCTOK [74].

SIKiCTh KICTKOBOi TKaHMHHM — Ii¢ IIHpPIIE I10-
HATTSL, SIKE OXOIUIIOE HE JIMIIE KiCTKOBY Macy, aie i
Pi3HI reOMETPUYHI Ta MaTepiaibHi PaKTOPH, SKi Bifi-
TpaloTh MEBHY POJIb y CTIKOCTI 10 epenomiB. Croan
HaJIeXaTh 3arajbHa (opma Ta po3mip KiCTKH, MIKpO-
CKOITiYHA apXiTeKTypa, a caMme CTPYKTypa TpadeKys
Ta BJIACTHBOCTI MaTepialy — CKiax i B3a€MOBiIHO-
LIEHHsS] OCHOBHUX KOMITOHEHTIB, TAKHX SIK KOJAareH i
MiHepain. KicTkoBa TkaHHHA € KOMIIO3UTHUM MaTe-
piasiom, 3 MiHepaJIlbHUMH KpUCTaIaMH, BOYJOBaHUMH
B KOJIAr€HOBY MaTpHILt0, 1 ii MeXaHI4HI BIaCTHBOCTI
3aJIeKaTh BiJl B3a€EMOMIl MK IIMMH KOMIIOHCHTAMU
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[73,75]. Hesenuki po3puBH B KiCTIIi, TaKi sIK KPUXiTHi
TPIIIMHMU, TIOPH Ta MEXI IUIACTHHOK, MOXYTh BILIH-
BaTW Ha MIIHICTh KicTku. Koin mi reomeTpuyHi Ta
MaTepianbHi (paKTOpH BPaxOBYIOTHCS Pa3oM 3 MiHe-
PaNFHOIO IIUTBHICTIO KiCTKOBOi TKAHWHH TPHU OITiHIII
3JI0pOB'SI KICTOK, BOHH JAIOTH O1JIBII MIOBHE YSBICHHS
PO MILHICTh KICTOK Ta PU3HK IEPETOMIB, HIXK TIIIBKU
MiHepalbHa MITBbHICTh KiICTKOBOT TKaHUHH [76—78].

KicTkoBa MEHCUTOMETpIis — I¢ MIarHOCTUYHUI
TECT, SKUA BUKOPUCTOBYETHCS JUIS BUMIPIOBaHHS
BMICTy MiHEpalbHHX PEYOBHH Ta LIUTLHOCTI KiCTKO-
BOT TKaHWHH, 10 3a0e3Meuye KPUTUIHY OLIHKY 3]10-
poB's kicTok [79]. Ileit TecT YacTo MPOBOAATH 3a JIO-
MIOMOT OO PEHTT'CHIBCHKHUX ITPOMEHIB, TBOCHEPTeTHY-
HOI peHTTeHiBChKOi abcopOriomeTpii abo creriaizo-
BaHOI KOMI'ToTepHOi ToMorpadii. Cepen uX METOIIB
JIBOCHEPTETHYHA PEHTICHIBChKAa alcopOIioMeTpis
BBAJKAETHCS «30JIOTUM CTaHAAPTOM) 3aBASKU CBOIN
BUCOKIfl TOYHOCTI Ta HaJIiHOCTI Yy BHMIpIOBaHHI
HIUTBHOCTI KICTKOBOT TKAHWHU, OCOOJIHBO B KYJIBIIIO-
BOMYy cyriio0i Ta xpe6Ti [80].

OCHOBHOIO METOI0 KICTKOBOi JEHCHTOMETPIi €
JIarHOCTHKA TaKMX CTaHIB, K OCTEOIIEHIS Ta OCTEO0-
mopo3 — 00M/IBa XapaKTEePU3YIOTHCS 3MEHIIICHHM Ki-
CTKOBOI MacH Ta MiABUINEHOI KpuxXKicTio. OmiHto-
FOYH IUTBHICTH KICTKOBOT TKAHIHH, JTiKapi TAKOXK MO-
JKYTh BU3HAYHUTH PH3HK MEPEIOMIB y TIALli€HTA B Maii-
OytHROMY. Lle 0COOIMBO BaXIIMBO IS JTFOACH TIOXH-
Joro BiKy ab0 THX, XTO Ma€ B aHAMHE31 3aXBOPIO-
BaHHS KICTOK, OCKUIBKH II¢ JJOITOMAara€e MpU3HAYUTH
npodigakTUUHE JIKYBaHHS JUIS 3HIDKCHHS PH3HUKY
nepenomis [81,82].

KicTkoBa JeHcuTOMETpis 3a3BU4ail BUMIpIOE
HIUTBHICTH KICTKOBOT TKAHWHH B KPUTUYHUX JIISTHKAX
CKeJeTa, BKJIIOYAIOYH XpeOeT, CTErHO Ta Mepe-
T4, Y JesIKUX BHTIAAKAX [T BUMipIOBAHHSI IiJTh-
HOCTI KICTKOBOI TKAaHWHU Ha MEHINUX IiITHKAX, Ta-
KHX SIK 3aIT'SCTI, Majblli a00 I'ATKa, MOYKHA BUKOPH-
CTOBYBATH NOPTaTUBHI npucTpoi. OHAK MOPTATHBHI
METOAH, SIK MPABWIO, MEHII TOYHi, OCKUIBKHA BOHHU
OIHIOKOTH JIMIIE OTHY MUISHKY KiCTKH, Ha BIAMIiHY
BiJl CTAHIAPTHOTO CKaHYBaHHS JBOCHEPTETHYHOI pe-
HTTeHIBChbKOI abcopOIiomMerpii, sike OIIHIOE KiIbKa
KITFOUOBHX JIinsHOK [83,84].

CraHaapTHI peHTIeHIBChKI IPOMEHI MOXYTb BH-
SIBUTH CJIa0KiCTh KICTOK JIMIIIE TO1, KOJIM BTpaTa Kic-
TKOBOi TKaHWHH BKe mporpecye. Ha BiaMiHy Bin
BOTO METOHY, KICTKOBa ICHCHUTOMETPIS BUSBIIE
3HIKEHHS IIJIbHOCTI Ta MIiITHOCTI KICTKOBOI TKAHUHU
Ha OUTBIN paHHIX CTaisfX, KOJIHU TaKi 3aCO0H, K JIIKH,
Xap4oBi JOOABKH Ta 3MiHa CIIOCOOY JKUTTS, IIe MO-
KYTh OyTH e(DeKTHBHUMH IS CIIOBITEHEHHS 200 3Y-
[MHEHHS BTPATH KicTKOBOi TkanwmHu [83,85]. Taka
MOJKJIMBICTh PaHHBOTO BHUSBIEHHS POOUTH KiCTKOBY
JICHCUTOMETPiI0 BOKIMBUM IHCTPYMEHTOM Yy Tpodi-
JIAKTHUII Ta JIKyBaHHI OCTEOMOPO3y Ta 1HIIHUX 3aXBO-
PIOBaHb, MOB'I3aHUX 3 KICTKOBOIO TKAaHUHOIO.

lNicTonoriuanii aHali3 KiCTOK € BaYKJIMBUM iH-
CTPYMEHTOM JIJIsl BUBUCHHS CTPYKTYPHOI OpraHi3arii
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Ta CKJIaJy TBEpIUX TKaHUH, TAKUX SK KICTKHU 1 3yOH,
Ha MiKpoCKoIiYHOMY piBHi. Lle# mporiec mupoko Bu-
KOPHCTOBYETBCS B PI3HUX HAYKOBUX Taily3sX, BKIIO-
Yaroud MEIUINHY, 010JI0TiI0, aHTPOIIOJIOTIIO Ta KPH-
MIHQJIICTHKY. 32 JONOMOTOO0 CIIELiali30BaHOTO 00-
JMamHAHHA TKAaHWHU MiATOTOBIIIOTH, IMIO0 MOXHA
OyJ0 IeTanbHO PO3TIISTHYTH iXHIO Oprasizaiiio [86].

IcHye 1Ba OCHOBHUX IMTiIXO/H 10 TiCTONOTIYHOTO
JOCITIKEHHS KicTOK. ['icToMopdostorist — 11e sikicHHiA
MeToz (hoKycyeThest Ha MophoJIorii Ta oprasizarii Ki-
CTKOBOI TKaHMHU. J{0CITITHUKH CIIOCTEPIraroTh 3a po-
3TAIlyBaHHAM 1 XapaKTEePUCTHUKAMHU MIiKPOCTPYKTYD,
106 OTpUMATH YSIBIECHHS TPO icTopiro TKauuau [87].
INicromopdomerpis — e KiNbKiCHHI METOX BUMIpIOE
MIKpOCKOIIUHY OpraHi3allifo TKaHWH. 3aBISIKH TOY-
HUM BHUMIPIOBaHHAM TiCTOMOP(HOMETPisSs O3BOJIIE
OILIHUTH CTPYKTYPHI 3MiHHU Ta 0COOIMBOCTI KiCTKOBOT
TKaHWHH 3 TUTHHOM 4acy [88-90].

Sk rictomopdororis, Tak i ricromoppomerpis
MOJYTh 3aCTOCOBYBATHCS 3 BUKOPUCTAHHAM CTATHY-
HUX Ta JMHAMIYHMX METO/IB, 3aJIEKHO BiJ{ TOTO, YU
BUBYAETHCSI TKAHUHA B OJJUH MOMEHT 4acy, 4 BiJiC-
TEXKYEThCS MPOTITOM TEBHOTO mepioay uacy [86].
CraTHyHUIA TiCTOJIOTIYHMN aHaNi3 IOCTIIKYE TKa-
HUHY B IIEBHHH MOMEHT 4acy, HalpHKJIal, OpH BHU-
BUYCHHI TiCTOJIOTIYHUX 3pa3KiB, OTPIMAaHUX BiJI TIOMe-
pmux oci6. CTaTnyHAN aHaNi3 Ja€ MOMEHTAITBHUHA
3HIMOK CTaHy TKaHWHH, 1[0 POOHUTH HOTO NPHIATHUM
JUISL aHaJi3y iCTOPHYHUX ab0 CYIOBO-MEIUYHUX OC-
TaHKiB. JI[uHAMIYHMI TiCTOJIOTIYHUI aHai3 BiACTe-
)Ky€ 3MiHHM B TKAHWHI 3 IVIMHOM 4acy, 4aCTO BUKOPH-
CTOBYIOYH JIOCTIKeHHsI iN Vitro abo in vivo 3 pis-
HHMH METOJIaMH MapKyBaHHS JUIsl CIIOCTEPEXKEHHS 32
KIITHHHUMH PEaKLisIMH 1 MIKPOCTPYKTYPHUMH 3Mi-
HaMu. J[MHaMI4HWIA aHaIIi3 BAKOPUCTOBYETHCS B KOH-
TEKCTaX, J€ METOIO € OLIIHKA IIOTOYHMUX Ol0JIOTIYHHUX
NPOLECIB, TAaKUX SK PEMOJCIIOBAHHS a00 3aro€HHs
kicrok [91,92].

OmHak 1 METOOM MAlOTh IIE€BHI OOMEXEHHS.
CraTuyHMiA aHATI3 MOXKE HE TIOBHICTIO BiTOOpakaTu
JUHAMIYHY IPUPOY KiCTKOBOi TKAaHWHU, TOJI 5K JTH-
HaMIYHHUI aHali3 BUMarae OUIBbII CKIIaJIHUX METOJO-
norid. TouHa iHTepHpeTaliss TiCTONOTIYHUX JaHUX
TaKOX 3aJISKHUTh BiJl PO3YMiHHSI B3a€MOZIT BHYTpillI-
HIX (FeHETHYHMX, KIITHHHUX) 1 30BHILIHIX (€KOJIOTi-
YHUX, MEXaHI4YHUX) (HaKTOPIB, sKi GOPMYIOTH MiKpO-
CTpYKTYpH KicTku [86].

Indopmanisa npo koHikT iHTepeciB

[MoteHmiitanX a00 SBHUX KOH(QIIIKTIB iHTEpECIB,
10 TIOB’sI3aHi 3 MM PYKOITMCOM, Ha MOMEHT ITyOi-
Kallii He iCHy€ Ta He rmepeq0a4aeThCs.

dxepena piHaHCYBaHHA

JlocmipkeHHST TIPOBEJICHO B paMKax HayKOBO-
nociigHoi Temu «MopdodyHKITIOHAIBHI Ta IMYyHOT-
CTOXiIMi4YHiI 0COOIMBOCTI TKaHHH 1 OpTaHiB B HOPMi Ta
TIPU MATOJIOTIYHUX CTaHax» (HOMep JepaBHOI pe-
ectpartii 0122U000168).
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Yeananosa L.B. CTpyKTypHO-(YHKIiIOHAAbHI 0c00JMBOCTI KICTKOBOI TKAHMHM Ta iX 3HAYEHHS AJIsI
ocTeopereHepanii.

PE®EPAT. Merta — 0C/iAUTH CTPYKTYPHO-(YHKI[IOHAJIBHUX OCOOIMBOCTEH KiICTKOBOT TKaHWHH Ta iX 3Ha-
YeHHs /s ocTeopereHepanii. st JocIrHeHHs MOCTaBIEHOT METH HaMK OyJI0 ONpalboBaHO JpKepesa HayKOBOi
MeIUYHOI BITUM3HSIHOI Ta CBITOBOI JiTepaTypu. Pe3yabraTn. KicTKOBa TKAaHWHA € KOMIIO3UTHHM MaTepiajioM, 3
MiHEpaJbHUMH KPHUCTaJaMH, BOYZOBAaHUMH B KOJAareHOBY MAaTpHIIIO, a ii MEXaHI4HI BIACTHBOCTI 3aJie’KaTh Bij
B3a€EMOJIii MK IMUMHU KOMITOHeHTaMH. KicTka 3/1aTHa 10 OHOBJICHHS YIIPOAOBXK XKUTTS, aIalTYIOUUCh IO BHYTpI-
IIHIX Ta 30BHINTHIX (aKTOpiB, a BikoBa MepedyaoBa BIUTMBAE HA 11 MEXaHIYHI BIacTUBOCTI. HaifmomupeHimmm
O1TKOM y KiCTKOBOMY MaTpHKCi € KoJareH | Tumy, SKuil yTBOPIOE CTPYKTYPY MOTPIHHOI cripaiti, mo 3ade3mnedye
CTPYKTYpHY HiITPUMKY Ta MeXaHI4HYy MilHICTb. Hexonarenosi Oinku ckianaoTs npubmmsHo 10-15% Bix 3arans-
HOTO BMICTY OUJIKIB Y KICTKOBiM TKaHHHI Ta O€pyTh Y9acTh Y MiHEpai3allii, peMOIeIIOBaHHI Ta KIITUHHIN CUTHA-
Ji3arii, a TAKOXK PEryIIOTh aKTUBHICTH OCTEO0IACTIB Ta OCTEOKIACTIB. [0 OCHOBHIX HEKOJIAT€HOBHUX OLIKIB Ha-
JIEKATh OCTCOKANBIINH, OCTCOHEKTHH, OCTEOIOHTHH, KICTKOBHI CialloNpoTeiH Ta iHmi. Pa3om i O171KH YTBOPIOIOTH
BUCOKOOPIaHi30BaHy Ta AMHAMIYHY CTPYKTYPY, sIKa HMiITPUMY€E MEXaHIuHI BIaCTHBOCTI KICTKH Ta KEpye CKIaJ-
HHUMHU IpoliecamMu popMyBaHHS, MATPUMKH Ta ii pemozentoBaHHs. HeopraHidHnii KOMIIOHEHT KiCTKH TEPEBaXKHO
CKJIQJIAETHCS 3 MiHEpaJIiB, cepe/l SIKNX HalOLIbII BAXKIIMBUMH € KajbLiil 1 ¢pocdar. Lli MiHepaan yTBOPIOIOTH KpH-
cranu rigpokcuanatuty (Caio(POa4)s(OH)2), siki BOYIOBaHI B KOJIAT€HOBHI MAaTPUKC KiCTKH. [IpUCYTHICTD TiapOK-
CHAaNaTUTy HeoOXiHA HEe TIJIbKH ISl MIATPUMKH CTPYKTYPHOT LIJTICHOCTI KiCTKH, aJie i /sl MOJIeTILEeHHS KITF040-
BUX PETreHEPATUBHUX MPOIIECiB, TAKUX K OCTCOIHIYKIIis Ta OCTEOKOHAYKIisA. CKiIaTHa B3aEMOIIs MiXk ocTeo0ma-
CTaMH, OCTEOKJIACTaMH Ta 1HIIMMH PETYISTOPHUMH (paKTOpaMu TapaHTye, MO KiCTKH 3aJIMIIAI0Thes (PyHKIIOHA-
JHHAMHU Ta MIIIHAMH, Pearylouydl Ha MOTPeOH pOCTy, CTapiHHSA Ta MEXaHIYHI HaBAaHTAXKCHHS, 3al00ITaloul IpU
IIbOMY IIATOJIOTISIM, TIOB'SI3aHUM 3 AncOanaHcoM KicTkoBoro pemozemoaHHd. Ilincymok. [lincymoByroun Hay-
KOBY JIITepaTypy BUSIBJICHO IEBHI CYIEPEYHOCTI IOI0 PO3YMiHHS CTPYKTYpHO-()YHKIIIOHAIFHUX Bapiamiil peKo-
HCTPYKIIi KICTKOBOI TKAHWHHU TIPH Pi3HUX KIIHIYHUX CIICHAPisAX. 3HAYHA KiJIbKICTh HAYKOBHX IPalb K €KCIICPH-
MEHTAJIbHHX, TaK 1 KIIHIYHUX MPUCBSYEHA JOCITIHKEHHIO OCTEOpereHepallii, mpoTe B Cy4acHUX yMOBax 0COOJIH-
BOTO 3HaUEHHS Ha0yBAaIOTh BipHi yABICHHS MPO MTOCIiOBHICTD 1 YaCOB1 pAMKH OCTEOT€HETHYHUX PereHepaTOPHUX
nporieciB. ToMy BHIIpaBIaHUM € MIParHEHHS 0 BUBYCHHS JHHAMIKH TiCTOApXiTeKTypHHUX MepedyaoB, mo BiaOy-
BaIOTHCS TIiJT 9aC 3arOEHHS KiCTKOBHUX Je(PEKTiB, 0 TO3BOJIUTH PO3POOIISTH MIEPCOHAIII30BaHi CTpaTerii ocTeope-
TeHepailii, aanToBaHi 10 NTOTped KOHKPETHOTO MaIli€HTa.

Ku1104o0Bi ci10Ba: KicTKOBa TKAHWHA, OCTEOPETEHEPAIisl, PEMOJICTIOBAHHSI.
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Buka G.Yu. ", Tverdokhlib 1.V. “=* XX Morphological changes in tissue components of the anterior abdominal wall
after experimental plastic surgery of a large ventral defect.
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ABSTRACT. Background. Currently, an active search for ways to increase the effectiveness of alloplasty of ventral hernias
in experimental and clinical directions is ongoing, however, structural and functional changes in scar tissue during its reor-
ganization, as well as the state of muscular-aponeurotic, microvascular and connective tissue components in the postopera-
tive period, remain insufficiently studied. An analysis of the relationship between connective tissue and hemomicrocircula-
tion, as well as a quantitative assessment of the reorganization of the microvascular bed, taking into account the dynamics
of reorganization of muscular-aponeurotic structures in the anterior abdominal wall, plays a significant role in understanding
the structural and functional state of the tissue. Objective. The quantitative morphological estimation of changes in micro-
circulatory, connective tissue and muscle-aponeurotic components of the anterior abdominal wall of rats were made after
the alloplasty of considerable ventral defect by the polypropylene monofilament mesh "Prolene"”. Methods. Histological
study was carried out in 3 days, 10 days, 1 month, 3 months and 1 year after implantation of polypropylene prosthetic device.
68 rats were distributed in 3 experimental groups: 1) the plasty by pull and approximation of wound edges with the layer by
layer wound closure; 2) the plasty by the fixation of polypropylene mesh "Prolene” with the subsequent pull and approxi-
mation of defect edges; 3) the plasty by the fixation of mesh without the subsequent pull and approximation of defect edges.
Using the ImageJ 1.47v software package, the relative volumes of muscle fibers, hemocapillaries of muscles and scar tissue,
connective tissue stroma of muscles, neutrophilic granulocytes, fibroblasts, and collagen fibers were determined. Results
and conclusion. It was revealed that mechanical tension of muscle-aponeurotic layer of abdominal wall during the pull and
approximation of experimental defect edges is a substantial factor which increases the terms of scarring, and also causes the
permanent degenerative processes in muscle-aponeurotic structures. It is accompanied by the deficit of microcirculatory
supplement of structures, the dystrophic changes in muscular fibres, hyperplasia of connective tissue components of muscle-
aponeurotic layer of anterior abdominal wall with the most prominent pathological changes from 10" day to the end of 3th
month after alloplasty. Application a polypropylene mesh for the plasty without mechanical tension of muscle-aponeurotic
structures optimizes the recovery and adaptation processes during the first 3 months after operation.

Key words: experimental ventral hernia, alloplasty, tissue regeneration, microcirculation, morphometry.
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Beryn THX BUIAJKaX, KOJIM TPHXKI JOCATAIOTh BEJIMKHUX 1 T'i-

B cyuacHiii repnionorii cdopmyBanacs crana raHTChbKHX po3MipiB [1-4]. IIpote, BiqHOLIEHHS Xipy-
JyMKa TIpO TEPCIEeKTUBHICTh AJIOIUIACTUKHU SIK Haii- PTiB 10 BUKOPUCTaHHS Pi3HUX TPAHCIIAHTATIB 3aJU-
OibII HAZIMHOTO METOJY XipypridyHOro JIKYBaHHS LIAETHCS AATEKO HeoHO3HaYHUM [5-7]. Lle npusserno
micisionepaniiHuX BEHTPAIbHUX T'PHXK, 0COOJIIMBO B JI0 He0OXiJTHOCTI IPOBEAEHHS IIMPOKOTO KOMIUIEKCY
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JTOCITIKEHb, IPUCBIYCHUX aHAJII3y 3aralbHOCHCTEM-
HUX 1 JIOKQJTHHUX MPOIIECIB, IO PO3BUBAIOTHCS IMiCIIS
MPOBEICHHS T'€PHIOMIACTHKH.

EdexTuBHICTS aJOIUTACTHKH BEIHKOI0 MipOIo
3aNICKATh B 0araTboX HEOTHOPITHUX (aKTOPiB,
BKJTFOYAFOYH BJIACTUBOCTI AJIOIUIACTHYHOTO MaTepi-
ayy, aJeKBaTHICTh BHOOPY TEXHIKH OIEPaTHBHOTO
BTpYy4aHH:, 0COOJIMBOCTI MPOTIKaHHS peakIii Micue-
BUX TKaHUH y Ticisonepariitnomy nepiomi [8-10].
Haii6inbmmii iHTepec B IbOMY BiJHOLIEHHI IIpeacTa-
BIIIIOTH POOOTH, CHpsIMOBaHI Ha MopdosoriyHui
aHali3 CTPYKTYPHO-(DYHKI[IOHATBHOTO CTaHY TKAHUH
YepeBHOI CTiHKH. Pe3ymbTaTH 3a3Ha4eHUX pPOOIT €
IpSAMUM BiTOOpaXCHHSAM pETapaTUBHUX IMPOIECIB i
MOKITMKaHI chopMyBaTH TEOPETHIHY OCHOBY JJIS pO-
3yMiHHS i 3a1100iraHHs THX PAKTOPIB, IO 0OYMOBITO-
IOTh Pi3Hi micisonepaniiHi yCKIaZHEHHS | BU3HAYa-
I0Th Oe3mocepeqlHi Ta BiANaleHi pe3yiabTaTH JIKY-
BaHHSI.

VY 1eill yac TpUBaE aKTUBHMH MOIIYK CIIOCOOIB
MIiABUIICHHS €()EKTHBHOCTI aJOIUIACTUKH BEHTPAJIb-
HUX TP SIK B eKcriepuMeHTanbHomy [11-13], Tak i B
KIiHIYHOMY HampsMkax [14-16], mpote 3asmiia-
I0ThCS HEJJOCTaTHHO BUBUCHUMH CTPYKTYpHO-(YHK-
[IOHABHI 3MiHM PYOIIeBO1 TKAaHWHHU Yy TIpoILIeci ii pe-
opraHizamii, a TakoXX CTaH M SI30BO-allOHEBPOTHY-
HHX, MIKPOCYANHHHX 1 CHOIyYHOTKaHUHHUX KOMIIO-
HEHTIB y micisonepaniiiHoMy mepioi. CyTTeBy poib
UL PO3YMIHHA  CTPYKTYPHO-(DYHKITIOHAIEHOTO
CTaHy TKaHMHHU Ma€ aHaJli3 B3a€EMOBIJJHOIIICHb CIIOTY-
YHOI TKAHWHHU 3 €JIEMEHTaMH FeMOMIKPOLUPKYJISTO-
pHOTO pyciia, a TaKOX KiUJIbKICHA OLIiHKa peopraHiza-
i1 MIKpOCYJMHHOT'O pyciia 3 ypaxyBaHHSIM JHMHAMIKH
nepedyaoB M’SI30BO-allOHEBPOTHUHUX CTPYKTYP Y
CKJIaJli TIePEeIHBOT YePEBHOT CTIHKU.

Merto10 poOOTH € KiTbKicHa MOp(OJIOTiUHA OITi-
HKa 1epe0yI0B MiKpOCYANHHOTO, CIIOTYYHOTKaHWH-
HOTO Ta M’SI30BO-allOHEBPOTHYHOTO KOMIIOHEHTIB Y
CKJIaJli TIepeIHhOI YePEBHOT CTIHKH LIYPiB MICIS TPO-
BEJ/ICHHS aJIOTUIACTUKHU 3HAYHOTO 3a PO3MipaMy BEHT-
panbHOTO AeeKTy.

Marepianu Ta MeTOAU

Mopdosoriune AoCiiKEeHHs TPOBOAMIN Ha 68
0inMx 0e3MOPOJHUX CTAaTEBO3PUIMX IIypax-CaMIsiX
Mmacoro 170-200 r. [lo 1-i ekciepuMeHTaIbHOI TPYyTIN
(21 TBapuHa) yBIMNLIM HIYpH, B IKUX BUCIKAIM HiJIs-
HKY M’5130BO-allOHEBPOTUYHOTO APy YEpPEBHOI CTi-
HKHU po3MipaMu 3X5 cM o cepequHHIN JiHii i moma-
POBO yImIHBaiH Ne(eKT NUITXOM HATSITHEHHS 1 CIiBC-
TaBJICHHS KpaiB paHW. Y 2-i eKcCIIepUMEHTaJbHIiN
rpymi 24 TBapwH MICJISA BUCIYCHHS aHAJOTI9HOL Tis-
HKH 3 HATSATHEHHSM H yIIMBaHHAM JeeKTy 10 30B-
HIITHBOTO M'S30BOTO IIapy ¢ikcyBanacs MOJIIMPOITi-
JeHoBa MOHOGdinaMeHTHa ciTka "Prolene" po3mipamu
5%1,5 cM 3 HACTYNIHUM BiJHOBJIEHHSM IIKiPHOTO MO-
KpuBy.Y 3-# eKcnepuMeHTanbHIN rpymi 23 mrypam
BHCIKaJIM aHAJOTIYHY AUISHKY YepeBHOI cTiHKH. be3
MOTIEPEAHHOT0 HATATHEHHSI 1 6€3M0CePETHBOTO CITiB-
CTaBJIEHHs KpaiB Ae(eKTy OO0 30BHIMIHBOrO M'A30-
BOro mapy ¢ikcyBaBcs cituactuii mpore3 "Prolene"
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po3mipamu 5X7 ¢M 3 HACTYITHUM BiJHOBJICHHSM IIKi-
PHOTO TIOKPHUBY.

INicronoriune mocmimkeHHs MPOBOIWIN Yepe3 3
no6m, 10 ni6, 1 Micsrp, 3 micsmi i | pik micis iMmian-
TaIlii MOMIMPONiIEHOBOTO IpoTe3a. MaTepian 3 mins-
HKH IUTACTUKH Opaii MUIITXOM BUCIUEHHS ITCTS €B-
TaHasii TBapuHU. Marepian ¢ikcyBanu B pO3UHHI
Byena, Hajmani nmpoBOAMNIM CTaHOApPTHI NpOLENypH
MPOBOJIKA Ta 3aJIMBKMA B maparuiacT. [icTosorivHi
3pizu (papOyBamu reMaTOKCUIIHOM-C03UHOM, 3a Ban
I'i3onoM, 3a ['an3eHom, 3a Beiireprom, 3a MacoHoM
13 3aCTOCYBaHHSIM CcTaHIapTHUX mporenyp [17, 18].

[IpoBenenHs KiUTBKICHOTO MOP(OIOTIIHOTO J0-
CIi/DKEHHS 3IIHCHIOBAIN 3 BUKOPHCTAaHHAM IIPOTpa-
MHoro makery Imagel 1,47v [19, 20] i3 3acTocyBaH-
HSM 3arajbHAX NPHHIUIIB MOPPOMETPUIHOTO aHa-
ni3y [21]. Buznauanu BimHOCHI 00'€éMH M'SI30BHX BO-
JIOKOH, TEeMOKaIiJIsIpiB M’s3iB 1 pyOLeBoi TKaHWHH,
CIIOJIyYHOTKaHHHHOI CTPOMH M’5131B, HEHTPO(DINEHIX
rpaHyJIonuTiB, (iOpo6IacTiB 1 KOJAreHOBHX BOJIO-
KOH pyO11eBOi TKaHWHH, BUKOPUCTOBYIOUHN hopmyity:

Je VV — MUTOMUI 00'€M TiCTOCTPYKTYpH;

Pi — KiIBKiCTh KpammoK TeCT-CHCTEMH, SIKi JOBO-
JSITBCS HA CTPYKTYPY;

Pt — 3arajpHa KUIBKICTh TOYOK TECT-CHCTEMH.

[ToBepxHEeBY HIUIBHICTh T'€MOKAMIJSIPIB po3pa-
XOBYBaJIH 3a (POPMYJIIOF0:

Jie SV — NOBEpXHEBA HIUIBHICTh CTPYKTYPH;

Ci — KiNbKiCTh MEPETHHIB TECTOBOI JiHIl 3 KOH-
TYPOM CTPYKTYpPH;

Lt — 3arampHa TOBXWHA TECTOBOI JIiHII.

JIyis aHaIi3y YHCEeNbHOT MUTBHOCTI TEMOKAITiIIS-
PiB BUKOPHCTOBYBaH (HOPMYITY JUIS BUIAIKOBO PO3-
MOJIEHUX CTPYKTYP:

e No = ancio npoQuIiB CTPYKTYp B OTUHHMIIL
mwromi 3pi3y; D — cepenHiil TaHTeHIIaTbHUN TiaMeTp
TeMOKAITHIUISPOB.

OkpiM BKazaHHUX ITapaMeTpiB, JOJATKOBO po3pa-
XOBYBaJIM 00'€éMHO-00'€éMHI CIIBBIAHOIICHHS MIX
KIITHHHUMH 1 BOJOKOHHMMH €JIeMeHTaMH pyOueBol
TKaHWHH, KallIIPHO-M'S30Bi 1 CTPOMAalIbHO-M'SI30Bi
CIIBBIJHOILICHHSI y CKJIaJi M’s130BO-allOHEBPOTHY-
HOTO [Iapy MepeHbOT YePEeBHOI CTIHKH.

JlocitimKeHHs TPOBEICHO 3 JOTPUMAHHSM MOJI0-
XKEHb «EBpOIIEHCchKOT KOHBEHIIIT PO 3aXHCT XpedeT-
HUX TBapHH, SKi BAKOPUCTOBYIOTBCS ISl EKCTIEpHUMeE-
HTaJBHUX Ta IHIIUX HAayKoBHX Hinei» (CtpacOypr,
1985), «3aranbHUX €THYHUX IPUHIUIIIB EKCIIepUMe-
HTIB Ha TBapuHax», yxBajieHux I[lepmum Harionans-
HUM KoHTrpecoM 3 6ioetnku (Kuis, 2001), 3akony Yk-
paian Ne 3447 — IV «IIpo 3axuCT TBapWH BiJ XKOpPC-
TOKOTO MTOBOJKEHHSD» 3TiTHO 3 TUpeKTHBOI0 Pagn €C
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2010/63/EU mipo 10oTpUMaHHsI [IOCTAHOB, 3aKOHIB, al-
MiHICTpaTHBHUX oJI0keHb JlepxaB €C 3 nuTaHb 3a-
XHCTY TBapHH, sKi BUKOPUCTOBYIOTHCS 3 HayKOBOIO
meroro [22, 23].

OTtpuMaHi KiUTBKiCHI JaHi mianaBanmyd 6iocTaTuc-
TUYHINA 00poOIli 3 BU3HAYEHHSIM BipOTiTHOCTI pO3XO0-
JUKEHb MK BUOIpKaM¥ ITPOBOJIMIIM Ha OCHOBI KpHTe-
pito t CtbrozieHTa. Y TOMy BUNAJIKY, SKIIO OTPUMaHe
B JIOCIIIDKCHHI eMITIPHYHE PO3IOIIICHHS HE BiIOBI-
JlaJi0 HOPMAJIBHOMY 3aKOHY, OLIHKY BIIMIHHOCTEU
MK BHOIpKaMH ITPOBOAMIM 32 JIOIIOMOTOIO Herapa-
METPUYHUX KPUTEPIiB 3a CTAHAAPTHOIO TEXHIKOIO
[24]. Ilpu npoBeieHHI CTaATUCTUIHOT 00POOKH BCi po-
3paxyHKH BUKOHYBAJIH B 00OOJIOHIII eIEKTPOHHOT Tab-
mmi Excel i3 3acTocyBaHHSAM JilleH31HHOT IporpaMu
STATISTICA (Bepcis 6.1; cepiitauit Homep AGAR
909 E415822FA).

Pe3ysabTaTH Ta iX 00roBOpeHHs

[Ipouec 3aroeHHst eKCIIEPUMEHTAIBHOTO Jede-
KTy Y BCIX JOCIHI/DKYBaHUX I'PyIax TBapHH MaB YiT-
kuilt (azoBui XapakTep Ta BIJIIOBiaB 3araJibHUM
eranaM ¢opmyBanHs pyous. ['ictomopdosoris nep-
o1 a3y — TpaBMATHYHOTO 3aIaJICHHS — XapaKTepH-
3yBayacs 3HAYHOIO HEUTPOQUIBHOIO iH(DITFTpaILieio
TKaHUHH, TIIEPIUIA3i€I0 CyINH MIKPOIUPKYIALIL, ITO-
CHJICHOIO CEpPO3HOI0 SKCYIALIE0.

Junamika penykmii HeWTpodinpHOI iH(ITETpa-
il (Vvaeiirp) BKa3aja, 0 HaWOinpma i1 MBUIKICTH
cnoctepiramacs y 3-W eKCIEepUMEHTAIBHIN TpyIIi
(3navyenns nmapametpy Ha 10-y 100y ckmagano 0,087
mrm3/mMkM®). Y 1-l rpyni BeNMYMHH BiATIOBiAHOTO
napameTpy Ha 10-y 106y ckmamu 0,110 mxm¥/mxm®, a
y 2-it — 0,146 mxm¥/MrM3, mo Ha 26% (p<0,05) Ta
68% (p<0,05) mepeBuIyBano 3HAYCHHS y 3-i eKcIe-
pUMeHTaNbHIi Tpyni. Y nogaieumiomy, depes 1 mi-
CSILb TICIS OTIEPaTUBHOTO BTPYYaHHS, 3HAUCHHS BU-
BYAEMOTO MMOKAa3HUKA 3HIKYBAJIMCS, OTHAK Y TBAPUH
1-i ta 3-{ rpym BOHHM INpPaKTUYHO BHUPIBHIOBAIHCS
(0,015 mxm®/mrm® Ta 0,017 Mrm®/MrM® BigmosiaHO),
y TOH 4ac sIK y 2-if Tpymi NepeBUIIyBaJM OCTaHHI
6inbm Hixk y 2 pasu (0,038 mxm3/mrm®). OToke, Kitb-
KiCHa OLIiHKa AWHAMIKU niepebiry HelHTpodinbHOT iH-
¢inpTpauii nokasana, o ii peayKuis y 3HauHii Mipi
BU3HAYAETHCS IPUCYTHICTIO TPaHCIUIAHTATA Ta, B 1IIE
OLIBIIOMY CTYIEHI, MEXaHIYHOI HANpyrol KpaiB
3HAYHOT'O €KCIEPUMEHTAIBHOTO JIeQeKTy MepeaHbol
YepeBHOI CTIHKH.

3HayHy yBary B HalllOMY JOCIIJDKEHHI IpUBEp-
HYB aHaJli3 AMHaMIK CTEPEOJIOTIYHIX XapaKTePHUCTHK,
110 BiJ/I3EPKAIOE ITPOLIECH peopraHizarii KIITHHHNAX
Ta BOJIOKOHHUX €JIEMEHTIB CHOJIYyYHOI TKaHuHH. [Ipn
BUBUCHHI 3MiH BiJIHOCHOTO 00 €My KOJIATEHOBUX BO-
J0KOH (Vyion) OYII0 BiIMiYU€HO 3pOCTaHHS OKA3HHKA
y BCIX EKCIIEpUMEHTAIbHUX IpyNax, IPHIOMY Haii-
OinbII BUPA3HO BOHO MpOSIBIsUIOCS Y 3- rpyri TBa-
PHH POTATOM 1-T0 Micsis micis onepariii. Is obcra-
BHHA BKa3ye Ha OLIbLIY HIBUAKICTH IPOLECIB repedy-
JIOBU BOJIOKOHHHX CTPYKTYp Y BKa3aHiii rpyri npoTsi-
roM (opMyBaHHs pyO1EeBOi TKAaHWHH.

JlunaMika 3MiH ITOKa3HUKA BIJTHOCHOTO 00’€My

¢ibpobmactiB (Vvy) Masa ¢a3oBuit xapakrep. 3Bep-
Tae Ha ce0e yBary akTHBI3allisi HAKOIMMYCHHS KITITHH-
HUX €JIEMEHTIB CIIOJYYHO! TKaHWHHU Yy 3-H eKcIepH-
MEHTaJbHIH TpyIi BxKe Bif 3-i mobu micisonepartii-
HOTO TIepioy Ta cTabiIbHe 3pOCTaHHS 3HAYCHD ITapa-
MeTpy ax 10 30-i mobu mepebiry paHbOBOTO IIPOLIECY
(3Hauenns Ha 30-y 106y ckamu 0,068 MrM3/MEMS).,

VY 1-# Ta 2-i rpynax npotsrom nepiuoi ¢asu 3a-
roerHs (mo 10-1 noOu) 3HaUYEHHsS MOKa3HMKA 3pOC-
Tajy MOMIPHO, aKTUBI3YIOUHCH NPOTIroM 2-i ta 3-1
¢a3 (mo 30-1 mod6u). [Ipu 11LOMY BETUYWHH BiTHOC-
HOro 00’emy (hibpoOIacTiB qocsaramy y med mnepion
0,055 mxm3/mrm® Ta 0,059 MrxM3/MEM® BinmoBimHO
st 1-1 ta 2-i rpym. Y nopansimomy, Ha etari Gopmy-
BaHHS Ta epe0yJ0BH PYyOIIs, BiIOyBaIOCS IPOTPECH-
BHE 3HIDKCHHS KUTBKOCTI KIIITHHHAX €JIEMEHTIB CITO-
JyYHOI TKAHWHH, IPUYOMY IHTCHCHUBHICTH TaIiHHA
BiTHOCHOTO 00’eMy (iOpoOIacTiB MOXKHA PO3TIIS-
JlaTH K MTOKAa3HUK TEMIIIB peopraHisauii CTpyKTypu
pyorrs.

3BepTae Ha cebe yBary BHIICPE/HKCHHS TCMITiB
penykuii BkazaHoro napamerpy y 3-il rpymni Bix 1-ro
JI0 3-T0 MicsIl eKCIIEPUMEHTY (3HAYEHHS 3HU3HIIHCS
Ha 33% (p<0,05)). VY Toii 5xe yac mapamMeTpH BiTHOC-
HOTO 00’eMy ibpobmacTiB y 1-# Ta 2-# rpymax 3HH-
KYBAJINCS HE3HAYHOIO MipOI0, IO BKAa3y€e Ha MEHIILY
IIBUKICTH MPOIECiB 0i0CHHTE3y Ta HACTYITHOI peop-
raHi3amii BOJIOKOHHUX CTPYKTYp pyOLs.

Pi3HOBEKTOpHICTH AMHAMIK BiTHOCHOTO 00’eMy
KOJIATCHOBUX BOJIOKOH Ta (ibpobnacrtiB, 110
OB’ s13aHa 3 XPOHOJIOTIYHUM PO3MEXYBaHHsIM (a3 Oi-
OCHHTE3y KOJIar€HOBOIO MaTPHUKCY Ta 3MiHAMU HOTO
SIKICHOT'O CKJIAJTy Y X011 peopranizaiiii pyoris, 00ymo-
BUJIA YITKO BUpakeHY (pa3oBicTh JMHAMIKH CIiBBif-
HoureHHs X napametpiB (VV¢/VVks). I1pu 3adap-
BJICHHI CIOJYYHOI TKaHWHH, MOYHHAIOYH 3 4-TO TH-
KHS TTICIIsl OTIEPaTUBHOTO BTPYYaHHs, OYyII0 XapakTe-
PHUM IepeBakaHHsS TOBCTHX KOJAr€HOBUX BOJIOKOH,
OpiEHTOBaHMX MapalelibHO Ta YTBOPIOIOYHMX BIIOPSA-
KoBaHMI Matpukc (puc. 1-3).

Puc. 1. CTpykTypa TKaHuHM pybus y cknapi nepeaHboi
YepeBHOI CTiHKM LWypa 1-i ekcnepumeHTanbHoi rpynu Ha 30-
Ty #o6y nicns onepaTtUBHOMO BTPyYaHHsl. 3abapBrieHHs re-
MaToKCuniHOM Ta eo3nHom. x200.
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Puc. 2. CTpykTypa TKkaHuHM pybus y cknagi nepefHboi
YepeBHOI CTiHKM Lypa 2-i ekcnepuMeHTanbHoi rpynu Ha 30-
Ty poby nicnsi onepaTMBHOrO BTPyYaHHsi. 3abapBneHHs 3a
BaH lNzoHom. x200.

Puc. 3. CTpykTypa TKkaHuHW pybus y cknai nepeaHboi
YepeBHOI CTiHKM Lwypa 3-i ekcnepuMmeHTanbHoi rpynu Ha 30-
Ty #oby nicns onepaTtUMBHOroO BTpyYaHHs. 3abapBreHHs re-
MaToKcuniHoM Ta eo3nHom. x200.

BaxmBoro 00CTaBUHOMO, 10 BU3HAa4Yae MOpdo-
(yHKIiOHaNBHI Tepedy10BH pyOIIeBOT TKAHUHH, € T'e-
MOJIMHAMIYHI YMOBH, SIKi OI[IHIOBAINCSI y HamIoOMy
JIOCJIIKEHHI 33 TMHAMIKOIO 3MiH BiTHOCHOTO 00’ eMy
TeMOKaITUISAPiB, TTOBEPXHEBOI Ta YNUCEIHHOI MIIJIBHO-
CTI MIKPOCYIMH T'€MOMIKPOILMPKYJISITOPHOTO pycia
(Vvxan; Svian; Nvan). JlMHaMika 3MiH BiIHOCHOTO
00’eMy KanisipiB XapaKkTepu3yBajacs 4iTKOK TeHIe-
HIII€IO0 JI0 3POCTaHHS IIPOTATOM 1-T0 MicsIst eKCIIepH-
MEHTY, TicJsl 4Ooro HacTynaia Qasza 3HWKeHHS 3Ha-
YeHb Y BCIX €KCHepHUMEeHTaIbHUX rpynax. [lpu Bu-
BYEHHI TKaHMHHUX 3pi3iB Ha 10-y 100y y 1-i Ta 2-i
rpymax TBapHH CIIOCTEPIraiucsi MOBHOKPOBHI reMo-
Kalsipy Ta BEHYJIH, a TaKOX YHCIICHHI JpiOHOOCe-
penkoBi kpoBoBmINBH (puc. 4, 5). Ha 30-y 1oy 3Ha-
YeHHsI BI/IHOCHOTO 00’ €My KaliysipiB y pyO1eBiii Tka-
HuHi cknagamu 0,151 mxm®/mrm®; 0,121 mMrm®/Mrm®
ta 0,129 Mxm®/mrm® gna 140, 2-i Ta 3-i rpyn Biamo-
BiZiHO. 3HIkeHHs napametpis micist 30-1 1obu Oyino
00YMOBJIEHO, BOYEBHU/Ib, PEAYKII€I0 YAaCTHHHU CYAUH
y X011 peoprasizauii pyots.

InTepec mpencTaBIAOTH pPe3yNAbTaTH aHai3y
MIPOIIECIB HEOBACKYJIOTEHE3Y B 30HI ()OPMYyBaHHS PY-
6us. Tak, yrcenbHa IITBHICTH FEMOKAIUISAPIB Y 3-i
eKcriepuMeHTanbHil rpymi Ha 10-y no0y cknana 7486
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MM 2 i CTATHCTHYHO BAaroMO TEPEBHINYBala 3Ha-

yeHHs 1151 1-1 (6224 mm 2) Ta 2-1 (5870 Mm2) rpym.
[Ipu npoMy XapaKTepUCTUKH TOBEPXHEBOI ITUTEHOCTI
y meit mepiox y BCiX €KCIIEPUMEHTaJbHHUX TpyIax
MPaKTUYHO BUPIBHIOBAJIUCS.

Puc. 4. [linsHka nepeAHbOi YepeBHOI CTiHKKM wypa 1-i
ekcnepumeHTaneHoi rpynu Ha 10-Ty goby nicns onepaTtums-
HOro BTPyYaHHs1 B 30Hi AedekTy. 3abapBrneHHsi remaTokcu-
niHOM Ta eo3nHom. x400.

Puc. 5. ®parmMeHT TKaHUHWU YLUKOOXKEHO! AiNsHKA ne-
peaHbOi YepeBHOI CTiHKM Lypa 2-1 ekcnepuMeHTanbHoi
rpynu Ha 10-Ty goby nicns onepaTtnBHOro BTpyYaHHs. 3aba-
PBIEHHS reMaToKCUNiHOM Ta eo3uHom. x100.

Hanpukinii 1-ro wicsis micas TpOBEACHHS
IUTACTHKY JePEeKTy JUHAMIKA 3MiH BITHOCHOT KiJIbKO-
CTi TeMOKAIIAPIB CTA0LTI3yBaNIacs 1 y MOJAIBIIOMY
HE 3a3HaBaya Oyb-SIKMX 3HAYYIIUX KOJIMBAHb 10 Ki-
HI JAOCTiDKeHHS. YITKUM BiIOOpaskeHHSIM Pi3HHX
TemmniB (GopMyBaHHS (YHKIIOHAJIBHOI 3pLIOCTI Cy-
JIMH TeMOMIKPOLMPKYJISTOPHOTO pycia, o (hopMy-
I0ThCS, CITYT'YBaJIM 3MiHN 3Ha4€Hb [TOBEPXHEBOT LI1JIb-
HocTi KamissipiB Ha 30-y 1o0y. [TopiBHIOIOUM OCTaHHI
31 3HAYEHHSIMU Ha TIONEPETHbOMY €Talli eKCIepuMe-
HTy (10 moba), Oyno BcTaHOBNEHO, O Yy 1-i rpymi
TBapUH 3pOCTaHHSA MOKa3HuKa ckiaano 39,2%
(p<0,05), y 2-it — 27,6% (p<0,05), a'y 3-it — 77,4%
(p<0,05). Lls oOcraBuHa Oe3mepeyHO BKa3zye Ha
OUTBII aIeKBATHI T'EMOIWHAMIYHI XapaKTEPUCTHUKU
pyO11eBOi TKAaHWHHU TBapHH 3-1 TpymN.

TIpoTAroM OCTaHHBOTO €Tamy 3aro€HHs (peMo-
JICTIFOBaHHsI pyOIst) 3HAaYEHHS TOCHIPKYBaHUX Mapa-
METpIB y LIJIOMY BHPIBHIOBAJMCS, a IXHI AMHAMIK{
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Manu crabimizauiduuit xapakrep. CyauHHE pyciio
(hopMyBajo XxapakTepHy apXiTEeKTOHIKY, ITOB’s3aHy 3
OpIi€HTAIlI€I0 KAMUIAPIB B3IOBX BOJOKOHHOTO Kap-
Kaca CIIOJIy9HOi TKaHIHH (pHc. 6).

Pwvc. 6. OinsHka pybus y cknafi nepefHboi YepeBHOI
CTiHKM Wypa 5-i ekcnepumeHTansHoi rpynu yepes 3 micsui
nicnsa onepaTuBHOro BTpy4YaHHs. 3abapsneHHst 3a MacoHom.
x400.

Takum yuHOM, aHANI3 eTamiB (GOopMyBaHHS PyO-
1IeBOT TKAHWHH 32 OCHOBHUMH CTEPEOJOTIYHUMH Xa-
PaKTepUCTHKaMH KJIITHHHUX Ta BOJOKOHHUX CTPYK-
TYp CHOJIyYHOI TKaHUHHU 3 ypaxyBaHHIM I'€MOJHHA-
MIYHHX OCOOJIMBOCTEH y TKaHWHI BU3HAB CYTTEBI Iie-
peBaru MeToJy IIacTHKH, BUKOPHCTAHOTO Y 3-ii eKc-
MepUMEHTaNbHIM Tpymi (YKpIIUICHHS 4epeBHOI CTi-
HKH 0e3 HATATYBaHHS Ta CIIIBCTaBIICHHS KpaiB nmede-
kty). o dhakropis, ki y 3HaUHIN Mipi 3HIKYIOTb Te-
MITH perapaTHBHHUX HPOIECIiB, CIiJ BiTHECTH, y Te-
PplLy 4epry, MeXaHidyHy HaIpyTy TKaHWHH IIPH CIiBC-
TaBJICHHI KpaiB paHW BHACIHIIOK BEIUKOTO Ne(PEeKTy
TepenHpoi depeBHOi CTiHKH. Po3BUTOK peakmii Ha
CTOPOHHE TiJ10 (HOMIMPOITIICHOBHIA POTE3) MaB 3Ha-
YHO MEHILIHMH CTYIiHb 1 TiJIbKM Ha MMOYaTKOBHX CTa-
JISIX PAHBOBOT'O MPOIIECY.

Haii0ipin mepeKoOHIMBI MiATBEPIKEHHS TIepe-
Bar METO/IIB, 110 BUKOPHCTOBYIOThCS, HAJAJI0 ITPOBE-
JICHHSI aHaJi3y M’ s130BO-aIllOHEBPOTUYHOTO anapary y
30Hi hopMyBaHHS Ne]eKTy Ta KOHTaKTY 3 CHHTETHY-
HUM MarepiasioM. [Ipu KinbKicHIM cTepeosoriunii
OLIHIII 00’€MHMX TTOKa3HUKIB M’S30BOi TKaHWHH Ha
3-y 100y eKceprMeHTY y BCiX IpyIiax TBapyuH MH HE
BIIMITHJIM CTAaTHCTHYHO 3HAYYIIUX PO30iKHOCTEH
BUBYCHHUX MMOKA3HUKIB. 3HAYCHHS BiTHOCHOTO 00’ €My
M’30BHX BOJNOKOH (Vyys) ckianu 0,68 mxm3/mrms,
0,61 mrm3/MrMS; 0,64 Mxm®/mrm® s 1-1, 2-1 Ta 3-1
TpyI BiNOBIIHO; BITHOCHOTO 00’ €My TéMOKaNiJIsipiB
(Vvian) — 0,063 mxm®/Mrms; 0,063 mxm3/mrm®; 0,059
MrM3/MKkM® — 1 THX Ke IpyI; BiJIHOCHOrO 06’eMy
crpomu  (Vverp) 0,074 wmxm%MrMm®; 0,083
MrmE/mrmS; 0,079 mMrm®/mMrmS, Tlnoma nonepeyroro
TIEpeTHHY M’S30BHX BOJIOKOH, IO BH3HaYajacsi Ha
MIOTIEPEYHMX 3pi3ax M’SI30BHUX ITyYKiB, KOJIHBAIACS y
nianasoni Bin 1883 mxm? 10 1924 mxm?. Pospaxys-
KOBI cTepeosioriuHi napamerpu (00’€MHI CIiBBiJHO-
HICHHS KalUSIPiB Ta CTPOMH 10 M SI30BUX BOJIOKOH Y
BCIX IpyNax TakoX CTaTUCTHYHO HE BiIPI3HAINCS).

Ha ricronoriuaux 3pi3ax M’s30BOi TKaHHHH Ha
3-10 7100y micisionepaniiHoro nepiofy crocrepira-
JUCST piBHOMIpHO 3a0apBiieHI M’ A30Bi BOJIOKHA (pHC.
7). Ha mo3noBkHIX 3pi3ax B HUX YiTKO Bi3yaii3yBa-
Jacst IOCMyToBaHicTh (puc. 8). KpoBoHOCHI Kaminsipu
Oynu piBHOMIPHO MIOBHOKPOBHUMH, OJTHAK Y AESIKHX
JUISTHKaxX 3ycTpivyanucs ApiOHOocepeaKoBi diamene-
3HI KPOBOBWIHMBH. Slpa €HIOTENIONUTIB TeMOKari-
JISIpIB MaJIM CIUTIOLIEeHY (opMy, eHAOTEiH O1IbII KpY-
ITHUX CYJMH MaB JAUSIHKU BUIT SIMyBaHHS y TIPOCBIT.

Puc. 7. CTpykTypa M’s130BMX BOJIOKOH Yy cknagi nepef-
HbOI YepeBHOI CTiHKW LLypiB 1-I ekcnepumeHTanbHoI rpynu
Ha 3-to foby nicns onepaTMBHOrO BTPyYaHHsi. 3abapBreHHs
3a [aH3eHoM. x400.

Puc. 8. M’s130Bi BornokHa Ha NofoBXHbOMY 3pisi nepea-
HbOI YepeBHOI CTiHKM LLypiB 1-I ekcnepuMeHTanbHoi rpynu
Ha 3-t0 4oby nicnsa onepaTMBHOrO BTPyYaHHs. 3abapBrneHHs
remMaToKcuniHoM Ta eosnHom. x400.

B 0oCHOBiI MOJANIBIINX HEPETBOPEHH M’SI30BOI
TKaHWHMY JIS)KAIU 9iTKi O3HAKH i ereHepartii y 1-i ta
2-i1 eKCIepUMEHTAIbHUX TPYMax, IO MOB’SI3aHO, Y
MepIry Yepry, 3 mopyuieHHssM TpO(iku M I30BUX BO-
7okoH. e mpU3BOAMIO 70 3HAYHHX 3MiH M’S30BO-
CTpOMalibHUX B3aeMoBinHoMIeHb. Ha 10-y o0y exc-
MEPUMEHTY 3HAU€HHs BiTHOCHOTO 00’€My KamiJsipiB
y 3-i rpyIi MaJIu TeHCHIIO 10 3pOCTaHHS, Y TOH Yac
SIK BIJIIIOBI/IHI 3HaueHHs y 1-#f Ta 2-i rpynax 3anuina-
JIKCSL TPAKTUYHO HE3MIHHUMM Yy MOPIBHSHHI 3 ITOTIe-
penHiM etanom ekcriepuMeHTy. Ha Hamr morisij, e
MOB’SI3aHO HE CTUIBKH 3 aOCOIOTHHM 3POCTAHHSIM
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00’eMy TEMOMIKPOIIMPKYIISATOPHOTO PyCiia, CKiIIBKH 3
PEnyKIIi€lo 3aManbHIX MPOIECiB y TKAHMHI.

UYepes 30 mib micist moyaTKy eKCIIepUMEHTY Be-
JMYUHA BITHOCHOTO 00’eMy KamijiipiB y 3-if rpymi
CTaTUCTHYHO BaroMO TIEPEBHUIILYBAJIH BiAIIOBIIHI 3HA-
4yeHHs y 1-# Ta 2-# rpynax. BaxxnuBo miakpecnuTy,
1110, TOYMHAIOYH 3 LILOTO MePiojy, AMHAMIKY 3MiH BU-
BYEHOTO IMOKa3HWKa y 1-if Ta 2-if rpynax y nopis-
HSHHI 3 TaKUMHU Yy 3-# Tpymi Majy pi3Hy CHpsIMOBa-
HicTh. Y 3-ii rpymi TBapuH micis 1-ro Micsis crocre-
piranacst TSHIEHLS 10 HOMIPHOTO 3pOCTaHHs BiTHO-
CHOTo 00’€My Kamsipis, y Tod yac sik y 1-ii ta 2-i
rpymax 3Ha4eHHs OKa3HUKa 3aKOHOMIPHO 3HIXKYBa-
JMCh. AHANOTIYHAM YMHOM 3MiHIOBAJICh 3HAYCHHS
BITHOCHOTO 00’€My M’S30BHX BOJIOKOH: uepe3 1 mi-
CSIIIb MICITS IPOBEICHHS IJIACTUKY IIi 3HAYCHHS Y 3-i
rpyni cknanu 0,76 mxm¥/mim®, mo wa 25% (0,57
mrm®/mMrM®) Ta 22% (0,60 mMrm3/MkM®) mepeBuiLy-
BaJIO Taki y 1-if Ta 2-# rpynax BianosigHo. Y mona-
JBIIOMY BKa3aHa AMBEPreHIis Maja TEHJICHLII0 N0
MEBHOTO 301IbIIICHHSI.

VY T1oif ke yac, aHai3 nepedy0B CTPOMATBHOTO
KOMITOHEHTY M’s130BO-aIlOHEBPOTUYHOTO LIAPY Yepe-
BHOI CTIHKHM 3HAaXOIWMBCS Yy 3BOPOTHIH 3aJI€)KHOCTI.
Sxmo 3HaYeHHsA BiTHOCHOTO 00’eMy cTpomu y 3-it
TpyII CyTTEBO HE 3MIHIOBAJINCH IIPOTSITOM BCHOTO I1e-
piomy mOCHiKEHHS, TO 3pOCTaHHS MMOKa3HUKa y 1-i
Ta 2-i Tpymax 3a mepmuid MicAnbs ckmaB 44%
(p<0,05) ta 39% (p<0,05). 36iNpIICHAS BiTHOCHOTO
00’eMy CTpPOMH Yy BKa3aHUX Ipymnax Oyno oOyMoOB-
JICHO, CKOpillle 3a BCE, HE TUIbKA 3MCHIICHHAM
00’eMy M’SI30BHX BOJIOKOH, aJi¢ i TIepIrIa3ie€ro CTpo-
MaJIbHUX KOMIOHEHTiIB. OCHOBHHMI BHECOK Y 301J1b-
IIEHHS CTPOMH Majlo 3pOoCTaHHs 00’eMy amop¢HOT
PEUYOBHHU Ta BOJIOKOH CIOJNYYHOT TKaHUHU (puC. 9).
VY momanemomy, Big 1-ro mo 12-i micsmp, TUHAMIKHA
BiTHOCHOTO 00’€MY CTPOMH Yy BCiX €KCIICPUMECHTAIb-
HUX TPpyIax CTa0lmi3yBaucs.

Puc. 9. CtpykTypa M’si30BO-anoHEBPOTUYHOIO LIapy
nepegHbOi YepeBHOI CTiHKM Lypa 2-i ekcnepuMeHTanbHol
rpymu Ha 30-Ty foby nicna onepaTMBHOrO BTpy4YaHHs. 3aba-
pBreHHs 3a Bevireptom. x100.

[Tpn BuBueHHI M’s130B0i TKaHMHU Ha 30-y 100y
eKCIIepUMEeHTY y TBapHH 1-i Ta 2-1 rpyn croctepira-
JI0CS 3pOCTAHHS KaIIIPHOTO ITOBHOKPOB’S TOPST 3
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PEIyKIIi€I0 YaCTHHHU MIKPOCYIUH. Y MEePHBACKYIISP-
HUX Ta MDKIYYKOBHX HpOLIApPKax CIIOJNyYHOI TKa-
HUHHU CITOCTEPITAIOCS 3pOCTaHHS KiTBKOCTI KIITHH-
HUX EJIEMEHTIB, cepes AKX mepeBaxanu (iopodia-
ctu. [Tydkn KOJTareHOBUX BOJIOKOH B iIHTEPCTHIIIHHIX
Ipomapkax M’si30BOi TKAaHWHM 3HaYHO MOTOBIIYBa-
mcst. Cepesr M’I30BHX BOJIOKOH 3yCTpidaiucst Ais-
HKU 3 HEpIBHOMIpHHUM 3a0apBIICHHSM, 110 OyJIU pO3-
TaIIOBaHi MO3aiuHo. [HO/I crocTepiranocs AesiKe mo-
JIOBXKHE PO3LICTUICHHS M SI30BUX BOJIOKOH. Y JESKUX
JinsHKax GopMyBasiCs 3HAYHO PO3LIETUICH] M’ SI30Bi
ITyYKH.

BuBueHHS TUHAMIKH M’S[30BO-CTPOMAIBHUX Bi-
JHOLIEHb IPOJEMOHCTPYBAJIO PIBEHb JIETCHEPATHB-
HUX 3MiH y M’5130Biil TKaHUHI. SIKIIO ¥ paHHI CTPOKH
excnepuMenTy (3-1 moba micis omepariii) 3HaYeHHS
CIIBBiHOIIIEHHS BiTHOCHOTO 00’ €My CTPOMH JO Bij-
HOCHOTO 00’€My M’SI30BHX BOJIOKOH TOCTOBIpHO HE
BiZpi3HsIHCS, TO Bke Ha 10-y 100y y 1-i Ta 2-ii Tpy-
Tax TBapHH CHOCTEpirajacs He3MiHHa TO3UTHBHA JTH-
Hamika ix 3pocranns. [Ipupict nokaszHuka y 1ei mne-
pion y 1-i rpymi cknanas 25% (p<0,05), y 2-it — 21%
(p<0,05). Y momaneiomy, Big 10-i no 30-1 1o0wu, ak-
THBHE 3POCTaHHS BEJIWYHH IIapaMeTpy MPOJIOBXKYyBa-
nocs 1 Ha 30-y moby mano pisens 0,22 (rpyma 1) Ta
0,24 (rpyma 2); y 3-if rpyni BemHYHWHA TapaMeTpy
cknana 0,13.

Sk migTBepmKeHHS TpaHcopmamiii M’SA30BOI
TKaHWHH Y BHUBYEHHX CKCIICPUMEHTAJIBHUX IpyIax
MOXKJIMBO TIPOAHaJIi3yBaTH MOKa3HUK ILIOILI Momepe-
YHOTO IIEPETHHY M S30BOTO BOJIOKHA, 3HAYCHHS
SIKOTO YiTKO KOPEJIIOBAIU 3 TUHAMIKOIO 3MiH iX Bij-
HocHOro o0’emy. Tak, y 3-if rpymi naHuil mapamerp
MIPOTSATOM EKCIIEPUMEHTY HPAKTHYHO HE 3MiHIOBABCS
(ue3naune 3HIKeHHs Bin 3-1 no 10-1 nobu BinOyBa-
JIOCS BHACIHIAOK PENyKIi 3amajbHUX IpOIeECiB). Y
TOW ke "ac y l-if Ta 2-if rpymax crocrepiranocs
CTIKE 3HIDKCHHS IUIONII IIONEPEYHOrO IePeTHHY
M’SI30BHX BOJIOKOH, IPHUOMY HalOIIbII BUpa3Ha JIU-
HaMmika criocrepiranacs Big 10-1 gobu mo kiHI 3-ro
MICSIIS MiCISIONePaIiifHOTO Tiepioay (3HadeHHs v 1-i
rpymi sHWKyBammcs Big 1861 mxm? Ha 10-y 100y 110
1668 mxm? Ha 90-y 100y; y 2-if — Big 1879 Mxm? 10
1683 Mkm? Bignosigno). ITicas mporo crocrepira-
JIUCSI TIOMIPHI KOJIMBAHHSI BEJIMYMH TApaMETPYy, 1110 He
MaJId CTATHCTUYHOT TOCTOBIPHOCTI.

Hincymox

[IpoBenenuit kimbKicHUA MOpQOIOTIYHUN aHAa-
i3 JI03BOJINB BHU3HAYMTH HAIPYTY M S30BO-AIOHEB-
POTHYHOTO IIapy YEPeBHOI CTIHKH TP CIIBCTaB-
JIEHHI KpaiB eKCTIEPUMEHTAILHOTO 1eEKTY SIK CYTTeE-
BHI (aKTOp, KU 00YMOBITFOE 301IIBIIICHHS TEPMiHIB
nepebiry pyOItoBaHHsI, a TAKOK BUKIIMKA€E CTAO1IbHI
JIETCHEePAaTHBHI TMPOILIECH M’ S30BO-alTOHEBPOTHUHUX
cTpyKTyp. Lle cynmpoBomKyeThCs edilMToM MiKpo-
LUPKYJSITOPHOTO 3a0e3IeUYeHHs] CTPYKTYp, IUCTPO-
(iYHAMU SIBUIIAMH y CKJIaJi M S30BHX BOJIOKOH, Ti-
NepIuia3i€lo  CrIoJyYHOTKAHMHHHX  KOMIIOHEHTIB
M’SI30BO-aIIOHEBPOTUYHOTO HIApy TEPEIHbOI YepeB-
HOI CTIHKH 3 HaHOUIBIIIOI0 BUPA3HICTIO TATOJIOTIYHUX
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3MiH Bix 10-1 106W 10 KiHI 3-r0 MICSIIS TCIsI TIpo-
BEJICHHS AJIOTUTACTUKH. 3aCTOCYBaHHS TOJIMpOITiie-
HOBOT'O IIPOTE3Y 32 YMOB YHUKHEHHSI MEXaHI4HOI Ha-
IPYTU M’S30BO-alIOHEBPOTUYHHX CTPYKTYP HO3BOJISE
3HAYHO ONTHUMI3yBaTH Iepedir BiTHOBHO-TIPHCTOCY-
BaJIHUX IIPOIECIB Y MepIi 3 Micsi miciasonepartii-
HOTO TIePioy.

IlepcneKkTHBY MOJAIBIINX PO3POOOK ITOB’5I3a-
Hi 3 HOPIBHSUILHUM JOCIIDKEHHSIM MOP(OIOTIHHUX
0cOOJIMBOCTEH TKaHMHHUX KOMIIOHEHTIB INepeIHbOT
YepeBHOI CTIHKM IIPU MPOBEICHHI Pi3HUX BapiaHTIB

IJTACTHKH €KCTICPUMEHTATBHUX Ne(hEKTiB.
Indopmanis npo koHPIIKT iHTEpeciB
[MoTeHmiitHUX a060 ABHUX KOHQIIIKTIB iHTEpECiB,

10 TOB’S[3aHi 3 UM PYKOIIMCOM, Ha MOMEHT ITyOi-

Karii He iCHy€ Ta He mepen0adaeThCs.

Ixepesia ¢pinaHcyBaHHSA
Poboty mpoBeneHoO B paMKax HayKOBO-IOCIiJ-

HOi TeMU «['icToreHe3 KOMIIOHEHTIB CepLeBO-CYANH-

HOT CUCTEMH JIFOIUHU Ta 1a00OpPaTOPHUX TBAPHH B HO-

pMi Ta 32 YMOB CKCIIEPUMEHTY» (HOMEp AepiKaBHOL

peectpanii 0118U004730).
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Byka I'.1O., TBepaoxaié I.B. MopdoJioriuni 3MiHU TKAaHHHHUX KOMIIOHEHTIB MepeaHbOI YepeBHOI CTi-
HKH HicJIs MPOBeieHHs eKCNIePUMEHTAIbHOI IIACTHKH BeJIMKOr0 BEHTPAJIbHOI0 Je(eKTy.

PE®EPAT. AkTyadbHicTb. Y 1eil 9ac TpUBa€ aKTHBHHH MOIIYK CIIOCO0IB MiIBUIICHHS e()eKTUBHOCTI aJo-
IUTACTUKHU BEHTPAJIBHUX IPYDK B EKCIIEPUMEHTAIPHOMY 1 B KITIHIYHOMY HaIlpsMKax, IPOTE 3aIMIIAI0THCS HEA0CTa-
THHO BUBYEHHMH CTPYKTYpPHO-(pyHKIIOHANIBbHI 3MiHH pyOI1IeBOT TKaHWHH Y mpolieci i peopranizarii, a TakoX CTaH
M’S30BO-aIIOHEBPOTUYHHX, MIKPOCY/IMHHUX 1 CITOJyYHOTKAHUHHUX KOMIIOHEHTIB Y MiCIS0NepaliifHoOMy nepiofi.
CyTT€eBY POJIb AJIs1 PO3YMIHHS CTPYKTYPHO-(PYHKIIIOHATHHOTO CTaHY TKAHHHU Ma€ aHali3 B3a€EMOBITHOIICHD CIIO-
JY4HOI TKAHUHH 3 €JIEMEHTaMH T'€MOMIKPOLMPKYJISITOPHOTO pycClia, a TAKOXK KiJIbKICHA OIIHKa peopraHizarii Mik-
POCYAMHHOTO pycla 3 ypaxyBaHHSM AWHAMiKu NepeOyoB M’I30BO-allOHEBPOTUYHUX CTPYKTYp Y CKJIaJi mepe-
HBOI gepeBHOI cTiHkd. MeTa. B ocHOBY po0OoTi mokinaseHa KilbKicHa MOpQOIIOTidHa OIliHKa epeOyIoB MiKpo-
CYAMHHOTO, CIIOJTYYHOTKaHWHHOTO Ta M’ s130BO-aIIOHEBPOTHYHOT'0 KOMIIOHEHTIB y CKJIa/li IIepeIHbO1 YePEBHOI CTi-
HKH IIypiB MICJIS MPOBEACHHS aJOIUNIACTHUKH 3HAYHOTO 33 PO3MipaMH BEHTPAIBHOTO Ae(EKTy 3a JOTOMOTOI0 I0-
JinporiaeHoBoi MoHo¢TaMeHTHOI ciTku "Prolene". Metogu. ['icronoriune AOCHiIKeHHS TPOBOAMIN Yepe3 3
mo6u, 10 mi6, 1 micsmp, 3 micsmi Ta | pik micis iMIUTaHTAIi i TOMIMPOIIEHOBOTO MPOTe3a. 68 mypiB po3IIOAIILIIN
Ha 3 eKCIepHMEHTalbHI ITpynu: 1) mIacThKa 3 MOMApOBUM YIIMBAHHIM AC(PEKTY HMUIIXOM HATSATHEHHS 1 307H-
JKCHHS KpaiB paHu; 2) IiacTrkKa 3 ¢ikcalliero noinpoImiieHoBoi MoHO(diTaMeHTHOI ciTku "Prolene" 3 mopanbiimm
HATSATHEHHSIM i1 CIliBCTaBJIEHHsIM KpaiB nedekty; 3) rnactrka 3 dikcaliero ciTku 6e3 HaCTYIHOTO HaTSATHEHHS W
CHiBCTaBJICHHS KpaiB fedeKTy. 3a JoNoMororw nporpamuoro nakery Imagel 1,47v BU3Ha4aiIM BiTHOCHI 00'eMH
M'SI30BUX BOJIOKOH, TEeMOKAIUISPIB M’5131B 1 pyO11eBOi TKAHWHHM, CIIOJTYYHOTKAHWHHOT CTPOMH M ’5131B, HEHTPO(1Th-
HUX IPaHyJIOLUTIB, (piOpoOIIacTiB i KoJlareHOBUX BOJIOKOH pyO1ieBol TkaHuHY. Pe3yabTaTh Ta miacymok. Y noc-
JIJDKEHHI 3’ COBaHO, 1110 MEXaHI4Ha Hanpyra M’sS30B0O-allOHEBPOTUYHOTO 1Py YEPEBHOT CTIHKHU MPU HATATYBaHHI
1 CIiBCTaBJICHHI KpaiB eKCIIEPUMEHTAIBHOTO Ie(PEKTy € CyTTEBUM (PaKTOPOM, SIKAH 00YMOBITIOE 301IBIIICHHAS Tep-
MiHIB TIepeOiry pyOILOBaHHS, a TaKOK BHKJIMKAE CTa0UIBHI JETCHEPATUBHI MPOLECH M’ S30BO-alTOHEBPOTHYHUX
cTpykTyp. Lle cympoBomkyeThes nediluToM MiKPOLMPKYISATOPHOTO 3a0e3NeueHHs] CTPYKTYp, JUCTpodidHnMH
SBUIIAMH y CKJIa/li M S30BHX BOJIOKOH, TiNepIUIa3ielo CoTyYHOTKaHWHHUX KOMIIOHEHTIB M S130BO-aIlOHEBPOTHY-
HOTO IIapy MepeIHbOI YePEBHOT CTIHKY 3 HAHOLIBIIO0 BUPA3HICTIO MATONIOTIYHUX 3MiH Bix 10-1 1o6u 0 kiHms 3-
TO MICSIIS TiCIIS TPOBEJICHHS AJOIUIACTUKH. 3aCTOCYBAaHHSI MOJINPOIMIJIEHOBOTO NPOTE3Yy AJISI IVIACTUKHU Oe3 Mexa-
HIYHOT HAPyTr'y M’s30BO-aIIOHEBPOTUYHHUX CTPYKTYP JI03BOJISIE 3HAYHO ONTUMI3yBaTu Mepedir BiJHOBHO-IIPUCTO-
CYBQJIbHHX ITPOIIECIB MPOTATOM MEpHIMX 3 MICSLIB MiCIs0NepaniifHOro nepioxay.

KoaiouoBi ciioBa: excriepuMeHTallbHa BEHTpaJIbHA TPIIKa, aJlOIUIACTHKA, PereHepallis TKaHUH, MiIKpOLPKY-
JIstLLisi, MOpOMETPis.
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ABSTRACT. Background. Throughout life, the human body interacts closely with environmental factors that can have
either a positive or negative impact. The dynamic equilibrium between the organism and its environment results from the
influence of natural, anthropogenic, and social factors. The action of any exogenous factors leads to the development of
adaptive changes. Objective. To study the histological changes in the kidneys of rats three hours after exposure to the venom
of the scorpion Leiurus macroctenus. Methods. The study involved 10 white male laboratory rats weighing 200 g (£10 g),
reared in the vivarium of the Educational and Scientific Centre "Institute of Biology and Medicine" at Taras Shevchenko
National University of Kyiv. The venom of scorpions in the Buthidae family, genus Leiurus, species Leiurus macroctenus
was administered to the rats once intramuscularly (0.5 ml of venom solution previously dissolved in saline; 28.8 pg/ml;
LDs0o=0.08 mg/kg). For microscopic examination, kidney samples were collected from animals across all groups. Histolog-
ical preparations of the kidneys were stained with hematoxylin and eosin. Results and conclusion. The administration of
the venom from the scorpion Leiurus macroctenus was associated with pronounced dystrophic changes in the structural
components of the kidneys three hours after the commencement of the experimental study. The appearance of inflammatory
processes within the organ interstitium, with infiltration by plasmacytes, lymphocytes, and macrophages, was observed.
Vascular-hemodynamic disorders were also identified, manifesting as desquamation of the endothelial lining of the vascular
wall and increased permeability of the vascular wall. The renal tubular apparatus exhibited features of tubular necrosis.
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Introduction

Throughout life, the human body interacts
closely with environmental factors that can have both
positive and negative effects. The dynamic balance
between the organism and its environment is influ-
enced by natural, anthropogenic, and social factors.
The actions of these external influences dictate the
development of adaptive changes. Nearly all organs
and systems contribute to the formation of these adap-
tive mechanisms, and their coordinated activities en-
sure the maintenance of a relatively constant internal
environment known as homeostasis. Research indi-
cates that homeostasis is upheld by the normal func-
tioning of the immune defence system, alongside the
nervous and endocrine systems. Together, these sys-
tems constitute the neurohumoral regulation of the
body's functions. It is essential to consider the mainte-
nance of internal environmental constancy not only at
the tissue, organ, or systemic levels but also at the

molecular and cellular levels, where the primary re-
sponse to foreign agents begins. According to the lit-
erature, achieving dynamic equilibrium in the organ-
ism's activity is possible only with short-term impacts
from damaging factors and depends on the strength of
the irritating stimulus. In this context, the organism
can exhibit properties of self-regulation, reactivity,
and stability. However, any damage to the structural
and functional parameters of the systems responsible
for maintaining homeostasis can disrupt coordinated
activity and lead to the emergence of pathological re-
actions.

A careful analysis of the scientific literature
demonstrates that the action of toxins from various
sources, including components of animal venom, can
lead to significant disruptions in normal functioning
and structural rearrangements of organs. This under-
scores the growing importance of the issue, as the
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considerable variety of predatory animals with insuf-
ficiently studied proteomes, peptidomes, and the bio-
logical activity of their venoms drives an increasing
number of experimental studies in this area [7, 8, 9].

The study aimed to investigate the histological
changes in the kidneys of rats three hours after expo-
sure to the venom of the scorpion Leiurus mac-
roctenus.

Materials and methods

The venom of scorpions from the Buthidae fam-
ily, genus Leiurus, and species Leiurus macroctenus,
was administered to rats via intramuscular injection
(0.5 ml of venom solution in saline; 28.8 pg/ml;
LDs0=0.08 mg/kg) [10, 11].

The study involved 10 white male laboratory rats
weighing 200 g (£10 g), reared in the vivarium of the
Educational and Scientific Centre, "Institute of Biol-
ogy and Medicine" at Taras Shevchenko National
University of Kyiv (in accordance with the agreement
on scientific and practical cooperation between Taras
Shevchenko National University of Kyiv, Vinnytsia
National Medical University named after M. I. Pi-
rogov, and Ternopil National Medical University
named after I. Ya. Horbachevsky of the Ministry of
Health of Ukraine, dated 1st February 2021). The rats
were maintained on a standard diet in an accredited
vivarium, adhering to the "Standard Rules for the Ar-
rangement, Equipment and Maintenance of Experi-
mental Biological Clinics (Vivaria)". The experi-
ments complied with current regulatory documents
governing the organisation of work with experimental
animals, ensuring alignment with the principles of the
"European Convention for the Protection of Verte-
brate Animals Used for Experimental and Other Sci-
entific Purposes"”. Furthermore, all work with the an-
imals was conducted in accordance with the Law of
Ukraine dated 21st February 2006, No. 3447-1V, "On
the Protection of Animals from Cruelty and Ethical
Norms and Rules for Working with Laboratory Ani-
mals”. The rats selected for the experiment were di-
vided into two groups: the control group, consisting
of 5 rats that were not administered any poison and
from which samples were collected one hour after sa-
line administration; and the experimental group, con-
sisting of 5 rats, from which histological material was
collected 3 hours after the administration of poison.
The rats were euthanised via carbon dioxide inhala-
tion, and the kidneys were isolated at 4 °C immedi-
ately after euthanasia.

Kidney samples from animals of all groups were
collected for microscopic examination. The pieces
were fixed in a 10% formalin solution for 1 day. They
were then dehydrated in alcohols of increasing con-
centration and embedded in paraffin blocks. Histo-
logical preparations of rat kidneys were stained with
hematoxylin and eosin. Histological preparations
were examined using an SEO SCAN light microscope
and photographed using a Vision CCD Camera with
a system for displaying images from histological
preparations.

Results and discussion
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Microscopic examination of the kidneys of
white rats three hours after the introduction of scor-
pion venom into the experimental animals revealed a
significant degree of dystrophic changes in the or-
gan's structural components. Local inflammatory in-
filtrates were detected in the organ against a back-
ground of substantial vascular changes, coagulopa-
thy, acute renal failure, and tubular necrosis.

Due to the oedema, the fibrous capsule is thick-
ened. The organ displays dilation and engorgement of
the venous vessels, alongside spasms of the arteries.
The vessel wall is thickened as a result of the hyper-
trophy of the media, accompanied by perivascular oe-
dema and lymphohistiocytic infiltration. In their lu-
mens, thrombi consisting of erythrocytes and single
leukocytes are present, with the boundaries between
them not clearly visualised.

In the interstitium of the organ surrounding the
vessels of the myocirculatory bed, notable perivascu-
lar oedema and infiltration by lymphocytes, plasma
cells, macrophages, tissue basophils, and eosinophils
are present. Within the lumens of the vessels, stasis,
thrombi, and erythrocytes without clear boundaries
can be observed. The capillary wall features an endo-
thelium with disrupted intercellular contacts, while its
basement membrane is significantly thinned and dis-
continuous. Focal areas of endothelial desquamation
and oedema are observed in the cytoplasm of the en-
dothelium. The nuclei appear hyperchromic, com-
pacted, and protrude significantly into the lumen. In-
creased vascular-tissue permeability in the interstit-
ium results in pronounced hydration of the ground
substance of loose fibrous connective tissue. In areas
of marked oedema, collagen fibres exhibit bright ox-
yphilia, retain their fascicular nature, and form cells,
although they are defibrotic. Disruption of blood co-
agulation processes and the integrity of the walls of
the vessels in the microcirculatory bed of the organ
interstitium leads to the emergence of small, multiple
haemorrhages with pronounced haemolysis of eryth-
rocytes and significant lymphobhistiocytic infiltration
along their periphery.

In the cortical substance, alongside stromal-vas-
cular disorders, destructive-degenerative changes in
the globular and tubular apparatus of nephrons are
also intensified. The renal corpuscles of the nephrons
vary in size, predominantly appearing hypertrophied
and deformed. Afferent and efferent arterioles remain
spasmodic, with their walls thickened due to pro-
nounced mucoid swelling, and their lumens exhibit
stasis accompanied by marked haemolysis of erythro-
cytes—the walls of the arterioles show significant in-
filtration of lymphocytes, macrophages-histiocytes,
and eosinophils. Smooth myocytes in the media are
shortened, exhibiting hyperchromic nuclei and
brightly eosinophilic cytoplasm. Brightly eosino-
philic collagen fibres in the subendothelial layer of
the intima and adventitia swell but retain their bun-
dled nature and are depopulated. Notable dehydration
occurs in the ground substance, wherein the count of
weakly basophilic glycosaminoglycans increases.
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The endotheliocytes of the intima are swollen and ex-
hibit pyknotic, hyperchromic nuclei. The basement
membrane is discontinuous, thinned, or presents focal
areas, with complete desquamation of the endothe-
lium—glomeruli exhibit marked anaemia. In the
walls of glomerular capillaries, destructive-degenera-
tive disorders akin to those in the afferent arterioles
manifest in endothelial cells. Expansion of the urinary
spaces remains intact. The cells of the outer leaf of
the capsule are flattened; their cytoplasm is oxyphilic
while their nuclei are compact, basophilic, and the
basement membrane is thickened. The mesangium
expands due to an increase in the matrix and active
proliferation of mesangiocytes, resulting in consider-
able oedema and destruction of the cytopodia and cy-
totrabeculae of podocytes. The urinary space is not
visualised in such renal corpuscles (Fig. 1).

Fig. 1. Microscopic changes in the kidney of white rats
3 hours after the introduction of scorpion venom. 1 - proximal
tubules with dystrophically altered epithelial cells, 2 - destruc-
tion of the distal tubule, 3 - areas of hemorrhage, 4 - de-
formed renal corpuscle with absent urinary space. Staining
with hematoxylin-eosin. x200.

Proximal and distal renal tubules exhibited di-
lated lumens, with focal tubules showing acute ne-
crotic damage to epithelial cells and complete desqua-
mation of the epithelium. The epithelium appears
rounded, entirely losing its brush and striated borders,
and the cytoplasm is vividly oxyphilic. The nuclei are
pyknotic, compact, and intensely basophilic. Some
individual cells display nuclei with an indistinct kar-
yolemma, indicating nuclear lysis and the onset of
acute necrosis. In the lumens of these tubules, there is
an accumulation of cellular detritus. Simultaneously,
many tubules show signs of hydropic and hyaline-
droplet dystrophies of the epithelium, along with a
complete loss of brush and basal striation, accompa-
nied by desquamation into the lumens of the tubules.
Within these lumens, accumulations of protein
masses and cellular detritus were detected (Fig. 2).

Epithelial cell hyperplasia, accompanied by
signs of dystrophy, is observed in the thin tubules.
The collecting tubules display dilated lumens filled

with dense oxyphilic masses. Epithelial cells lack mi-
crofornix and basal striation. The nuclei appear com-
pacted and pyknotic, exhibiting uneven karyolemma.
Numerous vacuoles are evident in the oxyphilic cyto-
plasm, indicating hydropic dystrophy. Localised
haemorrhages and large inflammatory foci of his-
toleukocyte infiltrates are noted in the cortical sub-
stance (Fig. 3).

Fig. 2. Microscopic changes in white rats 3 hours after
introducing scorpion venom. 1 - proximal tubules, 2 - cellular
detritus in the lumen of the tubules, 3 - deformed renal cor-
puscle. Staining with hematoxylin and eosin. x400.

Fig. 3. Microscopic changes in the kidney of white rats
3 hours after the introduction of scorpion venom. 1 - proximal
tubules with dystrophically altered epithelial cells, 2 - dys-
trophically altered distal tubule, 3 - voluminous histoleuko-
cyte infiltrate, 4 - deformed renal corpuscles. Staining with
hematoxylin-eosin. x200.

Conclusion

The introduction of scorpion venom from Lei-
urus macroctenus to rats resulted in significant dys-
trophic changes in the structural components of the
kidneys three hours after the experimental study com-
menced. Inflammatory processes in the organ's inter-
stitium, characterised by plasmacytic, lymphocytic,
and macrophage infiltration, were observed. Vascular
and haemodynamic disorders were also identified,
presenting as desquamation of the endothelial lining
of the vascular wall and increased permeability. The
occurrence of tubular necrosis characterised the renal
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tubular apparatus.

Prospects for further development are related
to studying histological changes in rat kidneys under
the influence of Leiurus macroctenus scorpion
venom at later stages of the experiment.
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MarkiBcbka P.M. T'icrosoriudi 3MiHM B HUPKaxX eKclepMMEHTAJIbHMX LIYPiB Yepe3 3 roaMHu micjas
BILUIMBY OTPYTH ckopnioHiB Leiurus macroctenus.

PE®EPAT. AkTyanabHicTh. [IpoTATOM XUTTS OpraHi3M JIFOIUHE IIepe0yBae B TICHOMY B3a€MO3B 53y 3 (a-
KTOpPaMH OTOYYIOUOTO CEPENOBHIIA, SIKi 3/1IHCHIOIOTh HA HHOTO MO3UTUBHMI UM HETaTMBHUH BIUIMB. /lMHaMiuHa
piBHOBara Mi>k OpraHi3MOM 1 CepeIOBHILIEM HOTO iCHYBaHHS € PE3yJIbTATOM BIUIMBY ITPUPOIHHUX, aHTPOIIOTEHHUX
Ta coriaibHUX (akTopis. [ist Oyab-SIKUX YUHHUKIB €K30T€HHOTO MOXO/PKECHHS 3YMOBIIIOE PO3BUTOK MIPUCTOCYBA-
JBHUX Ta aianTaliiHux 3MiH. Mera. BUBYEHHS riCTONOTIYHUX 3MiH HUPOK IypiB Yepe3 3 TOJMHU MICIIsl BIUIUBY
oTpyTH ckopmioHiB Leiurus macroctenus. Meroau. Y mocmimkenni Bukopuctano 10 Ginux 1abopaTopHUX mIypis-
cammiB Macoro 200 r (=10 r), Bupomienux y BiBapii HaBuanbHo-HaykoBoro neHTpy "lHCTHTYT Giojorii i meau-
nuHu" KuiBchbkoro HaiioHaJIbHOTO YHiBepcuTeTy iMeHi Tapaca IlleBuenka. OTpyTy ckoprioHiB poannu Buthidae
poxay Leiurus Buny Leiurus macroctenus BBOJHIM IIypaM OJHOPa30BO BHYTPIIIHEOM 513080 (0.5 M1 po3umHy OT-
PYTH IOTIEPEIHBO PO3YMHEHOMY Y (izionmorivHomy po3unHi; 28.8 mkr/mir; JIJ50=0.08 mr/kr). s Mmikpockoriy-
HOTO JOCNI/DKEHHS 3a0Hpaiiil 3pa3Kd HUPOK TBAapHH BCiX rpyr. @apOyBaHHS TiCTONOTIYHHUX ITIPETapaTtiB cepis
3IIHCHIOBAJIM TeMaTOKCHIIHOM Ta €03MHOM. Pe3yabraTm Ta mincymok. BeeneHHs oTpyTu ckopmioHa Leiurus
Macroctenus cynpoBoKyBaJIOCh PO3BUTKOM BHPAXEHUX JUCTPOMIYHNX 3MiH CTPYKTYPHHX KOMIIOHEHTIB HUPOK
yepe3 3 TOAMHH Bij IMOYATKy €KCIIEPUMEHTAIBHOTO AociikeHHs. CrocTepiraiy MosiBy 3araibHUX IPOLECiB iH-
TEPCTHUIIIO OPTaHy 3 MIa3MONIUTAPHOIO, TIM(OIUTAPHOIO Ta MaKpodaraitbHO0 iHDiTbTpamieto. Takox BUABICHO
CYIMHHO-TEMOIMHAMIYHI PO3JIaJiv, 110 MPOSBISUITMCH Y BUTIIAI JeCKBaMallii eHJ0TETiaIbHOTO BUCTENICHHS CY-
JIMHHOI CTIHKU Ta MiJBUIICHHS MPOHUKHOCTI CYIUHHOI CTiHKW. KaHanbleBuii anapaT HUPOK XapaKTepHU3yBaBCs
PO3BHUTKOM TyOyISIPHOTO HEKPO3Y.

KuiouoBi ciioBa: oTpyTa, CKOPIiOH!, HUPKH, SHIOTENIH, TyOyIIpHU HEKPO3, IIYPH.
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ABSTRACT. Background. Information about the sensitivity of different neurons and neuroglia cells to injury and their
ability to recover depending on the location of the damage and the nature of microcirculation changes in the post-traumatic
period require significant clarification. The study aims to study the tissue and cellular posttraumatic changes in the structure
of the somatosensory cortex of rats with various neurocognitive disorders at different times after severe traumatic brain
injury. Methods. A "shock acceleration model" was used to reproduce severe traumatic brain injury in rats. According to
the results of neurological tests, the rats were divided into three groups: 1) the first — animals after trauma with neurocogni-
tive disorders and memory disorders; 1) the second — animals after trauma with neurocognitive disorders without memory
disorders; 3) comparison group — animals after trauma without neurocognitive disorders. A histological, morphometric and
immunohistochemical study of the somatosensory cortex was carried out using the markers B-tubulin, Synaptophysin,
GAP43, NCAM1, N-cadherin, GFAP. Results. In animals with neurocognitive disorders, a moderate decrease in the total
content of neurons of different types in the somatosensory cortex is observed, while in animals without cognitive deficits,
the density of neurocytes does not differ from the normal level. The suppressed expression of Synaptophysin in the soma-
tosensory cortex in rats with neurocognitive disorders does not change significantly 20 and 40 days after injury and remains
ata low level. In animals of the comparison group, the density of p38-positive synapses is restored during the post-traumatic
period. 10 days after injury, in animals of all groups, a moderate accumulation of CD56- and N-cadherin-positive protoplas-
mic astrocytes in the pericapillary spaces is observed, which is often associated with foci of edema and increased mitotic
activity of gliocytes. In animals with neurocognitive disorders, in some cases, astroglia form cell layers on the surface of
microvessels in the form of dense couplings, which indicates the blockage of transendothelial transport. 40 days after injury,
the number of damaged microvessels with layers of astrocytes on the outer surface is significantly reduced. Conclusion. 10
days after injury, moderately pronounced neurodegenerative and destructive changes occur in the somatosensory cortex due
to the post-traumatic cytotoxic cascade. 20 and 40 days after injury, signs of neuroinflammation are reduced regardless of
the degree of cognitive deficit.
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Beryn

[1aTOrHOMOHIYHICTh TCHXOMATOJOTIYHIX HAC-
JAKIB Majo 3aJeKUTh BiJl TSDKKOCTI TPaBMH, TIIH-
OMHH HEBPOJIOTIYHUX PO3JIa/liB, OCOOIMBOCTEH MaK-
POCTPYKTYPHHUX IOIIKO/DKEHb MO3KY Ta MoXe (op-
MYBATHCS SIK Y TOCTPOMY, TaK 1y BiJyiaieHOMY Hepi-
0Jli TPaBMAaTUYHOTO YIIKO/PKEHHS TOJIOBHOTO MO3KY
(TYT'M). IlIupokuii CHEKTp HEHPOKOTHITUBHUX PO3-
namiB GopmyeThest y OinbmocTi xBopux 3 TYI'M,

npudomy y 3-10% mocTpaxganux, ki MaloTh B aHa-
MHe31 TSDKKY YepernHo-Mo3koBy Tpasmy (TUMT), po-
3BHBA€ETHCS JieMeHIs [ 1, 2].

VY BHpiLIEHH] YUCIEHHUX MTUTaHb, MIOB'SI3aHUX 13
JKyBaHHSAM Ta peaOimitaniero mamieHTiB 3 TYI'M,
0coOJIMBHH iHTEpEC Npe/ICTaBIIsie BUBUCHHS TATOMO-
pdoorivHIX MeXaHi3MiB, sSIKi BU3HAYAIOTh XapaKkTep
(opMyBaHHS Ta TUHAMIKH HEHPOKOTHITUBHUX MOPY-
IIeHb Yy pi3Hi TepMiHU micisa TpaBmHu. [lokazaHo, mo
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micnsg UMT 3amanpHa peaxilisi, TOKCHIHICTh TIIyTa-
MaTy Ta iHIIMX MeIiaTopiB, YTBOPEHHS BUIBHHUX pa-
MKaJIIB, IOHHMI qucOalaHC 1 aKTHBALlis allONTOTHY-
HHX MPOLECIB CIPUYNHSAIOTH MAaCOBaHY BTOPHHHY 3a-
rubenb HEHpOHIB, THM YacOM IIPH3BOIIYM IO Ha-
OpsIKy MO3KY, ITOIIKO/KCHHS aKCOHIB 1 aHOKCIi, Je-
cTpykuii rematoenuedaniunoro 6ap’epy (I'EB), mo-
CHJICHHS 3alajieHHs, OKUCIIOBAJILHOTO CTpecy Ta
HeliposiereHepartlii, 1110 00YMOBIIIOE TTIOTIIHOJICHHS KO-
THITUBHUX TOpYIIEeHb [3-5]. OCHOBHOIO MPHYUHOIO
HEWPOKOTHITUBHUX MOPYILIEHD € MOIIKOPKEHHS Hep-
BOBHX KJITHH, NPOTE TaKOX aKTUBYIOTHCS acTpo-
IIUTH, OJIITOACHAPOLUTH Ta MIKPOTITisd. AKTHBAILIS ac-
TPOIUTIB BUKJIMKAE TIEpIUIa3ifo TiTiajJbHOTO PyOIs
micng UMT Ta HE3KY iHIIHX mepeOymoB Makpordii
[6]. TTomkomKeHI ONTOASHIPOIUTA MOXXYTh BIUTH-
BaTH Ha Mi€JiH, CIPHYUHIIOYN TAKUM YHHOM JHACPHY-
HKIIiF0 HEpBOBOI MPOBiTHOCTI [ 7]. AKTHBOBaHI MiKpO-
TIIiaJIbHI KIIITHHY OepyTh y4yacTh y harountosi ta dy-
HKI[IOHAJIFHOMY BiJTHOBJICHHI, a TOTIM iHIIIFOIOTH IO-
JlabIli 3MIHM CYAMHHOT IPOHUKHOCTI, 110 BUKJIUKAE
peakuito aHokcii kiituH [4, 8]. Bymo Takox moxa-
3aHO, L0 aKTHBalig iMyHHOI cuctemu micias UMT
MPU3BOAMTE JI0 Mirpaiii MakpogariB Ta MOHOIIUTIB Y
MOIIKO/DKEHY AUISHKY MO3KY 3 MOJaJbIINM BHBIJIb-
HeHHAM Memiatopis 3amaneHHs (IL-1p ta IL-6) i mo-
JATKOBUM YIIIKOJPKEHHSIM HEPBOBUX KIITHH [9].

ExCaWTOTOKCHYHI TONIKOPKCHHSI HPU3BOIATH
JIO0 TIOPYIICHHS KOTHITHMBHUX (QYHKLIN (30YIKeHHS,
MIBUAKOCIT 00poOku iHdopmalii, yBaru, mnam’sri
TOLIO), SIKI pealli3yloThCs 32 Y4acTi YpakeHHX iJs-
HOK MO3Ky [10, 11]. 3 Mipoto TOT0, SIK TOCTPHIA HEW-
pomeniaTopHHi AucOaNaHC TOCTYIIOBO PEAYKYEThCS
a00 TpaHCHOPMYETHCS, TOBrOTpUBAINI AeDIlIUT PO-
3BHBAETHCS B LIEpeOpabHUX XOJIHEPTIUHUX CHCTe-
MaxX i, MOXJIMBO, TaKOXX y KaTeXOJIAMIHEpPTidHUX
CTPYKTYpax, IO TPOJIOHTYe ab0 MOTJIHOIIOE TIOpY-
IICHHS KOTHITHBHHUX (QYyHKHiHA. [ToBimoMmseTscs Ta-
KO, III0 ICHY€E TiICHUH 3B’ 30K MK HEHPOAECTPYKTH-
BHHUMU TIPOIIECaMH1, KOTHITHBHUMH TTOPYIIEHHSIMH Ta
CHHANTUYHOIO Tiepeayeto [12-15].

TakuM 4WMHOM, JOTenep YSIBICHHS IO B3ae-
MO3B’5I30K MK ITOCTIJJIOBHICTIO NATOTCHETHYHUX Me-
xaHi3MiB TYT'M 1 xapakrepoM KOTHITUBHHX TOpY-
miens micinss UMT 3anumaroThest pparMeHTapHUMH.
Hapasi cynepeuirBUMHU € BiJOMOCTI MPO TUHAMIKY
BiJIaJICHUX ITOCTTPABMATUYHUX 3MiH MIKKJIITHHHUX
B3aeMoilt y pizHuxX Bigninax I'M. [TotpeOyroTh cyT-
TEBUX YTOYHEHB BIIOMOCTI MPO YYTJIMBICTH PI3HUX
HEHPOHIB 1 KIITHH HEHpormii 10 TpaBMH Ta iX 31aT-
HICTH J10 BIJHOBJIEHHS B 3aJIEKHOCTI BiJ JTOKai3awil
YIIKOPKEHb Ta XapakTepy nepe0y 0B reMOMIKpOLH-
PKYJIAIIl B TOCTTpaBMaTHYHOMY HEPiOi.

Mertor pociijpkeHHsT OyJl0 BH3HAYEHHS TKa-
HUHHUX 1 KIITHHHAX ITOCTTPABMATHYHUX 3MiH CTPY-
KTypH COMAaTOCEHCOPHOI KOPH LIypiB 3 Pi3HUMH HEH-
POKOTHITUBHUMH PO3JaJiaMH y Pi3HI TEPMiHH MiCIIs
TSAYKKOI 4YEPENHO-MO3KOBO1 TPaBMU.

Martepiann Ta MeTOAH

Hns mopenroBanas TUMT y mopocnux HemiHiH-
HUX IypiB-caMuiB (BikoM Bix 4 1o 6 mic) 3 Baroro
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300-400 r 3acTOCOBYBAJIM «MOJIEIIb YAAPHOTO MPHC-
kopeHusi» [16, 17]. Tlepen HaHeceHHSAM TPaBMH ITiJT
3arajbHOIO0 aHECTE31€10 BAKOHYBAJH CariTaIbHUH po-
3pi3 MIKipy TOJIOBHU 3aBJJOBXKKH 2 CM I10 CepeIHiH MiHii
3 OrOJIeHHSAM Opermu i asamOam Ta (ikcyBamu cra-
JIeBYy MOHETY ZiaMeTpoM | cM 3a JOIIOMOTOIO IIiaHO-
akpuinoBoro kierw. Crangaptusosaa TUMT nHano-
CHJIach IIUIIXOM BUIBHOTO HaJliHHS TPy3UKa Baroro
450 r 13 Bucorn 170 cm. Ilepex MopnenmroBaHHIM
TUMT, a takox uepe3 10, 20 i 40 aib micns HBOTO
LIypaM IPOBOJMIM KOMIUIEKCHE 3arajbHe Ta HEBPO-
JIOTiYHE OOCTEKCHHS, 1[0 BKJIFOYANO0: 1) OIHKY HEB-
pororigHoro aedinuTy 3a mkaigoro mNSS (Modified
Neurological Severity Scores) 3 mpoBeIeHHSIM TECTiB
piBHOBaru Ha TpyOi, acMMeTpii PO3rMHAHHS JaIl Ta
PO3MIIIEHHS; 2) TECT «BiIKPHUTE TOJIE»; 3) TECT YMO-
BHOI peaxilii macMBHOTO YHUKHEHHS [ 18].

3a pe3ynmpTaTaMu HEBPOJIOTIYHHX TECTIB LIypH
OyJu po3moJiisieHi Ha Tpy TpynH: 1) nepiua — TBapuHU
micist YMT 3 HEeHpOKOTHITUBHUMH pO3JIaJiaMy 1 110-
pylIeHHAMH am’siti; 1) apyra — tBapunu niciast UMT
3 HEHPOKOTHITHBHUMH poO3jajaMu 0e3 MNOpYyLIeHb
nam’siTi; 3) rpyna nopiBHAHHs — TBapuHU micinsg YMT
0e3 HEHpOKOTHITHBHUX po3naniB. KoHTpoipHY
TPYIly CKIIalad iHTaKTHI mIypu BikoM 4,8 + 0,6 Mic 3
Baroto 347 =28 .

Bci gocnmimkeHHs 3 1a00paTOpHUME TBapUHAMH
MIPOBOAMIIN 13 AOTPUMaHHAM MOJOXKEHb «EBpoIIeii-
ChKOi KOHBEHIIIT PO 3aXHCT XpeOETHUX TBAPHH, SIKi
BUKOPHUCTOBYIOTBCS IJISI €KCHIEPHUMEHTAIBHUX Ta 1H-
mux HaykoBux wminei» (CrpacOypr, 1986), Banky-
BEPCHKOI JAeKiapalii Mpo MpOBEICHHS IOCTiIB Ha
TBapuHax, IloctanoBu I[leprmoro HarionansHoro
KoHrpecy 3 6ioetuku (Kuis, 2001), [Tonoxenus 3 6i-
oetnkn MO3 VYkpainu Big 1 mucromana 2000 p. Ne
281, 3akony Ykpainu «[Ipo 3axucT TBapuH BiX KOp-
CTOKOro moBoKeHHs» Ne 3446-1V Bix 21 mrororo
2003 p. 3rigHo 3 aupektuBoro Pagn €C 2010/63/EU
PO JOTPUMAaHHS TIOCTAHOB, 3aKOHIB, aIMIHICTPATHB-
HuX noJjioxkeHb [epxxaB €C 3 nuTaHb 3aXUCTy TBa-
PHH, SIKi BAKOPHCTOBYIOTHCS 3 HAYKOBOIO METOIO [ 19,
20].

Jlist naTtoMopQoIIOTivHOTO AOCTIKEHHS MO30K
HIypiB MicJs eBTaHa3ii BUIIy4ald 3 MOPOXKHHHU ue-
pera, MakpOCKOITIIYHO OI[IHIOBAJIM CTaH M’SIKHX 000-
JIOHOK, peJibedy, HAIBHOCTI KPOBOBUIIMBIB Ta JIOKAJi-
3amito ocepenkiB 3a6o0r0. J1st Mop¢oIorigHOTO J0C-
JDKSHHST BETUKUN MO30K (iKCyBanmu mpotsirom 24
roauH y 10%-my po3unHi 3ab6ydepenoro popmariny.
[icns dixcamii MO30K po3pizanu y ppoHTaNBHIH IT0-
[IMHI Ha 9aCTOYKH Ha PiBHI JTIMOIYHOT YaCcTKH 3 TO/1a-
JBITUM BHTOTOBIICHHSM MaparuiacToBUX OJokiB. [lic-
TOJIOTIYHI 3pi3M 3aBTOBIIKH 5-7 MKM i3 3a0apBieH-
HsM iX 3a HiccieM (TioHIHOM 13 ToIaBaHHSM KPe3uil-
BiomeTy) abo iMmpersamiero cpibmom [21, 22] Bu-
BUAJIM 34 JIOMIOMOTO0 CBITJIOONMTHYHOTO MiKpOCKOIIA
AxioSkope Al («Carl Zeiss», Himeuunna).

IMmyHOTiCTOXIMIYUHE JOCTiPKEHHS 3 BUKOPHC-
TaHHAM NepBUHHUX aHTUTLI (B-tubulin, Synaptophy-
sin, GAP43, NCAM1, N-cadherin, GFAP — «Thermo
Scientificy, USA) BUKOHYBaNH y BIAIOBIAHOCTI IO
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MIPOTOKOITY, SIKMI MiCTHUB HACTYIHI eTanu. DikcoBaHi
Ha MPEIMETHUX CKEJBIIX TiCTONOTIUHI 3pi3u AeMac-
KyBaJUCh yNpoaoBxk 20 XBHJIWH Y MiKPOXBHIbOBIH
nedi npu +100°C y murpatHomy Oydepi (pH 6,0).
Jist oIiHKY cTIenugiTHOCTI IMYHOTiCTOXIMIYHOTO 3a-
OapBIIeHHS TPOBOIMIIN KOHTPONBHI peakmii. Ha Ha-
CTYIIHOMY €Tali i3 3aJIy4eHHsIM CUCTEMH Bi3yaizawil
Lab Visison Quanto (“Thermo Scientific”’, USA)
MPOBOMIIN 00OpPOOKY CKeJellb Ta MpernapaTiB MO3KY 3
KO>KHHM pPeareHTOM ynpoaoBK 10 XBHIMH 3 IPOMiXK-
HUM IpoMuBaHHsAM y Tpuc-0ydeprHomy po3uumni. B
SIKOCTI XpOMOT€Ha  BUKOPUCTOBYBAIU 3,3'-
Diaminobenzidine (“DakoCytomation”, Janis). s
IUQEpeHIIIIOBaHH KOPTHKAIBHUX CTPYKTYp 3pi3n
JIOJATKOBO 3a0apBIIIOBANIN TeMaTOKCHIIHOM Maiiepa
BIJITIOBIZTHO 10 3araJIbHUX CTaHAApTiB [23, 24].

[poBommmm ¢oTodikcamito OCTIIKYBaHUX [Ti-
JSTHOK COMATOCCHCOPHOI KOPHU 3a IOTIOMOTOI0 mud-
poBoi ¢porokamepu Axiocam ERc 5s («Carl Zeissy,
Himewyunna). OOpoOKy OTpuMaHUX MikpogoTorpa-
(iit TpoBOIUIIN 32 JOTIOMOT'OI0 IIPOIPaMHOTO 33a0€e3-
neyeHHs1 AxioVs40 V 4.6.3.0 («Carl Zeiss Imaging
Solutions GmbH», HimMeuunna). IIpoBoaunu miapa-
XYHOK YHCENBHOI IMUTBHOCTI HEHpPOUHWTIB, cepea-
HBOTO JliaMeTpa MephKapioHa MipaMiTHIX HEHPOHIB,
YHCETHHOT MIITFHOCTI MaKPOTIiOMHUTIB, MiKPOTJTiOIIH-
TiB i FTeMOKAaMUIAPIB KOPU 3 BUKOPHCTaHHAM IIPOTpa-
MHoro nakety ImagelJ 1,47v [25].

BapiamiiiHo-cTaTucTiyHa 00poOKa OTPUMAaHUX
pe3yJIbTaTiB NPOBOAMIIACS 3 YPAXyBaHHSIM KPUTEPIiO
t CtplofeHTa. Y TOMY BHIAJKYy, SKIIO OTPUMaHe B
JIOCTIIKCHHI EMIIPUYHE PO3MOAUICHHS HE BiIMOBI-
JIaJi0 HOPMAJIBHOMY 3aKOHY, OLIHKY BiIMiHHOCTEU
MK BHOIpKaMH OILIHIOBAJIM 32 JONOMOIOI0 Hemapa-
METPUYHOTO KPHUTEPir0 BiTKOKCOHA I OB’ sI3aHUX
BHOiIpOK Ta MaHHa-YiTHI JUIS HETIOB I3aHUX BHOIPOK
a00 i3 BUKOPHUCTAaHHSIM DPAaHTOBOrO KpuTepito Baw-
nep-Bapaena 3a crangaptHumu npouenypamu [26].
[Ipu mpoBeeHHI CTaTUCTUIHOT 0OPOOKH OTPHMAaHUX
KBaHTH(IKOBaHUX pe3yJbTATIB yCi HEOOXITHI po3pa-
XYHKH BUKOHYBAJIH B 00OJIOHIII €IEKTPOHHOT TaOIHII
Excel npu BUKOpHCTaHHI BigmOBigHUX (GOpMyI i 3
BUKOPHCTAHHSIM JIIIEH31HHOTO MPOrPaMHOTO TaKeTy
Statistica v6.1 (Statsoft Inc., USA) (cepiiinuii Homep
AGAR909E415822FA).

PesyabTaTn

lNcromoriuHe MOCHIMHKEHHS COMAaTOCEHCOPHOI
KOpH, PO3TAIIOBAHOI KayJaJIbHO 1 JIATEPAJIbHO BiX
30HU ynapy, depe3 10 mi0 micis TpaBMHU y TBapHH
BCiX €KCHEPHMEHTAIFHHUX TPYI BUSBHIIO 30€pexeHy
Ha CBITJIOONTUYHOMY DPiBHI UTOAPXITEKTOHIKY 3 TH-
MIOBHUM CITiBBiTHOIIICHHSAM MiX IIapaMH HEHPOITUTIB,
10 HE BIAPI3HSIOCS BiJ TPYNH IHTAKTHUX TBapHH.
ITomipHi 3a cTyneHeM BHpa3HOCTI HEHpoIereHepaTH-
BHI Ta JECTPYKTHBHI 3MiHH CIIOCTEPITalIHNCh y HEBe-
JUKUX 32 TUIOIIEIO TiUISTHKaX KOpH. Y IUX JUISHKaX
YJacTHHA HEHPOHIB MiCTHIIa O3HAKH THTPOJII3Y, IO 33
paxyHOK KOH/IeHCalii Ta TUCTIepryBaHHA XpoMaTodi-
JBbHOT cyOcTaHIil TPU3BOAMIO 110 (OPMYBaHHS T'iIo-
XPOMHHX HEHPOHIB KyJISICTOT popMH 3 BATOHYEHUMHU

BipocTKkaMH. Sipa rimoXpoMHUX KJIITHH Oy 30171b-
LICHI Ta PO3TAlIOBYBAJIHCh eKCLEHTpUYHO. [lopsn 3
TIMOXPOMHUMH HEHpOHAMHU BHSBISIIUCH TilEpXpo-
MHI HEeHpOIHUTH BUAOBXKEHOI ()OPMHU 3 HEBEIHKUMHU
nepukapioHaMu. B okpeMux BHIagKax BH3HAYaIHCh
MTOOJMHOKI «TiHI» HEHPOINTIB Ha TJi CBITIIOONITHYHO
HE3MIHEHOTO HeWPOMiIIo Oe3 03HaK Helpo3analeHHs
(puc. 1). XapakTepHi 03HaK{ aKTUBHOT'O allONTOTHY-
HOTO MPOIIECY CIOCTEPIrauCh JHIIEC Y HE3HAYHOT Ki-
JBKOCTI HEHPOLUTIB COMAaTOCEHCOPHOI KOPH Y TBa-
PHH BCIiX JOCIIKYBaHUX TPy, MIPUYOMY KUIBKICTBh
arnonTto3HuX (Qiryp He 3anexana BiJ TEPMiHY MiCIs
HaHECEHHS TpaBMH. HeKpoTWYHO 3MiHEHI HEHpoHU
HE BHUABILUINCH, TIOSBU ayTodarii HelpoHiB, mepena-
JKHO TipaMiHUX, 3yCTPidaInch Pilko Ha BCIX JOCIHTi-
JOKYBaHHUX TEPMiHAX ITICIIST TPaBMHU.

Puc. 1. ComaToceHcopHa Kopa rofloBHOro Mo3Ky Luypa
2-i ekcnepumMeHTanbHoi rpynu Yepe3 10 ai6 nicna YMT. Im-
nperHadis cpiérnom. x100.

Yepes 10 ai6 miciist TpaBMU 03HAKU TTOMIPHOTO
MDKKJTITHHHOTO Ta IEPUBACKYJISIPHOTO HAOPSIKY CITO-
CTepirajuch JIMIIE y TUX AUITHKAX COMaTOCEHCOPHOT
KopH, siki TororpadiuyHo Oynmu HaOMIDKEHI 1O 30HU
ynapy. B o3HaueHUX MiTSTHKAaX BUSIBIBUIACH TOMIipHI
YIIKOJPKEHHS! MIKPOCYAMH Y BUIJISA/] HOTOBIIEHHS Ta
YIIUIBHEHHsI eHJIoTellianbHOI Oa3ainbHOi MeMOpaHu
0e3 3IHIIKIB iIHTePCTUIIIHHUX a00 dianeae3HruX Kpo-
BOBWJIMBIB. Mopdooriuni 03HaKu APiOHUX MyIbTH-
MOJISIPHUX HEHPOINTIB COMATOCEHCOPHOI KOpH He
BiJIPI3HSUTUCH CYTTEBO BiJl XapaKTEPHUCTHK iHTAKTHOI
TpynH TBapHH Ha BCIX eTamax eKkcrepuMenty. Yepes
20 140 116 micyis HaHECEHHSI TPAaBMHU B COMATOCEHCO-
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PpHilt KOpi TBapWH BCiX TOCIHIKYBaHUX TPyI Oy Bi-
JICYTHI MOPQOJIOTIYHI MPOSIBH ITUTOTOKCUIHOTO Kac-
Kaxy abo 3aruOelni HeHpoHiB.

[Tpu MmopdomeTpruIHOMY BU3HAUCHHI YHCEITEHOT
IITFHOCTI HEUPOITUTIB, SIKi IMyHOTICTOXIMIYHHO Ma-
pkyBanmcs B-TyOyniHOM, y TpyIIi TBapuH 0e3 Heiipo-
KOTHITUBHHX PO3JIaJiB Ha KOJHOMY TEPMIiHI CKCIIe-
PUMEHTY KIITHHHA INUIBHICTH HE BINPI3HAIACH BiJ
MOKa3HUKa IHTaKTHUX TBapuH (Tabn. 1). Y miypis
nepiuoi i xpyroi rpyn yepe3 10 ib micns TpaBMH cy-
MapHHH BMICT HEHPOHIB Pi3HUX THIIIB COMAaTOCEHCO-
pHoi kopu Ha 15,6% (p < 0,05) 1 17,2% (p < 0,05)

BIAMOBITHO TIOCTYTABCS HOPMaJILHOMY piBHIO. Uepes
20 mi6 micis TUYMT y mepmiii i gpyriit Tpymnax TBa-
pUH YHCENTbHA MIUIbHICTh HEHPOHIB CYTTEBO HE 3Mi-
HIOBAJIACh BiTHOCHO MTOTIEPEIHBOTO TEPMiHY, CYTTEBO
MMOCTYTAIOYICh 3HAYCHHIO IHTAaKTHUX MIypiB — Ha
18,3% (p < 0,05) 120,2% (p < 0,05) BigmoBigno. Ye-
pe3 40 i eKCrIepUMEHTY YMCeNbHA IITBHICTh HEll-
pouuTiB comaroceHcopHoi kopu I'M miypiB nepruoi i
JpYroi eKCepruMEeHTAIBHUX I'PYIl iICTOTHO HE 3MiHIO-
BaJIach y HOPIBHSIHHI 3 MONEPEAHIM TEPMiHOM 1 TTOC-
Tynajach NOKa3HUKY IHTaKTHUX TBapuH Ha 17,5% (p
<0,05)120,4% (p < 0,05) BiAmoBiAHO.

Tabmumrs 1

HCeNIbHA IIJIBHICTE HEMPOLMTIB KOPH COMAaTOCEHCOPHOI KOPH, MM"
YucenpHa MIIBHICT HEHPOLUTIB KOPH coMaToceHcopHOT KopH, * 102 Mm2 (M £ m

Tep™iH micis TpaBMH

I'pymn mocyimkeHHs

Iepmia Apyra TopiBHAHHS
10 1i6 31,4+3,7 % 30,8 +2,9 * 342 +3,7
20 ni6 30,4+2,5* 297+£2,7* 349+4,0
40 ni6 30,7 +2,8 * 29,6 £2,5* 36,1 £4,2

[pumitka: * —p < 0,05 npu NOPIBHAHHI 31 3HAYEHHAM y TPy iHTaKTHUX mypiB (37,2 + 3,5 X102 Mm2),

Mopdomerpuunuii aHaii3 Mokasas, 10 3a Po3-
MipamH IipamiIHi HEHPOHU COMAaTOCEHCOPHOI KOpH
ICTOTHO HE PI3HUIIUCS MK TPhOMa EKCIIEPUMEHTAIIb-
HHMH TPYIIaMH, IPOTE CYTTEBO MOCTYNAIUCS HOpMa-
JBHOMY 3HAYCHHIO CEPeIHBOro IiamMeTpa MepHhKapi-
OHY IHTaKTHHUX IIypiB depe3 10 mi0 micis HaHeCeHHs
TUMT (tabm. 2). Hait6inpm Bupa3He 3MEHIICHHS PO-
3MipiB MEPUKAPIOHIB CIIOCTEPIraNocs B EPIIiil TpyIIi
TBapuH — Ha 26,3% (p < 0,05). ¥V 1Bapun npyroi
Ipyny MapameTp HOCTYNaBCsi HOPMaJbHOMY DPiBHIO

Ha 25,5% (p < 0,05), y TBapuH Ipymnu MOPIBHAHHSI —
Ha 25,1% (p < 0,05). Yepes 20 xi6 y TBapuH mepuioi
rpyIH mapamerp moctymasces Hopmi Ha 22,3% (p <
0,05), y TBapuH apyroi rpynu — Ha 20,2% (p < 0,05),
y TBapyH IpylH NOpiBHAHHA — Ha 21,9% (p < 0,05).
Uepes 40 nib micns TpaBMH Y TBApUH BCIX JOCIIIKY-
BaHUX TPYI HipaMiTHI HEHPOHHU 3a po3MipaMu HE Bij-
PI3HSINCE Y CTATUCTHYHO BArOMOMY CTYIISHI BiJl 1O-
Ka3HHMKA iHTAaKTHUX TBapHH.

Tabmurs 2

CepenHiii jiameTp epuKapioHa mipaMiJIHUX HEWPOHIB COMAaTOCEHCOPHOT KopH, MKM (M + m)

Tepmin micist TpaBMH

I'pymu KoCiiKeHHS

Iepira Hpyra IMopiBHSHHS
10 116 5,32+ 0,47 * 5,38+£0,53 * 5,41 +£0,53 *
20 ni6 5,61 £043 * 5,76 £ 0,46 * 5,64 +0,54 *
40 1i6 6,63+ 0,55 6,85+ 0,61 6,78+ 0,72

Ipumitka: * — p < 0,05 npu NOPiBHAHHI 31 3HAYSHHSIM y TPy iHTAKTHUX I1ypiB (7,22 £ 0,69 MKMm).

[pu anamizi By TUMT Ha cHHANTHYHMHA
armapar HeHpOHIB COMAaTOCEHCOPHOT KOPHU 3 BUKOPHC-
TaHHSIM MOHOKJIOHAJIBHUX AHTHUTII 0 CHHAMTO]i-
3uHy (p38) y TBapHH BCiX SKCIEPUMEHTAIBHUX TPYIT
criocrepirajocst nomipHe aAudy3HE 3HMKEHHS EeKC-
npecii qanoro Mapkepa 4yepe3 10 i micist TpaBMU y
MOPiBHAHHI 3 IHTAaKTHUMH TBapHHaMHU. PiBHOMipHE
PO3MOAINICHH IMYHOTiCTOXIMI4HOI MITKH Mapkepa
P38 He BiIpI3HAIOCS MK JIOCIIPKyBaHIMH TPyTaMH
(puc. 2). Uepes 20 i 40 nib micist HaHECEHHS TPaBMHU
eKcrpecisi CHHanTo(i3nHY y COMaTOCEHCOPHOI Kopi
I1ypiB 3 HEHPOKOTHITHBHIMH pO3JIaJlaMU CYTTEBO HE
3MIHIOBAJIACh, 3AJIMIIAIOYNCH HA 0OMEXEHOMY piBHI,
B TOW Yac SIK y TBApWH IPYNHU MOPIBHAHHS CIOCTEPi-

38

ragoch BiTHOBIICHHS MIUTBHOCTI P38-ITO3UTHBHUX CH-
HAIICiB IIPOTSTOM ITOCTTPaBMaTHYHOTO Tepiofy (puc.
3).

JocnimkenHs cuHanTudHoro Mapkepa GAP43,
IO XapaKTepHU3ye aKTHBHICTb PEMOJICIIOBAHHS aK-
COHHHUX TepMiHajield, BUsBHIO BincyTHicth GAP43-
MTO3MBHHX CTPYKTYP Y COMAaTOCEHCOPHIN KOPi K y 1H-
TaKTHHX IIypiB, TaK i B yCiX TPHOX €KCIIEPUMEHTAb-
HUX TpyINax TBApHH HPOTSITOM JOCIIKYBaHOTO TIOC-
TTpaBMaTHYHOTO IIEPioay.

[MTpn Bukopucranni mapkepiB NCAM1 i N-kaz-
repuHy OyJI0 BCTaHOBJICHO, IO Y BCiX TBapHH IiCIIs
MonenmoBanHss TUMT He3anexxHO BiJ CTYyIEHs HEi-
POKOTHITUBHOTO Je()ilUTy iIHTEHCUBHICTH IMYHOTIC-
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TOXiIMIYHOI MITKM Ha TOBEPXHI MepUKapioHiB Oib-
I0CTi HEWPOHIB COMATOCEHCOPHOI KOPH HE BiIPi3HS-
JIach BiJ eKcmpecii uX MapkepiB Ha MeMOpaHax iH-
TaKTHUX He#poHiB. IIpu 1iboMy 3arajibHa iHTEHCHB-
HICTh IMYHOTiCTOXIMIYHOTO 3a0apBICHHS 3pi3iB MO-
3Ky TBapuH OyJjla IMOMITHO HIDKYOIO MICIIS TpaBMH,

Puc. 2. ComaTtoceHcopHa Kopa FOfIOBHOrO MO3KY
wypa 1-i ekcnepumeHnTansHoi rpynu yepes 10 ai6 nicns
YMT. ImyHoricToximiyHa peakuis 3 mapkepom p38. foaa-
TKOBe 3abapBrnieHHsi rematokcuniHom Manepa. x100.

Ipu AOCHIPKEHH] ITiaJbHOTO KOMIIOHEHTY CO-
MaTOCEHCOPHOI KOpH MposiBU aytodarii riaionuriB
3ycTivyajucsi 4actimie, Hik y HedporutiB. CyTTeBi
Mop(¢OTeHeTHYHI Iepe0yJ0BU MaKpOTITIONHUTIB Y Bij-
JIAJICHOMY TIOCTTPAaBMAaTHYHOMY TII€pioJii CTOCYBa-
JHUCh XapakTepy iX MpOCTOPOBOTO IEPEpO3NOALTY,
npouriepaTHBHUX i MIrpaliifHuX BiIacTUBOCTEH. 30-
Kpema, gepe3 10 ni6 micnsa nHanecennss TUMT y TBa-
PHH BCIX €KCIIEPUMEHTAIBHUX I'PYII CIIOCTEPIranoch
NoMipHe 301bIIeHHS KIIBKOCTI IPOTOILIa3MaTUYHUX
acTpolMTiB. MakporJlOUUTH THINKX THUMIB Y CKJIai
COMaTOCEHCOPHOI KOpH HE 3MIiHIOBAIKMCh Y IOPIB-
HSHHI 3 IHTAKTHUMHU TBapUHAMH. ACTPOLMTH HAKO-
MYYBAJIUCH TIEPEBAKHO Y MEPUKAIUIIPHUX MTPOCTO-
pax mopsij 3 ocepekamMu HaOpsIKy, sskuii gepes 10 mio
IICIIst TPaBMHU CYIIPOBOKYBaB 3HaYHY KUIBKICTh Mi-
KpPOCY/AMH y BifJajeHiil BiJ 30HU ynapy cipii pedo-
BUHI BENUKUX MiBKyNb. LUIbHICTE po3TamryBaHHS
BOJIOKHUCTHX aCTPOLUTIB Y CKJIaJl HEWPOIIIJII0 coMa-
TOCEHCOPHOT KOPH HE BiIPi3HSIIACH BiJl THIIOBOT iHTa-
KTHOT apXiTEKTOHIKH. ACTPOIUTH 3 pPO3TalyKEHUMHU
BiZJPOCTKaMMU KOHTAKTYBaJIM M1’k COOO0I0, IPOTE IOMi-

HIX y IHTaKTHUX TBapHH, 33 PaXyHOK 3HMKEHOT IITiJTh-
HOCTI HelpoHiB. Xapakrtep posnoainy CD56-mo3nTtu-
BHHX i N-KaarepuH-TIO3UTUBHUX HEHPOIUTIB y IIy-
PiB eKCIEpUMEHTATBHUX TPYI HE 3MiHIOBABCS IIPOTS-
TOM JOCIIIPKyBaHOTO TEPMiHY IMTOCTTPaBMAaTHYHOTO
mepiony.

Puc. 3. ComatoceHcopHa kopa rOMOBHOIO MO3KY
wypa rpynu nopisHaHHs Yepes 20 ai6 nicng UMT. ImyHori-
cToxiMiyHa peakuis 3 mapkepom p38. [JogaTkoBe 3abaps-
neHHs1 remaTtokcuniHom Mawepa. x100.

pHa KiNBKIiCTh IUIIOLUTIB Oylia MpeicTaBieHa Bifo-
KPeMJICHUMHU KIITHHAMH. B OKpeMux IiIsSHKax Mix
MIKpOCYIMHAMH CIIOCTEPIraloch MOMITHE 3HMKEHHS
mrinmeHOCTI actpouuTiB. Yepes 20 1 40 i6 micns mo-
JICTIFOBaHHS TPaBMH y TBApUH BCIX €KCIIEPUMEHTAIIb-
HUX TPYIl HE CHOCTEPIrajJoch CyTTEBUX maTomopdo-
JIOTIYHUX 3MiH a00 mepeOyIoB CTPYKTYPHOI OpraHi-
3arii MaKpoTJIii B JOCTIKYBaHIH JoKami3aii.

Busnauenns mapkepiB CD56 (NCAMI1) i N-
Ka/IFePUHY T0Ka3ajo MeBHI 0COOIMBOCTI PO3MOALITY
IMYHOTICTOXIMIYHOT MITKM MDKKIIITHHHOT KooTeparii
B coMaToceHCOpHiil kopi ['M TBapuH y Bcix Jocii-
JDKYBaHHUX rpynax. 3okpema, uepes 10 ni6 micis Hane-
censs TUMT nporornsia3MaTiiHi aCTPOLIUTH HABKOJIO
OKpEMHX MIKPOCYIHMH iIHTEHCHBHO HAKOIIMIYBAJIH Mi-
TKy 000X 03HaueHMX MapkepiB. Heitponinap mix Mik-
POCYAMHAMHM MIiCTHB 3Ha4HO MeHIy miinbHicTs CD56-
i N-xkanrepun-niosutuBHuX KinituH. Yepes 20 1 40 ni6
micnst mozemoBanHs TUMT xapakrtep posmofiny
IMYHOTiCTOXIMIYHOI MITKH HE 3MIHIOBaBCs 1 HE po3pi-
B3HSBCSI MK TpPbOMa EKCIIEPHUMEHTAILHUMH Tpy-
MaMH.

MopdomeTpuyHmii aHami3 MaKpOTJiONWTIB Ha
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3pi3ax, 3a0apBIEHUX 3 BHKOPUCTAHHSIM aHTUTLI JIO
GFAP, noka3zasg, mo gepe3 10 ai0 Big mouaTky ekcrie-
PUMEHTY CepeNHs YHhceIbHa MIUTbHICTh KIITHH Y CO-
MaTOCCHCOpHill Kopi mocTymaigaca HOPMaJbHOMY
3HA4YEHHIO B Iepimii rpym TBapuH Ha 23,2% (p <
0,05), y mpyriit — Ha 24,7% (p < 0,05), y rpymi nopi-
BHsHHS — Ha 18,4% (p < 0,05). Yepes 20 xi6 micus
HaHECEHOI TPaBMH y TBapHH IEpIIOi i APYroi ekcre-
PUMEHTAJILHUX TPYII CTYIIHb aCTPOLMTapHOTO edi-
IIUTY ICTOTHO HE 3MIHIOBAaBCS BIJHOCHO TMOMEpE-
HBOTO TEPMiHY, MOCTYNAIOYHCh DIBHIO IHTAaKTHOI

rpymu Ha Ha 19,5% (p <0,05)120,5% (p < 0,05) Bizg-
MOBIAHO. Y TIypiB Tpynu mopiBHAHHSA depe3 20 aid
EKCIIEPUMEHTY BiOyBaJIOCS ICTOTHE 3pOCTaHHS Iia-
pameTpa TOPIiBHAHO 3 MONEpPEAHIM TEPMIHOM 3 HOro
BiTHOBJICHHSIM 10 HOPMAaJIbHOTO piBHA (Tabum. 3). Ye-
pe3 40 mi micist HaHeceHHs TPaBMH Y TBAPHH MEPIIOi
i ipyroi rpyn napamerp HOBEpTaBCs 10 HOPMAIbHUX
3HAYEHb 1 HE BiJPI3HABCA BiJI IOKa3HUKA IPYIH MOPi-
BHSHHSI.

Tabmums 3

YucenbHa MUIBHICTH MAKPOIIIOLKUTIB COMATOCEHCOPHOT KopH, X102 MM? (M £ m)

TepMiH micis TpaBMH

I'pymn mocyimkeHHs

Iepma Apyra TopiBHsAHHS
10 ni6 146 £ 16 * 143+ 19 * 155+ 18 *
20 ni6 153 £ 12 * ** 151 £ 11 *** 184 +13
40 ni6 172 +22 180 + 18 194 + 18

[pumitka: * — p < 0,05 pyu NOPiBHAHHI 31 3HAYEHHAM Y IpyIi iHTakTHUX mypiB (190 + 15 X102 MM2); ** —p <
0,05 mpu nopiBHSIHHI 3 BiIOBIIHMM 32 TEPMIHOM 3HAUEHHSIM Y IPYIIi TIOPiBHIHHSI.

Posmosin Ta MopdoJIorisi MiKPOTITIOIKUTIB MaH
MEBHI OCOOJIMBOCTI y PI3HHUX LIapax cCOMaTOCEHCOP-
Hoi kopu 'M TBapun nocnimxyBanux rpym. [lepesa-
JKHa OLTIBIIICTH KITITHH MaJia CIUIOIEHY GpopMy Ta po-
3raxykeHi BIJPOCTKH, SKi 3aHypIOBaJIICS MiXK HEHpo-
Ham# a0o0 B TOBITY HEWpOMiTO. MiKpOTITiOIHUTH KY-
1s1cTOi ()OPMHU 3 TOOANHOKUMH JOBTUMH XBHIICTIOI-
OHMMHU BiIPOCTKAMHU 3YCTpidaiiicsi NEepeBakKHO Ha-
BKOJIO TeMOKanuIpiB. [laHi KIITHHU KOHTaKTYBAJIH 3
MIKPOCYIMHHOIO CTIHKOIO Ta HPOTOIUIA3MAaTHYHUMU
actporuTaMu. Takox moOnM3y MiKpOCYIWH 3 O3Ha-
KaMH MEepPUBACKYJSIPHOTO HAOPSKY BUSIBIISUIUCH TH-
MOBI UPKYJTIOI0Y1 Makpodary Ta ooAHHOKI JiMdo-
muta. Yepes 40 1i0 MOCTTPaBMATUYHOTO MEPIOAY
O3HAaKH MePUBACKYIJISIPHOT KIITHHHOT iH(1mbTpanii He
CIIOCTEPITAINCh Y JKOIHIH 3 EKCIepUMEHTaIbHUX
TpyIL.

[Ipu mopdomeTpii YrcenbHOI MIUTEHOCTI MIiKpO-

TJIOIUTIB Y COMaTOCEHCOPHIN KOPI B YCIX AOCIIIKY-
BaHMX TBapuH uepe3 10 ni6 micns TpaBMH Big3Haua-
BCS 3HAYHO IMiJIBULICHUI PiBEHb LIIIBHOCTI KIITHH 3
Makpo(haraapbHOIO aKTHBHICTIO B TOPIBHSAHHI 3 iHTaK-
THUMH TBapHHAMU: B IepIii rpymi — Ha 67,0% (p <
0,05), y mpyriit rpymi — Ha 71,4% (p < 0,05), y rpymi
nopiBHAHHA — Ha 60,7% (p < 0,05). Yepes 20 xi6 mi-
ct TUMT cmocrepiranoch mMOMipHE 3HHKCHHS
IITEHOCTI MiKpoTTionuTiB. CTaTUCTUYHO 3HAYYIITUX
BiZIMIHHOCTE#l mapameTpa y mepiuii i Apyriii rpymnax
JIOCITIJDKEHHS BiJl OKA3HUKIB I'PYITH MOPIBHSHHS HE
CIIOCTEPIrajioch MPOTSITOM YChOTO IMOCTTPaBMaTH4-
Horo mepioay (tabmn. 4). Yepes 40 ni6 micis HaHe-
CCHHSI TPaBMHU YHCEJIbHA IIIJIbHICT MIKPOTJIIONUTIB
HIepeBHUIIlyBajia TIOKAa3HUK IHTAKTHUX TBApHH: B IEp-
i rpymi — Ha 54,5% (p < 0,05), y npyriii rpyni — Ha
52,7% (p < 0,05), y rpymni nopiBHsHHA — Ha 46,4% (p
<0,05).

Tabmuns 4

YucesbHa MUIBHICTH MiKPOTJIIOLUTIB COMaTOCEHCOPHOT KopH, MM™2 (M £ m)

Tepmin micist TpaBMH

I'pymu KoCiiKeHHS

Iepra Hpyra IMopiBHSHHS
10 116 187+0,34* 1,92 +0,28 * 1,80 +0,26 *
20 ni6 1,73+0,30 * 1,71+0,30 * 1,64+0,19 *
40 ni6 1,68 +0,21* 1,59 £0,27 * 1,62 +0,23 *

IMpumitka: * — p < 0,05 npu NopiBHAHHI 3i 3HaYeHHAM y TPy iHTakTHUX mypiB (1,12 £ 0,14 x10? Mm2).

[Tpn BHBYEHHI TeMOMIKPOIMPKYJISITOPHUX 3MiH
y CKJaJi COMaTOCEHCOPHOI KOpH, II0 BinOyBajmcs
BHaciigok TUMT, B yciX JOCITIKYBaHUX CKCIICPH-
MEHTAJILHHUX TPYIax MepeBa’kHa KIIbKICTh TeMOKaIli-
JApIB y BiJIAJICHUX BiJl 30HU yIapy HUITHKaX Malia
IHTaKTHY CTPYKTYpPY CTiHKH M yTBOpPIOBaja THUIIOBHH
3a 6ynosoro I'Eb. Uepes 10 xib micis TpaBMHU oKpemi

40

MIKpPOCY/IMHH Majli O3HAaKW BHYTPIIIHbOCYAWHHOTO
MIKpOTpOMOO03y B OTOUYEHHI APIOHUX OCEepesiKiB BTO-
PUHHUX KPOBOBMJIMBIB, 3 TUIa3MaTHYHUM IIPOCOYEH-
HSIM T€MOKAIUIAPHOI CTIHKM Ta IEPHUBACKYISIPHOTO
npoctopy. Y TBapuH 3 HEHPOKOTHITUBHUMH pO3JIa-
JlaMHU TaKuX MIKpOCYIMH OYJI0O IIOMITHO OijblIe, HixK
y TBapHH IpyIu NopiBHsHHA. KpiM TOro, BUSIBIISUTUCH
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OKpeMi IIaTOJIOTIYHO 3MiHEeHI MIKpOCYIWH 3 HaIIapy-
BaHHSIMH aCTPOIUTIB Ha 30BHIMIHIN MOBepXHi (puc. 4,
5 cTaTTs), B TOH Yac K y TBApWUH TPYIH TOPIBHIHHS
ACTPOLIUTH HE YTBOPIOBATH OYIb-SIKMX KIITHHHIX
KOHTJIOMepaTiB mo0im3y MikpocynuH (puc. 6
crarts). ['eMokaminsapu 3 HEKPO30M, NECTPYKII€IO
a00 (hparMeHTAIlI€r0 CHI0TENiaTbHOT CTIHKH HE BHSIB-
JSUTACH Y sKoHi 3 rpym. Uepes 20 i 40 ni6 micns Ha-
HECEHHsI TPaBMH 3HAYHO 3MEHIIyBajach KUIBKICTBb
MaTOJIOTIYHO 3MIHEHHX MIKPOCY/IHH i OCEpeAKiB Jia-
Nee3HUX KPOBOBUWIIMBIB Y TKAHHHY KOPH.

Puc. 4. ComaToceHCOpHa Kopa rofloBHOro MO3KY LLypa
rpynu nopiHsiHHS Yepes 10 ai6 nicna UMT. ImyHoricToximi-
YHa peakuis 3 MapkepoMm GFAP. [lonatkoBe 3aGapBneHHs
rematokcuniHom Mawepa. x400.

Puc. 5. ComaToceHcopHa Kopa rofloBHOTO MO3KY Lypa
1-i ekcnepumMeHTanbHoi rpynu vyepes 10 gi6 nicna YUMT. Imy-
HoricToxiMiyHa peakuis 3 mapkepom GFAP. [lopaTkoBe 3a-
6apBneHHsa remaTokcuniHom Maviepa. x400.

Puc. 6. ComaToceHcopHa Kopa rofloBHOTO MO3KY Lypa
2-i excnepumeHTanbHoi rpynu yepes 10 ai6 nicna YUMT. Imy-
HoricToxiMiyHa peakuis 3 mapkepom GFAP. [logaTtkose 3a-
OapBrieHHs remaTokcuniHoM Mariepa. x400.

IIpu MmoppoMeTprIHOMY BU3HAYCHHI YHCEITBHOT
IITEHOCTI TEMOKAMIIIAPIB Y CKIIA/Ii COMaTOCEHCOPHOT
xopu gepe3 10 xi6 micmss TUMT cmocrepiraBcest goc-
TOBIPHO TIiJBHIICHUH y MOPIBHAHHI 3 IHTKTHHM pi-
BEHb [TapaMeTpa: y TBapuH nepiioi rpynu — Ha 31,4%
(p < 0,05); mpyroi rpynu — Ha 23,9% (p < 0,05);
rpymnu nopiBHsHHA — Ha 29,4% (p < 0,05). Uepes 20 i
40 ni6 micis HaHeCEHHS eKCIIEPUMEHTAIBLHOT TPaBMHU
LIJIBHICTh MIKPOCY/IMH Y COMAaTOCEHCOPHIH KOpi 1mo-
BepTaliach 10 HOPMAJIBHOT'O PiBHS y BCIX €KCIIEpUMe-
HTAJIFHUX TpyIax TBapuH (Tadi. 5).

Oo0roBopeHHs

UMT BuKIHKae CKIagHUA HaOip MEpBUHHUX 1
BTOPUHHHX PEAKIIiN, K YIIKOMKYIOTh IIJISTHKH MO-
3Ky, IO OOCIYTOBYIOTH II€BHI KOTHITHBHI ()YHKIIIi.
Boraumiesi ymkomKeHHS BUKIUKAIOTh CTiHKI KOTHi-
THBHI NOPYILIEHHS, TUMHX SIKUX BiJIHOCHO HECKJIAJHO
3pO3yMITH Ha OCHOBI Cy4aCHHX HEHpPOaHATOMIYHHX
ysiBiieHs [27]. Kpim Toro, yiikomKeHHs aKCOHIB Y 110-
€JIHaHHI 3 TUTOTOKCHYHUMH TIPOLIECAMH € HANIOIH-
PEeHIiNIo MaToMOpP(HOJIOTIYHO MTPUYHHOIO TTOCTTPa-
BMaTHYHUX KOTHITMBHUX MOPYIICHb 1 MalOTh HalOi-
JIBIIMH BIUIMB Ha MBHUKICTH Ta €(peKTUBHICTH 00po-
oxu indopmarii [10, 12]. ¥ upomy BiZHOIICHHI BH-
KIIMKAIOTh 1HTE€peC KOHKPETHI TOMOJIOTIUHI 0co0Iu-
BOCTI CTPYKTYpHHX TepeOynoB pisHux Binminis ['M,
sIKi BiZOYBArOTHCS MPOTSTOM BiIaJICHOTO TIOCTTPAB-
MaTHYHOTO Tepiojy i MOB’si3aHi 3 XapakTepoM Heii-
POKOTHITUBHHX PO3JIaiB.

Tabmurs 5
YucebHa IUIBHICT FEMOKAMIAPIB COMATOCEHCOPHOT KopH, MM 2 (M £ m)
TepMiH micias TpaBMu I'pynu mociimKeHHs
[epma Hpyra [opiBHAHHS
10 ni6 69,4+5,7* 654+72%* 68,3+6,4*
20 ni6 57,2+53 56,3+5,7 55,9+6,7
40 ni6 54,1+ 64 55,0+ 5,1 53,7+6,5
Ipumitka: * — p < 0,05 npu mOpiBHSIHHI 31 3HAYEHHAM y TPYIIi IHTAKTHUX 1LypiB (52,8 + 4,7 MM-2).
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YV HamoMy JA0CIiKEHHI IpoaHalli30BaHi 000po-
THI Ta cTabibHI MOP(OJIOTIUHI 3MiHU B COMATOCEH-
copHiit kopi 'M mrypiB nipoTsirom 40 mi6 micis HaHe-
CEHHS CTaHIapPTU30BAHOI CUMETPUYHOI TsKKoi UMT
B MOJieINi yaapHoro npuckoperHs. [TokaszaHo, mo Je-
pe3 10 mib micist TpaBMHU Y COMaTOCEHCOPHIN KOpi Bi-
JI0yBalOThCS MOMIPHO BHpakeHi HelpoJlereHepaTH-
BHI Ta JIECTPYKTHBHI 3MiHHU CipOi pe4oBHHH. Y TBa-
PHMH 3 HEHPOKOTHITUBHUMH pO3JIaJlaMH CIOCTepira-
€THCS TIOMIPHE 3MEHIIEHHSI CyMapHOTO BMICTY Heii-
POHIB pi3HUX THIIIB, B TOH 4Yac SIK y TBapuH 0e3 KOr-
HITHBHOTO JeiluTy IIiJbHICTh HEHPOUUTIB HE Bif-
pi3HsETBCS Bix HOpManbHOTO piBHS. Uepes 20 140 nid
micist UMT o3Haky Helipo3anaieHHs B COMaTOCCHCO-
PHIH KOpi peoyKyIOThCS HE3aJIEKHO BiJl CTYIIEHS KO-
THITHBHOTO NeQinuTy.

3a pe3ynbTaTaMy IPOBEACHOTO IMyHOTiCTOXiMi-
YHOTO JOCII/HKEHHS BHUSBJIICHO, IO MIPUTHIYCHA €KC-
npecis ciHanTo(}i3uHy y COMaTOCCHCOPHIH KOpi I1y-
piB 3 HEHPOKOTHITUBHUMH po3nazamu yepe3 20 i 40
ni6 micis UMT cyTTeBO HE 3MIHIOETHCS Ta 3ajIMIlia-
€TBCSl HA HU3BKOMY piBHI. Y TBapWH IpYIHU MOPIB-
HSHHS BiJOYBa€ThCSl BIJHOBIICHHS LIUILHOCTI p38-
MO3UTHBHUX CHHAICIB MPOTATOM IOCTTPaBMaTHY-
Horo niepioxy. Yepes 10 xi6 micas YMT y comaroce-
HCOPHIH KOpi TBAPUH BCIiX TPYII CIIOCTEPIraeThCs Mo-
MipHe HakommdeHHsI CD56- 1 N-xaarepuH-mo3uTHB-
HHX NIPOTOILIa3MAaTHYHHUX ACTPOLUTIB y MEPUKAIIII-
PHHX IIPOCTOpPAX, IIO YacTO ACOIIHOBAHO 3 Ocepe-
KaMUu HaOpsIKy 1 MiABUIICHHAM MITOTHYHOI aKTUBHO-
cTi rriouutiB. [Ipu 11bOMY YTBODPIOIOTHCS 3HA4HI 32
00’€MOM JUISTHKM HEHPOMNUIA 3 HU3BKOIO IIUIBHICTIO
pO3TalIyBaHHs BOJIOKHHUCTHX acTporuTiB. Yepes 20 i
40 n1i6 NOCTTPaBMAaTUYHOTO MEPiOy Yy TBAPHH 3 HEHl-
POKOTHITUBHUMH PO3JIalaMH OCEPEIKH acTpOLUTAp-
Horo AedinuTy 30epiraroThes, y IMypiB TPYNH HOPiB-
HSTHHS — 3YCTPIYarOThCS TYKE PiIKO.

OTpumaHi HaMH JJaHi KUTBKICHO XapaKTeph3y-
IOTh Ta MOSICHIOIOTh YHCIICHHI BiIOMOCTi HAyKOBOT Ji-
TepaTypH Ipo Te, 110 AECTPYKIis Ta HANPYKEHHS aK-
COHIB BUKJIMKA€ Pi3Ke MMiJBUIICHHS PiBHA OUIBIIOCTI
1epeOpanbHIUX HEHpOMEAiaTopiB, NPUUOMY TpaBMa-
THUYHO 1HJYKOBaHHI HAJJTMIIOK TIyTaMary Ta aleTH-
JIXOJIHY € HalOiIbII HelipoTokcnuyHnuM [15]. dectpy-
KTUBHI HACJIIIKM TAKOTO HA/JIMLIKY HeipomeniaTo-
PIB BUSIBIISIFOTBCSI HAMOUIBIIMMYU B TUX 00JACTsIX, JI€
i HelfipoMeiaTopy JOKaIi30BaHI CyMiCHO — B CTPY-
KTypax EHTOPHHAIbHO-TIIOKaMITAIbHOTO KOMILIe-
KCy, 0a3albHOMY Bi[UIUI TIEPEIHBOTO MO3KY, (PpOH-
TaNbHIN KOpi.

3acmyroBye Ha yBary Toi ¢akT, mo micist UMT
3amajbHa peakKiis, TOKCHYHICTh IITyTaMaTy 1 akTHUBa-
[[i amONTOTHYHUX IIPOIECIB CIPHYUHIIOTH Maco-
BaHy BTOPHHHY 3aru0eib HeHPOHIB, THM 4acoM MPH-
3BOJISTYM JI0 HEHWpoJIerenepailii, 1o 00yMOBIIIOE TIOT-
nrOIeHHsT KOTHITUBHHUX HOpymIeHs [3-5, 28, 29]. ¥V
HAIIOMY JOCIiKEHHI TOKa3aHo, IO y BigmajieHii
BiJl 30HH YIIKOJXKEHHsI COMaTOCEHCOPHIN KOpi y TBa-
PHMH 3 HEHPOKOTHITUBHUMHM pO3JIaJlaMH CIOCTepira-
€TBCSI 3HAYHE 3POCTaHHS KiJIbKOCTI HOBOYTBOPEHHX
TeMOKAITUISAPIB 3 TUIIOBOIO OY/OBOIO €HAOTETiATbHOT
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CTiHKHM, TPOTE Ha MOBEPXHI OKPEMHUX YIIKOKCHHUX
KalmJIsIpiB BUSBISETHCS BEJHMKA KiIBKICTh IMIJIBHO
YNAaKOBAaHUX MPOTOIUIA3MATUYHUX AacTPOUMTIB. Y
[UX BUIAJKaX aCTPOTJIis YTBOPIOE KIIITHHHI HamIapy-
BaHHS Ha MMOBEPXHI MIKPOCYAHH Y BT HIUTBHIX
My (T, 110 BKa3ye Ha OJIOKYBaHHS TPAHCCHIOTETialhb-
HOro TpaHcnopTy. Ha Hauty 1ymKy, HasBHICTh TaKHX
MATOJOTIYHO 3MIHEHUX TeMOKAILIAPIB Y COMAaTOCEH-
COpHIif KOpi MOXe OYTH OJHIEI 13 CKIAJOBUX CTili-
KOT'O HEHPOKOTHITHBHOTO NE(IIHTY.

BucHoBku

1. Yepes 10 ni6 miciist HAaHECEHHS TPaBMH Y BijI-
JaNIeHI BiJ 30HU yapy COMaTOCEHCOPHIH KOpi Bif-
OyBalOThCSI IOMipPHO BUpPaXXeHI HeHpoaereHepaTuBHI
Ta JECTPYKTHBHI 3MiHH Cipoi PEeUOBHHU BHACIIIOK
MOCTTPABMATUYHOTO IUTOTOKCHYHOTO Kackaxy. Y
TBapHH 3 HEHPOKOTHITUBHUMH PO3JTaJaMH CIIOCTEPi-
Ta€ThCS TOMIpHE 3MEHIIEHHS CYMapHOTO BMICTY
HEHpPOHIB KOPH, B TOW Yac SIK y TBApUH 0€3 KOTHITHB-
HOTO Je(iuuTy IIUIBHICT, HEHPOLUTIB HE BiAPI3HSI-
€ThCs Bl HOpManbHoro piBHs. Yepes 20 i 40 1i6 mi-
cist UMT o3Haku Helipo3analeHHs B COMaTOCEHCOP-
HIi KOpi peIyKYIOThCSI HE3aJIeKHO BiJl CTYIEHS KOT-
HITUBHOTO JeIIUTYy.

2. [IpurHivyeHa excnpecis cHHaNTo(}i3uHY y co-
MaTOCEHCOpHIH KOpi IIypiB 3 HEHPOKOTHITHBHUMH
posmagamu gepes 20 i 40 xi6 micas UMT cyrreBo He
3MIHIOETBCS Ta 3aJMIIAETHCS Ha HU3BKOMY piBHI. Y
TBapUH TPYIIH TOPIBHAHHS BiZOyBAa€THCS BiITHOB-
JICHHSI IITBHOCT]I P38-II03UTUBHUX CHHAIICIB IIPOTSI-
TOM HOCTTPABMATHYHOTO MEPiOaY.

3. Yepes 10 ni6 micast YUMT y comaroceHCOpHin
KOpi TBapWH BCIX IPYH CIOCTEPIracThcs NOMipHE Ha-
konuueHHss CD56- 1 N-kaarepuH-no3uTHBHUX MPO-
TOIUIA3MAaTUYHUX AaCTPOLUTIB Yy TEPHKAMUIIPHUX
MIPOCTOPAX, 110 YACTO ACOLIHOBAHO 3 OCEpEIKaMH Ha-
OpsKY 1 IiIBUIIEHHSIM MITOTHYHOI aKTHBHOCTI TIIiO-
uTiB. [Ipr IbOMY YTBOPIOIOTECS 3HAaYHI 32 00’ €MOM
JIUITHKA HEWPOITiJIS 3 HU3bKOIO MIUTHHICTIO PO3TAIITy-
BaHHS BOJOKHUCTHX actporutiB. Yepes 20 i 40 mib
MIOCTTPABMATHYHOTO TIEPiOy Y TBAPUH 3 HEHPOKOT-
HITHBHUMH DO3JIaIaMH OCEPEIKH acCTPOLUTAPHOIO
nedinury 30epiratoTbes, y UIypiB IpyIH HOPIBHSIHHS
— 3yCTpIYaroThCs JIyXKe PiAKo.

4. Yepes 10 ni6 micnsgs UYMT y TBapuH 3 Helpo-
KOTHITUBHMMH pO3JIaJlaMU CIIOCTEPIraeThcsi 3HAYHE
3pOCTaHHA KUTBKOCTI HOBOYTBOPEHHUX TeMOKAITIAPIB
3 THIIOBOIO OYTOBOIO €HIOTENiabHOI CTiHKH. Ha mo-
BEPXHI MMOOJMHOKUX YIIKOJHKCHUX KaIlIAPIB BHUSIB-
JSIETHCS BEJIMKA KIIbKICTh IIIIBHO YITAKOBAHUX IIPO-
TOIUIA3MAaTUYHUX acTPOIMTIB. B okpemMux Bumaakax
aCTPOTIIisl YTBOPIOE KIIITHHHI HallIapyBaHHS Ha MOBE-
PXHI MIKPOCYAMH y BATJISAI OITBHUX My(]T, 110 BKa-
3ye Ha OJIOKYBaHHS TPAHCEHIOTENiaIbHOTO TPAHCIIO-
pTy. Yepes 40 ni6 micis TpaBMH CYTTE€BO 3MEHIITY-
€THhCS KUTBKICTh YIIKO/DKEHUX MIKPOCYIHH 3 Hallla-
PYBaHHSIMH aCTPOLIMTIB HA 30BHIIIHIH MTOBEPXHI.

IlepcneKkTHBYU MOJAJBIINX PO3POHOK MOJISITa-
I0Th y 35ICYyBaHHI B3a€MO3B’ 13Ky MiX TaTOMOP(OII0-
riYHUMH MeXaHi3MaMu neperBopens npu TYI'M i xa-
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paKkTepoM KOTHITUBHHX TOpymieHb miciss UMT. Ak-
TYaJIbHAM TaKOX € JOCIIHKSHHs 4y TINBOCTI HeHpo-
HiB 1 MTIONUTIB IO TPaBMU Ta iX 3AaTHOCTI JI0 BiHO-
BJICHHS B 3QJIC)KHOCTI Bif] JIOKAJIi3aIlil YIIKOIKEHb Ta
xapakTepy nepeOynoB reMOMIKPOIIMPKYJISIIII B IIOCT-
TPaBMaTHYHOMY IIEPiOfi.

Indopmanisa npo koHJIIKT iHTepeciB

[Morenuiitnnx abo sBHUX KOHQUIIKTIB IHTEpECIB,

110 TIOB'sI3aHi 3 UM PYKOITMCOM, HA MOMEHT ITyOJTiKa-
1ii He iCHye Ta He Tepen0adacThCsl.

Jxepesia ¢piHaHCyBaHHSA

Pobota BukoHaHA B paMKax HayKOBO-IOCIiTHOT
Temu «ONTHUMI3aIist JIarHOCTHKH Ta JTIKyBaHHS TOCT-
pUX IepeOpabHIX TOIIKOIKEHB (HOMEp IepKaB-
Hoi peectparii 0122U000086).
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Mizskina K.B., [3ak JI.A., Teepaoxuio I.B. lunaMika CTPyKTYpHUX Hepe0yA0B COMATOCEHCOPHOI
KOPM Y IIYPiB 3 Pi3HUMHU HelipOKOTHITUBHUMH P0O3/1aJaMH IicJIsl YepelH0-MO3KO0BOI TPaBMM.

PE®EPAT. AkTyanabHicTh. [IoTpeOyIOTh CYTTEBUX YyTOUYHEHD BiJOMOCTI PO YYTJIMBICTh Pi3HUX HEHPOHIB
1 KJIITHH HEHpOTJIii 10 TpaBMHM Ta X 37aTHICTH O BiJIHOBJICHHS B 3aJIG)KHOCTI BiJ JIOKalizalil yIIKO/HKEHb Ta Xa-
paktepy nepeOyJ0B reMOMIKpOLMPKYJISILIi B MOCTTpaBMaTHYHOMY Iepioni. MeTolo nociipkeHHs: 0yJIo BU3Ha-
YEHHs TKAaHWHHHX 1 KJIITHHHUOX MOCTTPaBMAaTHYHUX 3MiH CTPYKTYpH COMAaTOCEHCOPHOI KOPH TOJIOBHOTO MO3KY
IIYpiB 3 PI3HUMH HEHPOKOTHITUBHUMHU PO3JIaiaMH y Pi3Hi TEPMIHHM MICJIs TSHKKOT YeperHO-MO3K0Bo1 TpaBMH. Me-
ToM. J{J1s BIATBOPEHHS TSXKKOI YePEHO-MO3KOBOI TPAaBMHU Yy IIypiB 3aCTOCOBYBAIM «MOJIENb YAAPHOTO NPUCKO-
peHHsI». 3a pe3yJbTaTaMi HEBPOJOTIYHUX TECTIB IIypH OyJIM PO3MOIiJICHI Ha TP Ipynu: 1) mepiia — TBAPHUHU
TICIIS TPAaBMH 3 HEHPOKOTHITHBHAMH PO3JIalaMH i TIOPYIICHHSAMH IaM’sTi; 1) Ipyra — TBapUHH TiCIS TPaBMH 3
HEHPOKOTHITUBHUMH pO3JTafaMu Oe3 IMOpyIIeHb aM 'sTi; 3) TpyIia MOPiBHAHHS — TBAPHUHHU ITICIIA TPAaBMH O0e3 Hew-
POKOTHITUBHHX po3afiB. [IpoBoawin ricronoridae, MophoMeTpryHe Ta IMyHOTICTOXIMIYHE JOCTIPKEHHS cOMa-
TOCEHCOPHOT KOpH 3 BUKOpUCTaHHAM MapkepiB B-tubulin, Synaptophysin, GAP43, NCAM1, N-cadherin, GFAP.
Pe3yabTaTu. Y TBapHuH 3 HEHPOKOTHITUBHUMH PO3JIaJJaMH CIIOCTEPIraeThCsl IOMipHE 3MEHIIIEHHS CyMapHOTO BMi-
CTY HEHpOHIB Pi3HUX THUIIIB Y COMaTOCCHCOPHIH KOpi, B TOH 9ac AK y TBapuH 0e3 KOTHITHBHOTO AC(DIIUTY MIUTh-
HICTh HEMPOLUTIB HEe BIPI3HAETHCS BiZi HOpMasbHOTO piBHs. [IpurHiueHa excrpecis cuHanToi3uHy y comaroce-
HCOPHI# KOpi L1ypiB 3 HEHPOKOTHITUBHUMU po3nazamu yepe3 20 1 40 1i6 micist TpaBMU CYTTEBO HE 3MIHIOETHCS
Ta 3aJMLIAETHCS HA HU3bKOMY PIiBHI. Y TBapHH IPYNH IOPIBHSIHHS BiOYyBa€ThCs BiJHOBICHHS LIUIbHOCTI p38-
MO3WTHBHUX CHHAICIB MPOTITOM MOCTTpaBMaTuiHoro nepioay. Yepes 10 nid micist TpaBMH y TBapHH BCIiX IpyIl
criocrepiraerbesi omipHe HakonudeHHs: CD56- 1 N-kaAreprH-MO3UTUBHUX MPOTOIMJIa3MaTHIHUX ACTPOLMTIB Y
MEPUKAUIIPHUX MPOCTOPAX, II0 YacTO ACOIIHOBAHO 3 OcepeKaMn HaOPSKY 1 MiJABUINEHHSIM MITOTHYHOI aKTHB-
HOCTI TTIOIHTIB. Y TBapWH 3 HEHPOKOTHITHBHUMH PO3JIaIaMU B OKPEMHUX BUTIAIKAX aCTPOTIis yTBOPIOE KITITHHHI
HaIlapyBaHHS Ha TIOBEPXHI MIKPOCYIUH y BUTILII IUTBHUX MY(T, IO BKa3ye Ha OJIOKyBaHHS TPAHCEHIOTEIialb-
Horo TpaHcnopty. Yepes 40 mi0 micis TpaBMH CYTTEBO 3MEHIIYETHCSA KUTBKICTh YITKOKCHAX MIKPOCYAHH 3 Ha-
IIapyBaHHSIMH acTPOIMTIB Ha 30BHIMIHIN moBepxHi. [limcymok. Uepes 10 mib micns HaHeCEHHS TPaBMH Y CKJIAI1
COMAaTOCEHCOPHOT KOPH BiIOYBAIOThCS IIOMIpPHO BHpPaKeHI HEHPOJAECTeHEPATUBHI Ta AECTPYKTUBHI 3MIiHU BHACII-
JIOK TIOCTTPAaBMaTHYHOTO IUTOTOKCHYHOTO Kackany. Yepes 20 i1 40 nib micns TpaBMH O3HAKHM HEHWpO3araJeHHs
PEnYKYIOTHCS HE3aJISKHO BiJ| CTYTIEHS KOTHITHBHOTO Je(innTy.

Karouosi c10Ba: yepenHo-M03K0Ba TpaBMa, IIlypH, HEHPOKOTHITHBHI PO3JIad, COMaTOCEHCOPHA KOpa, MOp-
(homnoris.
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ABSTRACT. Background. Experimental research is an integral part of modern medicine. It allows for in-depth and phased
study of processes developing in the organism under specific conditions or under the influence of certain factors, both
external and internal, revealing cause-and-effect relationships for further search of methods for early diagnosis of patholog-
ical changes, and development of preventive and therapeutic measures. Animal testing is justified by their significant bio-
logical similarity to humans, especially in mammals with a high degree of genetic relatedness, making them effective models
for researching human diseases and developing treatments. Numerous medical studies have an experimental component and
experimental animals are the primary subjects of such research. Therefore, comparative analysis of the morphogenesis of
tissues, organs, and systems of the human organism and various animal species, identifying similar and different structural
features, is of great importance. It should be noted that experimental animals are frequently used in studies of the structures
of the oral and nasal cavities, the orbit, and individual bones of the skull. For a dentists, the jaws are of greatest interest. The
aim of our research was to elucidate the species-specific features of the structure of the human mandible and those of rodents
used in experimental studies, and also to evaluate the available bone volume in different areas of the mandible. Methods. 5
human mandibles and 10 rodent mandibles (rabbits and rats) were examined using macro- and microscopic, morphometric
and radiographic methods, as well as atomic absorption spectral analysis. This allowed for a comparison of the structural
features of the human, rabbit, and rat mandibles. Histological preparations were obtained from the archives of the histology
department. Radiographic examination was performed using a Siemens dental radiovisiography apparatus with Trophy Ra-
diology Software. Results and conclusion. In rodents, the mandible consists of two bones joined at an angle of 30-45°. The
rabbit mandible has a \VV-shaped structure; the oral cavity is relatively deep, but the mouth does not open widely. This hinders
access to the dentition, making tooth extraction and intraoral administration of mandibular nerve anesthesia impossible.
There is a toothless space 18-19 mm long between the incisors and the large molars; the mental foramen is located slightly
posterior to its midpoint; and there is no mental protuberance. Rabbits have four incisors on the upper jaw, primary and
secondary, the latter hidden behind the primary ones. The lower jaw, like that of the rat, has only two incisors. The height
of the interdental region of the alveolar part of the mandible is 0.6 to 1.3 cm, significantly different from that in rats. Radi-
ographically, the roots of the incisors lie within the bone tissue of the body of the mandible up to the retromolar space. The
roots of the large molars are short and lie within the bone tissue of the alveolar part of the mandible. The height and length
of the molar localization area of the mandible are practically the same — 1.5 x 1.5 cm. We observed particularly well-
developed compact bone in the lower border of the body in the area of its angles and rami, articular processes, and in the
areas of muscle attachment. Thinner compact plates are located in the area of the tooth sockets. The cancellous bone of
humans, rabbits, and rats forms cells of varying shape and size, filled with bone marrow. Often, expanded intertrabecular
spaces contain adipose tissue, as seen in the presented preparations. Rodents are distinguished by the presence of a large
number of adipocytes in the intertrabecular spaces, while in humans, the spaces of the cancellous bone tissue are filled with
hematopoietic cells. Despite the differences in the macromorphology of the human and rodent mandibles, the histoarchitec-
ture of the bone tissue of the latter can be considered similar. This indicates the possibility of using this group of animals as
experimental subjects in studies of the structural and functional characteristics of bone tissue and their dynamics under the
influence of various pathological factors.
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Beryn

ExkcriepuMmeHTanbHi JOCTIDKEHHST € HEBiJ €M-
HOIO YaCTUHOIO CYy4acHOI MeaUIUHU. Bonn 103BOIs-
IOTh TIIOOKO 1 TIOETAITHO BUBYATH MPOIIECH, IO PO3-
BUBAIOTHCSI B OPTaHi3Mi 3a IEBHIX YMOB YH IIiJ| Ti€I0
MIeBHUX YNHHUKIB, 30BHIMIHIX Ta BHYTPIMIHIX (haKTO-
PiB, BUSBJIATH IPUIHMHHO-HACIIIIKOBI 3B’ I3KHU JIA 110-
JIaNbIIOro IOIIYKY METOAIB PaHHBOI JiarHOCTHKU
MaTOJIOTIYHUX 3MiH, PO3POOKH MPOQIIAKTUYHUX 1 JTi-
KyBanbHUX 3axoniB [1-3]. BunpobyBanHs Ha TBapu-
Hax 00yMOBJICHI IX 3HaYHOIO O10JIOTTYHOIO CXOXKICTIO
3 JIFOJIMHOI0, OCOOJIMBO Y CCaBIIiB, IO MAlOTh BHCO-
KW CTYITIHb TEHETUYHOT CITOPiTHEHOCTI (HAITPHUKJIAI,
muti — 98%), mo poOUTh iX eheKTUBHHUMH MOJe-
JSIMU JUTA TOCTIJDKEHHS JIIOJICBKAX 3aXBOPIOBAHb Ta
po3poOku miKyBaHHS. UWCICHHI MEIWYHI TOCIHIi-
JOKEHHSI MAlOTh EKCIIEPUMEHTANIBHY CKIIaJIOBY, a €KC-
MEpUMEHTAIbHI TBAPUHU € OCHOBHHM 00’€KTOM Ta-
KuX nociimkens. lypu Ta kpoiti € HalOLIbII TOIIH-
PEHUMH €KCIepHMEHTAIbHIUMU TBapUHAMH JJIsI BH-
BYEHHsI MATOJIOTiH POTOBOI MOPOXKHUHHM, IMPOIECIB
pPEMOJICTIOBaHHS KiCTKH, IMIUTAHTAIlil, TOIIO. Y KiIi-
HIYHIN MPAKTHUII TiCIsONepaiiHi KicTKOBI AedekTn
IIeJIenl 3yCTPiv4aloThCs 3 JacToTor mo 25% [4, 5].
ToMy, MOpIBHAIBHAN aHaNi3 MOpP(OreHe3y TKaHHH,
OpraHiB Ta CHCTEM OPTaHi3My JIFOJAWHU Ta Pi3HUX BH-
IIiB TBapWH, BUABJICHHS CXOKUX Ta BiIMiHHUX CTPYK-
TYpPHHX OCOOJIMBOCTEH Ma€ BEJIMKE 3HAYCHHS.

MeTo10 Hamoro IOCHI/KEHHS CTalo 3°sCy-
BaHHS BHUIOBHX 0COOJMBOCTEH OYI0BH HIDKHBOT IIie-
JISTIY JIFOJIUHU T TPU3YHIB, 1110 BUKOPHCTOBYIOTHCS B
EKCIIePUMEHTAIBHUX JOCIIJDKEHHAX, a TaKoX OIli-
HHUTH JIOCTYHHUH 00’€M KICTKM B PI3HHX IUISHKaX
HUKHBOI 1IeJIENH.

Marepiaaun Ta meToan

Jlnst OCSATHEHHS MOCTABICHOI METH MU JIOCHi-
T 5 HIDKHIX TIeJern JTroauHd Ta 10 menen rpusy-
HiB (KpPOJIHIKIB Ta IIypiB), sIKi BUBYAII 13 3aCTOCYBaH-
HSIM TaKUX METOMIB AOCIHIIKEHHS, SIK: MaKpO- Ta Mi-
KPOCKOMIYHUHA, MOPPOMETPUIHUH, aTOMHO-a0cop0-
[iHAN CIIEKTpaNBbHUK aHAl3 Ta PEHTTCHOJIOTIYHHI
METO/IH, 1110 J1aJI0 3MOTY ITPOBECTH HOPIBHSHHS CTPY-
KTYpPHHUX OCOOJMBOCTEH HWKHBOI IIEIENH JIFOJAUHU,
KpoJIMKa Ta uiypa. PeHTreHorpadiro miesnen BHKO-
HaHo Ha anapari ZooMaxLG (YropuwmHa). PagioBi-
3iorpadivHe J0CHiHPKEHHS TPOBECHO Ha anapaTi Juis
JIEHTAIBbHOI panioiziopradii ¢pipmu Siemens 3 mpo-
rpamMHIM 3a0e3neueHHsM Trophy Radiology. I'icro-
JIOTIYHI TIpenapaTH JOACHKOT IeNIed Oy BUKOPH-
CTaHO 3 apXiBy Ka)eIpH TiCTONOTII, IIUTOJIOTII Ta eM-
Opiomorii JIpBIBCHKOTO HAIliOHATHHOTO MEIMIHOTO
yHiBepcutety iMeHi Januna ["amumpkoro. s otpu-
MaHHS MiKpoIpenapaTiB IuTidiB KicTKH ii 3pa3ku ¢i-
KCYBaJIM y TIIOTApabAETil, 3A1HCHIOBAIN 00€3BOA-
HEHHSI Ta 3QJIMBKY Y CyMIIl EIMOKCHAHUX CMOJ. 3
OTPUMaHUX OJIOKIB OTPUMYBAJIH IUITAaCTHHU Ta 31ilic-
HIOBAJH iX mITipyBaHHs y PpOHTANBHIH, cariTaabHIiH,
TOPU3OHTANIBbHIN Ta KOCUX TUTONIMHAX Ta BUBYAIIHN TTi]T
CBITJIOBUM MiKpockorom [7—9]. JIist TicToIoriaHoro
JOCIIKCHHST ()parMEeHTH HIDKHBOI Iienenu (ikcy-
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Baym y HeWrpaapHOMY 10% posunHi hopmainy, ne-
MiHepamizyBaimn y 10% BogHOMY po34nHi a30THOT KH-
CJIOTH, POBOAWIN Y CIIUPTAaX BUCXIJHOI KOHIIEHTPA-
11 3 MOAANBINOO 3aKuBKOf0 Y mapadin [10]. 3 otpu-
MaHHUX napagiHOBUX OJIOKiB BUTOTOBJIUTH 3Pi3H TOB-
IIMHOIO 5-7 MKM Ha caHHOMY Mikportomi MC-2 TV-
64-1-1629-78. OTpuMaHi 3pi3u MOMIlIAIH Ha MpPEa-
METHI CKeJblis, AenapadinyBain Ta 3abapBiroBaiu
TeMaTOKCHJIIHOM Ta €03MHOM 3arajbHOIPUHHSATHM
merogom [10, 11], BuBYanu mpenapat 3a AOMOMO-
roto cBitiaoBoro mikpockomna Ulab XSP —137TLED
(KHP) ta ¢ororpadysanu kameporo XCAM-1080 P
(KHP). MakpocTpykTypy KICTKOBOi TKaHWHH BH-
BYAJTH ITiCJIS Matepanii HIKHBOI eNIeH TBApUH, SKi
ITICIIST BUBAPIOBAHHS PETEIBHO OYMIIAIH BiJ 3aJIHIII-
KiB M’SKUX TKaHWH. BUBaproBaHHS 3MIMCHIOBAIH y
3BHYAIHIA BOXONPOBIIHIN BOMI, JONUBAIOYH IO €M-
KOCTI OKpim 1o Mipi BuntapoByBaHHs. [licis BuBapro-
BaHHS KICTKH HIDKHIX IIEJIeTl 0XOJIO0IKYBIU TIPOTSI-
oM 2 TOJYH 3 MOJANBIINM BiJ0iTFOBaHHAM B 3% po-
34YMHI NEpeKUCy BOAHIO (97 MII JUCTHIBOBAHOI BOAX
Ha 3 ma H207), B sikuii OBHICTIO 3aHYpIOBAJIH IIe-
JIeTIY JI0 Bi3yaJlbHO ONTUMAJBHOTO CTYIICHS BiO1IIO-
BaHHS.

MiHepanpHUI CKIa[ KiCTKOBOI TKAHMHH JTOCITi-
JUKYBaJIM IIUISIXOM TPOBEICHHS aTOMHO-a0CcoOpOIIiii-
HOTO Ta eMICIHfHOTO CIIEKTPAIILHOTO aHali3y (parme-
HTIB HIDKHIX II[eJIeNl BHKOHAHOTO Ha aTOMHO-abcop0-
niftHomy cnektpodoromerpi AAS-IN («Carl Zeiss
Jenay», HiMeuunHa) i3 BUKOPUCTAHHSIM HOIYM sl IIPO-
naH-0yTaH-moBiTps. JlOCHipKyBalud BMICT I1’ITH Mi-
HepaJlbHUX eJIEMEHTIB - Kanblito (Ca), pocdopy (P),
marHiro (Mg), narpiro (Na), kamnito (K) [13-16]. Mar-
Hiil BU3HAYaIM AaTOMHO-aOCOPOIIITHUM METO0M
CIOCOOOM TpaiyloBaJIbHOTO Tpadika Ta crocoboM
nobaBok. Kamb1nit, HaTpiii Ta Kaiii BH3HAYaIH 32 J10-
ITOMOTOI0 ATOMHO-EMIiCiIHHOTO METOIy — CIocoOoM
MTOPIBHAHHS Ta criocoboM mo6aBok. Bmict docdopy
BU3HAYaJH 3a JOIIOMOT0I0 ()OTOMETPUIHOTO METOY
micis moOyIoBH TpadyloBalIbHOTO rpadika i crmoco-
6om noOaBok. Meron Bu3HaueHHs (ocdopy 0Oaszy-
€THCSI Ha OCAJKCHHI HOTO Y BUIJISAII )KOBTOTO (hocho-
POMOJTIOIEHOBOTO KOMIUIEKCY, PO3YMHEHHI Ocaiay B
amiaky 3 HAacTYymHHM (OTOMETPYBaHHSIM 3abapBiie-
HOro B o0BTHil Kouip P-V-Mo kommuekcy. Jlocii-
JOKEHHS! POBOJIMIIM Y LIEHTPaJIbHIH HAyKOBO-JIOCIiI-
Hilt maboparopii JIbBIBCHKOT0 HAI[IOHAIEHOTO YHiBe-
pcurery iMm. IBana ®panka. 3pa3ku BHBYATM Ha
aToMHO-abcopOuiitHoMmy cnekTpodoTtomerpi C-115
[17].

3 METOI0 eK3apTHKYJIALI] HIKHBOT IeNIeH BH-
KOPUCTOBYBAJIM CKaJIbIIENi, XipypriyHi MiHIETH, pe-
TPaKTOPH, HOXHIII. Bci mpotieyp, 1o CTOCyBaIHCS
MUTaHb YTPUMAaHHS Ta JIOTJIsIIy TBAPUH IPOBOIHITUCS
13 TOTpUMaHHSM TOJIOKEHb «EBPOINENChKOi KOHBEH-
1ii PO 3aXUCT XpeOETHUX TBAPHH, SIKi BHKOPHUCTOBY-
FOThCS ISl eKCIIEPUMEHTAJIbHUX Ta 1HIIUX HAYKOBUX
mineit» (CrpacOypr, 1985), «3aranpbHUX €THIHHX
MIPUHIMIIB €KCHEPHMEHTIB Ha TBapHHAX», yXBalle-
Hux [lepmM HanioHasHUM KOHrpecoM 3 0ioeTHkn
(Kuis, 2001), 3akony Ykpainu Ne 3447 — IV «Ipo

MORPHOLOGIA ¢ 2025« Tom 19 Ne 1



3aXUCT TBAPUH BiJl JKOPCTOKOTO MOBOJIKSHHS 3T1THO
3 mupektuBoro Pamum €C 2010/63/EU mpo motpu-
MaHHS TIOCTaHOB, 3aKOHIB, aJIMiHICTPATUBHUX TOJIO-
skeHb lepxaB €C 3 mUTaHb 3aXUCTY TBAPHWH, SKi BH-
KOPHCTOBYIOTBCA 3 HAYKOBOIO MeToro [18, 19].

Pe3yabTaTH Ta iX 00rOBOpeHHs

3riJHO Bi3yaJIbHOTO OTJISIY HEDKHSI IIEJIena JI0-
pOCIIOl JIFOIUHY — HEMapHa KICTKA IMiJKOBOIOIIOHOT
(dhopMu, cKIagaeThes 3 TUIA, KOMIPKOBOI YaCTHHU Ta
JBoX rinok. KoxxHa rijika Mae 1Ba BiJpOCTKH - CYTJIO-
00BOI 1 BiHIIEBUIL, 1110 PO3/iIEH] BUPI3KOIO HIKHBOT
nieneny. HUKHs 3a0KpyriieHa 4acTHHA Tijla — OCHOBa
HIDKHBOI IIEJICTH, a HOT0 BepXHS TUITHKA YTBOPIOE
KOMIpKOBY YaCTHHY, BEPXHS IIOBEPXHS SIKOi TIPEICTa-
BJICHa KOMIpPKOBOIO QYTOIO i3 3yOHMMH KOMipKaMH.
3yOHI KOMIpKH PO3MEKOBaHI MIKKOMIpPKOBUMH Iie-
peruakamMu. OcoONHMBICTIO HIDKHBOI MICNENH € 11 py-
xoMicTbh. TlocTiifHa Iisl KyBaJbHHX M’SI3iB BIUIMBAE

K Ha il MaKpopebeD, TaK i Ha TICTOAPXITEKTYPY, (ho-
PMYIOUH YHUCIIEHHI HEPIBHOCTI, IMKHA Ta BJABJICHHS,
110 BiAMOBIAIOTH MiCIISIM MIPUKPITUUICHHS BUILE3Taa-
HUX M’S31B. AHATOMIYHOIO OCOOJIMBICTIO 30BHIITHBOT
MTOBEPXHI HIDKHBOI IIENIeNH € HasBHICTH mimgbopia-
HOTO BHCTYIY B AUISHII 3POIICHHS IBOX MOJOBUHOK
HW)KHBOI WICTICTH, SIKE BINMOYBAETHCA HA MEPIIOMY
potti xxutTst qutuHu. [linbopigHuii BUCTYN 300Ky 00-
MEXEHHUH MiI0OPITHUM OTBOPOM, KU CITYKHUTh Mi-
CIIEM BUXOJY MiJI0OpiAHUX HEPBIB Ta CYIHH 1 pO3Mi-
LIYETBCS MK TEPIIMMHU 1 JPYTUMH TPEMOJISIPAMH.
JoBepxy i 03aay BiJi OTBOPY TATHETHCS 30BHIIIHS
KOca JiHis, pO3MIIIeHa Ha MEeXi MDXK TUTOM HHKHBOT
IIeJIeTH 1 KOMipKOBOIO YaCTHHOIO.

Maxkpockoriqae MOPiBHSAHHA OyIOBH HIKHBOL
[IeJIeTIH JIFOIHH 1 TPU3YHIB 3aCB1IYHIIO, IO Y TPU3Y-
HIB HIDKHS IIeJIeNa CKIAJacThCs 3 IBOX KICTOK, SIKI
3’emHaHi mig kyrom 30-45 rpagycis (Puc. 1).

Puc. 1. A — HwkHA wenena wypa. B — HwkHA wenena kponvka; C — HWKHS Wwenena nognHn.

HwxkHs menena kposinkiB Mae V-momiOHy Oy-
JIOBY, POTOBA MTOPOYKHHUHA BiIHOCHO ITO0Ka, ajie poT
[IMUPOKO HE BiAKpUBAEThCs. lle YCKIAAHIOE AOCTYI

JI0 3yOHOTO Psily, YHEMOJKIIMBIIIOE BUKOHAHHS MPO-
LeAypy BHUIAJICHHsS 3y0a Ta MpPOBEACHHsS aHecTe3ii
n.mandibularis BHYTPIIHLOPOTOBUM METOIOM [6]
(Puc. 2).

Puc. 2. A — poToBa NopoXHUHa Kponuka; B — 0CHOBHi Ta BTOPUHHI pi3Li BEpXHbOT Lenenu kponvka; C — poToBa NOPOXHMHA
ypa.

Ha BepxHiii menemni gesiki BUIU KPOJIUKiB MAIOTh
He 2, a 4 pi3iis, OCHOBHI i BTOPHUHHI, ITI0 IPUXOBaHi 3a
ocHoBanMH (Puc. 2 B). Ha HwxHilt meneri, gk i B
11ypa, € Juiie 2 pizig. Mix pi3lsaMHy 1 BEIUKUMH Ky-
THIMH 3y0amu — Oe33y0a AiIsHKa MOBKUHOIO 18-19
MM, foramen mentale 3axonuThCs €O 03aay Bix
Horo cepeuHH, HeMae migOopizHOTrO BHCTYNy. Bu-
coTa KicTK1 0e33y001 YaCTHHH HMKHBOT LIEJIeTTH Kpo-
JIMKa KOJIMBAETHCSA Bif 6,5 MM 710 1cMm.

Kopeni Bennkux KyTHiX 3y0iB KOPOTKi, J€XKaTh
B TOBIIII KiICTKOBOT TKAHMHU KOMiPKOBOI YaCTHHH IIe-
nern. Bucora Mixk3yOHOI AiJSTHKE KOMIpKOBOi 4ac-
TUHH 1eneny nopisHioe Big 0,6 no 1,3 cm. Bucora Ta
JIOBXKWHA JIITHKH JIOKAJi3aIil MOJIAPIB HAXKHBOT IIe-
JISTIH TIPAKTHYHO OJHAKOBA 1 CTaHOBUTH — 1,5X1,5¢Mm
(Puc. 3).
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Puc. 3. Po3mipy OinsHOK Tina HWKHBOI Llenenu Kpo-
nuKa.

SIk 1 Ha MakpoIpenaparax Ha peHTT€HiBCbKOMY
3HIMKY MU 0a9iMO OCHOBHY YaCTHHY 1 KOMipKOBY Ji-
JISTHKY HIDKHBOI IIEJeTH B sKiil ikcoBaHi KOpeHi 3y-
0iB. PeHTreHoIOT1YHO — KOpEHi pi3LiB JeXaTh B TO-
BII KICTKOBOI TKAHWHH Tijla HUKHBOI LI[EJIEIIH Ta alli-
KaJIbHOIO YaCTHHOO AOXO/STh JI0 PETPOMOJISIPHOT M-
nstaku (Puc. 4A). Po3mipu i1 10JI0KEHHS KOPEHiB HU-
JKHIX Pi3LIB, SIKI IPOXOJSATH Yepe3 OCHOBHY YacTHHY

oo L R R AR RR RN R RN AR AR RN

ARERRD

KICTKH HE JI03BOJIIOTH CTBOPHUTH aJE€KBaTHY MOJECIb
JUTSI TIOCTAHOBKH JIeHTATbHUX iMIuiaHTiB (Puc. 4B).

Komipka BepXHBOTO Pi3IlsI HE JOCATAE PIBHS Ky-
BaJbHHUX 3y0iB, TOHI SK KOMipKa HIDKHBOTO Pi3Is
MIPOXOANTH HA30BHI BiJl KYyBaJbHUX 3y0iB, aX 10 3a-
THBOTO KParo OCTaHHIX. BHACTIOK IBOTO TiJIO HIX-
HBOI ILEJEeNH 10331y PO3IIHPIOETHCS.

Tino HWKHBOI IIENENH IIypa CKIAJa€ThCs 3
JIBOX YaCTHH: TIEPEIHS pi3leBa, Ka MiCTUTh KOMIPKY
JUTSL Pi3Lis, Ta 3aJ(HS MOJIAPHA, IO MICTUTh KOMIipKH
JUTSL BEJIUKUAX KyTHIX 3yO0iB. ['iIku HIDKHBOI IIeenu
LIypiB MalOTh KyTOBHH BiZIPOCTOK, OPIEHTOBAHUH 110
3amy i BHU3 Ta cyriao0oBuii i ckporeBuit. Cyrimobo-
BHH BiIPOCTOK Ma€ TOJNOBKY. Ha Hilf po3mimmeHuii Bu-
POCTKOBHIA XPSIII, KW 320e31edye Mo3T0BXKHIN picT
HIDKHBOI menenn. Haibinpima BucoTa Tijla HIDKHBOT
[IeJIeTH IIIypa BU3HAYAETHCS Ha PIiBHI Pi3IiB, a Hai-
MeHIa — 01 3-TO BEIMKOro KyTHBOTO 3y0a. ToB-
[[MHA TiJla HAWOLIbIIA B TUISHII BEJIMKUX KYTHIX 3Y-
0iB, HaliMeHIIIa — Ha piBHI ManuXx. [lomepeynnii pos-
pi3 Tija Iieneny B pi3HUX AUISTHKAX Ma€ HEOJHAKOBY
¢dopmy. Tak, Ha piBHI PpOHTANBHOI rpyITH 3y0iB BOHA
no/i0Ha 10 TPUKYTHHKA, OCHOBA SIKOT'0 0OEpHEHa J10-
HU3Y, a B TUITHII Oi9HOI rpymH 3y0iB — HaBmaku (Puc.
6).

BaxIMBOIO CKJIaI0BOKO HIDKHEOI IIENIENH IIypa
€ KOMipKOBa JIyTa, [0 MiCTUTh 3yOHI KOMipKH s (hi-
Kcarii 3y0iB Ta po3MeX)OBaHI KiCTKOBHMH MIK3YO-
HUMH a00 MiDKKOMIpKOBHMH TepeTHHKaMH. Po3piz-
HSIOTH BJIACHE KOMIPKOBY KICTKY Ta HiATPUMYIOUY
KOMIPKOBY KICTKY, IO YTBOpEHa KOPTHKalbHUMHU
MJIacTUHKaMH. 3yOu € Ba)JIMBOIO CKIIAJOBOIO YaCTH-
HOIO 3y0OOIIEeNIeTTHOT CUCTEMH JIFOANHH, KPOJIIB Ta I1y-
piB. BoHu 3abe3neuyloTh MPOLIECH KYyCaHHS, XKY-
BaHHS, 3BYKOYTBOpEeHHs. B mronunu 3you ¢inorene-
TUYHO HaJIe)KaTh N0 TU(PIONOHTHOTO THUNY (OmHA
3MiHa 3y0iB) Ta TeTepoJOHTHOI (pi3Hi 3a GopmoI0),
TEKOJIOHTHOI (3aKpiIUIeH] Yy BiYKaX IMIENIE) CHCTEM.
3y6u moaran Oinbm gudepenuiioBani. Koxxauit 3y0
Mae CBOi aHATOMIiYHI OCOOJHMBOCTI, Ha SKUX 0a3y-
€TbCs Kiacu(ikamis 4OTUPHOX TPYI 3yOiB — pi3ii,
iKi1a, MaJli KyTHI Ta BEJIMKI KyTH.

Puc. 4. PeHTreHorpamu HUXHbOI Lenenu Kpons y GivHin npoekuii. A- iIHTakTHWI KponuK; B- iMnnaHToBaHW y HUXHIO Leneny

TUTaHOBWN NiH (AeHTanNbHUIA IMNNaHT).
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Puc. 5. Po3mipu ginsiHOK Tina HKHBOI Lenenu noguHu.

Qi Pexsonpotanne - gocwor  Cram i ANcIpyerees  Boraskn

g

e ele] 59 x a6 ,(.41‘1 ] e R = Y B A R Y v = A

Dovives Onum D

. i
ey
\H“\“\l‘\ N\ |\ ) b

71 o

Tomou

B Tige e coxpanen 11:2)

T | 2
-"“-”‘-wp,r\‘\-«\,»\,_‘[/’\vw

AMAPZNG 1526

LSOTIIBKCCT

lx) @00l &

KaVo Dig eXam Sessce

Puc. 6. 3o6paxkeHHs HUKHBLOI LLIENenu Lypa Ha ekpaHi MOHiTopa pagiosisiorpada.

HesBaskaroun Ha BixMiHHOCTI MakpoMop¢oIorii
HIDKHIX [IEJICT JIFOJUHN Ta TPU3YHIB TiCTOapXiTeK-
TYpY KICTKOBOi TKaHMHH OCTaHHIX MOXXHa BBa)XKaTH
MO/ 1IOHO¥0, 1110 3aCBIAYY€E MOKIIMBICTH BUKOPUCTAHHS
1[i€i TPyNY TBAPHH B SIKOCTI €KCIIEPUMEHTAIBHUX MIPU
MPOBEIEHHI AOCIIKEHHSI 11010 CTPYKTYPHHUX 1 yH-
KI[IOHAJILHUX OCOOIMBOCTEN KiCTKOBOI TKAHMHHM Ta 1X
JMUHAMIKH TIiJ1 BIDTHBOM PIi3HUX MATOJOTIYHUX YHH-
HUKIB.

[TopiBHAIBHI BiIMIHHOCTI KiJIBKOCTI Ta IPYII 3y-
01B JIIOIMHM, KPOJIiB i Ilypa MO>KHa ITO0AYUTH y TIpe-
craBineHiil Tabmuui (Taoum. 1).

[Tpn BUBUYEHHI IiCTOJOTIYHMX MpenapariB BCcTa-
HOBJICHO, L0 KICTKOBAa TKAHMHA HIKHBOI LIEJIENH €
IJIACTHHYACTOIO0, 30BHI- KOMIIaKTHA, 3CEPeIUHU- TY-
6uacta. KicTKOBI IUTAaCTHHKH H00pe Bi3yalli3yrOThCs,

K B CKJaJl OCTEOHIB KOMIIAKTHOI KICTKOBOI TKa-
HUHH, TaK 1 B Ty0UacTiii KiCTI[I HUKHIX ILIeJerl.

Oco0iMBUiI PO3BUTOK KOMIIAKTHOT PEYOBUHHU
HYDKHBOT IIeJIeNH MU CIIOCTEPIraiii B HIDKHbOMY Kpai
TiNa B AUISHLI 11 KYTIB 1 T1OK, Cyriio00BUX BiJpOCT-
KiB Ta B MICLSIX NPUKPIIUIEHHS M's3iB. bijbln TOHKI
KOMIIAKTHI IJIACTUHKU PO3TAIIOBAHI B IUISHII KOMi-
pok 3y0iB. I'ybuacta KicTKOBa pEYOBHHA JIFOJUHHU,
KpOJIA 1 IIlypa YTBOPIOE Pi3HOT (POPMH 1 BETMUMHH KO-
MIpKH, 3aIIOBHEHI KICTKOBUM MO3KoM. HacTo po3mu-
peHi MDXTpaOeKyJsIpHI MPOCTOPH MICTATh >KHPOBY
TKaHMHY, 1110 BUAHO Y TPEJCTABICHUX IIperapaTax.
CamMe rpu3yHH BiJIPi3HSIOTHCS HASIBHICTIO BEJIUKOT Ki-
JIBKOCTI aJUTOIUTIB Y MIKTPaOeKyIIpHUX MPOCTO-
pax, B TOH Hac, K B JIIOAHMHN IPOCTOPH ry0UacToi Ki-
CTKOBO{ TKaHWHHM 3aIIOBHEHHI I'€MOIIOCTHYHUMH KJIi-
tuHamu (Puc. 7, 8).
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Tab6mums 1
Oco6auBoCTI 3yOHMX PSIB JIFOJMHH, KPOJIMKA Ta LIypa

Kictka Jlroguna Kpomuk Myp
Bepxns wenena
Pizmi 4 4 2
XKysanbHi 3you 10 12 6
Ikina 2 BIJICYTHI BIJICYTHI
HwxHs menena
Pizmi 4 2 2
XKysanbHi 3you 10 10 6
Ikina 2 BiJICYTHI BIJICYTHI
HasBHicTh MOMOYHHX 3y0iB + + -
3araspHa KUIbKICTh 3y0iB 32 28 16

KicTkoBa cTpykTypa menen y mpomeci po3BHTKY
HaOyBae MEBHY OPIEHTALli0, PO3TAIIOBYIOYHCH Y Bill-
TMIOBIZTHOCTI 3 HANPSMKOM 1 HOIIMPEHHSIM (yHKIIIOHa-
JILHOTO HaBaHTAXXECHHSI BiJl JIii BEKTOPA CHJIH.

AHani3z MiHEpaJbHOTO CKJIaxy KiCTKOBOI TKa-
HUHU HIDKHBOT IIeJIeNH IHTAKTHOTO KPOJIMKA Ta IIypa
Ta gopocinoi moanHu (10 40-piuHOTO BiKY) AaB 3MOTY
BHU3HAYHTH Y 11 ckiani BMict kanpmito (Ca), pochopy
(P), marnito (Mg), marpito (Na) Ta kaito (K)B Kinb-
KOCTSIX, 1[I0 € MOKJIMBUMH JUTst BuMipy (Tabi. 2).

¥ Bcix JOCHiKyBaHHAX TPYIax B KICTKOBIH TKa-
HUHI KOMIpKOBOi YaCTWHU HIDKHBOI HICNenH Hanoi-

Puc. 7. HuxHs enena Kposuka. 3a6aaneHHﬂ rema- JIbIIIAa TIMTOMA YacCcTKa HaJIC)KUTh KaﬂBHiIO, IS0 Me-
TOKCUIIHOM Ta €03uHOM. *200. Hiua — ¢ocopy, MUTOMa 4acTKa MarHiro B ycCix rpy-
rax Mae moJiOHi MOKa3HUKH, a MUTOMA YacTKa Ha-
TPIlO B JIFOJJMHU Maii)Ke BIBiUl IEPEBHUIILY€ YACTKY Ma-
THIIO.

BucHosku

1. HasBHicTh 0€33y001 AIISTHKH MK Pi3ISIMHA i
KyBaJIbHIMU 3y0aMu y TPU3YHIB HA Ky HE IIPHTIaiae
XKyBaJIbHE HABAHTAXKCHHS.

2. Po3mipH i 110J10’ke€HHS KOPEHiB HIDKHIX Pi31iB,
SIKI TIPOXOJISATH Y€pe3 OCHOBHY YaCTHUHY KiCTKH HE JI0-
3BOJISIIOTH CTBOPHUTH aJIeKBaTHY MOJIENb /IS IOCTa-
HOBKH J€HTAILHUX IMIUIAHTIB.

3. I'yb4acTa peuoBrHa HMKHBOLIEIIETIOBUX Kic-
TOK TPHU3YHIB BiIPi3HAETHCS HASBHICTIO BEIHMKOI Ki-

Puc. 8. HwkHs wenena nioaukn. 3abapsnexHs rema- JBKOCTI %IIHHOHI/ITiB y MiKTpabeKyJIApHUX HPOCTO-
TOKCUNIHOM Ta eo3nHom. x200. Pax, B TOM 4ac K Yy JIIOJUHHU IIE€pEeBaKaloTh TeMOII0e-
TUYHI KIITHHU.

Tabmms 2
Bwmict MiHepanbHHUX €IEMEHTIB B KICTKOBIH TKaHMHI HIDKHBOI IIEIIETH KPOJIHMKA, IIypa Ta JIOIUHH 32 JaHUMU
CA (mr/r)
O0’ekT Ca P Mg Na K
Kponuk 13,99+0,28 10,83+0,66 2,35+0,45 2,27+0,33 1,93+0,11
yp 14,01+0,12 11,5+0,53 2,7+0,44 2,4+0,33 2,940,3
Jronuna 123 £10,07 85 +3, 25 2,7 £0,28 6,1+,0,22 0,7 +£0,1
4. MakpoMop}oIIoTis KiCTOK HHKHBOT IIEIICITH JIOCITIDKSHHSI I0J10 CTPYKTYPHHUX 1 (DYHKIIOHATBHUX
TPU3YHIB BIPI3HSAETHCS BiJ| JIOJICHKOI, POTE TICTO- 0COOIMBOCTEN KICTKOBOI TKAaHMHM Ta X JUHAMIKHU
JIOTIYHY CTPYKTYPY KICTKOBOI TKAHMHH ILENENH JIF0- i1 BIVIMBOM PIi3HHUX MAaTOJOT YHUX YMHHHKIB.
JIMHH 1 TpPU3yHa MOXKHA BBa)KATH MOJIOHOO, 1O 3a- 5. Ulenenu JIOAUHY 1 TPU3YHA MalOTh XapakTe-
CBi/I4y€ MOXXJIMBICTh BUKOPUCTAHHS 1€l IPYITH TBa- PHI CTPYKTYpHI Ta (YHKIIOHaJbHI OCOOJMBOCTI Ta
PHUH B SKOCTI €KCIIEPUMEHTAIBHUX MPU MPOBEACHHI
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crienudiky BMICTy MiHEpaJIbHHUX €JIEMEHTIB, sKi He-
00XigHO OpaTH 10 yBard npu BHOOpPi eKCIIepUMEHTa-
JbHUX TBAPHH.

IMepcneKTHBU NOAAIBININX JOCTIIKEHD

[IpoBeneHHS TOPIBHAIBHO — MOP(OIOTIYHHX
JOCTIKCHb TPHUCBSYCHUX BHBUCHHIO €JICMCHTIB
CropiHeHOCTi OyJOBM Ha Makpo — Ta MIKPOCTPYKTY-
PHOMY piBHI € HEOOXiJTHOIO YMOBOIO JJIsl BHOODY Jia-
0OpaTOPHUX TBApHH 3 METOIO NPOBE/ICHHS EKCIEPH-
MEHTAJBHOTO BHBUYCHHS BIUIMBY 3MOCIBOBAHOI HO-
30JI0Tii, [0 HAIACTh MOKIIUBICTh 00’ €KTHBHO 1HTEp-
MPETyBAaTH OTPHMAaHI PE3yNbTaTH 3 MOMAAJBIIOI iX

EKCTPAIOJIAIEI0 B KIIHIKY Ta CTBOPUTH YMOBH IS
PO3POOKH METOIIB MOKITMBOI KOPEKITii.

Indopmanis npo koHPIIKT iHTEpeciB

[Morenmniitanx abo SBHUX KOHQIIIKTIB iHTEpECiB,
10 TOB’s[3aHi 3 IIMM PYKOITMCOM, Ha MOMEHT ITyOi-
Kalii He iCHye Ta He mepen0adaeThCs.

Jxepesia ¢piHaHCYBaHHS

JlocnipkeHHsT IPOBEJIGHO B paMKax HayKOBO-
nociigHoi TeMu «MopdodyHKIIIOHATBHI Ta IMYHOT'1-
CTOXIMIYHI OCOOJIMBOCTI TKAHUH 1 OPTaHiB B HOPMi Ta
IIPY MATOJIOTIYHUX CTaHax» (HOMeEp JiepKaBHOI pe-
ectparii 0122U000168).
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HaasToB €.B. Iparyn A.L, Yennanosa L.B. IlopiBHssibHA MaKpo- Ta MikpoMopdoJI0Tist HUKHDBOT 1I1e-
JIeNH JIIOIMHY Ta TPU3yHA.

PE®EPAT. AkTyaabHicTh. ExcriepuMeHTaNbHI JOCTIHKCHHS € HEBII'€EMHOK YaCTHHOK) CY4acHO! MEJTH-
HU. BOHM 103BOJISIOTH TTIMOOKO 1 TIOETAITHO BUBYATH TIPOLECH, 110 PO3BUBAIOTHCS B OPraHi3Mi 3a IEBHUX YMOB
Y M1 I€F0 TIEBHUX YMHHHKIB, 30BHILIHIX Ta BHYTPILIHIX ()aKTOPIB, BUSBISTH NPUUNHHO-HACIIIKOBI 3B SI3KH JIJISI
MOAAJIBLIOTO MOIIYKY METOAIB PAaHHBOI J1arHOCTUKH MAaTOJOTTYHHUX 3MiH, pO3pOOKH MPO]ITaKTUYHKX 1 JTIKyBaJIb-
HUX 3aX0JiB. BunpoOyBaHHs Ha TBapWHAX OOYMOBJICHI X 3HAYHOK Oi0JIOTIYHOIO CXOXKICTIO 3 JIFOJMHOK, 0CO0-
JIMBO y CCABIIiB, III0 MAIOTh BUCOKHH CTYIiHb TEHETUYHOI CITOPiAHEHOCTI. (HanmpuKiIa, Myt — 98%), mo poOuTh
iX e(heKTHBHIMH MOAEIISIMH JJISI TOCTIKCHHS JIFOCHKIX 3aXBOPIOBAHb Ta PO3POOKH JIiKyBaHHA. UYHCIeHHI MeTH-
YHI JOCIIKEHHS MalOTh EKCIIEPUMEHTANIbHY CKIIa/IOBY, a eKCIICPUMEHTAIbHI TBAPUHH € OCHOBHUM 00’ €KTOM Ta-
KHAX JOCIHiIKeHb. ToMy, MOpiBHAIBHUN aHai3 Mop(horeHe3y TKaHHH, OPTaHiB Ta CHCTEM OpPTaHI3MY JIOIUHH Ta
pi3HUX BHUIB TBapWH, BUABJICHHSA CXOKUX Ta BIIMIHHHX CTPYKTYPHHX OCOOJHBOCTEH Ma€ BENWKE 3HAUYCHHS. Y
KITIHIYHIN PAKTHUII MicisonepaniiHi KicTKOBI Je(eKTH memnen 3ycTpidaoThes 3 4acToToko 10 25%. Crix 3a3Ha-
YUTH, 0 €KCIIEPUMEHTAIBHI TBAPHHHU YaCTO BUKOPHCTOBYIOTHCS P AOCIIKEHHSIX CTPYKTYP POTOBOI 1 HOCOBOT
MIOPO’KHHH, OpOITH Ta OKPEMHX KiCTOK 4yepena. [[yst cromMaTosiora HaiOUIBIINI iIHTEpeC NPeCTaBISIOTh LIeJeIH,
ToMy MeTo10 Haloro 0CiKEHHS CTaJIo 3’ sICYyBaHHS BUIOBUX OCOOIMBOCTEH OYIOBH HUKHBOT LIEJICITH JIIOANHH
Ta IPU3YHIB, 1110 BUKOPHCTOBYIOTHCS B €KCIIEPUMEHTAJIBHUX JAOCIIKEHHSIX, 8 TAKOX OLIIHUTH JAOCTYITHHHA 00°eM
KIiCTKU B PI3HUX AUISHKAX HIDKHBOI 1menend. Meroau. JJocmiamnm 5 HIDKHIX 1iesen oquan Ta 10 menen rpusy-
HiB (KpOJIUKIB Ta IIypiB), SKi BUBYAJH i3 3aCTOCYBaHHAM MaKpO- Ta MIKPOCKOIIIYHOTO, MOP(OMETPIYHOTO Ta pe-
HTTEHOJIOTIYHOTO METOJIB JOCITIKeHHS, aTOMHO-a0COpOLiHHOTO CIIEKTPaIbHOTO aHalli3y, 0 Aajio 3MOTY IIpo-
BECTH MOPIBHIHHS CTPYKTYPHHX OCOOIMBOCTEH HIKHBOI IIEJICTIH JIIOAWHY, KPOJIKa Ta mrypa. ['icTonoriusi npe-
mapaTH BUKOPHCTAHO 3 apXiBy Kadeapu rictomnorii. PeHTreHorpadivyne KoCiKeHHS IPOBEICHO HA amapaTi s
JIeHTaIbHOI pagioBiziopradii ¢pipmu Siemens 3 nporpamanM 3abe3neueHasM Trophy Radiology. PesyasTaTn Ta
miACyMOK. Y TpU3yHIB HIKHSA IIENIeNa CKIaTaeThCs 3 TBOX KiCTOK, sIKi 3’ €THaHI ITiJ{ KyTOM 30-45°, Huxust menena
KpOJIMKIB Mae V-noibHy Oya0BY, pOTOBa OPOKHUHA BiTHOCHO INIMOOKA, ajie pOT LIMPOKO He BiKpUBaeThes. Lle
YCKJIAJTHIOE JTOCTYH JI0 3yOHOTO psijly, YHEMOJKIIMBIIIOE BUKOHAHHS MPOLIEAYPU BUAAJICHHS 3y0a Ta MpOBEICHHS
anectesii n.mandibularis BHyTpilITHLOPOTOBUM METOIOM. MK Pi3LISIMH 1 BEJIMKUMHU KYTHIMHU 3y0aMu — 0e33y0uii
HpoCTip AOBKUHOIO 18-19 MM, MEHTaJILHUI OTBIP 3aXOJUTHCS IEWI0 40321y BiJl HOr0 CeperHH, HeMae miadopi-
JIHOro BHCTymy. Ha BepxHiil mieneni KpoiukiB He 2, a 4 pi3Ilsd, OCHOBHI 1 BTOPUHHI, 1110 IPUXOBaHi 32 OCHOBHUMH.
Ha HwkHIl mieneri, sk 1 B 1ypa, € juiie 2 pi3ist. Bucota Mixk3yOHOT TISISTHKH KOMIPKOBOT YaCTHHH IIIEJICTIN T0Pi-
BHIo€ 0,6 mo 1,3 cM, mo 3HAYHO BiAPI3HAETHCA Bil TaKoi B MIypiB. PEHTTeHOIOTIYHO — KOPEHI Pi3IiB JeXKaTh B
TOBIIi KICTKOBOI TKAHWHU TiJla MIEJICNH 10 PETPOMOJISIPHOTO mpocTopy. KopeHi Bemukux KyTHIX 3y0iB KOPOTKI,
JIeXaTh B TOBILI KICTKOBOT TKAHUHM KOMIpPKOBOi YacTHHU IieJeny. BrucoTa Ta 10BXHMHA IUISHKY JIOKaTi3awii Mo-
JSAPiB HIDKHBOI MIEJIeTH PAKTHYHO OHAKOBA 1 CTaHOBUTH — 1,5X1,5¢cM. OcoOMMBHIA PO3BUTOK KOMIIAKTHOT pedo-
BUHU HIDKHBOI IIEIETH MU CIIOCTEPITaiy B HIDKHROMY Kpai Tilla B TUISHIN 11 KYTiB i TLIOK, CYyrTOOOBHX BiJPOCTKIB
Ta B MICIIX MPUKPITUICHHS M's3iB. BB TOHKI KOMIAKTHI IUTACTHHKHM PO3TAIIOBaHI B HINISHIN KOMIpOK 3yOiB.
I'yOuacTa KicTKOBa peYOBHHA JIFOAWHH, KPOJIS 1 IIypa YTBOPIOE Pi3HOI (OPMH i BENMYMHHM KOMIPKH, 3allOBHEHI
KICTKOBUM MO3KOM. HacTo po3mupeHi MiXXTpaOeKyIspHi IPOCTOPU MICTSATh XKUPOBY TKAHUHY, 1110 BUIHO Y Mpe/-
cTaBJIeHUX npernaparax. Came rpu3yHH BiJIPI3HAIOTHCS HAsSBHICTIO BEJIMKOT KUIBKOCTI a/IMTIOLMTIB Y MIXKTpaOeKy-
JSIPHHUX TIPOCTOpPax, B TOW 4ac, SK B JIIOJMHU IPOCTOPU I'y04YacTOi KiCTKOBOT TKAHUHM 3alIOBHEHHI FeMOIOETHY-
HUMH KJIiTHHaM¥ He3Bakaroun Ha BiIMiHHOCTI MakpoMopoJiorii HWXKHIX Iienen JIIAWHHE Ta TPU3YHIB ricToap-
XITEKTypy KICTKOBOI TKaHWHH OCTaHHIX MOXXHA BBa)KaTH TOJIOHOI0, IO 3aCBiTIy€ MOXKIMBICTH BHKOPHCTaHHS
Ii€1 TPYITU TBapUH B SKOCTI €KCIIEPUMEHTAIBHAX TIPH MPOBEICHHI TOCITIHKESHHS MO0 CTPYKTYPHHX 1 (QyHKIIiO-
HAIITLHUX 0COOIHMBOCTEN KICTKOBOT TKAHWHU Ta IX JWHAMIKH ITiJ] BIUTABOM Pi3HHUX MMATOJIOTIYHIX YNHHHKIB.

Koaiouosi ciioBa: ekcriepuMeHTaNbHI JOCIIUKEHHS, IyPH, KO, JIOJMUHA, KICTKOBA TKAaHWHA, HIDKHS IIe-
Jera.
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Sakal H.O. "/, Horhol N.I. ", Potapov S.M.
(a rare case from the practice of pathologist).
Communal non-commercial enterprise of the Kharkiv Regional Council "'Regional Clinical Hospital"; Kharkiv Na-
tional Medical University, Kharkiv, Ukraine.

ABSTRACT. Background. Intracranial malignant melanomas are divided into primary and secondary. Secondary intra-
cranial melanomas are metastatic, aggressive, and constitute the third most common group of metastatic brain tumors in
adults. However, primary intracranial malignant melanoma (PIMM) is a rare tumor that originate from leptomeningeal
melanocytes and accounts for 1% of all melanomas and 0.07% of malignant brain tumors. Objective. By the example of a
medical case to attract attention and raise the awareness of pathologists concerning a rare localization of solitary malignant
melanoma arising from the leptomeningeal membrane of the cerebellum. Methods. Pathomorphological examination of the
primary solitary melanoma of cerebellum meninges using histological methods. Results. Pathomorphological examination
of tissue from the tumor in the right cerebellar hemisphere, obtained during autopsy of a 66-year-old patient, showed that
neoplasm is composed of polymorphic spindle-shaped cells with hyperchromic nuclei, a large number of pathological mi-
toses, the presence of dense intracytoplasmic deposits of black-brown pigment granules, foci of hemorrhages and necrosis,
and invasion into the cerebellar tissue and intracerebellar vessels. Taking into account the absence of pigmented neoplasms
of other locations, the presence of a pigmented tumor in the cerebellum, which is associated with the soft meninges, and a
negative Perl’s reaction, the following pathological diagnosis was formulated: “Primary solitary melanoma of the soft me-
ninges of the cerebellum with ingrowth into the cerebellar tissue and with foci of necrosis, complicated by edema-swelling
of the brain tissue with dislocation of the brainstem”. Conclusion. The presented clinical case shows that, despite the sig-
nificant difficulties in the intravital diagnostics of PIMM, adequate oncological alertness and careful examination of patients
with similar clinical manifestations with the involvement of specialists of other profiles and MRI examination in the diag-
nostic process should be maintained in clinical practice.

Key words: primary malignant melanoma of the cerebellum, solitary type, clinic-anatomical observation.
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Beryn

310gKiCHa MeTaHOMa 3a3BHYail IMTOXOINTH 13 -
JITHOK TIKipH, a TaKOX MOKE€ BHHHMKATH B POTIBIIi,
yBeaJbHIi 000JIOHIII OYHOTO s0JIyKa, KOH IOHKTHUBI,
IWJIIapHOMY TiJli, HAJIHUPHHUKAX Ta CIM30BUX 000JI0-
HKaX. 3JI05KICHI BHYTPIITHbOUYEPEIHI MEJIAHOMH T10-
JIUISIOTHCS HA TIEPBHUHHI Ta BTOPUHHI. BTopuHHI 3110-
SIKICHI MEJaHOMH, SIKIi € MeTaCTaTHYHUMH, BiIOMi
CBOIMH arpeCHBHHMHU IPOTPECYIOYNMH 3JIOSIKICHUMHA

O3HaKaMH 1 CTAHOBJIATH TPETIO 33 BEINYMHOIO TPYILY
METACTATUYHHUX BHYTPIIIHHOYEPENHUX ITyXJIUH JO0-
pocnux [1]. HaBmaku, mepBHHHA BHYTpIITHBOYEPE-
mHa 31oskicHa Menanoma (IIB3M) — pinkicHa myx-
JIMHa, SIKa IOXOJUTh 3 MEJIAHOLIMTIB, 110 BUCTUJIAIOTh
JenToMeHiHreanbHy o0osoHKy [2, 3]. Ha ii yacTky
npunanae npudanzHo 1% ycix menanom i 0,07% ycix
3TI0SIKICHUX MYXJIUH MO3KY [2, 4-6].
JlenToMeHiHreanbHi MEJTaHOLUTH TOXOAATH 3
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TETePOTOIMHOI MacH KIITHH HEPBOBOTO TPEOHS T
Jac paHHBOTO eMOpioHaIbHOTO po3BUTKY [7]. OcHO-
BHUMU JIoKanizanismu [IB3M e obnacts 100HHX 4a-
CTOK roJoBHOTO MO3KYy (53,1%), 3amHpO1 yepenHOi
svku (17,3%), mumikornoaionoro tina (13,6%) [8].
Takox onucani Bunanky Jokamizarii [IB3M B o6a-
CTi MOCTO-MO304KOBOrO KyTa [9, 10].

I1B3M noginserbes Ha 2 THIN: U y3HUNA MEHi-
HreaJbHUN MEIaHOMAaTo3 Ta COJliTapHa (IUCKPETHA)
conigna nmyxinuHa [1, 9]. IB3M comnitaproro i qudy-
3HOTO THITy BIJIPI3HSIOTHCS KITiHIKO-aHATOMIYHOIO
nosexinkoro [11]. Tak, audysni [IB3M indinerpy-
IOTh M'IKYy MO3KOBY OOOJIOHKY Ta cyOapaxHOImaib-
HHUH TPOCTIp, IO MIBUAIIE TIPUIBOIUTH 0 HECTIPHS-
TIMBHX HACHIIKIB, TOJ K IIPH COITAPHOMY THITI MO-
JKITMBe GBI TpUBaJe BIKUBAHHS XBopuX [8].

[1B3M pigko MetacTasye 3a MeXi HEHTPaIbHOL
HepBoBoi cuctemu (LIHC) i ricTonoriuno moxidHa 10
MeNaHOMHU 1HmmMX Jokamizanid. [IB3M miarnocry-
I0ThCSl TiCIsI BUKITIOYEHHS HasBHOCTI €KCTpakpaHia-
JBHUX YpaXkKeHb 3a pe3yJbTaTaMH peTelbHoro ¢i3u-
kanbHoro Ta MPT-nocnimkenns. Kpim nporo, Biapi-
3autd [1B3M Bin MeTacTaTHYHOI METAHOMH TaKOX
JIOTIOMAra€e BHSBJIICHHS CHICIH(DiTHIX MOJCKYILIPHIX
myTaniii B renax GNAQ i GNA11 [12].

ITorpu te, mo I[1B3M wmae 3aranbHy arpecuBHYy
MOBEIHKY 3 paHHIMU pelUIUBaMHU, 3 OISy JiTepa-
TYpH BiIOMO TIPO CIIOCTEPEKEHHS, y SAKHX 3a(ikco-
BaHE TpUBAJIC BUKUBaHHA [1].

BpaxoBytoun piakicHicts [IB3M, mMu nmpeacras-
JSIEMO BHIQ/IOK 3 MIATOJIOT0AHATOMIYHOT MPaKTHUKH.

Merta

Ha mnpukmaai KiniHIKO-aTOMIYHOTO —criocTepe-
JKCHHsI IPUBEPHYTH YBary Ta MiIBUIIUTH 00i3HAHICTh
JKapiB-1aToOJIOr0aHATOMIB CTOCOBHO PIAKICHOI JIO-
KaJi3alii CoJTapHOI 3JI0SKICHOI METTAaHOMH, SKa BH-
HUKJIA 3 JISNTOMEHIHTeaTbHOi 000JIOHKH MO30YKa.

Marepianu Ta meToau

VY crarTi TpeacTaBIeHO KIIIHIYHUA BHITAJOK
xBoporo M., 66 pokiB, y SKOTo OyIIO AiarHOCTOBAHO
MyXJIMHHE YTBOPCHHS MpPaBOl TMIBKYJl MO30YKa.
OTprMaHy yNpOJOBX ayTOICil TKAHUHY MYXJIHHHU 3
npaBoi MiBKyJi Mo304ka Oyno 3adikcoBano B 10%
po3uuHi HelrtpansHoro ¢opmaniny. ITicns ¢ikcamii
MaTepian MiggaBagd CTaHAAPTHIA MPOBOIII Yepes
CIHMPTH 3POCTAI0Y0I KOHIICHTPAIIIT, CIS YOro 3aiIK-
Banu mapadiHoM. 3 MPHUTOTOBAaHWX TAKWUM YHHOM
O110KiB POOMIIH cepilini 3pi3u ToBIIMHOW 4—5%107 M,
K1 3a0apBITFOBAIM TEMATOKCHIIIHOM Ta €03uHOM. ['i-
CTOJIOTiYHI METOJVKH BHKOHYBaJH 32 IIPOIHCAMH,
M0 BUKJIAJICHI B IHCTPYKIIIAX 3 TICTOJIOTIYHOT TEXHIKA
[13].

Pe3yabTaTH Ta iX 00roBOpeHHs

VY xBoporo M., yomnoBika 66 pOKiB, SIKHI 3a
XKWUTTS MPOXOIUB JIKyBaHHS B XipypridHOMY BiImi-
JIeHHI paflOHHOI MiCBKOT1 JiKapHi nmpotsrom 10 1HIB 3
niaraozoM «[lapanmitnaauii ineyc». KoHncepBatuBHa
Teparlis MOJIIIINIIA CTaH XBOPOT0, SIKKii OyB BHITHCA-
HUH i METUYHUH Harsi ciMeiiHoro sikaps. Yepes
JIBa THDKHI TICIIsl BUIINCKU XBOPHH B yPreHTHOMY I10-
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pAKy OYB JOCTaBICHHWA MAIIMHOIO €KCTPEHOT IBU/I-
koi momomoru B xipypriude Bigminenuas KHIT Xap-
KiBChKOi oOmacHOi pamu «OOnacHa KiIiHIYHA JTiKa-
pHs» 31 ckapramu Ha 00l B Me30TacTpii, 3aTPUMKY
BHUITOPOXKHEHHS KHUINEYHHKA, 3araibHy CIa0KiCTb.
OO0’ eXTHBHO CTaH XBOPOTO OYB OILIHEHUH, K TSHKKHN
3a paxyHOK BHUpPa)XE€HOI Kaxekcii, aluHamii, He3aaT-
HOCTI JI0 CaMOCTIHHOTO TEpecyBaHHs, MOPYIIEHO]
cBizoMocTi. 3a 1Ba TH>KHI nepeOyBaHHS B CTallioOHapi
B IpoLIeCi 0OCTEeHKEHHS JIiarHO3 YaCTKOBOI KHIIIKOBOT
HenpoxiJHocTi He OyB MiATBEpIPKEHUH, ane CTaH
XBOPOT'O HEYXMJIBHO IOTIpPIIYyBaBCs 1 Ha I HMaiHHSA
apTepiaJbHOTO THCKY, MOPYLICHHS KpPOBOOOITY Ta
e(peKTHBHOTO IWXaHHS BifOyJach 3yNHHKA CEpIIs.
Peanimaniiini 3axonu eQexTy He qanu, Oyia KOHCTa-
TOBaHA 0i0JIOTIYHA CMEPTh.

[Tix gac ayTomcii 3BepTana Ha cebe yBary Bupa-
JKeHa KaXeKCis 3 MOBHOIO BTPATOIO MiAMIKiPHO-KUPO-
BOI KJIITKOBUHM Ta BHCHa)KEHHS BHYTPIIIHIX XHUPO-
Bux aemno. [Tpu nocnimkenni [THC BusiBnieHo: TBepaa
MO3KOBa 000JIOHKa OiyBaTa, TOHKA, HANPY)KEHA, Y
CHHYCaX — piJika TeMHa KpoB. [1iBKyI1i rOJIOBHOTO MO-
3Ky CUMETpPHUYHI, B'sTi, M’IKi MO3KOB1 O0OJIOHKH 1 pe-
4oBHHA MO3KY HaoOpskii. [To kpato MUTTaTMKiB MO30-
YyKa BHAMMA 4diTka Oopo3Ha riaubunoro 0,5 cM. B mpa-
Bilf MiBKYJI MO30YKa BHUSBICHHUN MyXJIMHHUHA BY30Il
0e3 JITKHX MeX, Oyporo KOIBOpYy, pO3MipaMu
4,0x3,0%3,0 cM, 3 HasIBHICTIO OE3CTPYKTYpHOTO OCE-
penka 1,5x1,0x1,0 cMm y mentpi. [lyxauHaHMI By301
HOB'sI3aHNH 3 M’ SIKUMU MO3KOBHMH 000JIOHKaMH, IIPH
bOMY IyXJIMHHA Maca iHQUIBTPYE TKAaHHHY MO30-
yka. HamaHa HaMu MakpocKoIliuHa KapTHHa Melia-
HOMHM MO30YKa 30iraetscs 3 onucoM [1B3M, 1o Bu-
KJIaJieHi B HAyKOBiit tiTepatypi [8, 10].

[Tpu ricronoriyHOMY IOCIHIPKEHHI HOBOYTBO-
PCHHS MO304YKY BHSIBIICHO, III0 ITyXJIMHA TO0Yy/10BaHA
3 MONIIMOP(HUX BEPETCHONOAIOHNX KIIITHH 3 TilepX-
POMHHMMH siIpaMH 1 IIEHTPAIbHO PO3TALIOBAHUMH
SIEPIIIMU, 3 BEJIMKOK0 KUTBKICTIO MATOJNOTIYHHUX Mi-
TO3IB, HAsSBHICTIO IIIJIBHOTO IHTPAIMTOIIa3MaTHY-
HOTO BIIKJIAJCHHS TPaHyll YOPHO-OYpOTO IMIrMEHTY
(puc. 1), ocepeakaMu KpOBOBHJIMBIB 1 HEKPO3y Ta 3
1HBa3i€I0 Y TKAaHUHY MO304Ka (puc. 2, 3) Ta BHyTpilI-
HBOMO30YKOBI CyiuHH (puC. 4).

licTonarosoriyHa KapTUHA MyXJWHHU B OIHCY-
BaHOMY BHIAJKy 30iraeThCst 3 JAHUMH 1HIITHX TOCITi-
nauKiB [9, 14].

[IpoBenene rictoximiuHe 3a0apBiICHHS IS BU-
SIBTICHHS 3aimiza 3a [lepiacoM 3 METOI0 BUKIIIOUEHHS
KPOBOBMWJIMBY 3 YTBOPEHHSM IIIrMEHTY Te€MOCH[e-
PHHY MOKa3aJI0 HETaTUBHUN pe3yJbTaT.

JlocmikeHHsT CBi4aTh, IO BiICYTHICTH mep-
BHHHOI €KCTpaKpaHiaJIbHOI MEJAaHOMH J0IIOMarae B
mudepenmianpHii niarHoctuii [IB3M ta meractaTu-
yHoro ypaxkeHHs LIHC [15]. B onrcanomy Hamu crio-
CTEepEKEHHI 3 ypaxyBaHHAM BiICYyTHOCT] MIr'MEHTHUX
HOBOYTBOPEHb IHIINX JIOKai3amii (IIKipa, CIM30Bi
000JI0HKH, 00OJIOHKH 04YeH, HaTHUPHHUKH ), HASIBHOCTI
B MO30YKY HIrMEHTHOI NMyXJHHH, SKa IOB’s3aHa 3
M’SIKUMH MO3KOBUMH 00OJIOHKaMH, HETaTHBHOTO pe-
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3ynbTaTy ricroximMiynoi peakuii [lepica 6yB chopmy-
JHOBaHUM HACTYIHHMH HATOJIOTOAHATOMIYHHMK mdiar-
HO3: «[lepBrHHA comiTapHa MelaHOMa M’ SIKHX 000-
JIOHOK MO304YKa 3 BPOCTaHHSAM B TKAaHWHY MO30YKa Ta

;

Puc 1. NMB3M: pospocTaHHs MenaHobnacTiB y M'sikiii
MO3KOBI1 060M0HLi Mo3o4yka. 3abapBneHHsi reMaToKCUIIHOM

i eosmHom. x400.

3 ocepelKaMH HEKpO3y, siKa yCKJIaJHWIACh HaOps-
KOM-HaOyXaHHSM PEYOBHHHU I'OJIOBHOTO MO3KY 3 JIHC-
JIOKAII€I0 CTOBOYPa MO3KY».

Pwuc 2. NMB3M: po3pocTaHHsi MenaHobnacTiB y M'siki
MO3KOBi 1 060MOHL MO304Ka i iHBa3is NyXIIMHHUX KOMIIIeK-
ciB B KOpY MO304ka. 3abapBneHHsi reMaToKCUNIHOM | e03u-

Puc 3. NB3M: iHBa3is MenaHoMu B TKaHWHY MO304Ka.
3abapBneHHs remaTtokcuniHoM i eo3uHom. x200.

Hincymox

Kpim Hai3BH4aiHOT piAKiCHOCTI JIoKaTi3anii Me-
JIAHOMHU Y MO30YKY OIMCAaHWH KIIIHIYHUN BUMAI0K
NPUBEPTAE yBary THM, IO 32 JKUTTS Malli€eHTa JaHy
MyXJHMHY He OyJIo JiarHOCTOBaHO. AJMHaMIsl, He3/a-
THICTB 10 CAMOCTIHHOTO IIepecyBaHHS Ta MOPYIICHHS
CBiIOMOCTi XBOPOTO He Oy PO3LiHEH] 5K POSIB He-
BPOJIOTIYHOT MATOJIOTII, @ 3 ypaXyBaHHIM BUPAKEHOT
KaxeKcil — OHKOJIOTIYHOTO 3aXBOPIOBaHHS, 30KpeMa,
3 ypaXXeHHsSIM TOJIOBHOTO MO3Ky. [Ipencrasnene kiri-
HIYHE CIIOCTEPEXEHHs CBIUUTH, 1110, IOIPH 3HAYHI

Puc 4. NB3M: iHBa3is NyXIMHHUX KMNiITUH MenaHoMu
B cyanHy. 3abapBneHHs remaTokcuniHoM i eo3nHom. x200.

TPYIHOILI MpXUTTEBOT AiarHoctrku [1B3M, B Kiii-
HIYHIIf IpaKTHUI TOBMHHI 30€piraTuch ajjeKBaTHa OH-
KOJIOT1YHAa HACTOPOXKEHICTh 1 peTelibHEe 00CTEKEHHS
XBOPHUX 3 NOAIOHUMH KIIIHIYHUMH NPOSIBAMH 13 3aI1y-
YEeHHSIM JI0 A1arHOCTHYHOro mporecy (axiBIiB iH-
mmx npodinis Ta MPT-gocmimkeHHs.

Indopmanis npo koHQUIIKT iHTEpeciB

[Morenuiitanx abo sBHUX KOHQIIKTIB iHTEpeciB,
110 MOB’s[3aHi 3 UM PYKOIIMCOM, Ha MOMEHT IyOJIi-
Kallii He iCHy€ Ta He rmepeq0a4aeThCs.

JlitepatypHi x:kepena
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Cakan I'.O., T'oproas H.IL., IloranoB C.M. IlepBuHHa cojiiTapHa MeJIaHOMAa 000JI0HOK M0304Ka (pia-
KiCHUH BUNA/I0K 3 MPAKTHKH MATOJIOr0aHATOMA).

PE®EPAT. AkryanbHicTb. BHyTpiliHbOUYEpenHi 3J105KICHI METAHOMH MOAUISIIOTHCS Ha MEPBUHHI Ta BTO-
pUHHI. BTOpHHHI BHYTPIITHROYEPETTHI METAHOMH € METACTATHIHUMH, arPECUBHUMH Ta CTAHOBIISATH TPETIO 3 T0-
MIMPEHICTIO TPYITy METACTATHYHIX ITyXJIMH MO3KY Y TOpociux. HaToMicTh IepBHHHA BHYTPIITHBOYEPEITHA 37105~
KiCHa MeJlaHOMa — PiIKiCHA MyXJIMHA, KA MIOXOAUTH 13 JIENITOMEHIHT€aTbHUX MEJTaHOINTIB 1 CTAaHOBUTH 1% ycix
MemaHoM Ta 0,07% 3IoSIKICHUX ITyXJIMH MO3KY. MeTa: Ha IPUKITaJi KIiHIKO-aTOMIYHOTO CIIOCTePE)KEHHS MTPHUBE-
PHYTH yBary Ta MiABHUIUTHA 00i13HAHICTH JiKapiB-TIATOIIOTOAHATOMIB CTOCOBHO PiKICHOI JIOKai3amii coitapHOl
3T0SIKICHOT MEJTaHOMH, SIKa BUHHKJIA 3 JISNITOMEHIHTeaTbHOI 000J0HKH Mo304ka. Metoau. [Tatomopdooriune
JIOCJIIKCHHST TICPBUHHOI COJITAPHOT MEJIAaHOMH OOOJIOHOK MO30YKa i3 3aCTOCYBAHHSM TiCTOJOTTYHHX METOJIB.
PesyabraTu. I[latomopdosnoriuydae NOCHIPKEHHS! TKAHMHU HOBOYTBOPEHHs ITPaBoi MiBKYyJi MO304YKa, Ky OyIo
OTPHUMAHO BIPOJIOBXK ayTOICIii 66-piYHOro MaIlie€HTa, MoKa3ao, o MyXJIKHa N00YA0BaHa 3 MOJIMOP(QHUX Bepe-
TEHOMO{IOHUX KIIITHH 3 TIEPXPOMHHUMHU SIIPAMH, 3 BEJHUKOO KUIBKICTIO MATOJOTTYHHX MITO31B, HASIBHICTIO II[1JIb-
HOTO IHTPaIUTOINIa3MAaTHYHOTO BiJIKNIaAeHHS I'PaHyJl YOPHO-0yporo MirMeHTy, OcepekaMu KPOBOBHIIMBIB 1 HEK-
pO3y Ta 3 iHBa3i€l0 Y TKAHWHY MO30YKa Ta BHYTPIITHHOMO309YKOBI CyTUHH. 3 ypaXyBaHHSIM BiJICYTHOCTI IIrMEHT-
HUX HOBOYTBOPCHD IHIIMX JIOKAaTi3alliif, HASBHOCTI B MO30YKY IIrMEHTHOI ITyXJIMHH, SIKa TTOB’sS3aHa 3 M’ SIKHAMU
MO3KOBHMH 00OJOHKaMH, HeraTuBHOI peakuii [lepnca OyB copmyrboBaHHN MAaTONOTOAaHATOMIYHHUI IiarHo3:
«[lepBrHHA coiTapHA METaHOMAa M’ SIKIX 000JIOHOK MO30YKa 3 BPOCTAaHHSAM B TKAHHHY MO30YKa Ta 3 OCepEAKaAMH
HEKpPO3Yy, sIKa YCKIAJHWIACH Ha0PSAKOM-HA0YXaHHSIM PEUYOBHHHU TOJIOBHOT'O MO3KY 3 JHCIOKAIIEI0 CTOBOYpa MO-
3ky». [lincymox. [IpencraBneHe KiliHIYHE CTIOCTEPEKEHHS CBITIHTS, 110, TTOTIPH 3HAYHI TPYTHOIII MIPIKATTEBOL
JIIarHOCTUKY MTEPBUHHOI BHYTPIITHBOYEPETTHO] 3T0SKICHO METaHOMH, B KJIIHIUHIH IPAaKTUIIi TOBUHHI 30epiraTuch
aJIeKBaTHA OHKOJIOTYHA HACTOPOXKEHICTH 1 peTelbHe 00CTEKEHHS XBOPUX 3 MOJIOHNMU KIIIHIYHUMH MTPOSBAMH 13
3aITy9eHHSM JI0 IarHOCTHYHOTO Tporiecy daxiBmiB iHmmx npodinis Ta MPT-nocmimkeHHs.

Ku1104oBi cjioBa: epBUHHA 3J104KiCHA METaHOMa MO309Ka, COJTITAPHUMA THI, KIiHIKO-aHATOMIYHE CIIOCTEpe-
KEHHSL.
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ABSTRACT. Background. Modern data on structural transformations of the epidermis and dermis indicate significant
changes in the composition of the skin in patients with climacteric keratoderma, however, problematic issues of pathomor-
phogenesis of damage to the epithelial, microvascular and connective tissue components of the skin remain unsolved and
require a substantiated solution. The aim of this study was to determine the morphological changes of the epithelial, con-
nective tissue and microcirculatory components of the skin in patients with climacteric keratoderma. Methods. Using light-
optical and transmission electron microscopy, a study of the skin condition of the foot and gluteal region in women of three
groups was conducted. The first group (control) consisted of women aged 21 to 40 years without manifestations of meno-
pause, keratoderma and other dermatological diseases. The second group (comparison group) included patients aged 50 to
65 years in the climacteric period without clinical signs of keratoderma. The third clinical group consisted of patients aged
50 to 68 years, who were diagnosed climacteric keratoderma with a disease duration of 4 to 21 years. Results and conclu-
sion. The morphological analysis performed using modern research methods allowed us to identify a number of systemic
and local structural changes in the skin, which characterize the restructuring of epithelial and extraepithelial cells of the
epidermis, as well as microvascular and connective tissue components of the dermis in patients with climacteric kerato-
derma. It has been proven that under conditions of estrogen deficiency, the hyperkeratosis process in patients of this group
is not associated with the proliferative activity of keratinocytes, but depends on local changes in the morpho-functional state
of epidermal cells of monocytic origin (Langerhans cells), fibroblasts of the papillary layer of the dermis and their reaction
to microcirculation damage.

Key words: climacteric keratoderma, skin, morphology, epidermis, dermis, microcirculation, morphometry.
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Beryn

CyuacHi BiIOMOCTI PO 3MIHH HIKIPH TIPH PO3-
BuTKy KK cBifuaTh, 1110 B OCHOBI CTPYKTYpPHHX MEpe-
OyHoB emigepMicy i JepMH BHACHIOK aKTHBAIIi Ja-
HOTO 3aXBOPIOBAaHHS JIEXKATh YCKIaTHCHHS eIiaepMa-
JBHOT JeCKBaMaIllil, MOPYIICHHS elliIepMalbHO-aep-
MaJIbHUX B3a€MOBITHOIICHh Ta KOMIUICKC IIEPETBO-
PEHb MiKPOLIMPKYISITOPHOTO 1 CHOTYYHOTKAHUHHOTO
KOMITOHEHTIB jiepmi [1-3].

ITig 9ac TicTOJOTIYHOTO AOCIIHKEHHS IKIPH Y
xBopux Ha KK cmocrepiranucs HacTymHi nepeOy-
JIOBH: BCi IIapu emifiepmicy Oyim 30epexeHi, 3a3Ha-
Yaiocs IMOTOBIICHHS eMliepMicy, IOMipHHN aKaHTO3,
SICKPaBO BUPAKEHUH rillepKeparo3, B OKPEeMHUX BHUIIA-
JIKaX — HEBEJIMKHI BOTHUIICBHI ITAPAKePaTO3 1 CIIOH-
rio3, moMipHuii manisiomaro3. [lepma Oyia HaOpsikiIa,
Yy BEpXHIH 4YacTWHI, MEPEBAXHO MEPUBACKYISPHO,

OyJiu po3TalioBaHi HeBeNUKi JTiMQOTiCTIONUTAPHI 1H-
obinsTpaTu [4-6].

[Tokazano, mo ans KK XakcTxay3eHa xapakTte-
PHUMH € 3MiHH TPO]ITI0 MPOAYKIi IUTOKEPATHHY
16 # iHBOIIOKPHHY, HAPOCTAHHS TUCTPO(ITHIX 3MIH
y KIIITHHAX emiiepMicy, TOPYIIEHHS JiIliTHOTO 00-
MiHY, SIK€ CYIPOBOJUKY€EThCS TMOSBOIO y IXHIM LUTO-
IUTa3Mi JIMITHUX BKITIOYeHb. BUHUKHEHHS y KIITH-
Hax IIPY NaTOJIOTIYHMX YMOBAX )KUPOBHX BiAKIIAJICHD
MOE€ MaTH JIBOSIKE TIOXO/DKEHHS: €HJOreHHe, Y BH-
TJISLT1 )KUPOBOI JIeTeHepariii CTpyKTyp, 10 MiCTATh Ji-
Y, 1 )KUpOoBa iH(IIBTpAIis eK30TeHHUMH JiITi JaMH.
Bomnouac, B i30160BaHOMY poroBoMy mapi ¢ocdo-
T HE BU3HAYAIOTHCS, X 3aMIlAlOTh IIepaMiaH,
XOJIECTEPHUH, BUIbHI )KUPHI KUCIOTH. Take criBBiHO-
IICHHS 1 PO3IOJILNT JIMIIIB B €MiJepMici 3HAYHOKO Mi-
poro 3a0e3neuyroTh Woro Oap’epHy (QYHKIIIO, 30K-
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pema, BOJIOHETIPOHUKHMIA Oap’ep, aAre3iro i 1eckBa-
Marttito kopraeonutiB. BusiBieni npu KK Xakcrxay-
3eHa Tpy0i MOpyIIeHHS JiMiIHOTO OOMiHY MOXYTh
OyTH OIHIEIO 3 JJAHOK IMATOT€HE3y IBOTO 3aXBOPIO-
BaHH:. B yMoBax medimuty ectporeHiB, HaleBHO, Bi-
IOYBA€ETHCS MMOPYUICHHS CIIBBiMHOMIECHHS (hocdoi-
MiAiB, HEUTpaIbHUX JIMiAIB, LepaMiJiB Ta XOJecTe-
puHCYNb(aTy, KUl 3HAYHOIO Miporo 3ade3rneuye aj-
Te3UBHI BJACTUBOCTI KOPHEOIMTIB. Y HOpPMIi B pOTO-
BOMY IlIapi MiJ] BIUINBOM cTepoincynbdarasu Binoy-
BA€ThCSI HOTO Jecynb(aTyBaHHs i yTBOPEHHS XOJIec-
TepuHy. Y pe3yibTaTi, 3SMEHIIYIOThCS CHJIM aaresii i
BinOyBaeThCs NeckBamaliss KopHeouuTiB. Ilopy-
IICHHS JITiIHOTO OOMiHY IPHU3BOIHUTE 10 3MiHHU MiXK-
KOPHEAJIHOTO [IEMEHTY i, BHACIIIOK IIbOTO, — 30111b-
IIICHHSI CUJI aare3il Ta 3HWKEHHS JeckBamartii [7, 8].

3 BiKOM BUSBIIIETBCA CKIIagHa MOp(ho-(hyHKIIiO-
HaJlbHA OpTaHi3alis emiaepMIcCy, a TAKOXK B3a€EMOIis
KJIITHH Yy Tpolleci KepaTHHizallii, pereHepanii i B 3a-
Oe3reueHHl 3aXUCTy BiJ Iil 30BHIIIHIX (akTopiB Ta
TJi iHBOJFOTHBHUX 3MiH. KpiM TOro, CTpyKTYpHI OC-
HOBH 1HBOJIIOTUBHHUX 3MiH HIKipH MOJISITAIOTh B YIIKO-
JUKEHHI CHCTEMH MIKpOLMPKYJIALIT, sIKe BKIIIOYAE T110-
PYIICHHS CTPYKTYpH BHYTPIIIHBOCOCOYKOBHX Kalli-
JSIPHHUX TIETENb 33 PAXyHOK JOKAIBHUX PO3IIHPECHB
TeMOKAaMUIAPIB y BHYTPIITHHOCOCOYKOBOMY IIPOCTOPI
Ta 3BY)KCHHS MOYATKOBUX 1 KiHIIEBUX CETMCHTIB Tie-
TeNb, NIe30pPTaHi3aIlil0 apTepiONIPHUX KOMIIOHCHTIB
I'MLP y cxiazi cOcCOYKOBOTO i CiTYaCTOTO MIAPIB Je-
PMH, a TAKOXK YIIKOJPKEHHS APEHaKHOT JIJAHKU MIKpO-
LUPKYJISILIT 32 paXyHOK 3MiH QiOpUIIIPHOTO KapKacy
MIKPOOTOYEHHS B 30HI IiJICOCOYKOBUX BEHO3HHX
crtetens [9-12].

Ha cporoHi 04€BUIHOIO € BaXKJIMBICTH 110/1aJIb-
II0r0 BUBYEHHS CyOCTpaTy iHBOJIOLIT LIKIPH Y KIHOK
—1i cTpyKTypH, A€ OHE 3 HAHBAKIMBIIINX MICIb MO-
cimae cucrema reMoMikpouupkymii. Came 1 crc-
TeMa HalOUTBII YiTKO pearye Ha YUCICHHI YIIKOKY-
BAJIbHI BIUINBY, BOHA BU3HAYA€E TICTOTCHETHYHI 3aK0-
HOMIPHOCTI IepeTBOPEHb IIKipH 3 YaCOM, caMe BOHA
€ HaWYyTIMBIIIAM KOMIOHEHTOM JAEPMH, SIKMH Bif-
MOBIJIa€ 3a CTaH emiTesialbHUX, HEPBOBUX 1 CIIOTYY-
HOTKaHWHHUX CTPYKTYp IIKIpH 38 YMOB Jii JIOKaJIb-
HHX 1 CHCTeMHHX MaToJIOriuHuX mporiecis [13, 14]. 3a
JIAHUMH HAYKOBOT JIiTepaTypH, ECTPOreHH CTHMYJIIO-
I0Th NpoJIihepallito KIITHH eMiTelNiio, MrMeHTalio
MIKipH, IPU3BOAATH IO 3MEHIIICHHS TIOTO- 1 CaJTOBUI-
JICHHS, BiJIITPafOTh BaXXJIMBY PoOjb y (hopMyBaHHI Ji-
nigaoTO Tpodimo mkipu. Y xsopux Ha KK y nepmi
BiJJ3HAYAETHCS TIOMIPHUH HAOPSAK, SKHHA CYIPOBO-
JOKYETBCSI HAOPSIKOM KOJIAr€HOBHMX BOJIOKOH 1 CYJWH
3 O3HaKaMU MiIBHIICHOT ()YHKIIOHAFHOI aKTHBHO-
CTi KJIIITHH €HA0TeNi0. 3a yMOB Ie]iuTy eCTPOTeHiB
3MEHIIYEThCS MpomiepaTBHA aKTUBHICT KIIITHH 1,
HMOBIpHO, MOPYIIyEThCS iXHS AeckBaMaris [15, 16].

OTxe, CydacHi BiIOMOCTI IIpO CTPYKTYpHI Hepe-
TBOPEHHSI €IiJIepMicCy 1 JepMH CBiA4aTh MPO CYTTEBI
3MiHHK y ckiaai mkipu xBopux Ha KK, nmpore mpobie-
MHI MUTaHHs TaTOMOP(OreHe3y YKo HKeHb eriTei-
IBHOT0, MIKPOCYJMHHOTO 1 CIOJyYHOTKaHHHHOTO
KOMIIOHCHTIB HIKIpH, 1X 3aJIe)KHICTh Bif JIOKai3arii
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Ta KUIbKICHA OIliHKa MOP(OJIOTIYHUX 3MiH 3alIUIIIa-
FOThCS H TOC1 HE pO3KPUTUMH i TIOTPeOYIOTH OOTpYH-
TOBAHOTO BHPIIIICHHS.

MeTo10 TaHOTO AOCHTIIKEHHS 0yJI0 BU3HAYCHHS
MOP(}OJIOTIYHUX 3MiH eMiTeTiaTbHOTO, CHOIYYHOTKA-
HUHHOTO Ta MIKPOUUPKYIATOPHOTO KOMIIOHEHTIB
LIKIpH y XBOPUX Ha KIIMaKTEPHYHY KepaToaepMiio.

Marepiaan Ta metoan

Mopdosnoriyte 1oCHiKEHHS CTaHy MIKIpU Mpo-
BOJIMIIN Y )KIHOK TphOX TpyIL. [lepury rpymy (KoHTpo-
JbHY) CKIIafanu 7 KiHOK BikoM Bif 21 mo 40 pokis
0e3 mposiBiB KIIIMAKCy, KepaToJAepMill Ta IHIIUX Aep-
MaTOJIOTIYHUX 3axBOpioBaHb. Jlo apyroi rpymu
(Tpynu mopiBHSHHS) yBimuM 11 mami€eHTOK BiKOM
Bix 50 mo 65 pokiB y KIIiMakTepUIHOMY Tiepioni 6e3
KIHIYHUX O3HaK KepaTtomepMii. TpeTro KiIiHIYHY
rpymy ckiagany 15 mamienTok Bikom Bix 50 o 68 po-
KiB, y axux giarHoctoBaHo KK 3 TpuBamicTio 3axBo-
proBanHs Big 4 10 21 poky. JlocmiKeHHS TPOBOIMIH
BIJIMIOBITHO JI0 MOPAJILHUX 1 MPABOBUX BUMOT 3T'iTHO
3 HakazoM MO3 Ykpainu Ne66 Bix 13 motoro 2006
p., €ETHYHKUM CTaHAapTaM Ta [ 'enbCciHChKIH nexnapartii
NpaB MaIieHTIB. Y Ci MalieHTH nepes NoYaTkoM J0C-
JDKCHHS HamaBand iHQOpPMOBaHY 3romy Ha HOTro
MIPOBEJCHHSI.

JIJIs TICTONOTIYHOTO BUBYCHHS CTPYKTYpH eIli-
JIEPMICY 1 CTIOTYIHOTKAHWHHOI OCHOBH MIKIPH ¥ KOXK-
HOI TAIIEHTKH OCTIKYBAIH OIONMTaTH PO3MIpOM
2x2%4 MM, B34TI 3 JUITHOK CTOITH Ta BEPXHHOTO 30B-
HIIIHBOTO KBajpaHTy cijuuui. Y xBopux Ha KK 0io-
NTaTH MIKIPH CTOIM OTPUMYBAIIH 3 Bi3yalbHO BU3HA-
YEeHUX JIUISHOK TilepkepaTo3y. 3pa3Ku WKipHuX Oio-
nratiB GikcyBanu y pinuni byena, o6poGsiu y Bu-
CXIiJHI¥ KOHIICHTpAIlii €TAHOJIy Ta BUTOTOBJISUIH T1a-
pamiacToBi OJIOKM 3a CTaHIAPTHOK METOJHUKOIO.
3pi3u TKAHWHHA BHTOTOBIISUIM 3aBTOBIIKA 5-7 MKM Ta
(apOyBany reMaTOKCHIIHOM-E031HOM, 32 MacoHOM,
3a Ilauini, 3a Ban-I'i3oHoM, 32 Belireprom, KoHTO Ye-
pBoHIM 32 Matcyypa, 3a Mamnopi-Crninuenkom. Bu-
KOPHCTOBYBAJIM 3arajlbHO NPHHHSTI CTaHJapTH Tic-
TonoriaHux npornenyp [17, 18].

IIpoBeneHHs KiIbKICHOTO MOP(OJIOTIYHOTO 0~
CJTI/KEHHS 3IHCHIOBAJIA 3 BUKOPHCTAHHSIM HPOTpa-
MHoro makety ImageJ 1,47v [19, 20] i3 3actocyBaH-
HSIM 3arajbHUX IPHHIMIIB MOP()OMETPUYHOTO aHa-
mizy [21].

[ ynbTpacTpyKTypHOTO — aHANi3y 3pas3KH
mKipu mpoTsarom 2 roauH (ikcyBamm mpu +2°C B
2,5%-HOMYy pO34HHI TIIOTAPOBOTO ANBICTINY, BUTO-
toneHOMY Ha 0,2M docdaraomy Oydepi (pH 7,4).
Marepian nepenocwn Ui noctdikcarii B 1%-Hui
3a0ydepennit (pH 7,4) po3unH TETPOKCHUAY OCMIIO
(“SPI”, CIIIA) Ha 1 rogury. 3HEBOAHIOBAIH 3pa3Ku
3a JIONIOMOT'OIO MPOTIJICHOKCHIY B PO3YMHAX 3pOCTa-
104901 KOHIIeHTpaIlii. /|11 BUTOTOBIEHHS €MOKCUTHUX
OJIOKIB  BHKOPHCTOBYBaJH KOMITIO3HUIIIO  E€IMOH-
apannit. HamiBToHKi 3pi3u 3aBTOBIIKH 1 MKM 3a0ap-
BIIFOBAIM METWJICHOBHM CHHIM i OCHOBHUM (hyKCH-
HOM. /[l  eNeKTpOHHOMIKPOCKOMIYHOIO  JI0CIi-
JUKEHHSI BUTOTOBJICHHS YJIBTPATOHKHX 3pi3iB MPOBO-
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I Ha yasTpamikpotomi YMTII-6M. 3pi3n KoHT-
pactyBanu 3a PelfHOIb1cOM TP KIMHATHIN TeMIepa-
Typi mpotsirom 30 xBwmH [22]. JocmimkeHHs Tpo-
BOJIWJIA 32 JIOTIOMOTOI0 TPAaHCMICIHHOTO €JIeKTPOH-
Horo mikpockona [IEM-100-01 («SELMI», Ykpaina)
MpHu HaTpy3i mpuckopeHHs 65-90 kB 1 mepBHHHMX
30itpmennsx Bim 3000 go 15000. Y minomy, enekt-
POHHOMIKPOCKOITIYHE JIOCIIDKEHHSI TPOBOJIMIIM 32
CTaHJapTHOIO cxeMoro [23].

VY KiIbKICHOMY MOP(OJIOTIYHOMY JTOCIIIKCHHI
BUBYAJIM BiTHOCHHIA 00’eM Bcix enemenTtiB [ MLIP y
COCOYKOBOMY Ta CITYaCTOMY IIapax JIEPMH OKPEMO
JUTS KOOKHOTO Iapy, a TAKOXK 30BHIMIHIN JiaMeTp ap-
TEPi0JI IMiICOCOYKOBOI CITKH, BEHYII IOBEPXHEBOTO Ta
TIIMOOKOTO MiJICOCOYKOBHUX CIDIETEHb, BHYTPIIIHBO-
COCOYKOBUX KaIIIJISIPiB Ta OCHOBH BHYTPIIIIHEOCOCOY-
KOBUX KaNUJIIPHUX TIE€TENlb, MAKCHMaJIbHY 1 MiHIMa-
JBHY 3arajbHy TOBLIMHY 0a3ajbHOT0, OCTUCTOTO Ta
3epHUCTOro HiapiB emigepmicy. Takoxk po3paxoBy-
BaJIM YHCEJIbHY IIUIBHICTh S1ep KepaTHHOLUTIB, Mi-
tTotuyHi iHAeKkcH (MI) KepaTHHOLWTIB, eHIOTEIab-
HUX KIIITHH MIKPOCYIMH, ICPUITUTIB, TTaKUX MiOI[H-
TiB 1 (hiOpobnacTis.

OTpuMaHi KUTBbKICHI JaHi MianaBand 0i0cTaTuc-
TUYHIHA 00poOIli 3 BU3HAYEHHSIM BipOTiTHOCTI pO3XO0-
JOKEHb MK BUOIpKaM¥ IPOBOAMIIN HA OCHOBI KpHUTe-
pito t CTbrozieHTa. Y TOMY BUMAIKY, IKIIO OTPIMaHE
B JIOCIIDKSHHI eMITipHIHE PO3IIOIUICHHS HE BiIMOBI-
JTaJI0 HOPMAaJbHOMY 3aKOHY, OLIHKY BiIMiHHOCTEH
MK BHOIpKaMH MPOBOAMIM 32 JIOIIOMOTOIO Hemapa-
METPUYHUX KpPUTEPIiB 3a CTaHAAPTHOIO TEXHIKOIO
[24]. [Tpu npoBeaeHHI cTaTUCTUYHOT 0OPOOKH BCi po-
3paxyHKH BUKOHYBaJIM B 00OJIOHLII €JIeKTPOHHOT Ta0-
muii Excel i3 3acTocyBaHHSM JilEH31HHOT IpOTrpaMu
STATISTICA (Bepcis 6.1; cepiiinuii Homep AGAR
909 E415822FA).

PesyabTaTn Ta ix 00roBopeHHs

Mopdosoriune AOCHi/KEHHST CTaHy LIKIpH Y
JKIHOK 0e3 KIJITHIYHMX O3HaK KepaToAepMii B KJliMak-
TEpUYHOMY TIE€pioJli BHSBWIJIO THIIOBI IHBONIOTHBHI
3MiHH emifepMicy. 30KkpeMa, Ha TOBEPXHI 3TIIaKe-
HUX COCOYKIB CIIOCTEPIrasiocss HEPiBHOMIPHE CTOH-
IICHHS eMiJiepMicy B TOPIBHAHHI 3 KOHTPOJILHOIO
TPYIIOIO SIK Y IIKIpPi CTOIH, TaK i B CIAHUYHIHN JTISTHII
(puc. 1, 2). Knituau 6a3aisHOr0, OCTUCTOTO Ta 3ep-
HHCTOTO IIapiB HaJ/l BEPXIBKaMH COCOYKIB 3HAUHO I10-
CTYNaINCS 332 PO3MIpaMH KEPAaTHHOLMTAM Yy CKJIai
IIKipH >KiHOK BikoM Bix 21 1o 40 pokiB 6e3 nposBiB
KIIiMakcy. Y TpyHi HMOPiBHSHHS OCTHCTI KepaTHHO-
LIUTH HOPMAJBbHOI (POPMH CKIamainu 5-8 psiiB He3a-
JEKHO BIX JIOKami3amil JOCHIIKYBaHUX MiJITHOK
mKipu. KiniTHHM 3€pHUCTOTO IIapy MaJjiil TUIIOBY PO-
MOOBH/IHY 200 MOJiroHanbHy Gopmy, mobIU3y cKia-
JoK dopmyroun notoBieHHs: 8-10 psai. KinbkicTs
KEpaTHHOCOM OyJia HEBEJIHKOK. ANONTOTHYHI (i-
I'ypH BUSBISLIUCS 0€3 ICTOTHUX MOPYIIEHb.

CriBBiIHOLICHHSI KJIITHH 110 IIapax emigepMicy
3 BIKOM 3QJIMIIAJTIOCh O3 MaTOJOTIYHNX O3HAK, IPOTE
MAJIO CYTTEBI JIOKaJIbHI 0COOIMBOCTI. Y TOHKIH MIKipi
CIIHMYHOT AUISIHKM >KIHOK KOHTPOJBHOI Tpymu i
TpyIU TMOPIBHSHHS 3arajibHa TOBIIMHA EMiJepMicy

cranoBmia Big 80 1o 135 MKM; y TOBCTIH MmIKipi cTomn
BoHa carana 400-600 MKM repeBakHO 3a PaXyHOK po-
TOBOTO Ta OJIMCKYYOTro IIapiB KEPaTHHOIHTIB, IO Bi-
noOpakae HOpMaJbHI TicTo-(i31070TigHI 0COOIMBO-
cTi mkipu. B xiriMakTeprIHOMY TIepioi crocTepira-
nmacs 0OMEXEeHa CHHTETHYHA aKTHUBHICTH Oa3albHUX
KEpaTHHOLUTIB 3 HE3MIHEHUMH SPaMH, POTOBHH
1ap BUSIBJISIBCS J€IIO CTOHIIEHUM, KOPHEOLIUTH I'PY-
MyBanucst y (parMeHTHd HEPIBHOMIPHOi TOBIIMHH.
BazanpHa MeMOpaHa eninepmicy Oyna 0e3 maTojori-
YHHX 3MiH 1 MaJia 3riakeHuil KoHTyp. [IposBiB aka-
HTO3Y, IapaKepaTo3y Ta KepaTorialiHo3y He CIIoCTe-
piranocs. CraH JepMo-emiiepMaIbHOTO PO3MEXY-
BaHHS Bi/IITOBiIaB BiKOBii HOPMI.

Puc. 1. lcTonorivHui 3pi3 LWKipy CiQHUYHOT AiNsHKK Xi-
HKM KOHTPOIbHOI rpynu Bikom 27 poki. 3abapBneHHs 3a
BaH-IizoHom, x200.

Puc. 2. TicTonoriyHui 3pi3 LWKipu CTOMNW XiHKW rpynu no-
piBHSIHHS BikoM 55 pokiB. 3abapBrneHHs KOHroO YepBOHUM 3a
Matcyypa, x100.

¥ xBopux Ha KK matomopdosoriuni 3minu ermi-
JIEPMICY B YIIKODKEHUX TUISHKAX HIKIPH CTOIHU CYT-
TEBO IMEPEOIIBITYBAIA 32 CBOEI IHTCHCUBHICTIO 1H-
BOJIIOTHBHI 1epeOyIoBH, L0 criocTepiranucs B ocid
IPYIH TOPIBHSHHS, a TAaKOX IOMITHO BIAPI3HSUIHCH
BiZ 3MiH, 10 BH3HAYAJIUCS B MIKIPi CIAHWYIHOT Mijsi-
HKU. Ha 11 gedinuty ecTporeHiB B OCHOBHIH KiliHi-
YHil rPyMi BUSBJISUIACS O3HAKH BUPA3HOTO aKaHTO3Y,
rirep- i mapakepaTo3sy, CIIOHT103y Ta €K30IUTO3Y Ke-
PATHHOIIMTIB YIIKO/UKEHUX AUISHOK cTomu (puc. 3).
ToBIIMHA POrOBOro Ta GIMCKYYOro IapiB 3HAYHO Ta
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HEpiBHOMIpPHO 3pOCTaia y MOPiBHAHHI 3 TPYIOO XKi-
HOK 0e3 KK, B TO# Wac K KIITHHH repMiHATHBHHUX
IIapiB emiiepMicy BUTIISIAIH SIK HEBEJINKI TETEPOMO-
poHI YTBOpEHHS 31 3HAYHOIO KUIBKICTIO allONTOTHY-
HHX TIJIEIb.

Puc. 3. TicTonoriyHni 3pi3 LWKipy CTOMM >XiHKN OCHOBHOT
KniHiYHOT rpynu BikoM 52 poku. [insiHka TpilwuHu enigepmicy.
3abapeneHHs 3a MadviHi, x200.

V 6ionrarax wkipu cronu nanieHTok 3 KK Bu-
SIBJSUTMCS TPYITH PI3HUX KOH(Irypamii 3riaiKeHoro
JIepMO-€IiIepMabHOTO 3’ €THaHHS, 1110 BKa3yBaJlo Ha
MO€THAHHS 3arajibHAX IHBOJIOTUBHHX IepeOyI0B 3i
cnenupiganmu st KK rinepkepatnaHuME 3MiHAMH.
BazansHi MeMOpaHu emiiepMicy 3a3HaBaiiil HAOPSKY,
MOTOBIIEHHA, pparMeHTanii. Hag BepxiBkaMu HEBH-
COKHX JIepMaJbHUX COCOYKIB BHSBIINCS O3HAKU
VIIUIBHEHHS Psi/liB KOPHEOLUTIB, B OKPEMHX JILJISTH-
Kax — po3IIapyBaHHs 1 BiAIapyBaHH eMiJiepMicy BiJl
0a3anpHOT MeMOpaHH 3 Ti orojieHHAM. Takox y ckiai
eniJiepMicy YIIKODKSHUX JISTHOK IIKiPH CTOMH CII0-
cTepiraiucs 30HM TPaHCCYAALil Ta OMIPHOI JIelKo-
UTapHOI iIHQIIbTpaLii y BUrIIsiII APIOHUX OCEPE/IKiB.
3MeHIIIeHi 32 pO3MipaMH eiJepMOIUTH 0a3aIbHOTO,
OCTHCTOTO 1 3€pPHUCTOTO MapiB HaOyBamw 3MiHEHOI
MOJITOHATBHOT (POPMH BHACIIAOK MIKKIITHHHOTO 1
BHYTPIIITHBOKIIITHHHOTO HAOPSKY 1 YaCTO MIiCTHIIH TTi-
KHO(OPMHI s7jpa B OTOYCHHI 30HU IEPUHYKICAPHOT
Jquctpodii uTorazmMu.

VY mikipi CigHHYHOT JIISTHKH KIHOK BiKOM Bin 50
JI0 65 poKiB 6e3 KIIIHIYHMX 03HAK KepaToJiepMii cTpy-
KTypa emiJiepMicy i cTaH Horo repMiHaTUBHOI 30HH,
3arajiom, BiITIOBIZaJ i O3HAKAM BIKOBOI HOPMH, X04a
{ BIAPI3HSIKCS BiJ TiCTOJIOTIYHOT KAPTHHH, IO CITO-
cTepirajgacs y IKipi cTomu. Y CITHWYHIA TUTSHIT
XBOPHX OCHOBHOI KIIHIYHOI Tpymu Mopdooridaa
OymoBa emimepmicy Oyla Takow K, K W y >KiHOK
TPYIIH TOPIBHSHHS, 0 BKa3yBaJo Ha BiACYTHICTh CH-
CTEMHOTO YIIKOJUKEHHS EIITeNTialbHOro KOMIIOHE-
HTY HIKIpH Ha TJIi 1e(ilUTy EeCTPOTeHIB 3a yMOB Hasl-
BHocTi KK.

3a maHUMH MOP(GOMETPHUIHOTO TOCTIKESHHS, Y
XKIHOK BikoM BiJl 50 10 65 pokiB 0e3 KIIIHIYHUX 03HAK
KepaToJiepMii CriocTepiranocst CyTTeBe 3HmKeHHS M1
KEepPaTHHOIUTIB Y MOPIBHAHHI 3 TPYIIO0 KOHTPOJIIO: Y
mkipi cronu — Ha 32,0 % (p < 0,05), cimauaHOI Mins-
HKH — Ha 30,9 % (p < 0,05). [Ipn upoMy po3pi3HEHHS
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3HaYeHb MpoTiepaTUBHOI AKTHBHOCTI KIIITHH eITije-
pMiCy MK JOCHIIDKYBAaHAMHU OIISTHKAMH —IIKipH
CTOIIH Ta CiTHUII OyiH BiCyTHI. AHaJOTi9Ha TeHAe-
HIIis Oy7a xapakTepHoro y rpymi namieaTok 3 KK. M1
IIKipY CTONH Ta CiTHWUYHOI MINITHKU Y JaHIA KITiHIY-
Hifl TPy TOCTYMAaBCsl KOHTPOJIBHUM 3HAUCHHIM Ha
27,0 % (p <0,05) i Ha 23,6 % (p < 0,05) BixnoBigHo,
HE BIIPI3HAIOYKCH ICTOTHO Bij] 3HAYCHB MapaMeTpa y
TpyI MOPIBHSHHS Ta HE BUSBIISIOUH JIOKAJIBHUX PO3-
ODKHOCTEH y mIKipi cTomu Ta cimuuil. HaBeneni naui
CBI4aTh MPO BiJCYTHICTH TiNEPIUIACTUYHUX IPOLIE-
ciB y eniznepmici y xsopux Ha KK Ta BinnzepkanoroTs
3arajibHe MPHUTHIYEeHHS MpoJTidepaliii KepaTHHOLINTIB
3 BIKOM.

[Tpu BUBYEHHI YHCENBHOI MITFHOCTI sIep Kepa-
THHOLUTIB y KIHOK y KIIIMaKTepHIHOMY Iepioxi 6e3
kiniHigEEX mposBiB KK mocmimkyBanmii mapameTp
3HAQYHO MEPEBHIIYBaB ITOKA3HUKH KOHTPOJIBHOI
rpymnu: y mkipi cronu — Ha 48,1 % (p < 0,05), y cin-
HU4HIA qutsHIi — Ha 40,2 % (p < 0,05). 3HaveHHs mo-
Ka3HHMKA MK JUITHKAMH [IKIPH CTOIMH Ta CiTHHII HE
pusBsutncs. Y mamientok 3 KK cmoctepiranwmcs
cxoxi 3MiHu. YucenpHa LIIBHICTD siiep KEPaTHHO-
[UTIB IIKIPH HA CTOMI Y NaHi¥ KIiHIYHIN Tpymi mepe-
BHUIIlyBaja KOHTPOJIbHI BenmdynHU Ha 52,8 % (p <
0,05), y ciganusii ginsgHoi — Ha 52,1 % (p < 0,05).
IIpn mpoMy BapilOBaHHA MapameTpa y AUTSHKaX
CTOIIH Ta CiTHUII HE BiAPI3HAINCH CTATUCTUYHO 3HA-
YYIIOI0 MipOIO BiJl 3HAUEHB IMMOKA3HUKA Y TPYIIi HOPi-
BHsHHS. OTKe, 3MIHM JOCIIDKYBaHOTO Hapamerpa,
0 BiJoOpaxkae BiICTaHb MIX SIIPaMH KePaTHHOIM-
TiB 1 BIJMOBIIHO, B OOOPOTHIHN 3aJIe)KHOCTI, iX po3-
MipH, HE 3aJe)Kalld Bil HASBHOCTI TilEpKepaTo3y Ta
JIOKai3zalii naToMopoJIOTiYHUX 3MiH.

MakcumasbHa 3arajbHa TOBIIMHA 0a3ajibHOTO,
OCTHCTOTO Ta 3€pPHUCTOTO MIAPIB EIMiAepMicCy y KiHOK
BikoM Bix 50 mo 65 pokiB 6e3 KK 3nagno mocryma-
J1acs MOKa3HUKaM KOHTPOJIBHOT TPYIH: Y IIKiPi CTOIH
—Ha 30,4 % (p < 0,05), cimHugHOI OiNsAHKA — Ha 28,6
% (p < 0,05). Po3pi3HeHHs 3HAYECHb TOKa3HUKA Yy J0-
CII/DKYBaHHUX NIJSTHKAaX IIKIPU CTONH Ta CiTHUIN HE
BusiBisuincs. Y rpymi nanientok 3 KK cnocrepira-
JICSL CXO0XKI 3MiHM. MakcuMalbHa TOBIIMHA FepMiHa-
THUBHOTO IIapy eMiiepMicy CTONM Ta CiJHUYHOT JiJIsi-
HKM y JIaHi{ KIHIYHIN TPYII HOCTYIa1acsi KOHTPOJIb-
HUM 3HaueHHsM Ha 37,6 % (p < 0,05) i Ha 36,8 % (p
< 0,05) BignoBigHO, HE BIAPI3HAIOYUCH iCTOTHO Y Mi-
JITHKaX CTOIIM Ta CiTHUIIi, @ TAKOX BiJl 3HAYCHP Mapa-
MeTpa y TPYIIi OPiBHIHHS.

[Ipu BUBYEHHI MiHIMAITBFHOI 3araIbHOT TOBIUHH
0a3aIpHOT0, OCTHUCTOTO Ta 3€PHUCTOTO MIAPIB ermije-
pMicy criocTepiraBcsi 3HaUHUH TPagieHT IapaMeTpa
MK TOCITiPKYBaHUMU JIIISTHKaMH [IKipU CTOIH Ta Ci-
JHUYHOT NIJITHKY Y BCIX TPHOX TPYIAax TOCIiHKSHHS.
3o0kpema, B KOHTPOJIBHIN TPYIIi TOBIIMHA TePMiHATH-
BHOTO IIApy emiJIepMiCy Y IIKipi CTONM HEepEeBHUIIY-
BaJla BiAMOBITHUI MOKa3HUK IIKipU CiIHUII HA 63,9
% (p < 0,05), y rpyni nopiBusinast — Ha 73,2 % (p <
0,05), B ocHOBHII1 KimiHIUHIH rpymi — Ha 65,2 % (p <
0,05). IIpn oMy 3Ha4YeHHs TapaMeTpa B IPyIi Mo-
PIBHSHHS IOCTYHajKCs KOHTPOJIBHOMY pIBHIO Ha
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33,9 % (p < 0,05) Ta 37,4 % (p < 0,05) B enmigepmici
CTOITM Ta CiAHMII BiIIIOBIAHO. AHAIOTIYHI 3a HAIPS-
MOM 3MiHH Big3Haudammcs y xBopux Ha KK: 3men-
IIEHHs TapaMeTpa y IIKipi cTomu ctaHoBuio 29,8 %
(p <0,05), y mxipi cigaranoi ginsaxu — 30,4 % (p <
0,05).

Ha HamiBTOHKHX 3pi3ax, BATOTOBJIEHHX 3 €IOK-
CHJIHHX OJIOKIB, Y CKJIa/li TepPMiHATUBHOI 30HH eIiJie-
pMicy BU3Hayaucs KJIITHHU HEemiTeNialbHOro Mo-
XO/DKCHHSI — MENIaHOUUTH, KiIiTHHM JlaHrepraHca i
KITHHE Mepkers. MenaHOIMTH JIOKali3yBaJiCh
MiX KepaTHHOLUTaMHU 0a3abHOTO APy Y MIKIpi Cif-
HUYHOI IUISTHKY, 1X IMUTBHICTH 3HAYHO BapiroBana y
KOXHIN 3 TPHOX JOCIIKYBaHUX TPYI 1 HE 3aJieKana
Bl BiKy XiHOK a00 HasBHOCTI KepaTOAEPMIUYHOTO
nporecy. B emigepmici mKipu cTOMM METAHOIIUTH HE
pusiBIsutncs. Kimitnan Jlanrepranca BU3Havamics Ha
MeXi MK 0a3aJbHAM Ta OCTHUCTHM IapaMH emimep-
Micy. Y 5KIHOK KOHTPOJILHOT IPYITH IXHs 4acTKa CKJla-
Jana He Oinbine 3% Bia KIITHHHOI mOmysnii Ta He
po3pi3Hsiacs B TOBCTIH IIKIpi CTOMM 1 TOHKIH IIKipi
CIIHUYHOT MiIstHKH (puc. 4).

Puc. 4. HaniBToHKMI 3pi3 AepMo-enigepMarnbHoro cro-
FyYEHHS LLKIPY CTOMM XiHKX KOHTPOIbHOI rpynu Bikom 35 po-
kiB. 3abapBneHHA METUNIEHOBMM CUHIM i OCHOBHUM QPyKCU-
HoMm, x100.

VY xiHOK BikoM Bi 50 10 65 pokiB 0e3 KIIIHITHUX
O3HaK KeparoepMii KibKicTh kiiTuH Jlanrepranca
MOMITHO 301JbIIyBaack B 000X JOCIIKYyBaHHX JIO-
KaJizanisx mwkipu (puc. 5). Y Tpetiit KIiHiYHIN rpym
Ha i KK crocrepiranacs BaxxinBa 0ocoOJIMBICTB: Yy
MIKipi CITHUYIHOT AUITHKY MUTBHICTH €ITiJepMallbHUX
MOHOIIMTIB cKiagana 6-8% KITUH TepMiHATHBHOT
30HHM, B TOW Yac SIK Yy IIKIpi CTONH BUSIBIISUIUCS JIHILIIE
MOOJMHOKI KIiTHHM JlaHrepranca HEBEIHMKOTO pPO3-
Mipy 3 O3HaKaMH 00OMeKeHOT (PYHKIIIOHAIbHOI aKTH-
BHOCTI.

Knituaun Mepkensi BizyanizyBaiucs B 0a3aiib-
HOMY IIapi emiiepMicy, yTBOPIOIOYH JOTHKOBI MEHi-
CKM Ha MEXi JepMO-eNiiepMalIbHOTO 3’ €QHAHHS
(puc. 6). IX minbHiCTH y MKipi CTONM KiHOK KOHTPO-
JIBHOT TPYITY 3HAYHO IIEpPEBHIIlyBasia TaKy B IIKIpi Ci-
JHWYHOI AUISHKH, 10 XapaKTEepHO U1l HOPMaJIbHOTO
JIOKJILHOTO TIpajiieHTa. Y iHOK I'PYIH HOPIBHSHHSA
JAaHWH TPajieHT 30epiraBcsi, MPOTe KUIBKICTh KIITHH

Mepkens iCTOTHO 3HMKyBaslacsi, BioOpakarodn Bi-
KOBY iHBOJIOIIII0 CEHCOPHOTO amapary ImKipu. B oc-
HOBHIH KIIiHIUHIN Tpy1i Ha T po3BuTKy KK Bin3Ha-
gaacsi Maike TIOBHA PENYyKIis JOTHKOBUX MEHICKiB
y IIKipi CTONH, B TOW Yac SIK y CIOHWYHIA MiJISHII
BOHH 30epiraiucs Ha piBHI BiIKOBOi HOPMH.

Pwuc. 5. HaniBToHkMI 3pi3 Aepmo-enigepmanbHOro cno-
TNYYEHHSI LLKIPW CTOMNW XXiHKX FPYnun NOPIBHAHHSA BikoM 58 po-
KiB. 3abapBrneHHs METUNEHOBMM CHHIM i OCHOBHUM (OyKCU-
Hom, x200.

Pwuc. 6. HaniBToHKMI 3pi3 Aepmo-enigepmanbHOro cno-
TNYYEHHSI LLKIPW CTOMNM >KiHKWU OCHOBHOI KNiHIYHOT rpynu Bikom
56 pokiB. 3abapBneHHs METUNEHOBUM CUHIM | OCHOBHUM Y-
KcuHOoM, x200.

[Tpu BUKOpUCTaHHI TPAHCMICIHHOT €IEKTPOHHOT
MIKpOCKOII{ BCTAHOBJICHO, 1110 HA TJi KJIiMaKTepH-
HUX 3MiH y xkiHok 0e3 KK y nuroruasmi 6a3anpHux
KEepaTHHOLUTIB Bif0OyBagacs AECTPYKILS MITOXOH/I-
playIbHUX KPHCT, IPHYOMY CTYIIHb KPUCTOJI3HCY B
IIKipi CTOIM MOMITHO TEPEBHUIILyBaB 3MiHH, IO CIIO-
cTepiraiucs B CIAHWYHIN IinsHII. 3 BiKOM 3pocTanu
O3HAaKH MOPYIICHHS MDKKIITHHHUX KOHTAKTHHX
CTPYKTYP OCTHUCTOTO 1 3epHUCTOTO IIapiB emiJepmicy,
BiJ[3HAYAJIOCS Di3Ke 3POCTaHHS piBHA BakyoJii3amii
KJITHH TepMiHaTUBHOI 30HU y TOPIBHSHHI 3 MOpdo-
JIOTIYHOIO KapTHHOK KOHTPOJILHOT Ipymu. Y KiHOK
IPYIH MOPIBHSHHS MOPS] 3 YIIKOPKEHHSIM MITOXOH-
Jpiil criocTepiraincsl YUCIIeHHI MOPYIIEHHS TOHO]I-
OpWII Ta IHIIKUX OpraHes KePaTHHOIMTIB B 000X 10C-
JIJKYBaHUX JIOKAJTI3allisiX.

V¥ xBopux Ha KK ynbTpactpykTypHi 3MiHHM ermi-
JiepMicy CITHUYHOI JUISTHKY HE BiIPI3HSAINCS CYTTEBO
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BiJl 3araJIbHUX 1IHBOJIFOTUBHUX NIEPETBOPEHb, SKi CIO-
cTepiranucs y JKiHOK TPynu TopiBHsAHHA. HaBpotn,
MiJ] 9ac eIeKTPOHHO-MIKPOCKOIIYHOTO JOCTiIKEHHS
MIKipu cTOIM OyNH 3a3Ha4yeHi 3MiHu 0a3aIbHOI MEM-
OpaHu y BUIUISAAI TUITHOK HEPiBHOMIPHOT TOBIIUHY 1
HaOyxaHHI. Y KIiTHHaX 0a3ajJbHOTO 1 IIHUITYBAaTOTO
IapiB CIOCTEPIrajanucsl O3HAKH TiIPOMIYHOI JUCTpPO-
(bii: nomipHe pO3piIKEHHS HYKJIEOIIa3MH1, IEPHHYK-
JieapHUil HaOpsK, YNCIICHH] ApiOHI Bakyosli y LUTO-
1a3mi, HabyXaHHs TPaHyJIAPHOT IMTOIUIA3MaTHYHOT
CITKM Ta MITOXOHJpiH. Y IUTOILIa3Mi KEpaTHHOLUTIB
HIMITYBaTOr0 Ta 3ePHUCTOTO IaPiB 3 SBISIACS TAKOXK
3HaYHA KUIBKICTE JIITIIHAX BKIIOYEHD 1 TOOJUHOKHAX
YTBOPEHB, 1[0 HaraayBald MieJiHOBI ¢irypu. Y po-
TOBOMY IIapi JIiNiHI BKIFOUeHHS 30epiranmcs. [Honi
BU3HAYAJIICA 3AJIHIIKH Sep 1 KepaToTiaTiHOBUX Tpa-
Hyn. Cam KepaTuH MaB HEOTHOPITHY CTPYKTYPY, Bi-
JICTaHI MK JTyCOYKaM# OyJIH PO3IIMPEHi i 3aII0BHEHI
aMOp(HUM eeKTPOHHOLIIILHUM MaTepiaiom.

Jlocni/pkeHHsT  CHONYYHOTKAaHWHHOI ~ OCHOBH
HIKIpU MO0 BigHOCHOTO 00’emy cymuH ['MIIP y
CKJIa Il COCOYKOBOTO ILIapy JIEPMH BUSBHIIO Baromi Bi-
JMIHHOCTI MapamMeTpa MK JOCHTIKYBAaHUMHU JiJISH-
KaMU IIKipH CTOIH Ta CITHUYHOI JUITHKHA Y KIHOK KO-
HTPOJIBHOI TPyNH. Y AE€pPMi CTONH NMPAKTUIHO 370PO-
BUX 0Ci0 BeTMUMHA ITapaMeTpa IepeBHIIyBaja BiaIo-
BimHMI moka3HMK mKipu cigaumi Ha 40,3 % (p <
0,05). 3HaueHHs1 mapamMeTpa B TPYIIi MOPIBHIHHS HE
BIJIPI3HSJINCA CYTTEBO 32 JIOKATi3ali€l0, IPOTE 3HA-
YHO TTOCTYNAIUCS KOHTPOJIBHUM BEJIMYMHAM: Y IIKIpi
cronu — Ha 31,9 % (p < 0,05), y ciiHUYHIH AisSHIT —
Ha 20,5 % (p < 0,05), mo BKa3zye Ha MEBHE 3MEH-
IICHHS TEMOMIKPOLMPKYJISATOPHUX CTPYKTYp Y
CKJIaJli COCOYKIB JICPMH 3 BIiKOM. BilbIll CKIagHUMU
BUSIBUJIACS 3MiHH BiTHOCHOTO 00’emy cymud [ MILIP
y xBopux Ha KK. 30kpema, mkipa ciqHIIHOT TUISTHKH
MICTHIIa MIKPOCYIMHH Y TAKOMY 3K 00’ €Mi, 0 1 Y Ki-
HOK TPYIH HOPIBHSAHHS, IPOTE MOCTYyNaIacsi KOHTPO-
TpHOMY 3Ha4eHHIo Ha 19,0 % (p < 0,05). B ymxomxke-
Hilt mkipi cromu Ha 111 KK BimHOCHMIA 06’ €M Mikpo-
CyOUH HE BIJIPI3HABCSA CYTTEBO BiJ KOHTPOIBHOTO
3HAYEHHs, aje 3Ha4YHO IEePEeBHIIYBaB BiJIIOBIIHHIA
MOKa3HUK TpynH xiHok 0e3 o3Hak KK (Ha 32,3 %; p
< 0,05). Takox y xBopux Ha KK croctepiranacs ic-
TOTHA PI3HMLIA ITapaMeTpa MiXk IIKIPOO CIAHUYHOT Ji-
JsHKY Ta ctomH (56,2 %; p < 0,05). Ha Ham normsiz,
nepeBakaHHs BigHOCHOTO 00’ eMy I'MIIP y mikipi co-
COYKIB CTOITH TIOB’3aHO HE 3 PO3BUTKOM KOMIIEHCA-
TOPHUX 3MiH MIKpOUHPKYJIAIMii, a 3 sBHIIAMH Ha-
OpsIKY CTIHKH MiKPOCYIHH.

VY ckmani ciTyacToro mapy AepMH BiTHOCHUHA
00’em cyqua ' MLIP y rpymi mopiBHSHHS 3HAYHO TIe-
PEBHUIIIYBaB KOHTPOJIbHI 3HAYCHHSI HE3aJIEXKHO BiJl JIO-
Kamizamii: y mkipi cromu — Ha 52,8 % (p < 0,05), y
mKipi cigarmaHoi Atk — Ha 50,3 % (p < 0,05). Ipu
[[bOMY B IpYIli KOHTPOJIIO BEJIMUUHU MOKa3HUKA HE
PO3PI3HSIIHCS B TOCIHIHKSHUX JIOKAMi3aIisaxX. AHao-
TiYHO BiAApi3HEHHS IO JIOKami3amiax Oynu BiCYTHI B
rpymi xiHok 6e3 KK. HaBnpory, y namientok 3 KK
naToMopQOIIOTiYHI 3MiHH CYTTEBO 3aJIeKalli BiJl JIO-
Kajizamii mkipu. BigHocHuit 00’eM cyaun TMIIP y

62

mkipi ctonu Ha 75,8 % (p < 0,05) mepeBumryBas Bia-
TIOBiTHE 3HAYCHHS Y IIKipi CiTHUIHOT AUITHKY. Kpim
TOTO, BMICT MIKPOCYAWH CITYACTOTO INapy IEpMHU
cror Ha Timi KK y 2,6 pasiB nepeBumryBas KOHTPO-
JbpHE 3HaueHHA Ta OyB Ha 72,1 % (p < 0,05) Bummm
3a 3HA4YCHHS MOKa3HWKA y Tpymi mopiBHAHHA. [lpn
LOMY 3MiHM ITapaMeTpa y WIKipi CIAHUYHOI AUISTHKH
HE BiJIpI3HSUTUCS BiJ Takux y xiHok 6e3 KK.

MopdomeTpist 30BHIIIHBOTO iaMeTpy apTepio
IiICOCOYKOBOI CITKM J€pMH HE BHSBHJIA BaroMmx
BIIMIHHOCTEW MapameTpa MiX JOCITIPKYBaHUMHU Ii-
JITHKAMH IIKIPH CTOIIM Ta C1ITHUYHOL TIISTHKH Y XKIHOK
KOHTPOJIBHOI TPYIH, a TaKOX Yy TPyIi MOPiBHSIHHS,
MpOTe BIKOBUH (pakTOp O0OYMOBIIOBAB 3HAYHE 3pOC-
TaHHA TapaMeTpa. 30KpeMa, y KIHOK 3 KIIMakcoM
Bi3HAYayoCs 30iNbIICHHS IiaMeTpa apTepion SK Y
cknaini nepmu ctonu (Ha 39,4 %; p < 0,05), Tak i B
HIKipi cigHUYHOI MinsHKY (Ha 44,2 %; p < 0,05) y mo-
PIBHSHHI 3 KOHTPOJIGHOIO TPYIOI0. Y TPYIi XBOPHX
Ha KK nmapamerp mkipu cronu He BiIpi3HSABCS y CTa-
THUCTUYHO BarOMOMY CTYIIEHI BiJl KOHTPOJIbHOI BEJH-
YHMHY, [IPOTE 3HAYHO NOCTYNAaBCs IOKa3HUKY TPyNH
nopiBHsHHESA — Ha 25,6 % (p < 0,05). [Ipu oMy 30B-
HIIIHINA JiaMeTp apTepioll MiACOCOYKOBOI CITKH Y Ci-
JHAYHIH okamizanii Ha 41,1 % (p <0,05) nepesumry-
BaB BEJIMYMHY, 1[0 BU3HAYAJACs Y IIKIpi CTOIH XBO-
PHX JaHOTO KOHTHHIEHTY.

JlocimKeHHS 30BHIITHHOTO JliaMeTpy BEHYT ITi-
JICOCOYKOBHX CIUIETEHb MTOKA3aJI0 CX0XKI1 3MiHH. Y Ha-
IIOMY JOCIiKEHH] He OyJI0 BHSBJICHO DPI3HUII MIX
JOCHIKYBAaHUMH JUTSTHKAMH [IKIPYA CTOIH Ta CiTHH-
YHOT AIISIHKU Y JKIHOK KOHTPOJIBHOI IPYIH, a TAKOX
y TpyIMi )IHOK 3 KIIIMakcoM 0e3 KJIIHIYHUX NpOSBiB
rinepkeparosy, IpoTe BIKOBHH (akTop 0OyMOBIIO-
BaB 3HAYHY PEAYKIiIO mapamerpa. Y jKiHOK 3 KiliMa-
KCOM Bi/I3Ha4aJIocsi 3SMEHIIICHHS 30BHIIIHBOTO JiaMe-
Tpa BeHyJ y ckzaaii nepmu cromu (Ha 23,7 %; p <
0,05) Ta B mkipi cimaugHOl mimstHKY (Ha 25,1 %; p <
0,05) y mopiBHSHHI 3 KOHTPOJIBHAM PiBHEM. Y TPyIIi
xBopux Ha KK mapaMerp 1mkipu cTomu He Bipi3Hs-
BCS y CTATHCTHYHO BarOMOMY CTYIEHi BiJ] KOHTPOJIb-
HOT BEJIMYMHH, TPOTE 3HAYHO TIEPEBHUIILYBaB BiAIMOBI-
JIHI TIOKa3HUKHU Tpynu nopiBHsHHS — Ha 31,9 % (p <
0,05). Ipu upoMy 30BHIIIHIH AlaMeTp BeHY IiACO-
COYKOBHX CIUIETeHb Y CIIHWYHIM Jokamizanii Ha 23,9
% (p < 0,05) mocTymaBcs BeIMYHHI, 110 BU3HAYAIACS
y IIKipi CTOITM XBOPUX OCHOBHOT KJIIHIYHOT TPYIIH.

30BHIMIHIN AiaMeTp BHYTPIIIHOCOCOYKOBHX Te-
MOKAIUISIPIB y TPYIIi HOPIBHSHHS 3HAYHO NIEPEBUIILY-
BaB KOHTPOJIbHI 3HAUEHHS HE3aJIEeXKHO Bij JIOKali3a-
uii: y mkipi cromu — Ha 46,3 % (p < 0,05), y mxipi
ciman4HOI minsHKU — Ha 39,6 % (p < 0,05). Ilpu
LOMY B TPyIli KOHTPOJIIO BEJIMYMHU MOKa3HUKA HE
PO3PI3HSUTHCS B TOCHIHKEHUX JIOKATi3aIlisax. AHao-
TiYHO BiAPi3HEHHS IO JIOKami3amisx Oyiu BiACYTHI B
rpymi xiHok 6e3 KK. HaBmpotn, y mamientok 3 KK
maToMOp(OJIOTiUHI 3MiHU CYTTEBO 3aJ€KaAJN Bif JIO-
Kaji3armii mKkipy. 30BHIIMIHIN iaMeTp BHYTPIIIHBOCO-
COYKOBHX I'eMOKamusipiB y mkipi cronu Ha 38,1 % (p
< 0,05) nepeBuiyBaB BiJIOBiAHE 3HAYESHHS y MIKIpi
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ciganunoi aingaku. KpiM Toro, nocmimkyBaHud ma-
pameTp cocoukiB gaepmu cronu Ha T KK wmaibke
BJBiUi IEPEBUIYBaB KOHTPOJbHE 3HAUYCHHS Ta OYB
Ha 33,1 % (p < 0,05) BumUM 3a 3HAYCHHS TOKA3HUKA
y rpymi nmopiBHAHHS. [Ipy npoMy 3MiHU TapaMeTpa y
MIKipi CIAHUYHOI TUISHKY HE BiIPi3HAINCS BiJ TAKIX
y XKIHOK 0e3 KIIIHIYHHUX NPOSBIB TillepKepaTosy.

30BHINIHIN llaMeTp reMOKaIiJIsIpiB B OCHOBI Ka-
MUISIPHUX NIETENb Y TPYIIi NOPiBHAHHS 3HAYHO MOCTY-
NaBcsl KOHTPOJIBHUM 3HAUCHHSM HE3AJISKHO BiJ JIO-
Kajizalii: y mkipi cronu — Ha 20,6 % (p < 0,05), y
HIKipi CiTHUYHOT HisHKY — Ha 26,8 % (p < 0,05). Ipu
I[bOMY B IpyIli KOHTPOJIO BEIMYUHM NOKA3HUKA HE
PO3PI3HSIIHCA B MOCTIHKCHUX JOKaTi3amisax. Bimpiz-
HEHHS I10 JIOKAJI3aIlisX He CIIOCTePiranncs Hi B KOH-
TPONBHIHN Tpymi, Hi B rpymi xiHok 6e3 KK. B ocHOB-
Hilt kmiHigHIA rpyni Ha T KK matomopdomoriani
3MiHH CYTTEBO 3aJIe)KajIH BiJ JTOKami3arii mkipu. Big-
HocHMH 00°eM cyauH 'MIIP y mikipi ctonu Ha 20,9
% (p < 0,05) mocTymnascs BiAMOBITHOMY 3HAYCHHIO Y
HIKipi cigHMYHOI AinsHKU. KpiM Toro, BMICT Mikpo-
CyaMH ciTyacroro mapy aepmu cronu Ha T KK Ha
47,1 % (p < 0,05) noctynaBcs KOHTPOJIHHOMY 3Ha-
yeHHIo Ta OyB Ha 33,3 % (p < 0,05) HX4YMM 32 3Ha-
YeHHS TIOKa3HWKa Yy TPYIMi MOPIBHSIHHA. 3MiHH Hapa-
MeTpa y WIKipi CITHIUYHOI TUISHKA HE BiAPI3HSIHCS
BiJl TAKMX Y JKIHOK I'PYIIH MOPiBHSIHHS.

Hocmimkenns MI eHgoTemanbHUX KIIITHH MiK-
pocymua [ MIIP nepmu BUSBMIIO BaroMi BiIMiHHOCTI
napaMeTpa MK JOCIHiKYBaHUMU AUISTHKaMH IIKipH
CTONHM Ta CIJHUYHOI JUISHKH Y JKIHOK KOHTPOJIbHOT
TPYyIU Ta TPYNU TOPIBHAHHA. Y KOHTPOJBHIN rpymi
npoJjiepaTUBHA aKTUBHICTh CHAOTEIIOUMTIB Y Jie-
pMi CTONM TMEpeBMINyBaja BiAMOBIMHUI MOKA3HUK
wkipu cigauni Ha 64,0 % (p < 0,05), y rpymi nopis-
HsHHS — Ha 60,0 % (p < 0,05). 3HaueHHs nmapameTpa
B TPYIIi MOPIBHSHHS HE BiJIPi3HSITUCS CYTTEBO BiJ KO-
HTPOJFHOTO PIiBHS HE3aJe)KHO Bix jokamizamii. Ta-
KOX HE BUSBIISUIOCS CTATHCTHYHO BAaroMHX BiIpi3-
HEHb TpOITihepaTUBHOI aKTHBHOCTI €HIOTETialIbHIX
KIIITHH IIKipH CITHWYHOT JUITHKA MK TphOMa JIOCITi-
JUKYBaHMMU IPYNaMu KIHOK. Y CKJaji yHIKOKEeHOT
mkipu cronu xBopux Ha KK Bennunna MI ennoreni-
oruTiB Ha 69,0 % (p < 0,05) mocrynanacs KOHTPOJIb-
HOMY piBHIO Ta Ha 65,5 % (p < 0,05) — 3HaYCHHIO
TPYIU MOPIBHSHHSL.

[pu BuBueHHI MI mepuIuTiB y CKiIa1i MiKpOCy-
muH TMIIP nepmu crioctepiraBcst 3HAUHUHA TPATIEHT
mapameTpa MK JOCITiIKyBaHUMH HiITHKAMH MIKipH
CTOITH Ta CiTHUYHOI AUISTHKH Y BCIX TPHOX TPYIaX JI0-
cImipKeHHs. 30KpeMa, B KOHTPOJIBHIN TpyTIi mpomide-
paTHBHA aKTHBHICTh TIEPHUIIUTIB y HIKipi CTOIH Tepe-
BHIITyBaJa BiJIMOBIAHUIA MOKA3HHUK MIKipH CiTHUII Ha
55,6 % (p < 0,05), y rpyni nopisusiaas — Ha 72,1 %
(p <0,05), B ocHOBHI# KmiHIYHIKA rpymi — HA 209,1 %
(p <0,05). Ilpu nboMy 3HaUCHHS MapaMmeTpa B IpyIi
MOPIBHSAHHA HE BIAPI3HAINCSA CYTTEBO BiJ KOHTPOJIb-
HOro piBHs. TakoX He BHUSBJISIOCSH CTATHCTHYHO Ba-
TOMHX BiIpi3HEHb IpoJiepaTuBHOT AKTHBHOCTI Iie-
PHULMTIB LIKIPH CITHUYHOI JUISHKH MK TphOMa JI0C-
JJUKYBaHUMHM Tpynamu kiHok. HaBnporw, y mikipi

cromn xBopux Ha KK Bemmumna MI nepunutiB Ha
81,2 % (p < 0,05) mepeBuiryBana KOHTPOJIBEHUH pi-
BeHb Ta Ha 93,3 % (p < 0,05) nepeBakana HaJ BEIH-
YHHOIO TPYIH TOPIBHSHHS.

3a maanMu MopdoMeTpii, y *KiHOK BikoM Bix 50
10 65 pokiB 0e3 KIIHIYHUX O3HAK KepaToaepMii cro-
cTepirajocst CyTTeBe 3HmKeHHs MI rmaakux mionu-
TiB MikpocyauH 'MLIP y nopiBHsHHI 3 Ipynoro KOH-
TpPOJItO: y IKipi cTonu — Ha 35,6 % (p < 0,05), cignu-
4yHOI nustHKE — Ha 38,9 % (p < 0,05). [Ipu 1ipomy po-
3pi3HEHH:I 3HaUeHb NpoTiepaTHBHOT aKTUBHOCTI Mi-
OLUTIB MIX JOCHIDKYBAaHHMHU JUISHKAMH MIKIpA
CTOIIH Ta CiTHUII OYy/H BiZCyTHi. AHaJOTi9HA TeHAe-
HIIis Oy7a xapakTepHoro y rpymi namieaTok 3 KK. M1
TJIAJKIX MIOIHTIB CTIHKH MIiKpOCYIWH MIKipH CTOIH
Ta CiTHUYHOI MUITHKY y NaHi KIiHIYHIN TpyTi moc-
TynaBcsi KOHTPOJIBHUM 3HaueHHAM Ha 44,7 % (p <
0,05) 112 43,7 % (p <0,05) BigmoBigHO, HE BiAPi3HA-
I0YHCH ICTOTHO BiJi 3HAYECHB IapaMeTpa y IpyIi nopi-
BHSIHHS Ta HE BHUSBIIIIOYH JIOKAILHUX PO30iKHOCTEH
y WIKipi cronu Ta cijgnuni. O3HayeHi 3MiHU BKa3ylOTh
Ha TICBHI OOMEXCHHS KOMIICHCATOPHHUX MepeOya0B
crinku 'MIP nepmu, 1o MaroTh CHCTEMHUI iHBO-
JIIOTUBHHI XapaKTep Ta He 3aJIeKaTh BiJl JIOKaJi3auu
JOJIKYBaHUX NIJITHOK IIKipH a00 HAasiBHOCTI Kepa-
TONepMii.

3a JaHUMU TICTOJIOTIYHOTO Ta YIBTPACTPYKTYP-
HOTO JOCIIKEHHS, Y KIHOK y KIIIMaKTepHIHOMY TIe-
pioni 6e3 03HAaK KepaToAepMii gepMa CiTHUIHOT Jijs-
HKH MICTHJIA TIEPEBaxkHO (HiOPOIMTH 3 OOMEKCHOIO
(YHKIIOHAJIPHOI aKTUBHICTIO, B TOM Yac SK y MIKIpi
CTOIH CIOCTepirajaucs akTuBHI (idpodiacTu, xo4a i
3 MCHIIIOK YHCENILHOO IIiIbHicTIO. LI naHi cyTTeBO
BIJIPI3HSUTUCH BiJl THX, 110 CIIOCTEPIraIuCs B KOHTPO-
JBHIH rpymi (puc. 7, 8).

Puc. 7. CtaH oepmu LUKipy CIAHUYHOT AiNSIHKA XiHKN KO-
HTponbHOI rpynu Bikom 35 pokis. NicTonoriyHui 3pi3. 3abap-
BIeHHS 3a Ban-Ti3oHom, x100.

[Ipu npOMy BCTaHOBIICHE 3MEHIICHHS 30BHIII-
HBOTO JliaMeTpa BEHYJI, Ha HaIIl OTJIs, OyJi0 HaCi-
KOM JIBOX 3araJlLHOTKaHMHHUX 1HBOJIOTUBHUX 3MiH
IIKipH — CTOHIIEHHA 000X IIapiB JepMH 1 30BHIMI-
HBOTO CTHUCKAaHHS 0€3M’SI30BUX MIKPOCYAWH YIIib-
HeHUM (QiOpIIAPHUM KapKacoM CIOTyYHOTKAHWH-
HOTO MiKkpooToueHHs. HaBeeHi iHBOJIIOTHBHI 3MiHH,
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o o0yMOBJIEHI PO3POCTaHHSIM KOJIAr€HOBOTO Mart-
PHKCY HaBKOJIO OCHOBH KaIJISIPHUX II€TENb, CYIPO-
BO/KYBAJINICh TIEPHUKANMUIAPHAM HaOpsIKOM, O3Ha-
KaMH CTa3y i cIaKyBaHHs €pUTPOLIUTIB, a TAKOXK IT0-
MipHOIO HABKOJIOCYAWHHOIO JiM(ponnuTapHOO iH(DI-
neTparieto (puc. 9).

Puc. 8. HaniBTOHKMIA 3pi3 AepMu CTONM XiHKM KOHTPO-
nbHOT rpynu Bikom 31 pik. 3a6apBreHHst METUIIEHOBUM CUHIM
i OCHOBHUM cpykcrHOM, %400.

Puc. 9. CtaH gepMu LKipU CTONW XiHKU rpynu Mopis-
HSHHA Bikom 59 pokiB. [icTonoriyHnii 3pi3. 3abapeneHHs
KOHro YyepBoHUM 3a MaTcyypa, x200.

CriiBBiIHOIIEHHS MK T€TEPOXPOMATHHOM 1 ey-
XPOMaTHHOM Y cKiafi siep ¢pidbpobnacTis, ke € of-
HUM 3 KPUTEpIiB TPAHCKPHIIIIHHOI AiSIBHOCTI KIIi-
THH, BUSIBJIUIO TCHICHINIO J0 3POCTaHHSA y KIHOK
TPYIU MOPIBHSHHSA SIK Y IIKIPi CTOIH, TaK i B CiJHHY-
Hill minsHi. 3aciayroBye Ha yBary Toi (akt, o
H{iJILHICTE KOJIAEHOBUX BOJIOKOH 3ajuiianacs 0e3 ic-
TOTHHUX 3MiH (puc. 10).

BpaxoByrouu AaHi 1010 3MEHIIICHHS IIJIbHOCTI
(i6pobnacTiB Ta OOMEKEHHS X CHHTETUYHOI aKTHB-
HOCTI, MOKHA 3aKITFOYHTH, 110 Ha TIi NeQiluTy ecT-
poreHiB Bi0yBajocs HAKONIMYEHHS cTablIbHOT O, ale
IHEpPTHOrO KOJIareHy, IO CYHNPOBOKYBaJIOCS 3HAu-
HHUM MPUTHIYeHHSM HOTO OHOBIICHHS. 3a3Ha4eHi yiib-
TPacTPYKTYpHi 0cobiamuBoCTI (iOpHISIPHOTO KOMIIO-
HeHTa Oy/lM XapakTepHUMH AJsi 000X JOCIIIKyBa-
HMX JOKaJli3awiii. BikoBi 0cOOIMBOCTI €1aCTUYHO] Ci-
TKH JIEPMHU BUSIBISUTUCS B penykuii ¢iOpui, mo B
rpyIIi MOPIBHSIHHS MaJla CHCTEMHHI XapakTep.
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Puc. 10. HaniBToOHKuUIA 3pi3 AepMM LLKIPU CTOMM >KiHKM
rpynu NopiBHSIHHS BikoM 57 pokiB. 3abapBneHHst MeTuneHo-
BVIM CMHIM i OCHOBHUM dyKcuHOM, x400.

YV KIHOK OCHOBHO{ KJIHIYHOI rpymH (XBOpi Ha
KK Bikom Bizx 50 10 68 pokiB) cTaH CIIOTyYHOTKAHIH-
HOT0 KOMITOHEHTA MIKIPH CITHUYHOI TUISHKA HE Bij-
PI3HSBCS ICTOTHO BiJl THX 1HBOJIIOTMBHHX 3MiH, IO
CIIOCTEpIraucs y BIAMOBIMHUX 3a BIKOM IKIHOK
rpynu nopiBusHHs (puc. 11, 12).

Puc. 11. CtaH gepmu Ta gepmo-enigepmarnbHOro crno-
TyYEHHS! B LLKIPi CTONW XiIHKM OCHOBHOI KITiHIYHOI rpynu BiKOM
52 pokw. lNictonoriyHnii 3pi3. 3abapBrneHHs pe3opuUnH-dyK-
CuH-remanayHom, x400.

Puc. 12. HaniBToHkuiA 3pi3 gepMu LLKIPU CTOMNW XiHKK
OCHOBHOI KNiHiYHOT rpynu Bikom 59 pokiB. 3abapBneHHs Me-
TUIIEHOBVM CHHIM i OCHOBHUM doykcuHoM, x400.
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VY cknani gepmu cronu Ha 11 KK 10 iHBONTIOTH-
BHHUX TIEPETBOPEHB JOTYIAINCS CYTTEBI TATOMOPQO-
JIOTiYHI 3MiHHU, CHEIM(IvuHI IS KepaToaepMidHOTO
nporiecy. 30KpemMa, Iopsa i3 301IbIICHHSIM 30BHIIII-
HBOTO JiaMeTpa apTepioll, BEHYNI i TeMOKamiIIpiB
000x mapiB AepMu BinOyBasocs 3BY)KEHHS iX BHYT-
PILIHBOTO MPOCBITY 32 PaxXyHOK Pi3KOro HaOpPsIKy CTi-
HKM MIKpOCyAnMH. BiZHOCHO Tpynu TOpIBHSHHS
OiIbII BUpPA3HUMHU CTaBAJIM MPOSBU HEPHUKAIIISP-
HOTO HaOpsIKy, cTa3y 1 ClIaJUKyBaHHS EPUTPOLIUTIB Y
Bcix enementax I'MLIP. ¥V cknazi nepuBackyJIsipHUX
iHQIIBTPATIB BUABISAIACS BEIHMKA KUIBKICTH JiMdo-
IIUTIB, TiCTIONXTIB, TKAHUHHNX 0a30(iTiB y cTaHi ae-
TpaHyJIAIii.

3amanpHa iHTEpCTHIIMHA 1HQITBTpAWis OXOm-
JIOBaNla IMEPEeBaKHy IUIOIIY COCOYKIB 1 PO3IOBCIO-
JOKyBaJIacs Ha ciT9acTwii map aepmu. Ha BinMiHy Bix
TPYIIH MOPiBHSAHHS, BiIOyBajocs pi3ke 3pOCTaHHs 03-
Hak npounideparii ¢pidpodracTiB Ta X GYHKIIOHATb-
HOI akTUBHOCTI. B sipax ¢ibpoOnactiB 3Ha4HO 3pocC-
TaJjla 4yacTKa JAEKOHJCHCOBAHOTO XpoMaTtuHy. Ha Haru
IOIJISA[, 1€ MOKHA MTOSICHUTH BIIIOBIIAIO KIITHH HA
MOTJIHOJICHHST TIMOKCUYHOTO CTaHy WIKIPU CTOIHU Y
XBOPHUX MJaHOTO KOHTHHICHTY 3a YMOB TillepKe-
paro3y. Ilpu mboMy yIbTpacTpyKTypa KOJAareHOBHX
BOJIOKOH Ta IX KOMIUIEKCIB 3a3HaBaja iCTOTHHX
YIIKO/DKEHb 332 PAaXyHOK DO3IYLICHHS, HAOPSKy Ta
MOTOBIIEHHS, BTPAaTH HOPMAJIBHOI MOMEPEYHO] IOC-
MYTroBaHOCTi. EacTHHOBI BOJIOKHA BUTIISIIANH SIK KO-
pOTKi oniMopdHi pparMeHTH, 0 BKa3yBaJIo Ha 3Ha-
YHY JECTPYKIIO eIacTHYHOI CiTKM 000X HIapiB Jie-
PMH, IO TOB’A3aHO 3 METa0OJIYHUMHU OCOOIMBOC-
TSIMH €JIACTUHY Ha TJIi Pi3KOro 0OMEKEeHHS KPOBOIIO-
CTa4aHHs Ta 3MiH KHCHEBOT'O CTAaTyCy TKaHWH LIKipH

cronu y xBopux Ha KK.

MMincymox

[IpoBenenuit MOpPQOIOTIYHUI aHaTi3 3a JOIO-
MOTOI0 CYyYacHHX METOJIB JOCIHIIPKEHHS IO03BOJINB
BU3HAYUTH HU3KY CHCTEMHHX 1 JIOKaJbHHUX CTPYKTY-
PHHX 3MiH IIKipH, IKi XapaKTepH3yIOTh epe0ya0Br
eHiTeMiaTbHUX 1 MO3acmiTeNNialbHUX KIITHH CIiIep-
MICY, @ TaKOX MIKPOCYAWHHOTO 1 CHOJYYHOTKaHWH-
HOTO KOMITOHEeHTiB niepmu y xBopux Ha KK. [lose-
JICHO, IIO 32 YMOB Je(iIUTy ECTPOTCHIB TillepKe-
paTUYHUH MPOIEC y Nalli€HTiB JaHOTO KOHTHHTEHTY
HE TI0B’s3aHUH 3 NPoTihepaTUBHOIO aKTUBHICTIO Ke-
pPATHHOLMTIB, a 3aJeXUTh BiJ JOKAIbHUX 3MiH
Mop(ho-(hyHKIIIOHATFHOTO ~ CTaHy eIiJepMalbHUX
KIIITHH MOHOITUTAPHOTO TIOXO/KeHHA (KiIiTuH JlaHTe-
prauca), ¢pibpoOIacTiB COCOYKOBOTO MIAPY ACPMH Ta
X peaxIli€ro Ha YIIKOKEHHS MiKpOIHUPKYJIAIIii.

IlepcneKTHBH MOAANBINUX A0CTiTKEHD

Hacrynmuum erarnoM BUBUYEHHS MOP(OJIOTTYHUX
0COOJIMBOCTEH MIKIpH y XBOPHX Ha KIIMaKTEpHYHY
KepaToepMiro Oyie IOIUIbHUM MPOBEICHHS IMYHO-
TICTOXIMIYHOTO BH3HAUCHHS MATOTHOMOHIYHHX 1
NPOTHOCTUYHHUX MapKepiB.

Indopmanisa npo koH(ikT iHTepeciB

[Morenmniitanx ab0 SBHUX KOH(QIIIKTIB iHTEpECIB,
10 TIOB’sI3aHi 3 MM PYKOIIMCOM, HA MOMCHT ITyOi-
KaIlii He iCHy€ Ta He mepen0aqaeThCs.

dxepena piHaHCYBaHHA

PoGoty nmpoBeneHo B paMKax HayKOBO-IOCIHi-
HOi TemH «I'iCTOreHe3 KOMIIOHEHTIB CePIICBO-CYTUH-
HOI CHCTEMH JIIOJJUHU Ta JJAOOPaTOPHUX TBAPHUH B HO-
pMi Ta 32 YMOB €KCIIEPUMEHTY» (HOMep Aep:KaBHOT
peectpaii 0118U004730).
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Cunax O.K. [HopiBHssibHA MOpPd0/10TiYHA XaPAKTEPUCTHKA CTAaHY HIKIPY XBOPHUX HA KJIIMAKTEPUYHY
KepaToepMilo.

AxTyanpHicTs. Cy4acHi BiIOMOCTI IIPO CTPYKTYpPHI EPETBOPEHHSI €MiZIEPMICY 1 IEpMH CBiUaTh Mpo CyT-
TEBI 3MIHM y CKJIa/Ii IIKIPH XBOPHUX Ha KIIIMAaKTEPUUHY KepaToepMilo, MpoTe MpoOIeMHi MUTaHHs maToMopdore-
He3y YIIKOJPKEHb eMiTeNialbHOro, MIKpOCYJHHHOTO i CHOJYYHOTKAHWHHOTO KOMIIOHEHTIB MIKIPH 3aJTHIIAI0THCS
W 70Cl He PO3KPUTHUMH i TOTPeOyIOTh OOIPYHTOBAHOTO BHpilIeHHs . MeToI0 AaHOTO JOCIiKEeHHs OyJ0 BU3HA-
4eHHS MOP(OJIOTiYHUX 3MiH EITeTaIbHOr0, CIOJyYHOTKAHUHHOIO Ta MIKPOLUPKYJSTOPHOTO KOMIIOHEHTIB
IIKipY y XBOPUX Ha KIIIMaKTepUIHy KepaToaepMito. MeToau. 3a JOIIOMOTO0 CBITIOONTHYHOI Ta TPAHCMICIHHOT
€JIEKTPOHHOIT MiKpOCKOTIT TPOBEAECHO TOCIiKEHHS CTaHy IIKIPH CTOIH 1 CIAHIUYHOT TUITHKA Y )KIHOK TPHOX TPYIL.
[epury rpymy (KOHTPOJIBHY) CKIAIAH XKiHKH BikoM Bif 21 10 40 pokiB 6e3 MposBiB KIiMaKCy, KepaTogepMil Ta
IHIIAX JepMaTOJIOTIYHHUX 3aXBOPIOBaHb. [lo Apyroi rpynu (rpymnu NOPIBHAHHS) YBIAIILIIH MAI[IEHTKA BikOM Bix 50
JI0 65 pOKiB y KIIMaKTepHIHOMY TIepiofi 0e3 KIiHIYHUX 03HaK Keparoaepmii. TpeTio KIiHIYHY TPYITy CKIaIamd
MaIieHTKH BikoM Bif 50 10 68 poKiB, y SKHX AIarHOCTOBAHO KIIIMaKTEPUYHY KEPaTOACPMIO 3 TPHBAIICTIO 3aXBO-
proBanHst Bix 4 1o 21 poky. PesyabraTn Ta migcymok. [IpoBenenuii Mopdoiioriunuii aHai3 3a JJ0MOMOrok Cy-
YaCHUX METOZIIB JIOCII/DKEHHS I03BOJIUB BU3HAYUTH HU3KY CUCTEMHUX 1 JIOKAIBHUX CTPYKTYPHHUX 3MiH HIKIpH, SKi
XapaKTePU3yIOTh MEPeOYIOBH eIiTeiabHUX 1 M03acmiTeMaabHUX KIIITHH SIiIEPMICy, a TAK0XK MIKPOCYTHHHOTO
1 CIIOJYYHOTKAHMHHOTO KOMITIOHEHTIB IEPMH Y XBOPHX Ha KITIMaKTEpUYHY KepaToaepmiro. JloBeaeHo, 1o 3a yMOB
JedinuTy ecTporeHiB rinepkepaTH4HUA MPOIEC y Nali€HTIB JaHOTO KOHTHHIEHTY He MOB’si3aHui 3 nposidepa-
TUBHOIO aKTHBHICTIO KEPATHHOIIUTIB, a 3aJIS)KUTh BiJl JOKAJHHUX 3MiH MOP(O-PYHKIIOHATHHOTO CTaHy emiiep-
MaJIbHUX KIIITHH MOHOITUTAPHOTO MOXOKeHHs (KiiTiH Jlanrepranca), GpidpodiacTiB COCOYKOBOTO APy ASPMH
Ta IX peakIi€ro Ha YIIKOHKSHHS MiKpOIIHPKYJIIAIIIi.

KurouoBi ciioBa: xriMakTepryHa KepaToaepMis, mKipa, Mop@oJIoTis, enigepMic, epMa, MiKpOIUPKYJIIIis,
MOp(hOMETpis.
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(lungs, heart, brain) did not differ from control observations. After 12 weeks from the beginning of the experiment, patho-
logical changes were observed in all the studied organs, among which the greatest changes were observed in lung tissue.
Conclusion. It was established that suspended particles of the ultrafine range, which are formed during metal welding, lead
to the development of dystrophic, dyscirculatory, inflammatory, sclerotic changes in the structure of internal organs (lungs,
heart, brain). The most pronounced changes in the structure of all organs were detected on the 12th week of the experiment.
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Beryn CEepIEBO-CYJMHHY CHCTEMH, OCKUTBKHU 3J1aTHI MTPOHH-

B ocraHHI poKH B CBITi BeJMKa yBara IpUaiIs- KaTH B HWXKHI TUXaIbHI IUIIXH, OPOHXH Ta aJlbBEOJIH

€ThCS 3BKeHUM dacTuHKaM (3Y) mumy y ckiaji at- JIETeHb, TIOJPa3HIOBATH CIIM30BI OOOJIOHKH JMXajlb-

MocdepHoro moBiTpst. [IpoBeneHi qocipKeHHs CBij- HUX [UISIXIB, IO B IMOJAIBIIOMY MOXE BUKIUKATH
4aTh, [0 BOHU MAIOTh BILUIUB HAa OPOHXO-JICTCHEBY Ta pak serens [1-3].

67

MORPHOLOGIA ¢ 2025« Tom 19 Ne 1


mailto:saravaralarisa@gmail.com

VY nmiteparypi € JaHi mMoa0 BMICTYy METaJIeBHUX
YIABTPAIUCIICPCHAX YACTHHOK Yy CKJIadi NMPOMHMCIIO-
BOTO a€p030JTI0 Ha METATYPTiHHUX, TIpHUYI0-BU00Y-
BHUX, OymiBenmpHHX miampueMmcTBax [4, 5]. Otpu-
MaHHI HAMH pe3yIbTaTH TOCIiKEHHS TOBITPs po0o-
40i 30HM TIPALiBHUKIB HiANPHEMCTB METaIypriiHOI
Ta MaIIMHOOY/IBHOI Tajy3i MiATBEPKYIOTh HasB-
Hicts 3U ynpTpanucnepcHoro aianazony (<100 Hm) y
PI3HMX KIJBKICHMX KOHIEHTpalisiX, SKi yTBOpPIO-
I0ThCSl TIPM TEXHOJIOTIYHUX Tpolecax IUIaBJICHHS Ta
3BaproBaHHs MeTaliB [6, 7]. HemocratHe po3ymiHHS
B3aemoii 3U yipTpanuciepcHoro Aiana3oHy IpoMU-
CJIOBOTO aepO30JII0 3 Oi0JIOTIYHUMH CHCTEMaMH I10T-
pedye BIOCKOHAJICHHS METO/IIB KOHTPOJIIO Ta OLIHKA
PHU3HKY IX BIUIBY HA CTaH 370POB’S IJIS1 IPUHHATTS
KOMIUIEKCHUX PO ITaKTHIHIX 3aX0iB [8, 9].

ITutaHHAM 1OCTIMKEHHA HETaTUBHOTO BILIUBY
34 ¢paxmiero 2,5 mxm (PM2s), 10 Mmxm (PMyg) Ta
yIbTpagucnepcHoro nianasony (< 100 HM) 3aiima-
€ThCS BEJIMKA KiTBbKIiCTh BueHUX. OTpUMaHi JaHi mij-
TBEPAXKYIOTh MOKJIMBICT HETATUBHOTO BIUIUBY YJIb-
TpaaucnepcHux 34, a came 31aTHI BUKJIUKATH 3ama-
JbHI peakiii Ta OKUCIIOBAIBHUN CTpEC B OpraHi3Mi
JFOJTMHY, 110 MOXKE TIPU3BOANUTH 0 PO3BUTKY PI3HUX
xBopoO [10], B mepiry depry 3aXBOpIOBaHb CEPLIEBO-
CYOUHHOI CHCTEMH Ta OpraHiB quxaHHi [1-3], iHCY-
JBTIB, iH(pAPKTIB Ta mepeagacHoi cmepTi [11].

UwcneHHI HayKOBi TOCTIKCHHS BILTUBY Ha TBa-
PHH HPOBOAATHCSA CaMme Ul IITYYHO CHHTE30BaHUX
HAHOYACTHHOK, SIKI BAKOPUCTOBYIOTHCS Y Pi3HUX Ta-
ny3six mpomucioBocti. Kinbkicte mocmimkens 34U
YIBTPAIUCIIEPCHOTO [iana3oHy, II0 YTBOPIOIOTHCS
NPY Pi3HUX TEXHOJIOTIYHHX MpoIecax Ha BUPOOHUII-
TBaX, He3HauHa. Came BHIIAAKOBO yTBOpeHHI 3Y y
HOBITPi POOOYOT 30HM MPaIiBHUKIB MOXKYTh MaTH SIK
KOMOIHOBaHUH XIMIYHHH CKIIaJ, TaK i pi3Hi 32 po3Mi-
poM ta dopmoro 3Y. 1li BmactuBocTi OymyTh 3aie-
JKUTP BiJl OCOOMMBOCTEH TEXHOJIOTIYHOI Omeparii Ha
BUPOOHUIITBI 1 BIATIOBITHO MaTH Pi3HUN HETaTHBHHUI
BIUIMB Ha NPAIOI0YMX. TOMy NHUTaHHA BUBYCHHS
ocobmmBocTel HeratwBHOI mii 3Y ymbTpamucmepc-
HOTO Jliana3oHy pi3HOTO XIMIYHOTO CKJIajy Ha opra-
HI3M TpalIOYMX TPH TEXHOJOTIYHMX IIpolecax
TUIABJICHHS Ta 3BAPIOBAHHS METAJIIB, SIKi € JPKepeslaMu
X yTBOPEHHSI, 3JIMIIAETHCS AKTYAJIbHHUM.

Meta

[IpoBecTH omiHKY TATOMOP(OIOTIYHAX 3MIHA Y
JIETEeHSX, MIOKapAi Ta TOJIOBHOMY MO3KY €KCIIepHuMe-
HTaJbHUX TBAPHH 332 YMOB BIIIMBY 3Ba)KCHHX YacTH-
HOK (3Y) ynbTpaguciepcHOTO Miama3oHy MPOMHUCIIO-
BOTO aepOo30JIIo.

Marepianu Ta meToau

Bigbip 3Y mpoMuCIOBOTO aepo30ii0 MPOBO-
JIAITH Ha poO0YOMY MiCIIi 3BapIOBAJIbHHUKA Y TIaBHIIb-
HOMY IIeXy MaIlIMHOOYAIBHOTO MiAIIPHEMCTBA 32 J0-
nomMoroo npoGosinGipauka TAUDYH P-20-2 3 Bu-
KOPHCTAaHHSM ITOTJIMHAYa 3aiIieBa, 1o MIiCTHUB Jeio-
Hi30BaHy Boay B 00’emi 10 mut. Binbip nmpo6 mosiTps
Ha po00oYMX MICHSX JUIsl €KCIIEPUMEHTY MPOBOAMIN
Ge3nocepesiHbO B 00J1ACTi AMXAHHS MPALiBHUKIB Ha
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MOYaTKy KOXXHOTO TIKHA (6 mpo0). JIms Bimokpem-
nenns 34 ynpTpagucnepcHoro gianazony (< 100 am)
OTpUMaHUI KOJOIMHUK pO34uH (PIIETpyBa depe3
Ompur 3 MeMOpaHHHM — JHCKOBUM  (iIbTpOM
«Domnick Hunter» (Aurmis) miamerpom 25 MM i po-
3mipom mop 100 HM. MeTonoM ONTHKO-eMeciiHOL
CIIEKTPOMETpii 3 1HAYKTHBHO3B S3aHOI0 ILIA3MOIO
(OEC-I3II) 3a monomororo npuiany «Optima 2100
DV» («PerkinElmer», CIIIA) Gysio BU3Ha4eHO iX Xxi-
MiyHud ckiaj [12]. PesympTaTH XiMiYHOTO CKJIAIy
aHaNi3yBaJIMCA 3a JOIOMOTOI0 IPOrpaMHOro 3ades-
neuenHs npuiany OEC-I3I1 WinLab32 B oneparriii-
Hi#t cuctemi Windows XP prof.

ExcrniepuMeHT 3 MOJICNIOBaHHS XPOHIYHOI iHTO-
kerkarii 34 ynbTpagicIiepcHOro iama3oHy MpoBO-
JIWJIA Ha CTATEBO3PUIMX IMypax-camirsx Jiinii Wistar
Macoro 220-335 rp, axi Oymu momineHi Ha 2 TPyIH
(excrieprMeHTalIbHA Ta KOHTPOJBHA IO 6 TBapwH B
koxHii). [llypu orpumani 3 posrutigHuka [HCTHTYTY
(apmaxornorii i Tokcukosnorii HAMH VYkpainu. Tra-
PUH yTpUMYBalud B yMOBax BiBapil0 Ha CTaHIApT-
HOMY pallioHi i3 BUIbHMM JIOCTYIIOM JIO TIMTHOT BOJIO-
riHHOI BOAM B PEXHUMI IPUPOTHOTIO OCBITICHHS
«menb 1 Hiu» [Ipu pobOTi 3 TabOpaTOPHUMH TBApPH-
HaM{ KOPHCTYBAIHCS TOJIOKCHHAMH €BPOIEHCHKOT
KOHBEHIIIT PO 3aXUCT XPeOSTHUX TBAPHH, SIKi BUKO-
PHUCTOBYIOTHCSI B €KCIIEPUMEHTAIBHNX 200 1HIINX Ha-
ykoBux miyax (CrpacOypr, 18.03.1986) [13].

Komnoinauit pozuna 34 ynsTpaancnepcHOro Ii-
ana3ony ((< 100 HM) BBOAMIIM IIIypaM €KCIIEPUMEH-
TaybHOI Tpynu y po3paxyHky 1 mu Ha 100 rp. macu
TiJIa TBapHHU (KiJIbKiCHA KOHUEeHTpauis 182460 uvac-
THHOK/cM®) BHYTDILIHEOOYEPEBMHHO IIOJIEHHO MpPO-
TATOM 5 JHIB Ha THKJCHB (MOJEIIOBAHHS POOOYOro
TiokHs1). KoHTponbHil rpymi BBoawin 1 Ml yucToi
neionizoBaroi Bogu Ha 100 rp Macu Tina TBapuH.

Omiaky MOp(}OJIOTIYHUX 3MIiH CTPYKTYpH Iie-
TeHb Ta MiOKap. Iy IPOBOIMIIN Yepe3 6 THKHIB BiJ 1MO-
YaTKy €KCIIO3HUII] Ta depe3 6 TIKHIB MicIs 11 mpuIm-
HeHHS (12 TWKIEHP BiJl MOYATKy EKCIICPHMEHTY).
JJIs TiCTOIOTIYHOTO TOCIIKEHHS BHYTPIIIIHI OpTaHd
TBapHH IICJIsl BUBEJICHHS iX 3 EKCIIEPUMEHTY LIISIXOM
JIeKarmiTarii mij TIONeHTaI0BUM HapKo30oM (5 mr/1 mut
¢i3. po3unny), dikcysanu 10% po3unHOM HEUTpPab-
Horo (opmainy mpotsirom 24-48 rouH, 3HEBOIHIO-
Banu 1 3anuBanu B napadin. Ha npermsiitHomy poTa-
niftHomy Mikporomi HM 3600 (dpipmu «MICROM
Laborgerte GmbH», HimMeuyunna) BUTOTOBJISUIM Ce-
PpiftHi 3pi3u TOBIIMHOIO 5 MKM 3 mmojanbimmM (apOy-
BaHHSIM TE€MaTOKCIIIIHOM i eo3iHoM. OCHOBHI eTaru
BHUTOTOBJICHHS TiCTOJIOTIYHHX TIPETapaTiB BUKIAICHI
y BianosigHoMy kepiBuuiTBi [14]. KinbkicHi mokas-
HUKH OKPEMHUX CTPYKTYPHHX €IE€MEHTIB BHYTPIIIHIX
OpraHiB MPOBOJAMJIUCS 32 JOINOMOTOI MHpPOrpamu
Mophometpii Bizeotect - Mopdoioris 5.2.0.158.0c
13 BUKOpHCTaHHIM Mikpockoiry Axio Scope Al «Carl
Zeiss» (Himeuunna) 3 kameporo Jenoptik Progres
gryphax® cepun SUBRA (Himeuyunna).

Cratnuny oOpoOKy OTpHUMaHHX JaHHX HPOBO-
JIAJIA 33 J0IToMOororo mmakera Statistica® for Windows
13.0 (StatSoft Inc., JIeH31s Ne
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JPZ8041382130ARCN10-J). CratucTu4Hui aHaii3
KUTBKICHUX TTOKAa3HMKIB BUKOHAHO 3 OOYHCICHHSAM
Meniann (Me), HIKHBOTO Ta BEPXHBOTO KBapTiJieh
(Q1;Q3). CTaTHCTHYHO 3HAYYIIIUMU BBayKAJIHCS Bil-
MIHHOCTI MiX ITOPiBHIOBAJTHHUMH 3HAYCHHAMH Ha Pi-
BHi 95 % (p=0,05).

PesyabTaTH Ta iXx 00roBopeHHs

Ximiunuii cknan 34 ynpTpanuciepcHoro aiana-

30HY BiZiOpaHOTO Ha POOOYOMY MICI 3BapIOBAIb-
HUKa MpencTaBieHuid y Tabumi 1. BeranosieHo, mo
B TOBiTpi poO0Y0T 30HA MPAIIBHUKIB OyJIM MPUCYTHI
YAaCTHHKH 110 MICTHIIM 3aJ1i30, Migb, HIKEIb, MOJIiO-
JIeH, BoMb(ppaM, KpeMHill, TUTaH Ta BaHamii. Taxwid
CKJIaI XIMIYHUX €JIEMEHTIB MOSICHIOETHECS OCOOJIMBI-
CTIO TEXHOJIOTIYHOTO MPOIIECY 3BapIOBaHHS PI3HUX
CIUIABIB 3 BUKOPUCTAHHSIM PI3HUX BUJIIB CJICKTPO/IIB.

Tabuuus 1

Ximiunuii cknag 34 ynasTpagucIepcHOrO Jiana3oHy y IOBiTpi po6odoi 30HM 3BapIoBaTbHUKA, MI/M°

Xin IIpoba 1 [Ipoba 2 [Ipo6a 3 IIpoba 4 [Ipoba 5 [Ipoba 6
cie- CK Min CK Min CK Min CK Min CK Min CK Min
MCHT Max Max Max Max Max Max
Fo 0016 0,0157 0018 0,0176 0.034 0,033 002 0,019 0018 0,0177 0016 0,0157
0,0163 0,0184 0,0347 0,021 0,0184 0,0164
0,00029 0,0018 0,002  0,0024
< < < -
Cu 0,0003 0,00031 0,0018 0,0019 5 0,0026
Ni 0035 003 (o35 00341 oo, 0033 0.034 0,033 0.037 0,036 0,036 00360
‘ 0,036 ’ 0,035 ’ 0,035 ‘ 0,035 ' 0,038 8 0,0375
0,001 ¢,00126
Mo < < < < < o
3 0,00134
v - 0001 00097 oo 000097 0. 000155 oo 000029 0,001 ¢,00145
’ 0,00103 0,0010 0,00165 000031 g 0,00155
) 0,0082
< < < —_— < <
Si 0,0084 0.0087
0,464 0,441 0,10 0,558 0,0116 0,24
W 0,473 0482 0,45 0459 0,103 0,106 0,57 058 0,012 00124 0,25 0.26
Ti 0001 200097 0,007 200679 0006 0006 <
0,00103 0,0072

IIpumiTtka: CK — cepenHst KOHIIEHTpAILis.

[pu MopdoorivHOMY JOCITIIKEHHI KOHTPOJIh-
HOI TPyTN eKCIIEPUMEHTAIILHUX TBAPHH JIETCHEBA ITa-
peHXiMa BiIpi3HsIacs TOCUTh OJHOPIIHO0 OYI0BOIO
y BCiX Bimainax. MikanbBeOJISIpHI IEPeropoIKu Oyiu
TOHKUMHM, MicTuiu (ibpobnactn BUTATHYTOI abo
OKpyrJI0i hopMH, a TAKOXK eIacTH4HI BOJIOKHA. ToB-
[IMHA MIDKaJIBBEOJISIPHUX II€PETrOPOIOK CTaHOBUIIA
4,59 mxm (4,17; 5,69). Ha okpemux IijsTHKax peecT-
pyBaJIHCS ITOTOBIIEHHS MIXKaJIbBEOJIIPHIX IIEPETOPO-
JIOK 3 OUTBII 3HAYHOIO INIIBHICTIO KIITUHHUX eJIEMe-
HTiB, IMOBIPHO 32 paXyHOK HasSBHOCTI OKpEMHUX TJia-
JIKOM'SI30BHX KITITHH, SIKI MaJI OKPYTJIL Spa, Saepis
1 KOMITAaKTHI TTHOKU XpoMatuHy. Taki JiTTHKH cIioc-
Tepiranucs 3a3BUYail B3JI0BXK aJbBEOJSIPHUX XOJIB Y
JIUISHIT BIJIXOKCHHS aTbBeoJI. BUIbIIICTh KamiIsapiB,
SIKI TIPOXOAMIIN B MIKaJILBEOJSIPHUX TEPETOPOIKAX
3a3BUYail MiCTIIIM TIOOJMHOKI €pUTPOLIUTH. BHYTpI-
IIHS BUCTIJIKA aJIbBEOJI CKJIA/IaIacs 3 INIOCKUX KIIITHH
1 KIITHH OGiNBIIIOTO PO3MIpY, SiApa SIKMX BUCTYHAIN B
MPOCBIT aJIbBEOII, IO T00pe peecTpyBANOCS NPHU Be-
mukoMmy 30imbmenHi. CnnzoBa 000JIOHKa OpOHXIB
YTBOpIOBaJIa YHCJIEHHI CKIAJKH, Y (OPMyBaHHI SKHUX
OpaB y4acTb emiTeliii Ta BJIaCHUH MIap CIM30BOi 000-
noHkH. HaBkoio okpemux OpOHXiON BH3HAYaJIOCs

CKYyITYeHHS JTIM(OITHOT TKAHIHH.

Uepes 6 TWKHIB €KCNO3MLIT yIbTpagucIepc-
HHMH YaCTHHKaMH LIYPiB €KCIIEPUMEHTAIBHOI IpyIu
MOp]oJIOTIuHI 3MiHH B JIET€HsIX MPAKTUYHO HE BiApi-
3HSUIMCS BiJI KOHTPOJBHUX CIIOCTEPEKEHb, OJHAK B
HPOCBITI TOOJMHOKHX ajbBEOJ 3 SIBJISUIACS KPYITHI
Makpodaru 3 TinepXpoMHUM SIIPOM 1 JpiOHOTrpaHy-
JSIPHOIO NUTOIUIa3Mor0. HasBHICTh TakuX KIITHH
CBIYMIIO TIPO aKTHBAII0 CHCTEMH albBEOJIIPHUX
Makpodaris. Mopdororiuai 3MiHE Ha 6 TIDKACHB
EKCIICPUMCHTY B iHIIIMX OPTaHaX HE BiAPI3HSIIHCS BiJ
KOHTPOJILHOT ~TIpyNU  CHOCTEpeXeHb. ToBIIMHA
MDKaJIbBEOJISIPHUX NTEPErOPOIOK B LIeH TepMiH CTaHO-
Buna 4,77 (3,75;5,69) MkM. B IOOMMHOKUX TITSTHKAX
BiJI3HAYaJIOCS CTOHILIEHHS MIKaJbBEOJSIPHUX Mepe-
TOPOJIOK 3a paxyHOK (opMyBaHHS BOTHHII eMdi-
3eMH, ale B MOPIBHAHHI KOHTPOJIBHUMH CIIOCTEpE-
JKEHHSIMH 1M1 3MiHM OyJIM CTaTUCTUYHO HE JOCTOBIp-
Humu (p >0,05).

Uepes 12 TWKHIB Bil MOYATKY EKCIIEPHMEHTY
BUSIBJISUIMCS. 3MIHM B YCIX JOCIIJUKYBaHUX OpTaHax.
Haii6inbi cyTTeBI 3MiHM BU3HAYaIIMCA B JIETeHsIX. B
JOCIKYBaHIH rpymi BHSBIsLIOCS eMdizemaTo3He
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PO3IIMPEHHAM YacTHHH AJIbBEOJI, 3a3BUYal BHSBII-
Jacsd AWCTalbHA alHApHa eMmdizema 3 ApiOHUMH,
MHOXMHHAMH AUISHKaMH PO3IIMPEHHS albBEOJ B
cyOruIeBpa bHuX Bimminax (puc. 1).

Puc. 1. EmdiszemaTosHe po3lWMpPeHHs anbBeon
cybnneBpanbHOI AiNsHKA NereHiB Lypa ekcriepyMeHTanbHoi
rpynu. 3abapBreHHsi remaToKkcuniHom Ta eo3mHoMm. x100.

Bigmivanacst 3Ha4uHa peAyKIisl KamijaspHOI Me-
pexi B pecriipaTopHiii uactuHi auuHyciB. [lopsia 3 mi-
JSTHKaM# eM@izeMu O PO3IOBCIOPKEHUMHE OyIIH
BOTHHIIA 31 3HAUHUM MOTOBILEHHSIM MIKaJIbBEOJISP-
HUX TIEPETOPOJIOK 33 paXyHOK MepeBakHO TiMpo-Ma-
KpodaranmpHOi KIIiTHHHOI iHQiIMBTparii. Y 3amanb-
HOMY 1H(QINTBTpATI TaKOXK 3YCTPIYaIHCA ITOOJMHOKI
Hertpodimm. Ilopsin 3 ommMcaHMMHU BHINE 3MiHAMHU
CHOCTepirajamcs  pi3HOTO  CTyNEHS  BUPA3HOCTI
CyOTIeBpaIbHiI KPOBOBHIIUBH, BiJl TOOAMHOKHX JTiJIS-
HOK JI0 3HaYHUX, SIKI BU3HAYANUCS y 2/3 TBapHH €KC-
HnepUMEHTANBHOI TpymH (puc. 2).

>

Puc. 2. CybnneBpanbHi KpOBOBUINMBY B NEreHsAX Lypa
eKcrnepuMeHTanbHOI rpynu. 3abapBrieHHs remMaToKCUMiHOM
Ta eosnHoM. x200.

KpoBOBMIIMBY TaKOX peecTpyBallcs HABKOJIO
MOBHOKPOBHHX CYJHH MIKaJIbBEOJSIPHUX TI€PEropo-
JIOK, IO CIIpUsI0 (POPMYBAHHIO JUITHOK T€MOCH/IE-
po3y Jlokamizaris remocuaepuny Oyina sSIK BHYTPHII-
HBOKJIITUHHA (B IUTOIUIa3Mi Makpo(aris) Tak i mosa-
KJIITHHHA y BUIIIAL ApiIOHKUX TpaHysl MirMeHTy audy-
3HO PO3TAIIOBAHOTO B iHTEepcTHIlii (puc. 3). Mopdo-
JIOTiYHI OCOOJIMBOCTI TaKMX AIISTHOK CBIAYHIN PO
MOCTYTIOBHH, TpUBANIHUK Mporec GopMyBaHHS TAKHX
3MiH.
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Puc. 3. CybnneBparnbHi KPOBOBUNMBY B NEreHsx Liypa
eKkcrnepuMeHTanbHol rpynu. 3abapBrneHHs reMaToKCUMiHOM
Ta eosnHom. x200.

YV BCiX TBapHH €KCIEPHUMEHTAIBFHOI TPYITH peec-
TPYBAJIKCS HETOBHI aTEIEeKTa3! 3 YIIUTBHEHHIM pi3-
HUX 32 IUIOIIEI0 AUITHOK JIeTeHeBOl mapeHximMu. Taki
3MiHH CYITPOBOXKYBAJIUCS MOTOBLICHHSIM MiXXaJlbBe-
OJISIPHHX TIEPEropoJIOK 1 TiM(po-MakpodaraibHOIO H-
¢inpTpaniero. Y TBapuH i€l TpyNH TakoXK BU3HAYa-
JIMCSL CKJIEPOTUYHI 3MIHU: JUISIHKU CKIIEPO3Y HOCHJIM
ciabko, a0 MOMIPHO BUPAXEHUH XapakTep, Gopmy-
BaJIHCS SIK IepHOPOHXiaTbHO, TAPUBACKYIISIPHO, TAK i
IHTePCTHIIANBEHO, IO MPU3BOIWIO 0 3HAYHOTO IO-
TOBILEHHS MIKaJIbBEOISIPHUX MEPEropoIoK (puc. 4).
ToBmuHA MiXKATBBEOJSPHUX IEPETOPOJOK B IIeH
TepMiH cTaHoBuB 5,98 (5,13;7,37) MxM. PizHUIIA Mik
JIBOMa BHOIpKaMU: KOHTPOJIbHI CITOCTEpExKEeHHS - 12
TH)KHIB, a TAKOK MiX 6 1 12 TIKHAME Oyia cTaTHc-
THYHO HocToBipHOO (p<0,01). 3BemeHa miarpama To-
BIIMHH MI>KaJIbBEOJIIPHUX NIEPETOPOJIOK Y JOCIIIKY-
BaHMX I'pyIax TBapHH Mpe/CTaBlieHa Ha PUCYHKY 5.

Puc. 4. CknepoTu4Hi 3MiHM nereHi 3 NOTOBLUEHHSIM
MiXanbBeonsApHMUX neperopoaok. 3abapBrneHHA reMaToKCu-
niHom Ta eo3nHom. %100.

Juctpodivni 3MiHE BH3HaYamucs i 3 00Ky Opo-
HXIQJIBHOTO EIITeNil0, SIKI MPOSIBISUINCS BaKyoJli3a-
Li€0 KIITHH, HA0yXaHHSIM, a00 MIKHOTUYHUMH 3Mi-
HaMU siiep, BHACHIIOK YOTO emiTeialibHa BUCTIIKA
HaOyBaJa noniMopdHoro BUrisay. Busnauanacs Bo-
THUIIEBA JIeCKBaMallisi OpOHXiaJbHOTO eIiTEeNiIo 1 3a-
naybHa iH(UIBTPAIS MiACIU30BOrO mapy OpoHxa.
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I'pynu excnepumeHTAIbHUX TBAPUH (1 - KOHTPOJIb, 2 - 6 THXKIHIB, 3 - 12 THKAHIB)

Puc 5. ToBwMHa MixanbBeoNApHUX Neperopodok y AOCHiAKYBaHNX rpynax TBapuH.

lNcromoriune noCTiKEHHS CepIls MoKa3alo Bi-
JICYTHICTB 3MiH Ha 6 TIDKHI MiCIIs BHYTPIIIHEOOYEpE-
BHUHHOTO BBEACHHS YJIBTPAJUCIIEPCHUX 3BaXKCHUX Ya-
cTHHOK. KapnioMionuTn sk B KOHTPOJIBHIN Tak i B
eKCIIepUMEHTAIIbHIN TPYIi TBapHH 4epe3 6 THXKHIB B
PI3HHX TOJSIX 30pY Majii BiTHOCHO OJHOPIIHY Oy-
JIOBY 1 3a0apBJICHHSI.

UYepes 12 THKHIB BiJl IOYATKY EKCIIEPUMEHTY Y
TBapUH EKCIIEPUMEHTAIBHOI TIPyNU TiCTOJOTIYHI
3MiHHM OynM OiNIbII 3HAYHUMH, aJle BOHHM TaKOX Oyin
OCEPEKOBHMH 1 HE HOCHIIM BUPAXEHOTO AN(Y3HOTO
xapakrtepy. BiamidaBcst xapiosizuc, po3mnan Miogio-
pHII, KOHTPAKTypH OKPEMHUX I'PyI capKoMipiB (pHc.
6).

Binern meMoHCTpaTHBHI 3MiHH BUSBILLINCS TIPH
MPOBEACHHI MOJIPH3aMiiHOI MIKpPOCKOMii, sSKa II0-
3BOJISsUIA JiaTHOCTYBATH MOYAaTKOBI 3MiHH B KapIiOMi-
OLIUTAX, IKi TOPKAIOTHCS €HEPreTUIHOr0 OOMIHY 1 Ta-
KHUM YMHOM MOXYTb BIUTMBATH Ha CTaH CKOPOYYBaJIb-
HOTro MioKapza. Y MoJsipu30BaHOMY CBITIII B OCepe/i-
Kax po3najay mMiogiOpui 3HUKaNa MornepeyHa cMyra-
CTICTB, 3'SIBJISUIMCS aHI30TPOIIHI TIIMOKH, SIKi YepryBa-
JIMcs 3 AUIHKaMu 0e3 aHI30TPOIHUX CTPYKTYP.
3MiHa CTpyKTypH Mio¢iOpin npu3BOaMIIa 10 TIHKTO-
pilabHAX OCOOJIIMBOCTEH CapKOIIIa3MH, IO MTPOSIBIIS-
JI0CS! pi3HUM 320apBIICHHSAM BIIPOJIOBX BCHOTO CepIIe-
BOT'O BOJIOKHA (pHC. 7).

Puc. 6. TicTonoriyHa 6yaoBa MiokapAaa Luypa ekcrnepu-
MeHTanbHoi rpynu. 3abapBneHHsi reMaToKCUNIHOM Ta eo3u-
Hom. x400.

Pwuc. 7. Mongapwusadiiia mikpockonisi Mmiokapay TBapuH
eKcrepuMeHTarnbHOI rpynn Ha 12 TWKOEHb eKCNepUMEHTY.
3abapBneHHst remaTokcuniHoM Ta eo3nHoM. x400.
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B romoBHOMY M03Ky MOpQOJIOTiUHI 3MiHU J0-
Ope BUABISUIMCS 4Yepe3 12 THXKHIB BiJ] MOYATKY €KC-
nepuMeHTy. BinOyBanocs celneKTUBHE PyHHYBaHHS
OKpEeMHUX HEWPOHIB, SKi BUIIAJANN ITIKHOTUIHUMH,
3a0apBICHAMHU B IHTEHCHBHO CHHIiH Koiip. B okpe-
MUX ApiOHMX KaIliJsipaXx BU3HAYABCS CTa3 KPOBi. Aue
NapeHxiMa MO3KY 3aJIMIIanacs KOMIIAaKTHOIO, 0e3 Ha-
OpsIKOBUX 3MiH, @ KUIBKICTH JIEr€HEpaTUBHO 3MiHe-
HUX 1 MIKHOTUYHUX HEWPOHIB IPH JOCIIUKEHHI pi3-
HUX BiJUIUTIB TOJIOBHOTO MO3KY HE IepeBHINyBaia 8-
10%. 1o 30% HneiipoHiB rimokaMmna Oyau MIKHOTHY-
HHUMHU, TEPULETIONSIPHIM HaOpSKOM OyJIM OXOIUIeHi
TaKOX HEWPOHH i3 30epeKEeHOI0 CTPYKTYpOIO (pHc.
8).

e 'A:; 5
- TN AT
W/' L Bt
; o-.(«‘ 3 @ -

Puc. 8. lnokamn LwypiB ekcrnepuMeHTanbHoI rpynu.
3abapeneHHs remaTokcuniHoM Ta eo3nHoMm. x200.

XiMIYHUH CKJIAJ, BMICT Ta (Di3MYHI BIACTHBOCTI
34 yiapTpaIucepCcHOTO Aiana3oHy y MoBITPi pooovoi
30HU NPAI[iBHHUKIB B TIEPITY YePTy 3aJICKUTH Bill BUILY
TEXHOJIOTIYHOTO TPOIEeCYy 1 MICTUTh KOMOIHOBaHHA
XIMIYHHUH CKJIa] METaleBUX HAHOYACTHHOK y BUTIIAI
OKCHIIB MeTany [3, 6, 7], i K pe3ynbTaT Ma€ MeBHI
0COOJIMBOCTI HETaTUBHOI Jii JJIS 3I0pOB’sT TIpaIliBHU-
KiB.

IIpoBeaeHi HamMmu MOP(OJIOTIUHI JTOCIIIKCHHS
BHYTPIIIHIX OpraHiB JIOCHIJHUX TBapHH (JIEreHi, ce-
plie, TOJIOBHUI MO30K) MiJTBEPKYIOTh HEraTUBHHUIA
BB 3Y KOMOIHOBAHOTO XIMIYHOTO CKJIay Ha €KC-
NEepUMEHTAIBLHUX TBAPUH.

BusBneni HaMu MOPQOIIOTiYHI 3MiHU MioKapaa
OTIOCEPEIKOBAHO IMiTBEPIKYIOTh JaHi MIOJ0 IaTo-
JIOTIYHUX 3MiH B Miokapmi mix xiero 34 ynpTpaaucme-
pcHoTO miamazoHy omnwmcaHi B podoti Trachtenberg 1.
M. et al. [15], B sKiii JOBOAATH LIUTO- TA TEHOTOKCH-
YHY JIif0 Ha KapAiOMiOIUTH HAHOYaCTHHOK METAIIIB.

VY nocnimkennsx Kuntic M. et al. [16] ekcriepu-
MEHTAJIbHUX TBapHH MiIaBaJIM BIUIMBY LITYYHO CH-
HTe30BaHux 3Y pi3HOro po3mipy. ABTOpH JOBEIH,
0 3BakeHi1 yacTUHKHU (pakiiero PMio Ta PM3 5 Ha-
KOMUYYBAJIKCh y JIETEHSAX 1 NPU3BOIAMIN IO BUHHK-
HEHHSI OKMCITIOBAJILHOTO CTPECY Ta 3aNajbHUM peak-
[isM y JiereHeBiit TkanuHi. Ha Bigminy Bix 34 ynbT-
parcIepcHOro po3Mipy sIKi He MaJIM HAKONMYEHHS B
JIETeHsIX, 1110 MOXe OyTH HOB’sI3aHO 3 1X po3MipamH i
00yMOBJIEHO TPOHMKHEHHSM Yy KpOBOTOK. BuzHa-
4yeHo, mo came 3Y ynbTpagucrepcHOro Jiana3oHy
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CTIPHSAIM BUHUKHEHHIO NATOJIOTIYHUX 3MIH B TOJIOB-
HOMY MO3KY Ta OpraHaXx CepLeBO-CyINHHOI CHCTEMHU.

Otrpumani Jani MOP(OIOTIYHUX JOCIiIHKEHb
SAoposeeknM O. I1. Ta in. [17] momo maTomorigaHux
3MiH y JIETEHAX TBapWH MICIIA IHTpaTpaxealbHOTO
BBEZICHHSI CyCIICH31il HAHOYAaCTUHOK HITPHUIY TUTAHY
CBII4aTh NPO AUCTPOGIUHI MOMIKOKEHHS aJIbBEOJIO-
LUTIB, 30UTBIICHHS KiTBKOCTI CHOJIYYHOTKAHUHHHX
BOJIOKOH Ta PO3BHUTKY ITHEBMOCKJIEPO3Y Y JIETCHSX.
Hamri jgami Takok MiATBEPXKYIOTh HETaTHBHHA
BIUIUB Ha JIETeHi ynbTpagucnepcHux 34, siki copusi-
I0Th PO3BUTKY AU(PY3HUX, IBOCTOPOHHIX, AUCTPOdi-
YHUX, CKJICPOTHYHHX IPOIECiB, Ta YTBOPEHHIO OCE-
PEnKiB XpOHIYHOTO 3alajJICHHS y JICTCHAX.

Hani nocrimkens N.S. Al-Hamadany et al. [18]
BU3HAYMIN 3MiHH B TOJIOBHOMY MO3KY IOCIHITHUX
TBapHH Yy BHTIISAL HEKPO3Y, TIT103Y, 3aCTIHHUX SBHII
Yy KpOBOHOCHHX CYJMH, YTBOPCHHSAM TPOMOiB, Helipo-
Ho(ari€ro Ta MepruBacKyJIIPHUM HaOPSIKOM y KOpi ro-
JIOBHOTO MO3Ky. Y HAaIIUX JOCHIPKSHHSIX BiaMida-
JIOCS CEJICKTUBHE PYHHYBaHHS OKPEMHUX HEHPOHIB, B
OKpeMuX JIpiOHHX Kamisipax BU3HAYaBCs CTa3 KPOBI,
aJle mapeHxiMa MO3Ky 3aJIMIIanacs KOMIIAKTHO0, 0e3
HaOpsakoBux 3MiH. [lo 30 % HelpoHiB rimokammna y
JOCIITHUX TBapuH OyIIM HE3BOPOTHO 3MiHEHI. Buss-
JIeHI 3MIiHH JOBOISATH MOXIJIHUBICTh MIPOHUKHEHHS 34
yIABTPaJUCIEPCHOTO [ialla30Hy 4Yepe3 reMaTOCHIIE-
(amiganii 6ap’ep, IX pO3MOALT Ta BUKIMKAHHS Cele-
KTUBHOTO YIIKO/DKCHHS HEWPOHIB NEBHHUX IUISHOK
MO3KY, HaifOUTbII YyTIMBUX A0 Jii TOKCUYHUX BIUIU-
BiB. Takox B mocmimkenHsax Song J. et al. [19] 6yno
BCT@HOBJICHO Ha €KCIIEPUMEHTAJIbHUX TBapUHAX Hasl-
BHICTh HEWpOJEreHepaTuBHHUX PO3JIaliB, SIKi Xapak-
TEpU3YIOThCS 3HIKECHHSIM HEHpOreHe3y, aKTHBOBa-
HOIO MIKPOTJIEI0 Ta HeHpo3anaaeHHsM.

B naykogiit poboti De A. et al. [20] mpoBoxu-
JIOCh JOCII/KEHHsSI TOKCHYHOTO BIUIMBY HAaHOYAaCTH-
HOK OKCHJTy aJFOMIiHII0 Ha OiTMX MHUIIax. ABTOpaMu
BCTaHOBJICHO, III0 OKCHJI AFOMIHIIO IICIIS TIEPOPaIh-
HOTO Ha/IXO/DKEHHs BU3HAYaBCs B TOJIOBHOMY MO3KY,
CeIe3iHIl, HUPKaX, MEYiHKH, ajie TICTOJOTIYHI 3MiHU
BU3HAYAJIKCS TUIBKY B TIEYIHIIN Ta TOJIOBHOMY MO3KY.

HasiBHI BiIMIHHOCTI y MaTOJIOTYHUX 3MiHAX Pi-
3HUX OpraHiB TBAPHH MOXYTh OYyTH IOB’sI3aHi 3 pi3-
HUMHM JI03aMHM HAHOYACTHHOK, X XIMIYHHMM CKJIaJ0M
Ta po3MipamMH sIKi BUKOPHCTOBYBAJIMCS Y EKCIIepHMe-
HTIi, 8 TAKOX [UITXOM 1X BBEACHHS B OPTaHi3M IOCIHTi-
JHUAX TBApHH.

TakuM YUHOM, IPOBEICHUH HAMH €KCIIEPUMEHT
3 MOJICJTFOBAHHS CYOXpOHIYHOI IHTOKCHKAIIT Ha Y-
pax Jae MOXKJIMBICTH OTPUMATH peaibHi JaHHI MO0
BIUIMBY BHII3JIKOBO yTBOpeHHX 34 ymbTpamucriepc-
HOTO [iarma3oHy MiJ 4Yac IJIaBJICHHS Ta 3BapIOBAHHS
MeTany, 0e3mocepeHb0 BigiOpaHuX Ha pPoOOUOMY
MiCIIi 3BapIOBAJIbHHKA.

BucHoBku

1. YMoBH mpami 3BaprOBaJbHUKIB IIiJl 9ac 3Ba-
PIOBaHHSI METaliB XapaKTepH3YIOThCsS YTBOPEHHSIM
YIBTPaJUCIEPCHOTO TPOMHCIIOBOTO aepo30JIio, JI0
CKJIay sSKOro BXoAaTh 3U 3 BMiCTOM 3aii3a, Miji, Hi-
Keo, MoJiibieHy, Bosib(pamy, KpeMHil0, THTaHy Ta
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BaHAJIi10, IO € TIOTEHIIHO HeOe3MeYHNUM depe3 Mo-
JKITMBICTD MOTPATITHHS 1X 1HTANAIIHHIAM MUTIXOM JI0
JIETeHb 1 Yepe3 0COOIMBOCTI CBOIX PO3MIpiB JOJATH
OioxoriunHi 6ap’epu i TOKOM KPOBi PO3HOCHTHCH IO
OpraHizMy.

2. BcranosneHo, mo 34 ynpTpaaucnepcHoro Ii-
ara3oHy, sIKi yTBOPIOIOTHCS I1iJ] Yac 3BaplOBaHHS Me-
Tally, NPU3BOJATH IO PO3BUTKY AMCTPO(DIYHUX, JMC-
UPKYJISATOPHUX, 3alalIbHUX, CKIEPOTHYHHUX 3MIiH B
CTPYKTYpi BHYTPIIIHIX OpraHiB (TOJOBHHI MO3OK,
JereHi, cepue). MakCHMaJbHO BHpaXEHI 3MIiHH B
CTPYKTYpi BCIX OpraHiB BUSBIISUIMCS Ha 12 THXICHB
eKCIIEpPUMEHTY, IO MiATBEPIKYE HAKOTMIYBaIbHHUN
edexT ynpTpa muctepcHux 34U mpoMuciIoBoro aepo-
3010 1 3 9aCOM MOXE MPHU3BOIWUTHU 10 HE3BOPOTHUX
3MiH B OpTaHax i CHCTeMax 3 IMOPYIICHHSM iX (yHK-
.

3. OTpumaHHI JaHHI MITBEPIKYIOTH BaXKIH-
BICTH MOJAJIBIINX JOCIIKEHb HETaTUBHUX BIIACTH-
BocTelt 34 ynpTpasncnepcHOro NpoMUCIOBOTO aepo-
30J110 Ha J1a00paTOPHUX TBapHUHAX JJIS BUBUEHHS iX

BILUTMBY Ha CTaH 370POB’S MPAIIBHUKIB y Pi3HUX Ta-
Ty3s1X IPOMHCIIOBOCTI, JI€ € JXKepela yTBOPEHHS Jac-
THHOK < 100 HM 3 METOI0 KOHTPOJIIO iX KOHIIEHTpAIii
i 3acTocyBaHHS e()eKTUBHHUX 3aXO0/iB PO ITaKTHKH.

ITepcneKkTHBY MOAANBINMX AOCTITKEHb

B mopampimoMy ImiaHyeThCS TOCTIIAUTH BMICT
MIKpOEJIEMEHTIB Yy TKaHHMHAX EKCIIepUMEHTAIbHUX
TBapyH 3a JIOTIOMOTOI0 METONy aTOMHO-EeMiCiHHOi
CIIEKTPOCKOMIi 3 IHIYKTHBHO 3B’SI3aHOI0 ILIA3MOIO
JUIS BU3HAUYEHHS PO3MOALTY XIMIUYHHMX €JIEMEHTIB Y
opraHax Ta iXx KyMyJSITUBHOTO e(eKTy.

Indopmanis npo koHQJIIKT iHTepeciB

[Morenmniitanx abo SBHUX KOHQIIIKTIB iHTEpECiB,
10 TOB’s[3aHi 3 IIMM PYKOITMCOM, Ha MOMEHT ITyOi-
Kalii He iCHye Ta He mepen0adaeThCs.

Jxepesia ¢pinaHcyBaHHSA

Poboty mpoBeneHo B pamMKax HayKOBO-IOCIHif-
Hoi Temu «CydacHi paxkTopu pU3UKy Ta ix nmpodirak-
THKa B CHCTEMi I'DOMAJICBKOTO 310pOB’s» (HOMEp
nepxaBHOI peectpaii 0123U100215).
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Mapasapa JLIL., lllepouna P.O., Teprumnuii C.I., Imurpyxa H.M., Auapycumuna I.M. Ilatomop-
¢oJioriuni 3MiHU y JereHsix, Miokapai Ta roJJOBHOMY MO3KY €eKCIIepUMEHTAJILHUX TBAPUH 32 YMOBH BILUIUBY
3Ba’KeHUX YACTHHOK YJILTPAANCIEPCHOTr0 Aiana3oHy NPOMHCIOBOIro aepo30JIi0.

PE®EPAT. Meta. [IpoBecTr OIiHKY TaTOMOP(OIOTIYHIX 3MiH Y JIETCHSAX, MiOKapi Ta TOJIOBHOMY MO3KY
EKCTIEPUMEHTAILHUX TBAPHH 32 YMOB BIUIMBY 3BaXKCHUX YacTHHOK (3Y) ynbTpaanucIiepcHOro iana3ony MpOMHUC-
JI0BOTO aepo30.0. Meroau. Binodip 3U mpoMuCIOBOT0 aep0o30IIH0 MPOBOAMIH Ha POOOYOMY MICIIi 3BapIOBaIbHHUKA
3a JJOMOMOTO0 MPOOOBINOIpHUKA TAW®VYH P-20-2 3 BUKOPHCTAHHSAM TOTJIMHAYA 3aiflieBa, o MiCTHB JCiOHI30-
Bany Bony. /st Binokpemnenus 34 (< 100 HM) oTpuMaHuil KOJIOiAHUI po3unH (UIBTPYBaIN Yepe3 LINPHULL 3 IPH-
€nHaHUM (ITBTPOTPUMaueM 3 MEMOpPaHHUM JUCKOBUM (ibTpom 3 po3mipom nop 100 HM. MeTogoM aToMHO-
EMECIiHOT CIIEKTPOMETPil 3 IHAYKTHBHO 3B’SA3aHOI0 IJIa3MOK0 BH3HAYAIM 1X XiMiYHMHA ckianx. J{jas BU3HAUCHHS
HeratuBHOI 1ii 3Y B 10CIiPKEHHI BUKOPHCTOBYBAJIN MOJIENb CYOXpOHIYHOI IHTOKCHKAIIT Ha 1rypax Jinii Wistar.
[MiznocnigHUM TBapHHAM BBOAWIN ynbTpaauctepcHi 34 y KooiqHOMY po34HHiI BHYTPIIIHHOOYEPEBUHHO IPOTSI-
TOM 6 TIDKHIB 5 pa3iB Ha TIXKACHB Y po3paxyHKy 1 muir Ha 100 rp. Macu Tina TBapuHU. KiTbKicHI ITOKa3HUKHU OKpe-
MHUX CTPYKTYPHHUX CIIEMEHTIiB BHYTPIIIHIX OpPraHiB IMPOBOIMIKCS 3a JOIOMOTOIO mporpamu Mopdomerpii Bi-
neotect - Mopdonorig 5.2.0.158.0ck i3 BuKOpucTaHHAM Mikpockony Axio Scope Al «Carl Zeiss» (Himeuunna)
3 kamepoto Jenoptik Progres gryphax® cepun SUBRA (Himeuunna). Pe3yasTaTn. BcraHOBICHO, IO A0 CKIATY
yrneTpagucrepcHux 3Y BXOAUIIH 3371130, Mijlb, HiKeJb, MO0 IeH, BOJIb(PpaM, KpEMHI, TUTaH Ta BaHAIH B Pi3HUX
KOHIEHTpalisix. Uepe3 6 TIKHIB Bijl OYATKy €KCHO3UIIT MOPQOIIOTiuHi 3MiHM y BHYTpIIIHIX opraHax (JiereHi,
ceplie, FOJIOBHUI MO30K) HE BIIPI3HSIIMCS BiJl KOHTPOJILHUX CIIOCTepeKeHb. Uepe3 12 THIKHIB BiJ| IOYATKY eKcIie-
PUMEHTY MaTOJIOTIYHI 3MiHH CIIOCTEPIrajucs Y BCIiX JIOCHIPKYBaHHX OpraHax, cepeji SKUX HalOiIbIIl 3MiHH CHO-
crepiranucs y JiereHeBii TkanuHi. Ilincymok. BcraHoBEHO, 1110 3BayKeHI YaCTHHKHU YIBTPaIUCIIEPCHOTO Jliara-
30HY, SIKI YTBOPIOIOTBCS i 4ac 3BapIOBAHHS METAIy, IPU3BOAATH IO PO3BUTKY AUCTPOMIYHUX, TUCHUPKYJIISITOP-
HUX, 3allaIbHUX, CKJICPOTUYHHX 3MiH B CTPYKTYpl BHYTpIIIHIX opraHiB (JIeTeHi, cepiie, ToJIOBHUN M030K). Mak-
CHMaJIBHO BHPa)KEeHI 3MiHH B CTPYKTYPi BCIX OpTraHiB BUSABISINCS HA 12 THXIICHb EKCIIEPUMEHTY.

KuarouoBi cjoBa: 3BaKeHI WaCTHHKH YIBTPAAHMCIEPCHOTO Jiama3oHy, poboda 30Ha, matoMopdororiyai
3MiHH, 3BapIOBAJIbHUK.
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Shevchuk M.M. "=, Volos L.I. X Ultrastructural organization of the wall sinusoidal hemocapillary of the liver
in intact white rat.
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ABSTRACT. Background. The liver is a vital organ for many physiological processes, playing a major role in metabolism,
detoxification, plasma protein synthesis and nutrient storage, immunity, and it can only perform its many functions if there
is an adequate blood supply to the liver cells. Objective: to study the ultrastructural organization of the wall sinusoidal
hemocapillary of the liver intact white rat. Methods. Experimental studies were conducted on 10 sexually mature white
male outbred rats weighing 180-230 g. The experiments were carried out in compliance with moral and ethical standards in
accordance with the provisions of the European Convention for the Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes (Strasbourg, 1986), Council Directive 2010/63/EU, and Law of Ukraine No. 3447-IV ‘On the
Protection of Animals from Cruelty’. All rats were on a standard diet designed for laboratory animals and had free access
to water - ad libitum. During the 10 days of quarantine, daily observations were made of the animals' appearance, behaviour,
food intake and general condition. The material for electron microscopic examination was obtained immediately after the
rats were withdrawn from the experiment and sections were prepared according to the generally accepted method. Ultrathin
liver sections were examined and photographed using a transmission electron microscope PEM-100-01 (Ukraine), acceler-
ating voltage - 75 kV, magnification x1500-x40000. Results. Electron microscopic examination demonstrates the presence
of gaps and fenestrae in the sinusoid wall; thus, the endothelial lining is not continuous. The combination of discontinuity
with the absence of a basement membrane in the sinusoid is a unique feature of the fine structure of the liver and corresponds
to its functions. Based on electron microscopic examination, several types of cells were differentiated: endothelial, Kupffer
cells, fat-storing cells (Ito cells) and pit cells, which are characterized by differences in ultrastructure, and location, which
confirms their wide functional capabilities. Special attention is paid to the ultrastructural features of the nuclei and cytoplasm
of endothelial cells and Kupffer cells and their relationships. Conclusion. The identified features of the ultrastructural or-
ganization of the sinusoidal capillaries of the liver are important for establishing a standard basis and subsequently for
comparison with the detected changes obtained in experimental models of induced pathologies.

Key words: liver, sinusoids, Disse space, endothelial cells, Kupffer cells, Ito cells, Pit cells, electron microscopy, intact
rats.
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Beryn IlypiB 4acTO BHUKOPUCTOBYIOTH SK ITiJOCIIA-
[lediHKka € KUTTEBO BaXKJIMBUM OpPTaHOM y (Pi3i- HUX TBApUH y HAYKOBUX IOCIHI/DKCHHAX Ui BH-

oJIorii ccaBIliB 1 Bilirpae BUPIMIAIBHY POJIb y MeTa-
6o0i3Mmi, TeToKCHKaIlii, CHHTe31 O1TKIB MIa3MH KPOBi
Ta 36epiranni noxuHuUX pedosun [1]. Ii npasunbue
(yHKITIOHYBaHHS Ma€ BYKJIMBE 3HAYCHHS JJIS TiAT-
PHMKH TOMEOCTa3y OpraHi3my.

BUYEHHS (Di310JIOTIYHMX 1 MATOJIOTIYHUX MEXaHi3MiB
yepes IXHIO0 610JI0TIYHY Ta TEHETHYHY CXOXICTb 3 JIf0-
JIUHOMO [2, 3].

[TpoBOAATHCS YMCIICHHI OCHIHKEHHS MEeYiHKU
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Ha EKCIIEPIMEHTAIbHUX MOJEIISIX iHIyKOBaHHUX ATO-
JIOTiH, BKITFOYAIOYH CTeaTo3, (i0po3 MmediHky, myKpo-
BHU dia0beT, cepreBo-CyIMHHY HEJAOCTaTHICTb, imie-
Mito-penep¢ysito, pereHepaTopHi MPOIECH, MiF0 TOK-
CHYHUX DPEYOBMH i MEIWKAaMEHTIB, 3JIOSAKICHI ITyX-
JIMHY Ta iH. 3 BUBYCHHSIM MOP(OJIOTIYHIX 3MiH JI00Y-
JSIPHOTO i CyTMHHOTO KOMIAPTMEHTY mevinku [4-12].

[euinka € yHIKaJbHOIO 3aBASKH HOABIHHOMY
KPOBOIIOCTaYaHHIO 3 BOPITHOI BEHHM Ta MEYiHKOBOI
aprepii [1] ¥V mrypiB medinka mae noOpe opraHizo-
BaHy 4aCTOYKOBY OY/IOBY 3 'elIaTOIIUTAMH Ta PeryJis-
PHOIO CHHYCOIZHOIO Mepesxkero [3, 13].

Panime Oynmo BkazaHO Ha CYTTEBY Pi3HHUIO BHU-
CTHJIKA CHHYCOITHHX TE€MOKAIJISPIB BiX KamiIsapiB
inmumx opradiB [14]. ExpoTeniii xaminspiB Bimirpae
HEHTPAJBHY I aKTUBHY POJIb y Peryusiiii oOMiHy Ma-
KPOMOJIEKYJI, POSUMHCHUX PEYOBHH 1 PIAWHU MiX
KPOB’I0 Ta HaBKOJIMIITHIMA TKaHHHaMU. Brcoka mpo-
HHUKHICTh €HJIOTEJI0 KaIUIAPIB U1l MAaKPOMOJIEKYT,
PO3YMHEHUX PEYOBHUH 1 BOJH BiIOOPAKAETHCS B Hasl-
BHOCTI CICI[iaIbHUX TPAHCIOPTHUX CHCTEM, MpE-
CTaBJICHUX BE3MKYyJlaMHU, KaHalamu, JiadparMamu i
¢benectpamu. [15].

3a JONOMOT 010 CKaHyI04O01 eJIEKTPOHHOT MiKpO-
cKorii OyIo MPOAEMOHCTPOBAHO 3MiHU Y (peHecTpo-
BaHMUX CTPYKTypax CHHYCOITHHUX I'€MOKAaILIAPIB Ie-
YiHKH y BiIOBih HA JIif0 TOPMOHIB, JIiKiB, TOKCHHIB,
MPY MOPYIICHHAX METa0oi3My JIIMONpPOTEiHiB, IpH
rinokcii, Gpidpo3y Ta paky meuinku [15, 16]. Tak gk
(dbeHeCTpH TeMOKAMUISIPIB MEYIHKH € TUHAMIYHUMU
CTPYKTYpaMHu, iX 3MiHa MOXKE MaTé HECIPUSTIMBHUN
BIUIMB Ha I'eNIAaTOILMTH Ta (YHKIIIIO IIEYiHKH B LIIIIOMY.
Kpim nociimpkeHHs: peHecTpoBaHUX CTPYKTYP, Bax-
JIMBUM € JIeTalbHe BUBYCHHS KIIITHH, SIKI BACTUIIAIOTh
cuHycoimu. JlocmipKkeHHs! yabTpacTpyKTypH KIIITHH
CTIHKHM CHHYCOITHHX TEMOKAIJISPIB B IHTAKTHUX Oi-
JIMX LIYPIiB € Ba)KIIMBUMH /TSI BCTAHOBJICHHSI €TaJIOH-
HOI OCHOBH 1 B ITOJIAJIBIIOMY JUIS CITIBCTABJICHHS 3 BU-
SBJICHUMH 3MiHAaMH, OTPIMaHUMH Ha €KCIIEpUMEHTa-
JBHUX MOJIENISAX IHYKOBAaHHUX MAaTOJIOTIH.

MeTto10 poGoTH OyJI0 BUBUNTH YIBTPACTPYKTY-
pPHY OpraHi3aiilo CTiHKH CHHYCOIJHOTO Te€MOKaIli-
JIsipa nevyiHKK O17I0T0 11ypa B HOPMI.

Marepianu Ta MeToau

ExcriepuMeHTanbHi JOCHIIKeHHS IPOBEACH] Ha
10 craTeBo3pinux OULTUX OE3MOPOMHHX IIypax-cam-
sx Macoro 180-230 r. ExciepuMmeHnTH mpoBeneHi 3
JOTPUMAHHSIM MOPAITbHO-€TUYHUX HOPM Y Bi/TIOBIz-
HOCTI 10 TOJIOKEHb €BpONeichkoi KOHBEHMI 111010
3aXUCTy XpeOeTHNX TBAPHH, SIKUX BUKOPHCTOBYIOTH
B EKCIICPUMEHTAJbHUX Ta IHIIMX HAYKOBUX IUJIAX
(Ctpacoypr, 1986), HupextuBun Pamu €pomn
2010/63/ EU, 3akony Ykpaiuu Ne3447-1V «IIpo 3a-
XHCT TBapHH BiJ KOPCTKOTO IOBODKEHH:». IIpoBe-
JIEHHS TOCITiHKeHHS OyJI0 cXBaJieHe WIeHaMHU KOMicii
3 MATaHb 010€THKHN JIEBIBCHKOTO HAIL[IOHAJILHOTO MeE-
JUYHOTO yHiBepcuTeTy imeHi Jlanuma Ianmuipkoro i
BCTaHOBJICHO, 110 HAYKOBi JOCIIPKEHHS BiAIMOBiga-
I0Th ETUYHUM BHUMOTaM 3riHo Hakazy MO3 Ykpainn
Ne 231 Bix 01. 11. 2000 poky (mporokon Ne7 Bix 29
ceprast 2022 poky).
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TBapuH U1 TPOBEICHHS MOCTIHKEHHA pe-
TENbHO BiOMpaIM, OTJANAIH, 3BaXyBaIH. Brpo-
nox 10 nmi6 mypu yTpuMyBalUCh Ha KapaHTHHI B
yMOBax BiBapiro JIbBIBCHKOTO HAI[iOHAIIEHOTO MEIH-
yHOTO YHiBepcurteTy iMmeHi Jlanmma ["amumpkoro y
CTaHJApTHHUX KIITKaX, NPU3HAYCHUX ATl YTPUMY-
BaHHS I'PU3YHIB, 10 3-4 0COOMH y KIITII, B MPUMi-
IIEHHI 3 KIMHAaTHUM TEMIIEPATypHUM DEXHUMOM 1
MIPUITUBHOI0 BEHTWIIAILIIEI0, IPU 3BUYAaHHOMY CBIT-
JOBOMY peXHMi. Yci LIIypu Maji CTaHIapTHUH pa-
LOH, IPU3HAYEHHUH 1S Ta0OpaTOPHUX TBAPHH, 1 Bi-
JBHUH OCTyN 10 KopMy Ta Boau — ad libitum. IIpo-
TSATOM KapaHTHHY BEJHCS IOJCHHI CIIOCTEPEKEHHS
3a 30BHIIIHIM BHIJIZAOM, IOBEIIHKOIO, IMOITaHHIM
KOpMY Ta 3arajlbHUM cTaHoM TBapuH. [lepen 3a6opom
MaTepialy TKaHWHM NEYiHKH TBapHHY BHBOIWIH 3
EKCIIEPUMEHTY 3 BHKOPHCTAHHSIM IHETHIOBOTO
GQ)ipy. . . .

Marepian it €JIEKTPOHHO-MIKPOCKONIYHOTO
JOCITIJDKEHHSI OTPUMYBAJIU 0JIpa3y MIiCisl BUBEICHHS
IIypiB 3 €KCIEPUMEHTY, BUCIKAIOUM HEBEIUKY JiJIs-
HKY TKaHUHH 3 JIIBOI JIaTepalbHOI YaCTKHU MEYiHKHU Ta
MOMIII[at0uH B 2,5% pO3urH IiIyTapaibIeriay, po3Be-
neroro Ha 0,1 M pocdarromy Oydepi (pu pH 7,36).
Ioctdikcaniro npoBoauan B 2% po3unHi YOTHPHO-
kucy ocmito Ha 0,1 M docdataomy Oydepi (pH 7,36),
B MOAAJBIIOMY MaTepian MifjaBaid IeTigpatarii y
cepii cnUpTiB BUCXiAHOI KOHICHTpAILii Ta a0COIIOT-
HOMY AameTOHI i MOMIIIalid B CYMIII EMOKCHIHHIX
cMou enoH-apanauTy 3a A. Glauert [17]. Tlepex npu-
TOTYBaHHSM yJIbTPATOHKHUX 3pi31B OTPUMYBAJIN HaIli-
BTOHKI 3pi3u 1 MKM, ski ¢apOyBaay METHICHOBHM
CHHIM 1 JOCHIIKYBAJIH TIiJ{ CBITJIOBUM MiKPOCKOIIOM
3a JIONOMOTOI0 iMepcii npu 301IbLIEHH] MIKPOCKOTIa
x1000. YnpTpaToHKI 3pi3u BUpi3aiu 3 BUOpaHUX ce-
PEIHBO30HANBHHUX JIUISHOK 32 JOMOMOTOI0 CKIISTHHX
HOXIB Ha yipTpamikporomi YMTII — 2. 3pi3u croya-
TKy KOHTPacTyBaJi B 2 % pO34MHI ypaHiJ anerary
[18], moTiM KOHTpacTyBaJ M IUTPATOM CBHHITIO [19].
YIBTpaTOHKI 3pi3u NMEYiHKU BUBYAIH i GoTorpady-
BaJIM 3a JJOIIOMOTOI0 TPAHCMICIHHOTO €JIEeKTPOHHOTO
mikpockona [TIEM-100-01 (BupoOHuk Ykpaina), npu-
cKoproroya Hanpyra — 75 kB, 30inbmenus 1500 —
x40000.

Pe3yabTaTH a0caixKeHHst

[Tpu ynbTpacTpyKTypHOMY BUBYEHHI CTIHKH CH-
HYCOiZla OCHOBHI MIMTaHHS, 110 BUHUKIIN, - IIe hopMa
KJITHH, 10 BUCTEJIIOTH CTIHKY CHHYCOina, iX B3ae-
MO3B’SI3KH, MOP(OJIOTiYHI OCOOIMBOCTI SAEp 1 IUTO-
IUTa3MH EHAOTeNaIbHUX KIiTHH, KmituH Kymdepa,
KHUPOHAKOTIMIYBAJIbHUX KIIITHH.

3a3BH4ail Ha €IEKTPOHOTPaMax Bi3yali3ylOThCs
KaiJsipH, SKi HEOJHAKOBO OPI€HTOBaHI BiTHOCHO
TJIONTUHHY 3pi3y. Y BHITAIKY, KOJIM 3pi3 MPOUIIOB Tie-
PIEHIUKYJISIPHO XO/AY CYAMHH, CHAOTEelialbHAa BU-
CTUJIKA 4aCTO Ma€ BUIJISJ BY3bKUX CMYXOK. Ha ere-
KTpOHOTpaMi Jayxke 1o0pe BUAHO YHCICHHI IOPH B
EHIO0TeNMI 1 JUITHKN CUHYCOTTHOTO KaImiisipa, B SKHX
eHjoTenii BincytHii (puc. 1). [ToBepxHi rematomnu-
TiB, [0 KOHTAKTYIOTh 3 TEMOKAIISIPOM, XapaKTepH-
3yBaJIMCsl HASIBHICTIO YNCEIbHNX MIKPOBOPCHHOK, SIKi
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BUNIMHANHCA y mpocTip [licce, mo po3TamoBaHHit
MIX CTIHKOIO TeMOKAaIIsIpa i TenaTonuTamMu, i mpo-
HUKAaJIH y MIPOCBIT Kamijsipa (puc. 2).

Puc. 1. MonepeyHnin 3pi3 cuHycoifa, CTiHka sikoro 06-
MeXXeHa TOHKOI0 eHAoTenianbHO BUCTUIKOI, B 5Kl BUpa-
3HO BUAHO LWINWHK | Mopwy. Y NpocBiTi eputpoumntn. Enekrpo-
Horpama. x2200.

Puc. 2. besnocepeaHin KOHTaKT renaroumTa 3 CUHYCO-
igom. YiTko BMAHO 4yMcenbHi MIKPOBOPCWMHWM rematouuTa y
npoctopi [licce i NpocBiTi CMHYcoigHOro kaninspa, y NpocsiTi
CMHycOi4a TakoX HasBHi epuTpoumtu. EnekTpoHorpama.
x7500.

HuToruazMa eHnoTeNianbHUX KITHH AyXe Oi-
JIHa Ha BMICT, 3yCTpIdaloThCsl MIXypIli pi3HOTO poO3-
Mipy 1 HEBenWKa KUIBKICTh BUIBHHX pubocom. Ha
YIBTPATOHKUX 3pi3ax, [0 MPOHIUIN B AUIAHIN Oist
sqpa eHJOTeIONKTa, KIITHHA TIMOOKO BUCTYIAE B
npocBIiT cuHycoina. dopMa saep eHIOTETIaTbHIX
KJIITHH MOXe OyTH pi3HOMaHiTHOIO. B 6inbmocTi eH-
JIOTEJIOLMTIB Spa MaJld BUTATHYTY (opMmy 3 OpHII-
YaCTHM PO3TalllyBaHHSIM XpoMaTuHy (puc. 3).

OxpeMi sijpa XapaKkTepu3yThCs HASIBHICTIO TO-
MOTEHHOTO JpiOHO3epHUCTOr0 BMicTy. CKymueHHs
TpaHyJl BHCOKOI HIUIBHOCTI PEryJsipHO pO3TAIlOBY-
10ThCs 10 niepudepii sapa 1 B OKpeMHX TUITHKaX Hy-
KJIeoIIa3Mu. B 1eHTpi siipa pedyoBUHA Kapiomia3mMu
MpoCBiTIIeHa 1 IMyxKimma. Snepiie apiOHOrpaHyIsipHE,
mineHe, okpyrie (puc. 4). LinpHICT HUTOIUIA3MHA
EHJI0TeJIANIbHUAX KIITHH B [[IIOMY CHJIBHO Bapiroe Bil
KJIITAHHA 00 KIITUHU. HalOlupln LIbHIN AUISHKA

MICTSTh 3HAYHY KUTBKICTh BUTBHHX pHOOCOM, SKi
3rpynoBasi B moyicomu. [IpoTe ruromaszma Ginbmoi
YaCTUHU €HAOTENIaJbHUX KIITHH, HE NUBJIAYNCH Ha
3HAYHY KiJTBbKICTb OpTaHeN i BKIIOYCHB, € CBITJIOIO
(puc. 4). dyxe pigko 3ycTpidaimucs €HAOTeTialbHi
KIITHHM 3 HAITO CBITJIOIO IMTOINIA3MOIO, B SIKIH
Malbke He Bi3yali3yBaJKCs OpraHelu.

Puc. 3. YnbTpacTpykTypa cuHycoiga i renaTouuTiB iH-
TaKTHUX eKCNepUMEHTanbHNX TBApWH. AaepHa 30Ha eHpoTe-
niounta Ha % BMCTYnae y MpOCBIT CuUHycoiga. EnekrpoHo-
rpama. x7500.

Puc. 4. YnbTpaToHkui 3pi3 Yepes eHaoTenianbHy Kii-
TUHY B AiNgHUi sgpa. EHpoTenianbHa knituHa rmmnboko Bu-
CTynae y NpOCBIT CMHYCOIAHOro Kaninsipa, oTodeHa 3i BCiX
CTOpiH renaTounTamMu. Aapo eHgoTenioumTa BUTArHYTOI (ho-
pmu 3 BpunyacTM posTallyBaHHAM XpPOMaTUHY. Y NpOCBITi
CUHycoiga HasBHi eputpounTu. EnektpoHorpama. x4500.

B ynbTpacTpyKTYypHOMY KOMIIAPTMEHTI SHIOTE-
JaNbHAX KIITHH CTAHOBILITH iHTEpec MITOXOHIPIi.
Bonu € MeHmi 3a po3MipaMu, Hi>k MiTOXOH/pIi rema-
TonMTIB. TakoX 3ycTpidaroTbest ApiOHI, BUTATHYTOL
(dhopMu 3i HIUIBHUM MaTPUKCOM 1 MOMEPEYHO PO3Ta-
[IOBaHUMH KpUCTaMu. [lopsia 3 MITOXOHIPISIMU Ma-
JICHBKOTO PO3MIpY B IIHMX )K€ CHAOTETalbHUX KIITH-
Hax 3HaXOAATHCS MITOXOHJpIi OLIBLIOr0 po3Mipy, 3
JIy’K€ CBITJIUM MaTPUKCOM Ta OJIHI€I0 a0 IBOMA KpH-
cramu. HacTo 3ycTpivarThCs MITOXOH/PIT cepenHix
PO3MIpiB, 3 TMOMIPHO LIIJIBHUM MaTPHKCOM 1 KpHC-
TaMH y BUTJIAI CKIAIHOI CITKH aHACTOMO3YIOUHX Ka-
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Haub1IiB (puc. 5). Takox 3Beprace yBary 1o0pe po3Bu-
HeHnil KoMIuIeke I'obKl B UTOINIa3Mi €HIOTeia-
NBHUX KITHH. MOr0 CTPYKTYpHI eleMeHTH 3aiiMa-
I0Th 3HAYHy IUIOLY LUTOIUIa3MHU KiiTHH. ['paHyrns-
pHa eHoIIa3MaTHYHA ciTKa Oyna y IBoX GopMax: y
BUIIIAAI APIOHUX BY3BKHX TPYOOUOK ab0 y BUIIIAII
BaKyOJIeH, JIesiKi 3 HUX OyJIi BEJIUKI.

OpHUM i3 BaXXJIMBUX KOMIIOHEHTIB IIUTOILIA3MH
SHJI0TeJIalIbHUX KIIITHH € BKIIOYeHHs. B rurornasmi
BOHH CIIOCTEpIrajiics y BeJIMKiH KUTbKOCTI, OyIH pi3-
HOT'O PO3MIpy, MaJli BUTJISI SIK CBITJIUX, TaK i TEMHUX
BakyoJier. JIpiOHi MiXypui CBITIi, pO3KHIaHi O BCil
OUTOIUIA3MI, aje HalOimpIIe iX Bi3yarizyBamocs IO
repudepii kimituHU. Binpmi 3a po3MmipamMu Bakyoi
PO3TaIoByBaJHCs OIIDKIE 10 IICHTPY KIIITHHH, MaJIA
BHCOKY IIUIBHICTE 1 OynH nemo TeMHimuMu. Jeski
BaKyOJIi MaJId BHUTJISA TPaHyI 3 IMOJIMOP(GHIM BMicC-
TOM, TaK 3BaHi (harocomu (puc. 5).

Puc. 5. YnbTpaToHkuiA 3pi3 Yyepes eHpgoTenianbHi Kni-
TVHW B OiNsHUi uMTonnasmu nosa sapom. B uMtonnasmi kni-
TUH BWAHO MITOXOHAPII, eHaonnasmaTuyHa CiTka, BKIHO-
YeHHs. Y NpocBITi CMHycoiaa HasBHI epuTpounTn. EnekTpo-
Horpama. x4500.

EnporenianbHi KIITHHE IO X0y Kamiisgpa po3-
TaIIOBYIOTHCS JOBOJI INITBHO, TOMY AEKOJH OyBae
Ba)XKKO Bi3yasi3yBaTH MEXY MiX JIBOMa €HJIOTEIIiO1H-
Tami (puc. 6). B okpemMux eIexTpoHOrpaMax CIocTe-
piranucs TaHOOKI iHBariHaiii IUTOMJIA3MH OIHIET
KIITHHU B TUIO 1HIIOT KiIiTHHH. [IpoTe MIKpOBOPCH-
HOK, SIKI Y BEJIMKIH KUIBKOCTI pO3TalloBaHi y mpoc-
Topi Jlicce 3 OOKy renarouuTiB, Ha TIOBEPXHI €HIOTeE-
JiaJbHUX KIITHH HAMU HE BUABIISLIOCS. B exekTpoHo-
rpamax MoxkHa OyJio OauuTH, K €HAOTEeNiaNnbHI K-
THHM YaCTKOBO OTOYEHI MIKPOBOPCHHKAMH TemarTo-
LIUTIB, TOMY OYJIO Ba)KKO B OKPEMHX BHUITaJKax 1oda-
YHUTH NepeXifl BiJ MapeHXIMHU 10 €HJIOTEIIIO0.

CriHKa CHHYCOiJHHX KallJsIpiB KpiM eHAOTEeNi-
ouutiB Mmictuna kinituad Kyndepa (puc. 7). Yacrite
BOHH PO3TAILOBYBAJINCS BCEPEANHI CHHYCOIMHHUX Ka-
MISIPiB, 4aCTKOBO Ha X Oipyprauisx. Kiitunu Kyn-
(epa xapakTepu3yBanucs HasBHICTIO BEJIMKOTO OBa-
JIBHOTO s1/Ipa 1 3HAYHOTO 00’€My IMTOIUIA3MH, Majn
J00pe po3BUHYTHI KOMITIeKe ['onb1Ki, YuCIeHH] Mi-
TOXOHJIPIi 3 YITKUMHU KPUCTaMH 1 MaTPUKCOM ITOMip-
HO{ €JIeKTPOHHOI IIUIBHOCTI, I'PaHyJISIPHY €HIO0IIa3-
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MaTHYHY CiTKy, 0araTo IepBHHHHUX i BTOPHHHUX JIi-
3ocoMm. Ha mnosepxni kmitun Kyndepa mikpoBopcu-
HKH 1 BiIpoCcTKU-(iI0noAii, iKi NepertiTaroThes 3 Mi-
KpOBOPCHHKaMH T'ermaTonuTy (puc. 8).

Puc. 6. TicCHWI KOHTaKT OBOX CYMiXHWUX eHpoTenianb-
HUX KNiTUH. B uutonnasmi BUAHO MITOXOHAPI, BKIOYEHHS,
eHgonnasmaTuyHy CiTky, ABa sapa pisHoi hopmu i po3mipy 3
OpvnyacTm po3TallyBaHHSIM  XpoMaTuHy. EnekTpoHo-
rpama. x4500.

Puc. 7. Knituna Kyndepa 3 Benvkum s4poM i 3Ha4HUM
o6’emom uuTonnasmmn «BbyaoBaHa» B eHAoTenianbHy BU-
CTUIIKY CUHYCOifHOro Kaninsipa. EnektpoHorpama. x2200.

Puc. 8. Benuka knituHa Kyndepa MiCTUTb YNCTNEHHI Ln-
TONNasMaTUYHi KOMMNOHEHTW, Ha i MOBEPXHi MIKPOBOPCUHKM i
BiApOCTKM-chinonogii, ski nepennitaloTbCst 3 MIKPOBOPCUH-
kamu renatouuTty. EnektpoHorpama. x4500.
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Binpmicts kmiTrH Kymndepa posramoByBamucs
B CHHYCOiJaX B IEPUIIOPTAIBHIHN 30HI YaCTOYKH, ME-
HIIIa KiJTBKICTh 3HAXOAMIACh B CepeHii yacTuHi i 6i-
751 neHTpansHoi BeHu. [lepumopransHi kmituan Ky-
(hepa Oymu 3HAYHO OLITBIII 32 PO3MIPOM TOPIBHSIHO 3
KIIITHHAMU CePEeIHBOI 1 IEPHBEHO3HOI 30H (pHC. 9).

Puc. 9. YnbTpacTpyKTypHUI KOMNApTMEHT KniTuHu Ky-
ndepa, ynbTPaToOHKUIA 3pi3, L0 MPOWLLOB Yepe3 uutonna-
3My: MITOXOHAPIT pi3HOro po3mipy 3 MaTPUKCOM PIi3HOI LWinb-
HOCTI, Komnnekc onbaxi, rpaHynspHa eHgonnasMaTuyHa ci-
TKa i BKNoYeHHs. EnektpoHorpama. x2200.

VY 3B’S3Ky 3 THUM, IO CHAOTENIH, SIKII BUCTHJIAE
CHUHYCOiJHI KamiIsipH, HE Ma€ MATPUMYIOY0i Horo
0azanpHOi MeMOpaHH, BaXKJIMBE 3HAYCHHS HAaJa€ThCs
JKMPOHAKOIMYYBAJILHUM KJIiTHHaM ITo, abo minonu-
tam. Illap eHmoTemiabHUX KIITHH MICHSAMH MiATPH-
MYETBCSI [IUTOIUIa3MaTUYHUMHK BiIPOCTKAMH KIIITHH
IT0, siKi OXOILTIOIOTH CHHYCOITHII Kamisip. JKupoHa-
KOMUYYyBaJIbHI KIIITHHY [TO pO3TaIIOBYIOTHCS MiX re-
MATOIUTAaMU 1 3B’s13aHi 3 mpocTopoM Jlicce cuHycoi-
IiB, 1 IX MOKHA BBa)XaTH OCOOJIMBUM THIIOM iHTEpC-
THULIIHHUX KIITHH B TMapeHXimi. XapaKkTepHOIO 0c00-
JMBICTIO KIiTHH ITO Oyna HasBHICTH III00YII, SIKi Mic-
TATH Kparuli kupy y ix nuroruiasmi (puc. 10). ¥ mpo-
cropi /[licce po3minryBanucs NOOJUHOKI (hibpobdia-
ctu. Kiitunu Ito po3ramnoByBaiics Oamxkye 10 LeH-
TPaJIbHOI BEHMU.

Puc. 10. NlinounT, po3TawioBaHni B CUHYCOIAi MiX re-
naTouuTamu i 38’a3aHuii 3 npoctopom [licce cuHycoigis, Mi-
CTUTb NiNigHI TpOodiYHi kKpanni. Y NpoceiTi cuHycoiga epuTpo-
unt. EnektpoHorpama. x2200.

OO6roBopeHHs

[TeyiHka € KPUTUYHO BaXKJIMBHUM LIEHTPOM [UIS
YyHceNbHUX (i3iomoriyanx mpoueciB. Jlo HUX Haie-
KaTtb MeTaboJi3M MaKpOEIEeMEHTIB, PEeryismis 00'-
€MY KPOBI, MATPUMKA iIMyHHOI CHCTEMH, SHIOKPHH-
HHU{ KOHTPOJIb CHTHAJIbHUX IIUIXIB POCTY, TOMEOCTa3
JIMIITIB 1 XONEeCTePUHY, PO3IICIUICHHS KCEHOOI0THY-
HUX CIIOJIYK, Y TOMY YHMCIi 0araTbox MeJUKaMEeHTO3-
HUX npenapatis [20].

CBoi OararouncensHi QyHKIii neyiHka B 3M031
BUKOHYBATH TiJIbKH MPU AOCTaTHHOMY KpPOBOIIOCTa-
YaHHI NEYIHKOBUX KIITHH. TOMy 0COOIMBOCTI CTPYK-
TypH KPOBOHOCHHX CYIHH IEYiHKH € TpeaMeToM Oi-
JBIIIE, HiIX MPOCTO]I 3amikaBiaeHocTi. CHHYCOIIHI eH-
JOTeNiaNbHI KITHHU TEYiHKH CKIaJal0Th CHHYCOi-
IHY CTiHKY, SIKy TaKOX Ha3MBAaIOTh CHAOTENieEM abo
€HIOTETIaIbHOI0 BHCTIIIKOIO. CHHYCOimM TediHKA
MOJKHA PO3TIISAATH SK 0coOHBi 200 HEe3BHUAKHI Ka-
TIUISPH, SIK1 BIAPI3HAIOTHCS BiJ] IHITHUX KaIiJIspiB B Op-
raHi3Mi Yepe3 HasiBHICTh BIIKPUTHUX MOP a00 GpeHecTp
6e3 miadparmu Ta 0a3aabHOT INIACTUHKY ITiJI €HA0TE-
sieM [15]. EnexTpoHHO-MIKpOCKOMiYHA KapTHUHA Jie-
MOHCTPY€E HasIBHICTb LIUIHH 1 ()eHECTp B CTIHLI CHUHY-
coima, TAKUM YHHOM, CHIOTENiabHA BUCTHIIKA HE €
cyuinpHOI0. TloeqHAHHS TepepUBYACTOCTI 3 BIACYT-
HicTIO 0a3anbpHOI MeMOpaHH B CHHYCOIMl € yHIKaJb-
HOIO 0COOJMBICTIO TOHKOI CTPYKTYPH TICUIHKH 1 Bij-
moBizae ii QyHKIisIM.

[Nepmmii omuc Ta €NEKTPOHHO-MiKPOCKOIIYHY
KapTUHY (PEHECTP CUHYCOITHUX CHAOTETaJbHUX KJIi-
tuH HagaB E. Wisse y 1970 porii [14]. YV HacTynHuX
MOBIZIOMJICHHSIX OyJIO MiITBEPKEHO iCHyBaHHS (e-
HECTp B EHJOTENIaNbHI BUCTWILI 3a JIOMOMOTOIO
TPaHCMICIHHOT 1 CKaHyI04O01 €JIeKTPOHHOI MIKPOCKO-
mii [21-23].

3 MOMEHTY ITOYaTKOBOTO CIIOCTEPEKECHHS 3a (a-
TOILUTApHOIO aKTHBHICTIO B KIITHHAX, 110 BUCTHJIA-
I0Th TIEYIHKOBI CHHYCOiqH 1 ONHCy (aronuTyrounx
kiituH Kyndepa ¢pon Kynpepom, nmocrano nmuraHas
PO KJIITHHH, SKi BUCTHIIAIOTh CHHYCOiIH, sIKe OyJo
MIPEAMETOM CYIIEPEUOK: Y NEeYiHKOBI CHHYCOIH BU-
CTEJIEHI OJHUM THUIIOM KJIITHUH YU JBoMa abo Oiiblie
PI3HUMU THIIAMU KIITHH. [IpoBOAMINCS ENEeKTPOHHO-
MIKpPOCKOIIIYHI JOCIIKEHHS 1 Ae0aTH MO0 THIIIB
KIIITHH B CTIHI[I CHHYCOITHUX TeMOKAIIISIPIiB, BKa3y-
BaJIOCS Ha HAsBHICTH IIOHANMEHIIE BOX THUMIB KJIi-
TUH BUCTWJIAHHS, TOOTO HASBHICTh €HIOTENiAIBHOL
KIITHHMY, II0 YTBOPIOE CTIHKY, i (haronuTapHoi KiIi-
tuan Kyngepa [14, 15, 21].

Ha ocHOBI ynbTpacTpyKTYpHHUX XapaKTEpUCTUK
1 MepOKCHAa3HOI aKTUBHOCTI Oyi10 nuepeHniioBaHO
TpH pi3Hi THOH KIITHH. Lle THIIOBI mepokcuIa3o-mo-
3uTHBHI KiiTHHU KiniTHH Kyndepa, nepokcnaaszo-He-
raTUBHI €HIOTE i bHI KIIITHHY 1 )KUPOHAKOTHYYIOUi
kiitunu [21]. Knituau Kyndepa xapakrepuszyBanucs
BiJTHOCHO PSICHOIO IIUTOILIa3MOI0, Oynu Garari UTO-
IUIa3MAaTHYHIMH OpraHeIaMH Ta MaJld YHCIIeHH] Ipa-
HYJIM Pi3HOT IIILHOCTI Ta ()OPMH 1 9aCTO BUSBIISLTHCS
B NPSIMOMY KOHTaKTi 3 MIKpOBOPCHHKAaMH TeIaTOLH-
TiB, 1110 HiJITBEPUKYETHCS pe3yIbTaTaMH HAalllUX J10C-
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JimkeHs (puc. 7-9). TUMOBI CTIHKOYTBOPIOIOYi €HIO-
TemianbHi KIiTHHH, 32 gaHuMHu J.J. Widmann [21]
OynM HEraTMBHHMH O IEPOKCHIA3H, MaJl MEHILe
AP0, MEHIIAH 00’€M IUTOIUIA3MHU Ta MEHIIE Opra-
HEJl, IPOTE B MUTOIUIA3Mi OyII0 6araTo MiKpOIiHOIIH-
TO3HHUX Be3UKyN. Ha Hammx enexrpoHorpaMax (puc.
51 6) B CHIOTENIOIMTAX IUTOIIA3MATUYHI BKIIIO-
YEHHS CIIOCTEPIraJucs TaKOXK y BEJMKIH KiJIbKOCTI,
OyJu pi3HOTO PO3MIpY, MaJld BUTJIA] K CBITJIUX, TaK
i TeMHUX Bakyousei. [IpiOHI MiXypui cBITJIi, PO3KH-
JlaHi 10 BCiM IIMTOIUIA3Mi, aje HalOLIbIIe X Bizyali-
3yBasiocsi o nepudepii krituHu. binpni 3a po3wmi-
paM# BaKyoJli PO3TalIOBYBAIHCS ONIKYE A0 HEHTPY
KIIITHHHU, MaJId BUCOKY HIUTGHICTH 1 OynH Iemo TeM-
Himmmu. 11lo cTocyeTscs MiXkeHAOTEN IBHUX MUTHH
i (heHECTp, TO MU CITOCTEPIraiy Pi3Hi 32 po3MipoM de-
HECTPH 1 [IIIMHY, ajJie BUSHAYUTH, UM OYJIH TakKi po3-
MipH IIUTHH paHime, 9u 301MbITyBaINCA B PO3Mipax
yepe3 nepdysiiiHuii THCK, He Oyi0 MosxmBocTi. Lle
TaKOX IliKaBe i JUCKyCiliHe MUTAaHHS, ajle BOHO MOT-
peOye OKpEMOro AOCIIPKESHHS.

TpetiM TUIOM KIITHH OYyJIM Tak 3BaHi XKHPOHA-
KOMUYYIOYl KIITHHH, HEraTUBHI 10 TNEPOKCHAA3U
[21]. Ha mamiit emextpoHOorpami (puc. 10) ms mux
KIIITHH XapaKTepHA HasBHICTh HEBEIWKOI KUTBKOCTI
KpareiaboK JIMiliB, KilbKa MITOXOHIpiH i IMOMiTHA
rpaHyJsIpHa CHIOIUIA3MAaTHYHA CiTKa. Taki KIITHHA
OynH BiIOKpEMIICHI BiJl CHHYCOIIHOTO MPOCTOPY TO-
HKMMH BiIpOCTKaMH LHUTOIUIa3MU EHIOTEialbHUX
KJIITHH, 1 TOMYy iX MOYKHAa BBa)KaTH CIPaBJi NEPUCH-
HYCOIMHUMH KITITHHAMH, 1 MU MOTO/DKYEMOCS 3 JT0C-
JipKeHHssMu aBTopis [20, 21].

KpiM mnpezacTaBieHMX ONMUCAHMX TPHOX THIIIB
KJIITHH B CHHYCOTIHIN CTIiHII, SKi MOP(OJIOTriuHO, (Y-
HKI[IOHAJIBHO Ta IIUTOXIMIYHO Pi3Hi, € I OJUH THII
KIITAH — SIMKOBI KIiTHHU (Pit-KJIITHHK), SKI TaKOX
pO3TalIoBaHi B CTiHII CHHYCOIIIB MEYiHKU OIypiB i
XapaKTepU3YIOTHCS HASBHICTIO TICEBIOMOIIH, 10 3Mi-
IIYIOTBCS 3 MIKPOBOPCHHKAMH MapeHXIMHUX KIITHH
[24]. Pit-kniTunu € npupogauMu T-KiTiTHHAME-KiJIe-
pamu, SKi BiIirparTh BaXKJIMBY POJIb Y IMyHHOMY 3a-
XHMCTI mepiuoi JiHii IPOTH BTOPrHEHHs NATOTEHIB,
MOTYJISIIIT MTOIIKOKSHHS MIEYiHKK Ta 3aTyYCHHI 1[H-
PKYITIOI0YHX JTiM(OLUTIB.

3a njaHumu aBTopiB [21], siki mpoBOaMIHM MTiapa-
XYHOK PI3HHUX KJIITUH CTIHKH T€MOCHHYCOITHUX Karli-
NApiB medinky, 3 moHan 1000 migpaxoBaHUX KIIITHH
cuHycoinHoi crinku 39% Oynu kinitnHamu Kyndepa,
48% - enpoTeniansHUME KTiTHHaMHA 1 13% - )kupoHa-
KONMYYIOYUME KIiTnHaMu. [IpoTe € i iHmm migpa-
XYHKH, SIKi JICIIO BiJIPi3HIAIOTHCS Bifl BUIIEC BKa3aHUX.

Tax, 3a nanumu V. Racanelli, B. Rehermann [25] mo-
TYJIAIIS HeTTapeHXIMaTO3HUX KIIITHH CTIHKH CHHYCO-
ima CKJIagacThCs 3 €HOOTEMAIbHUX KIITHH MEYiHKHA
(~50%), xmitie Kyndepa (~20%) 1 3ipaacTux >xupo-
HaKOMUIYIOYHX KIITHH (<1%). Pemrra cknamaroTs i-
MormtH (~25%) 1 xoBuHI KIiTHHH (~5%).

TakuM 4YWMHOM, EHIOTENIH KamisipiB Bigirpae
LEHTpaIbHY i aKTHBHY POJIb y Peryisiii ooMiHy Ma-
KPOMOJIEKYJ, PO3YMHEHUX DPEYOBHH 1 PIAMHH MIiX
KpPOB’I0 1 HaBKOJIMIIHIMU TKaHWHaMu. Bucoka mpo-
HUKHICTh CHJOTEIII0 KamiIIpiB BiIOOpaKaeTbCs B
HasiBHOCTI CIELIaJIbHUX TPAHCIIOPTHUX CHUCTEM,
MPECTAaBICHAX BE3WKyJaMH, KaHaJlaMH, Tiadpar-
MaM¥ i heHecTpaMu.

BucHoBku

[Teuinka € KPUTHIHO BaKIMBUM IIEHTPOM JUIS
Oaratpox (bizionoriyHUX mporecis i cBoi baratoguce-
TpHI (QYHKIII MediHKa B 3MO31 BHKOHYBAaTH TUTBKA
IIPY JOCTATHHOMY KPOBOIIOCTa4aHHI EYiHKOBUX KJIi-
THH.

EnexTpoHHO-MIKpPOCKOIIYHE JOCIIKEHHS Je-
MOHCTpPY€ HasBHICTb IIIJIMH 1 ()eHECTp B CTIHLI CHUHY-
coifa, TAKUM YMHOM, €HJIOTelliallbHa BUCTHIIKA HE €
cyuinpHOI0. TloeqHAHHS TepepUBYACTOCTI 3 BIACYT-
HicTIO 0a3anbHOI MEMOpaHH B CHHYCOIJl € yHIKalb-
HOIO 0COOJIMBICTIO TOHKOI CTPYKTYpH TIEUiHKH 1 Bif-
moBizae ii QyHKIisIM.

Ha ocHOBI eneKTpOHHO-MiKpOCKOIIIYHOTO IOC-
JDKeHHS TU(QEePeHIIHOBaHO Pi3HI THUIH KIITHH: €H-
JotemianbHi, kiituHE Kyndepa, xupoHakonuuyroui
KIITUHM 1 SIMKOBI KJIITHHHM, SIKI XapaKTepH3YIOThCS
BIZIMIHHOCTSIMH YJBTPACTPYKTYPH, IO MiJTBEPIKYE
X IMPOKI GPYHKIIOHATbHI MOKIIUBOCTI.

Oco0aMBOCTI  yIBTPaCTPYKTYpHOI oOpraHizaii
CHHYCOITHUX KalUIAPIB MCUIHKA € BAXKJIMBUAMH IS
BCTAHOBJICHHS €TaJIOHHOI OCHOBM 1 B IOJAJBIIOMY
JUISL CITIBCTABJICHHS 3 BUSIBJICHMMH 3MiHaAMH1, OTpHMa-
HUMH Ha eKCIIEpUMEHTAJIbHUX MOJIETISIX 1HYyKOBaHUX
TIaTOJIOT 1.

IlepcnekTHBY MOJANBIIMX A0CTITKEHb

JlocmiKeHHST YIIBTPAaCTPYKTYpHOI OpraHi3armil
CHHYCOITHUX KaliJsIpiB EUiHKH P eKCIIEPUMEHTA-
JILHOMY BIUIMBI 0J1iT KaHa01/1i0J1y Ta KOHOIUISTHOT OJii
1 TIOPIBHSIHHSL 31 CTIHKOI CHHYCOIJHOI'O T'€MOKalli-
JIsipa MeYiHKK O1JI0T0 LIypa B HOPMI.

Indopmanis npo koHQJIIKT iHTepeciB

[MoreHmiitanX a00 SBHUX KOH(QIIIKTIB iHTEpECIB,
10 TIOB’sI3aHi 3 IIUM PYKOITMCOM, Ha MOMEHT ITyOi-
Kallii He iCHy€ Ta He rmepeq0a4aeThCs.
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TIEYiHKH Oi10T0 1Iypa B HOpMi. MeToau. ExcriepuMeHTalIbHI TOCTIKSHHS TpoBeieHi Ha 10 cTaTeBo3piiuX 011Mx
Oe3mopoaHuX mrypax-camipix mMacoro 180-230 r. ExcriepuMeHTH MPOBEICHI 3 TOTPUMaHHAM MOPATbHO-STHYHUX
HOPM Y BiJIMTOBITHOCTI JI0 TIOJIOKEHb €BPOIEHChKOT KOHBEHIIIT 11010 3aXUCTY XpeOETHUX TBAPUH, TKUX BUKOPHUC-
TOBYIOTh B €KCIIEpUMEHTAJbHHUX Ta iHmMX HaykoBux mimsax (CrpacOypr, 1986), JdupextuBu Pamm €Bporm
2010/63/ EU, 3akony Ykpaian Ne3447-1V «IIpo 3axuct TBapuH BiJ KOPCTKOTO TIOBODKCHHS». Y Ci II[ypH Malli
CTaHIapTHUH PaIlioH, IPU3HAYCHHUH [T TaGOPaTOPHUX TBAPHUH, 1 BUIBHUIA JOCTYTI 10 KopMy Ta Boau — ad libitum.
[potsarom 10 1i6 kapaHTHHY BEJIHCS IIOICHHI CIOCTEPEXKEHHS 32 30BHILIHIM BUTJISIIOM, TOBEAIHKOO, 101 JaHHIM
KOpMY Ta 3araJl-HUM CTAHOM TBapuH. MaTepiaji Juisi eJIeKTPOHHO-MIKPOCKOMIYHOTO JIOCHTIPKEHHSI OTPUMYBAaJIH
oJipa3y Micisi BUBEJICHHS LIYPiB 3 eKCIIEPUMEHTY 1 TOTYBAJIM 3Pi3H 32 3arajbHO NPHHHATOI0 METOINKOI0. Y IIbTpa-
TOHKI 3pi3H II€4iHKU BUBYAIIH 1 poTOrpadyBain 3a JONOMOT 00 TPAHCMICIHHOTO el1eKTpOHHOTro Mikpockona [IEM-
100-01 (BupoOHuK YKpaiHa), mpucKoproroya Hanpyra — 75 kB, 30inbimenns x1500 — x40000. PesyasTarn. Ene-
KTPOHHO-MIKPOCKOITIIYHE AOCIIKEHHS IEMOHCTPY€E HAsIBHICTD IUIMH 1 ()eHECTp B CTIHII CHHYCOiJa, TAKUM YH-
HOM, €HJOTeJiallbHa BUCTWIKA HE € CYHUIbHOIO. IloeHaHHS IepepuBYACTOCTI 3 BiACYTHICTIO 0a3ajbHOI MeM-
OpaHu B CHHYCOI/li € YHIKQJIEHOIO OCOOJMBICTIO TOHKOI CTPYKTYPH MIEUiHKH 1 BiAmoBigae 11 ¢pyHkiism. Ha ocHOBI
€JIeKTPOHHO-MIKPOCKOIIITHOTO JOCIiKESHHS TU(EepeHIIIHOBAaHO Pi3HI THITH KITHH: eHAOTeNiambHi, Kiitnan Ky-
ndepa, KIPOHAKONMUIYIOUi KIIITHHH 1 SIMKOBI KIITHHH, SKi XapaKTePU3yIOTHCS BIIMIHHOCTSAMH YIBTPAaCTPYKTYPH,
JIOKaji3arii, oo mATBEepIKYeE X MUPOKi (YHKIIIOHATBHI MOKIHBOCTI. OcoONMHMBY yBary nNpuaijieHO yIbTpacTpy-
KTypHHM OCOOJHBOCTSM sIIEp 1 MUTOIUIA3MHU €HIOTeNianbHuX KITHH 1 KiIiTiHH Kymdepa Ta ix B3aeMo3B’s3kam.
HMincymox. BuzHaueHi 0coOIMBOCTI YIbTPACTPYKTYPHOI OpraHizalil CHHyCOIMHUX KAIIspiB MEYiHKU € BAXKIH-
BUMH JIJIsl BCTAHOBJICHHSI €TaJIOHHOT OCHOBH 1 B IOJJIbILIOMY JIJISI CIIIBCTABJICHHS 3 BUSBJICHUMH 3MiHAMU, OTPH-
MaHUMHU Ha CKCICPUMCHTAJIBHUX MOJCIIAX iHZ[yKOBaHI/IX HaTOJ'IOFifI.

Kurouosi ciioBa: neuinka, cunycoinu, npoctip Jicce, ennotenionuty, kiituau Kyndepa, knituau Ito, Pit-
KJIITHHH, €JIEKTPOHHA MIKPOCKOIIis, IIypH, HOpMa.
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ABSTRACT. Background. Toxic components of scorpion venom cause local symptoms and the development of severe
neurological, hematological disorders, cardiovascular, respiratory, excretory systems, etc. Among the leading causes of
death under these conditions are heart failure and pulmonary edema. Expanding the understanding of the effects of scorpion
venoms will make it possible to establish pathogenetic mechanisms for developing certain complications and patterns of
histological and biochemical changes in target organs. It can also be essential in developing treatment methods, prevention,
and manufacturing medicines and antidotes. Objective. Morphometric analysis of changes in the structure of the rat heart
wall and the course of hemodynamic processes in it in response to the effect of the venom of the scorpion Leiurus mac-
roctenus. Methods. Experimental studies were conducted on 60 male rats (180 g+3 g), which were injected intramuscularly
with 0.5 ml of the venom solution (28.8 mg/ml) (LD50=0.08 mg/kg). Morphometry of digital images was performed in the
Fiji: ImageJ program. The width of cardiomyocytes and the percentage of myocardial area occupied by blood were deter-
mined. Results and conclusion. Against the background of the action of the scorpion venom Leiurus macroctenus, a statis-
tically significant increase in the width of cardiomyocytes and the area of hemorrhage zones in the myocardium is observed;
these characteristics are more pronounced over time. Cardiomyocytes showed signs of pathological changes already in the
first hour of the venom action, when, morphometrically, the difference from the control group was still impossible to register.
In the case of cardiomyocyte sizes, if in the first hour after the venom administration, the increase in their width was not
observed in the experimental group. The width was already significantly more significant in the third hour than in the control
group. The area of the vessels increased due to the aggregation in their lumens and near the walls of formed blood elements,
the perfusion of the vessels themselves and edema of the middle and outer membranes. The area of hemorrhagic zones
outside the vessels was determined by the increase in permeability, or even the destruction of their walls, which led to
diapedesis and passive penetration of formed blood elements into the surrounding tissues.
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Introduction

Poisoning due to scorpion stings is a current
medical problem that poses a threat to the health and
life of people, especially children and the elderly with
a complicated medical history [1]. The epidemiology
of scorpionism worldwide is impressive. Every year,
about 1.2-1.5 million people suffer from the bites of
these animals, which leads to 2600 deaths. Until re-
cently, it was believed that poisoning due to scorpion
stings is characteristic mainly of poorly developed
tropical and subtropical countries, namely Africa, In-
dia, the Middle East, Mexico, and Latin America.
However, it is now well known that their usual distri-
bution area has significantly expanded, so fatal cases
are also recorded in countries with a high standard of

living [2, 3].

Currently, there are over 1500 different species
of scorpions, of which 50 are venomous subspecies
[4,5,6,7,8,9]. It has been established that the toxic
components of their venom cause not only local
symptoms but also the development of severe neuro-
logical, hematological disorders, disorders of the car-
diovascular, respiratory, excretory systems, etc.
Among the leading causes of death under these con-
ditions are heart failure and pulmonary oedema [10].
Proteins are essential structural components of their
venom and have extremely toxic properties [11, 12,
13, 14, 15]. Even though more than 800 peptides have
been identified to date, the composition of scorpion
venom is considered poorly studied. In addition, it
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can vary significantly even within the species; there-
fore, the features of biological action, impact on tar-
get organs, and morphological changes in body sys-
tems are variable. Therefore, a detailed study of the
structural elements of scorpion toxins is a promising
direction in toxicology, molecular biology, morphol-
ogy, etc. Expanding the understanding of the effects
of scorpion venoms will make it possible to establish
pathogenetic mechanisms for developing certain
complications and patterns of histological and bio-
chemical changes in target organs. It can also be es-
sential in developing treatment methods, prevention,
and manufacturing medicines and antidotes.

In recent years, pronounced changes in climatic
conditions have been recorded, which can lead to the
appearance in specific territories of animals, includ-
ing scorpions, that are not typical for a particular area.
In addition, the creation of artificial conditions for
breeding predatory, poisonous animals that pose a
significant threat to the life and health of living or-
ganisms is currently relevant. That is why the im-
portance of the problem of poisoning due to bites of
predatory animals, their consequences, and practical
and, most importantly, timely treatment is growing.

The above data indicate the need for an in-depth
study of the structure, biological action, and func-
tional activity of toxins of various species of scorpi-
ons since a significant proportion of them remains un-
known. In addition, it is essential to deepen
knowledge in this field since every year, scientists
discover new representatives of these animal species.
Thus, Leiurus macroctenus, belonging to the Buthi-
dae family, was found recently. Toxicological studies
of the composition of its venom are minimal, and the
specifics of the impact on the victims' bodies are en-
tirely unknown. Based on this, the importance and
timeliness of our study on the study of morphometric
indicators of the hearts of rats exposed to the venom
of the scorpion Leiurus macroctenus are undeniable.

The study aims to perform a morphometric
analysis of changes in the structure of the rat heart
wall and the course of hemodynamic processes in re-
sponse to the effect of the scorpion venom Leiurus
macroctenus.

Materials and methods

Experimental studies were conducted on 60
male rats (180 g+3 g), which were injected intramus-
cularly with 0.5 ml of venom solution (28.8 mg/ml)
(LD50=0.08 mg/kg) dissolved in saline (0.9%) [16].
The control group (13 rats) was injected with only 0.5
ml of saline (0.9%).

In this study, absolute and relative variables
were selected that reflect the potential myocardial re-
sponse to the toxic effect of scorpion venom. To as-
sess these changes over time, measurements were
performed on digital images of histological prepara-
tions of tissues removed one and three hours after the
corresponding venom entered the body. Morphome-
try of digital images was performed in the Fiji: Im-
ageJ program. The width of cardiomyocytes was de-
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termined (higher accuracy of measurements was en-
sured by working with images at a magnification of
x200 and using preparations stained using the unique
Azan Trichrome method; the data were compared be-
tween the intact and two experimental groups, which
differed in the duration of the poison; in each of the
two groups, measurements were performed in 16
fields of view (5 random cardiomyocytes in each); as
a result of this approach, 80 measurements were ob-
tained for each group) and the percentage of the my-
ocardial area occupied by blood (since the rate of the
area is a relative indicator, measurements were per-
formed both in micrometers and in pixels to calculate
it; the percentage ratio between the regions filled with
red blood cells and the surrounding tissues was calcu-
lated; 20 digital images were analyzed for each group:
one control and two experimental; the obtained indi-
cators were statistically processed in Excel, in
(Graphs were also constructed based on these meas-
urements to better illustrate the results obtained).

Results and discussion

At the beginning of our analysis, we assessed the
normality of the distribution of the data obtained in
the control and four experimental groups, which
showed that the graph that displayed it did not corre-
spond to a Gaussian curve. In connection with such
results, the non-parametric Mann-Whitney test was
used to assess the reliability of the increase in the size
of cardiomyocytes in the experimental groups relative
to the control and the differences between them. Sta-
tistical analysis of the data on the width of cardiomy-
ocytes showed a significant increase in the size of
heart cells relative to animals not exposed to scorpion
venom in all experimental groups, except for the
group with the shortest duration of its exposure - one
hour (Fig. 1). If for the control group the average
value of this indicator is 21.22 pum (first quartile 19.44
pm; third quartile 22.73 pum), then for rats one hour
after exposure to Leiurus macroctenus poison, it is
20.44 pm (first quartile 17.84 um; third quartile 22.88
pm).

In general, the smaller average width of cardio-
myocytes in this group is only evidence that the toxic
effect on the proteins of their cytoplasm did not have
enough time to manifest itself at the cellular level. In
particular, the loss of transverse striation of muscle
fibers in the rat heart, noted already an hour after in-
oculation, indicates a toxic effect of the poison on the
proteins actin and myosin, which determine the stria-
tion of muscle fibers, or on auxiliary proteins that
help in their attachment to the cytoskeleton and the
organisation of organelles in the cytoplasm. The de-
struction of such finely constructed interactions be-
tween proteins sooner or later inevitably leads to the
stratification of structures in the cytosol, their disor-
ganisation and expansion.

At the same time, the cardiomyocytes of the
hearts of rats from the control group, although they
were slightly (statistically unreliable) more expansive
than those in the group after one hour of exposure to
the poison, had pronounced transverse striations and
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even intercalated discs, which stood out as thicken-
ings between neighboring cells. Thus, despite the
morphometric data, with a careful assessment of the
results of the morphological description, we can say
that there were no intracellular changes in the sarco-
plasm of cardiomyocytes that were not exposed to
toxins from scorpion venom. In the experimental

groups, at later times after the introduction of the poi-
son, a statistically significant increase in the size of
heart muscle cells was noted as a result of changes in
sarcolemmal proteins, which appeared already in the
first hour of exposure to the poison but were not ob-
served in the control group.

Average cardiomyocyte width
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Groups: 1. Control 2. After 1 hour 3. After 3 hours

Fig. 1. Average value of cardiomyocyte width in the control group and experimental groups with different durations of action
of Leiurus macroctenus venom. * - difference from the control and experimental groups 1 hour after venom administration is
significant at p<0.01; ** - difference from the experimental group 3 hours after venom administration is significant at p<0.01.

Another critical aspect for comparing the results
of quantitative assessment of the width of cardiomy-
ocytes is the dispersion of data relative to their aver-
age value. In the control group, this indicator is 2.34
um; in the experimental group, after one hour of ex-
posure to the poison, it is 3.8 um. This indicates the
presence of significantly smaller and significantly
larger cardiomyocytes in width, which does not affect
the average indicator of their size, but shows the pres-
ence of single cells, which already at such an early
stage show signs of edema and other hypertrophic
processes, which will be more clearly manifested in
later stages of the poison. However, the presence of a
certain number of narrower than usual cardiomyo-
cytes affected the average value of the width of these
cells in this group.

Suppose we return to the morphological descrip-
tion of the rat myocardium in the first hour after the
poison enters the body. In that case, we cannot ignore
other evidence of intracellular changes, which will
later be reflected in the quantitative characteristics of
its muscle cells. The blurred contours of the cardio-
myocyte nuclei in this group indicate the early stages
of developing edema processes, which cause moder-
ate hypertrophy of only single cells. The homogeni-
sation of the cytoplasm confirms the destructuring of
actin-myosin interactions, which, on the one hand, are
manifested by the loss of striation and, on the other
hand, indicate the further development of intracellu-
lar edema.

And suppose this edema, the most apparent

cause of an increase in the size of any cell, including
cardiac cardiomyocytes, is a wholly expected cause
of such a significant difference for more extended pe-
riods of exposure to the poison. In that case, it is in-
teresting to note the statistically significant increase
in the size of heart cells relative to the control in the
“next” experimental group — only three hours after the
start of the poison. However, this result correlates
with the data of morphological studies of heart tissues
conducted in this group.

Three hours after exposure to Leiurus mac-
roctenus venom, the width of cardiac muscle cells in
rats is already 29.24 um (first quartile 26.50 um; third
quartile 31.22 pm) (Fig. 1). This is significantly
greater not only in the control group but also in the
rats one hour after the venom was administered.

An examination of the results of the morpholog-
ical study of the heart tissues of rats from this group
explains such a dramatic increase in their size. After
all, the wave-like modification of the shape of these
cells intensified, which confirmed the further devel-
opment of edema. The sarcoplasm of cardiomyocytes
became more eosinophilic and somewhat enlight-
ened, the first morphological sign of fluid penetration
into the cell and oedema of the cytosol. Interestingly,
at this stage, edema, as the leading cause of the in-
crease in cell size, had already reached the nuclei of
cardiomyocytes, which contained numerous vacu-
oles, presumably with fluid. Vacuolisation of the nu-
clei confirms the deep stage of edema of cardiomyo-
cytes, which significantly increased their size and
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width. If one hour after the introduction of the poison,
the actin-myosin interactions underlying striation
were only beginning to be disturbed, here the striation
was no longer determined. This speaks in favor of the
loss of spatial structuring of motor proteins, which de-
termine the intracellular organisation of muscle fi-
bers.

A review of the sources also helped to under-
stand the origins of such an increase in cell size. As is
known, the action of toxic substances causes a deteri-
oration in local blood circulation precisely at the third
hour after the poison's impact on the organ, which, in
turn, leads to a decrease in the level of Oxygen in the
cardiac muscle, which is morphologically manifested
in the appearance of vacuoles in the cytosol at earlier
stages of damage and the nucleus at later ones [17].
The expansion of the lumen between the membranes
of the smooth endoplasmic reticulum and the swell-
ing of lysosomes primarily determines vacuolisation
of the cytoplasm. These single-membrane organelles
are responsible for counteracting and neutralising
toxins that enter the cytosol through the membrane.

The set of morphological features we have pre-
sented confirms the most acute manifestation of the
processes of destruction of the surface apparatus, in-
tracellular edema and death of rat cardiomyocytes on
the third day after the introduction of the poison,
which was morphometrically reflected in a statisti-
cally significant increase in the size, namely the width
of these cells, not only relative to the control group,
but also relative to the groups with earlier periods of
exposure to the poison.

Another probable mechanism of the action of
scorpion venom on cardiomyocytes, and, accord-
ingly, their morphometric characteristics, is myocar-
dial ischemia, caused primarily by impaired microcir-
culation in its tissues [18]. In studies on the effect of
scorpion venom on the heart muscle, impaired blood

flow in the coronary vessels is separately noted [19].
That is why the second parameter on which we fo-
cused our attention is the state of the vessels of the
myocardial microcirculatory bed in response to the
action of scorpion venom.

We needed to quantitatively assess such pro-
cesses in the vessels as their expansion, filling with
blood, violation of the integrity of their walls and
hemorrhages, which are logical consequences of the
action of scorpion venom toxins on the heart. For this
purpose, we chose a threshold method of assessing
the area of a specific color in a digital image by
screening out other spectrum elements. The use of
this method of quantitative analysis became possible
due to the contrast of rat heart preparations when
stained with Azan trichrome [20], because the blue
color of cardiomyocytes and connective tissue ele-
ments of the extracellular matrix contrasted suffi-
ciently with the intense red blood cells, so that it was
possible to screen out all areas except the zones occu-
pied by blood for further assessment of their absolute
area and fate relative to all other structures on the sec-
tion.

As is known, the vessels deliver the poison to the
surrounding tissues, and their wall is the first barrier
to the poisons' toxins. In addition, as already men-
tioned, the vessels are the main factor in ischemia,
one of the characteristic effects of scorpion venom on
the heart of its victim.

It is quite characteristic that, according to the re-
sults of our morphometric studies, all experimental
groups demonstrated a statistically significant in-
crease in the area occupied by red blood cells relative
to the control group starting from the first hour of the
poison's action (Fig. 2, 3). Such results correlate with
the literary sources' data and the morphological study
of myocardial tissues in these groups.

Percentage of myocardial cross-sectional area occupied by
formed blood elements
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Fig. 2. Individual indicators of the proportion of myocardium filled with formed blood elements in the control and experimental
groups with different durations of exposure to the venom of the scorpion Leiurus macroctenus.
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Many studies on the effects of scorpion venom
on the myocardium identify three main factors of car-
diac dysfunction: adrenergic myocarditis, toxic myo-
carditis and myocardial ischemia [21]. These acute
effects develop within the first hour after the venom
enters the body [22]. In our case, after just one hour,
the proportion of the myocardium filled with red

blood cells in the experimental group was signifi-
cantly higher than in the control group. If in the intact
group, this figure was 10.08% (first quartile 7.5%;
third quartile 12.0%), then for the group whose ani-
mals were exposed to Leiurus macroctenus venom for
one hour, it was 19.84% (first quartile 16.45%; third
quartile 22.95%).

The average value of the proportion of the myocardium filled
with formed blood elements
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Fig. 3. Average value of the percentage of myocardium filled with blood in the control and experimental groups with different
scorpion venom Leiurus macroctenus action durations. * - difference from the control group is significant at p<0.01; ** - difference
from the experimental group of animals 1 hour after venom administration is significant at p<0.05.

Let's turn to the data of the histological analysis
of the state of the blood vessels in the heart's muscular
wall in the control group. We can note the initial char-
acteristics, which in the future, with an increase in the
total time of exposure of the poison to the heart, will
be modified more and more deeply. In particular, it is
necessary to pay attention to the state of endothelial
cells in the vessels of the microcirculatory bed. Here,
endothelial cells were located on the basement mem-
brane tightly to each other and did not show signs of
detachment. Tunica media and tunica adventitia also
demonstrated the absence of oedema in smooth mus-
cle and loose connective tissues. It is also essential to
pay attention to the internal contents of the vessels
because the processes of erythrocyte agglomeration
and whole blood significantly affect the cross-sec-
tional area of the vessels. In the intact group, the lu-
mens of the blood vessels demonstrated only the pres-
ence of red blood cells, without any hints of clumping
or coagulation.

Inturn, in our morphological analysis of the state
of the microcirculatory bed in the experimental
group, where rats were exposed to poison for one
hour, attention is drawn to the presence of significant
diapedetic hemorrhages and the presence of red blood
cells outside the vessels - they infiltrated between the
fibers of the heart muscle. Thus, the exit of erythro-
cytes outside the microcirculatory bed could not but
affect the increase in the proportion of the myocar-
dium filled with blood.

Another factor that increased this indicator was
the expansion of the venous vessels of the heart mus-
cle due to their entire blood supply. As is known, the
wall of venous vessels is devoid of a developed
framework of elastic fibers and membranes, so it does
not resist a change in shape and stretching in response
to blood stasis. Such vessel stretching, accompanied
by increased diapedesis, was also confirmed by in-
creased gaps between endothelial cells on the basal
membrane. Venous vessel hyperextension was deter-
mined by whole blood, as evidenced by the aggre-
gated accumulations of erythrocytes noted by us both
in the lumens of the vessels and attached to their
walls. The walls themselves were already character-
ised by desquamation of endothelial cells from the
basement membrane and their invagination at such an
early stage.

Let's look at the dynamics of changes in the my-
ocardial microcirculatory bed at the third hour after
the onset of the poison. We note a slight further in-
crease in the area of hemorrhage, which nevertheless
does not significantly differ from the indicators at the
first hour after poisoning (Fig. 3). Here, the propor-
tion of the area of the sections filled with blood ele-
ments was on average 22.58% (first quartile 20.48%;
third quartile 24.65%).

Morphologically, this group revealed areas of
hemorrhage, while morphometric assessment did not
show a significant increase in their area compared to
animals after one hour of exposure to the poison. This
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does not indicate the absence of further development
of pathological processes in and around the vessels
because we observed increased infiltration of immune
cells through their walls and clumps of erythrocytes
stuck together in their lumens. Simply deepening
these processes did not significantly affect the in-
crease in the area of the vessels. Nevertheless, there
was fullness of blood and expansion of the vessels,
and the divergence of endothelial cells from each
other, which was noted even in the first hour of expo-
sure to the poison, continued to intensify, in places
resulting in the detachment of these cells from the
basement membrane and their desquamation into the
lumen of the vessels. Such changes in the lining of the
vessel wall cannot but increase diapedesis and the
outflow of fluid from the vessels, which was morpho-
logically reflected in the accumulation of formed
blood elements outside the vessels and edema in the
matrix, respectively.

Conclusion

According to the results of the morphometric
analysis of the data, we can speak of a statistically
significant increase in the width of cardiomyocytes
and the area of hemorrhage zones in the myocardium;
these characteristics became more pronounced over
time. In particular, cardiomyocytes morphologically
showed signs of pathological changes already in the
first hour of the poison’s action, when morphometri-
cally, the difference from the control group was still

impossible to register. In the case of cardiomyocyte
sizes, if an increase in their width was not observed
in the first hour after the poison's administration in the
experimental group, the width was already signifi-
cantly more significant in the third hour than in the
control group. In the statistical analysis of the fraction
of the area of the sections occupied by red blood cells
in or outside the vessels, a significant difference from
the control group according to the Mann-Whitney cri-
terion was observed already from the first hour of the
poison's action. The area of the vessels increased due
to aggregation of formed blood elements in their lu-
mens and near the walls, engorgement of the vessels
themselves, and edema of the tunica media and tunica
adventitia. The area of hemorrhagic zones outside the
vessels was determined by increased permeability or
even destruction of their walls. This led to diapedesis
and passive penetration of formed blood elements
into the surrounding tissues.

Prospects for further development are related
to the study of histological changes in the myocar-
dium of rats exposed to the venom of the scorpion
Leiurus macroctenus at later stages of the experiment.
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AnunmuH A. OcodauBocTi MOP(OMETPUYHUX NOKA3HUKIB MioKapaa mic/isi BIVIMBY Ha IMYPIB OTPYTH
ckopmioHiB Leiurus macroctenus.

PE®EPAT. AkryanabHicTh. TOKCHYHI KOMIIOHCHTH OTPYTH CKOPITIOHIB 3yMOBIIIOIOTH ITOSIBY HE JIUIIIE MiC-
LIEBUX CUMIITOMIB, aJie i PO3BUTOK Ba)KKHX HEBPOJIOTIYHUX, I€MATOJIOTIYHUX PO3JIa/iB, HOPYIIEHb AiSUIBHOCTI Ce-
PLIEBO-CYANHHOI, TNXaJIbHOI, BUIIBHOI cHCTEM, ToIo. Cepesl OCHOBHUX NMPUYHH CMEPTI 33 JaHUX YMOB € ceplieBa
HEJIOCTATHICTh Ta HAOPSIK JIereHb. PO3MIMpEeHHs ysSIBICHB MO0 BIUIMBY OTPYT CKOPITIOHIB HaAAaCTh 3MOT'Y BCTaHO-
BUTH MTaTOTCHETUYHI MEXaHI3MH PO3BHUTKY THX, Y 1HIINX YCKJIaTHEHb, 3aKOHOMIPHOCTEH TiCTOJOTIYHUX Ta 0i0-
XIMIYHUX 3MiH B OpraHax-MilIeHsX, a TAKOK MOXE BITIrpaTH BaXKJIUBY POJb y PO3pOOII METO/IB JiKyBaHHS, TIPO-
(inakTHKK, BUTOTOBJICHHSI JIIKapChKHUX 3ac00iB 1 mpoTHOTPYT. MeTa. MopdomeTpuyHmii aHasi3 3MiH CTPYKTYpH
CTIHKHM ceplsl LIypiB Ta nepediry reMoAnHaMiYHUX MPOLECIB B Hil y BIINOBIAb HAa BIUIMB OTPYTH CKOPITIOHIB
Leiurus macroctenus Mertoau. ExcriepumMenTanbHi JOCTiKEHHS TpoBOAMIn Ha 60 mrypax-camipix mrypis (180
r+3 r), SKUM BHYTPIIIHBOM ’s130B0 BBOMIM 0,5 M1 po3unHy oTpyTH (28,8 Mr/mi) (LD50=0,08 mr/kr). Mopdome-
Tpist 1M POBHUX 300paXkeHb MPoBoAMIachk y nporpami Fiji:Imagel. Busnauanu mupuHy KaplioMiOLUTIB Ta Biico-
TOK IUIOMI MiOKapay, 3alHsITuil KpoB’t0. Pe3yabraTm Ta mincymok. Ha T aii otpytu ckopmioniB Leiurus
macroctenus cTaTHCTUYHO TOCTOBIPHO CIIOCTEPITa€ThCs 3pOCTAHHS ITUPUHH KapJIOMIOIHTIB Ta TUIOMIi 30H Kpo-
BOBIJIMBIB y MiOKapi, i XapaKTePUCTUKU BUSABISAIOTHCS BCE SICKpaBillie 3 INTMHOM 4acy. KapaiomionuTa mposs-
JISUTH O3HAKY MATOJIOTIYHUX 3MiH BXKe Ha TepITy TOANHY Jii OTPYTH, KOJIM MOP(GHOMETPUIHO BiIMiHHICTB BiJl TPYITH
KOHTPOJIIO 11Ie HEMOKJIUBO OYJI0 3apeecTpyBaTH. Y BHUINAAKY PO3MipiB KapAiOMiOIHMTIB, SKIIO Ha IEpIIy TOJUHY
TTiCIIst BBEIGHHS OTPYTH 3pPOCTAHHS iX IUPUHN Y €KCIIEpUMEHTANIbHIH TPy He BiAMIYaJIoCh B3araii, TO Ha TPETIO
MprHA BXKe OyJia JOCTOBIpHO OLIBIIOI0 BITHOCHO IPpyIK KOHTpoTto. [Tnorma cyaun 3pocTana yepes3 arperaitito B
ix mpocBiTax Ta 617 CTiHOK (POPMEHHNX €JIEeMEHTIB KPOBi, IIOBHOKPIB’SI caMUX CYAHMH Ta HaOPSKH CepeaHBOI Ta
30BHIIIHLOT 00010HOK. [IoMma sk TeMopariyHux 30H M03a CyIMHAMU BU3HAYAJACH ITiIBUIEHHSIM MPOHUKHOCTI,
a00 HaBITh PyHHYBaHHAM IX CTIHOK, II[0 IPU3BOAMIIO 0 Jianee3y i MaCHBHOTO MPOHUKHEHHS (POPMEHUX eIeMe-
HTIB KPOBi B OTOYYIOYi TKAaHIHU.

Kuro4oBi ciioBa: oTpyra, CKOPIiOHH, MiOKapa, MOPPOMETpis, ITypH.
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ABSTRACT. Background. Myofibrillogenesis is a critical process for the normal functioning of muscle cells, as the ability
of muscles to contract and perform basic physiological functions depends on its efficiency. Understanding the molecular
and cellular mechanisms that regulate myofibril formation is important for fundamental biology and biomedicine. Disorders
in myofibrillogenesis can lead to various myopathies and other diseases associated with muscle dysfunction. Objective:
The objective of this review is to study and form a comprehensive understanding of the latest concepts in the interaction of
myofibrillogenesis mechanisms at the molecular and cellular levels, including the study of genetic regulation, synthesis and
organization of contractile proteins, cytoskeletal organization, and intercellular interactions ensuring myofibril stability and
functional integration. Methods: Systematic search of scientific publications in international databases such as PubMed,
Scopus, and Google Scholar. Utilization of atlases and methodological materials from leading universities specializing in
morphology. Analysis of virtual preparations using key methods such as fluorescence microscopy, electron microscopy, and
genetic modification techniques. Results: Myofibrillogenesis involves genetic regulation, synthesis and organization of
contractile proteins, cytoskeletal framework formation, sarcomere organization, intercellular interactions, and mecha-
notransduction. Myofibrils mature through intercellular interactions and interactions with the sarcoplasmic reticulum and
T-tubules. Conclusion: Myofibrillogenesis is a complex process involving genetic regulation, protein synthesis and organ-
ization, biomechanical influences, and intercellular interactions. Its understanding is crucial for fundamental biology, med-
icine, and the development of methods for restoring muscle tissue in pathological conditions.
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Introduction

Myofibrillogenesis is the process of formation of
the contractile apparatus of muscle cells, which en-
sures their functional activity [1, 2]. It is complex and
multi-stage [3], includes the synthesis and organiza-
tion of contractile proteins [4, 5], the formation of sar-
comeric organization and integration into the general
system of muscle fiber. Myofibrillogenesis is a criti-
cal process for the normal functioning of muscle cells,
since the ability of muscles to contract and perform
their basic physiological functions depends on its ef-
ficiency. In this regard, understanding the molecular
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and cellular mechanisms that regulate myofibril for-
mation is important for fundamental biology and bio-
medicine [6-8]. Disorders in the processes of myofi-
brillogenesis can lead to the development of various
myopathies and other diseases associated with muscle
dysfunction, such as muscular dystrophy [9, 10], my-
ositis and other degenerative diseases [11-14].

Objective

The purpose of this review includes the need to
study and form a general idea of the latest concepts in
the process of mutual work of the mechanisms of my-
ofibrillogenesis at the molecular and cellular levels,
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in particular, the study of genetic regulation, the pro-
cesses of synthesis and organization of contractile
proteins, as well as cytoskeletal organization and in-
tercellular interactions that ensure the stability and
functional integration of myofibrils [16]. This study
aims to uncover the basic molecular mechanisms that
determine the structure and function of muscle cells
[17], as well as to study the role of mechanical and
biochemical factors in the processes of myofibril for-
mation and stabilization. The relevance of studying
the mechanisms of myofibrillogenesis is due to the
need for a deeper understanding not only of the mo-
lecular aspects of the formation of the contractile ap-
paratus of muscle cells, but also of the interaction be-
tween various cellular structures, mechanical and bi-
ochemical factors that ensure the effective organiza-
tion and stability of myofibrils [18]. This allows us to
predict the possible consequences of disorders in
these processes and opens up new opportunities for
the development of therapeutic strategies for the treat-
ment of muscle diseases.

Of particular importance is the study of the ge-
netic regulation of myofibrillogenesis, since it is
through the activity of transcription factors, such as
MYOD and MYF5, that the initiation of muscle fiber
formation is determined [19, 20]. Disturbances in
these mechanisms can have serious consequences for
the normal development and functioning of muscle
tissue [21].

In addition, the relevance of studying the mech-
anisms of myofibrillogenesis is enhanced by new ad-
vances in cell biology, molecular biology, and biome-
chanics, which allow for a detailed study of the com-
plex interactions between cellular structures and ex-
ternal factors [22], such as physical activity and hor-
monal changes. This contributes to the development
of new approaches to the treatment of muscle diseases
and the search for effective methods for restoring
muscle tissue functions after injuries or pathological
damage [23].

Methods

In addition to a systematic search of scientific
publications in international scientific databases such
as PubMed, Scopus and Google Scholar, other effec-
tive approaches can be used to obtain a deeper under-
standing and support scientific research. One such ap-
proach is the use of atlases and methodological mate-
rials from leading universities in the world specializ-
ing in morphology [24].

Morphology atlases and methodological materi-
als from universities such as Harvard University, Uni-
versity of Cambridge, Stanford University and others
are an important source for studying structural as-
pects, functional characteristics and development of
muscle cells and myofibrils [25, 26]. Atlases provide
visualization of complex biological processes such as
myofibrillogenesis with accurate images and detailed
descriptions of morphological changes occurring at
different stages of cell development.

Obtain visual materials that illustrate the stages

of myofibrillogenesis, structural features of sarco-
meres and myofibrils, which facilitates the under-
standing of complex morphological processes [27].
Analyze microscopic images that demonstrate tissue
and cellular structures, helping to gain a deeper un-
derstanding of the mechanisms of cytoskeletal organ-
ization and myofibril stability [28-30]. Use interac-
tive teaching and modeling methods that allow you to
simulate various aspects of myofibrillogenesis in real
time using specialized software [31, 32]. Such mate-
rials often include explanations of experimental
methods used in university laboratories to study cel-
lular processes [33-35]. A preliminary review in-
cludes the analysis of virtual preparations by key
methods. Fluorescence microscopy to study the local-
ization of proteins in cells [36-38]. Electron micros-
copy for detailed analysis of subcellular structures.
Genetic modification methods to study the functional
roles of specific genes in myofibrillogenesis.

Methodological guides prepared by scientists
from leading universities and research institutions are
also used for data collection and analysis [39]. These
materials usually contain detailed protocols for con-
ducting studies in the field of molecular biology and
morphology, which allows standardizing experi-
mental procedures and ensuring comparability of re-
sults between different laboratories [40]. The use of
atlases and methodological materials from leading
universities in the world is an important component
of a comprehensive approach to the study of myofi-
brillogenesis. They allow not only to clarify the
known mechanisms, but also contribute to the discov-
ery of new aspects of muscle cell functioning at the
molecular level, which may be useful for further fun-
damental interdisciplinary research and clinical appli-
cations [41-44].

Results and discussion

The synthesis of contractile proteins occurs un-
der the control of genetic mechanisms that determine
when and in what quantities actin, myosin, troponin
and tropomyosin will be produced. Genetic regula-
tion begins with transcription, when DNA in the cell
nucleus serves as a template for the synthesis of mes-
senger RNA (mRNA). This process is controlled by
special transcription factors that activate or suppress
the work of the corresponding genes [45]. The factors
MyoD and MRF4 play a key role in stimulating the
expression of muscle proteins during the develop-
ment of muscle cells [46-48].

After the formation of MRNA, it leaves the cy-
toplasm, where it becomes the basis for protein syn-
thesis. Translation occurs in ribosomes - the process
during which amino acids are combined in a certain
sequence according to the genetic code. Initially, in-
dividual protein chains of actin, myosin and regula-
tory proteins are formed, which are subsequently sub-
jected to post-translational modifications [49, 50, 51].
These modifications, such as phosphorylation or acet-
ylation, affect their ability to interact and subse-
quently organize into contractile structures. The syn-
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thesis of contractile proteins is a very energy-inten-
sive process, therefore it requires the active work of
mitochondria, which provide the cell with energy in
the form of ATP. In addition, this process is influ-
enced by extracellular signals, such as growth factors,
hormones (in particular, insulin-like growth factor
IGF-1) and mechanical stimuli, which can change the
activity of the corresponding genes [52].

After protein synthesis in ribosomes, they enter
the endoplasmic reticulum system, where their fold-
ing and primary modification occur. The correct fold-
ing of myosin is particularly important, since this pro-
tein consists of heavy and light chains, which must
associate correctly to form functional myosin fila-
ments [53]. Chaperone proteins, such as HSP90, play
a critical role in this process, helping protein mole-
cules to acquire the correct spatial structure. Subse-
quently, the synthesized proteins are transported to
the Golgi apparatus, where they may undergo addi-
tional modifications, such as glycosylation or phos-
phorylation [54]. They then travel to the sites of my-
ofibril assembly in the sarcoplasm. Actin and myosin
interact with accessory proteins such as a-actinin,
which anchors actin filaments in Z-disks, and titin,
which stabilizes the sarcomere structure.The regula-
tion of contractile protein synthesis is extremely sen-
sitive to changes in the internal and external environ-
ment of the cell. Hormonal factors such as testos-
terone and growth hormone can stimulate this pro-
cess, while catabolic states (e.g., nutrient deficiency
or stress) inhibit the formation of new proteins and
can cause the degradation of existing myofibrils [55].
In addition, physical activity affects the expression of
the corresponding genes: regular training activates
signaling pathways that stimulate protein biosynthe-
sis, while hypodynamia or immobilization, on the
contrary, lead to their degradation [56].

Thus, the synthesis of contractile proteins is a
multilevel process that includes genetic regulation,
transcription, translation, post-translational modifica-
tions, and myofibril assembly. The interaction be-
tween various structural and regulatory proteins en-
sures the correct formation of sarcomeres and mainte-
nance of the functional activity of muscle cells [57,
58]. The formation of the cytoskeletal framework in-
cludes two key processes:

1. Aggregation of actin filaments and connec-
tion with the desmin network.

2. Therole of integrins in mechanotransduction
of signals to organize the structure of myofibrils.

The formation of the cytoskeletal framework of
myofibrils begins with the aggregation of actin fila-
ments, which form a framework for future contractile
structures [59]. Actin filaments polymerize from G-
actin monomers with the participation of regulatory
proteins, such as profilin and thymosin-p4, which
control the balance between the monomeric and fila-
mentous forms of actin. A key step is their ordered
organization and anchoring in Z-discs, where actin in-
teracts with a-actinin to form stable complexes nec-
essary for sarcomere function [60].
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The desmin network, consisting of desmin inter-
mediate filaments, provides a link between neighbor-
ing myofibrils and stabilizes them in the sarcoplasm.
Desmin forms a network that anchors the Z-discs of
myofibrils to the sarcolemma, maintaining the spatial
organization of the muscle fiber [61]. It also interacts
with the proteins plectin and synemin, which further
strengthen the cytoskeleton and promote its connec-
tion to membrane structures [62]. Disruption of the
desmin scaffold can lead to myofibril instability and
the development of myopathies.

Integrins, which are transmembrane receptors,
play a critical role in the mechanotransduction of sig-
nals necessary for the correct organization of myofi-
brils. They connect the intracellular actin cytoskele-
ton with the extracellular matrix, ensuring the stabil-
ity of the muscle fiber and the transmission of me-
chanical signals that affect muscle differentiation and
adaptation [63]. Integrins activate a number of signal-
ing pathways, including FAK (focal adhesion kinase)
and MAPK, which regulate the expression of proteins
necessary for the formation and remodeling of myo-
fibrils. In response to mechanical stress, these signals
contribute to the enhancement of the synthesis of
structural proteins and the stabilization of the cyto-
skeletal network, which is important for maintaining
muscle function and adaptation to physical exertion.
The organization of sarcomeres is a critical stage in
the formation of the contractile apparatus of muscle
cells, which ensures their functional activity [64-66].
The sarcomere, as the basic structural unit of the mus-
cle, consists of thin actin filaments and thick myosin
filaments, which interact during the contraction pro-
cess. Myosin filaments are integrated into the actin
filament system through a mechanism of cross-bridge
formation regulated by proteins such as troponin and
tropomyosin, which control the availability of the
connection between myosin heads and actin filaments
[67]. The contraction process begins after the myosin
heads form cross-bridges with the actin filaments,
which leads to the displacement of the actin filaments
relative to each other and, as a result, to the shortening
of the sarcomere. Such shortening occurs within the
sarcomere, where Z-discs serve as points of attach-
ment for the actin filaments [68]. Z-discs contain pro-
teins, in particular a-actinin, which stabilize the actin
filaments and ensure their correct ordering. The inter-
action of actin filaments with a-actinin in the Z-discs
contributes to the organization of the sarcomeres and
the stability of the muscle structure during function.
The connection between the Z-discs and the plasma-
lemma is mediated by costamer proteins, in particular
integrins, which act as transmembrane receptors con-
necting the intracellular actin cytoskeleton to the ex-
tracellular matrix [69]. This mechanism of mechani-
cal load transmission ensures the stability of muscle
fibers, as it affects the organization of sarcomeres and
their integration with membrane structures. Costamer
proteins, such as talin, wicklin, and dystrophin, are
involved in maintaining the integrity of the cell mem-
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brane and ensuring its connection with the cytoskele-
ton. Disruption of the function of these proteins can
lead to the development of muscle diseases, such as
muscular dystrophy, which is accompanied by weak-
ening of muscle fibers and their destabilization. The
process of myofibril maturation is a complex and
multi-step process in the development of a muscle
cell, where intercellular interactions and the integra-
tion of various components of the cellular structure
play an important role. The coordination of myofi-
brils within the myocyte is necessary for the for-
mation of an effective contractile apparatus that en-
sures normal muscle function [70]. This coordination
involves the stable arrangement of myofibrils, their
interaction with each other, as well as with other com-
ponents of the cellular structure, such as the sarco-
plasmic reticulum and transverse tubules. Myofibrils,
which are the basic structural units of the muscle cell,
must be correctly oriented and interact with each
other to ensure synchronized muscle contraction
[71,72]. This interaction includes the organization of
myofibrils into bundles, their stability, and appropri-
ate anchoring by cytoskeletal proteins. Myofibril
alignment involves interactions between actin fila-
ments, myosin filaments, and other structural proteins
that provide mechanical stability and elasticity to the
muscle fiber [73]. One important aspect of myofibril
maturation is their interaction with the sarcoplasmic
reticulum and transverse tubules. The sarcoplasmic
reticulum, a network of membrane structures sur-
rounding myofibrils, plays an important role in stor-
ing and regulating calcium levels in the cell. Calcium
is a key element in initiating muscle contraction be-
cause it activates troponin, which allows myosin
heads to interact with actin filaments. Transverse tu-
bules (T-tubules) are part of the membrane system
that provides electrical impulse transmission into the
cell, which stimulates the release of calcium from the
sarcoplasmic reticulum. This interaction between
membrane structures and myofibrils allows for the
synchronization of muscle contractions and the nor-
mal functioning of muscle tissue. In general, myofi-
bril maturation is a process that requires precise coor-
dination between intercellular interactions, the struc-
tural organization of sarcomeres, and the effective
regulation of calcium ions, which ensures the normal
functioning of the muscle fiber [74]. Myogenesis, the
process of formation and development of muscle
cells, is regulated by a number of genetic factors that
determine both the differentiation of myocytes and
the maturation of muscle fibers [75,76]. A key role in
myogenesis is played by the genes MYOD and
MYF5, which are part of a family of transcription fac-
tors that activate the expression of genes responsible
for the formation of muscle tissue. The genes MYOD
and MYF5 encode transcription factors that are criti-
cal for the initiation of myogenesis. MYOD activates
the myocyte differentiation program, promoting the
transition from a promitotic state to a myogenic cell
population. The interaction of MYOD with other reg-

ulatory proteins, such as MYOG (myogenin), deter-
mines the subsequent differentiation of cells into ma-
ture muscle fibers. MYF5, although having a similar
function to MYOD, is active at early stages of devel-
opment, ensuring the initiation of muscle cell for-
mation at the stage of mesodermal development. Both
genes are key for the correct formation of muscle
cells, and defects in them can lead to impaired myo-
genesis and the development of muscle diseases. My-
ostatin, also known as the gene-protein inhibitor of
myogenesis, is an important regulator of muscle cell
maturation. It functions through a negative feedback
mechanism, restraining excessive muscle mass gain
by inhibiting myoblast differentiation and prolifera-
tion. Myostatin negatively affects myocyte differenti-
ation, limiting their transition from myoblasts to ma-
ture muscle fibers. Reduced levels of myostatin or
mutations that cause its insensitivity can lead to mus-
cle hypertrophy, as demonstrated in some animals
and humans with excessive muscle development [77].
This mechanism is important for controlling normal
myocyte maturation and maintaining muscle tissue
homeostasis. MYOD and MYF5 genes are important
for the initiation and regulation of myogenesis, while
myostatin regulates myocyte maturation, limiting
their excessive proliferation and helping to maintain
a normal balance between muscle growth and matu-
ration. The processes of myofibril organization and
muscle fiber contraction depend largely on a variety
of signaling pathways that regulate cellular activity.
One of the key mechanisms controlling myofibrillo-
genesis and muscle function is calcium-dependent
signaling pathways, as well as the involvement of ser-
ine-threonine kinases in these processes [78]. Cal-
cium is an important molecule that is actively in-
volved in the regulation of muscle contraction and
myofibril organization [79, 80]. Changes in the con-
centration of calcium in the cytosol of cells activate a
number of signaling pathways that directly affect the
organization of myofibrils. One of the main effectors
of calcium signals is calmodulin, a protein that binds
calcium and changes its conformation, activating a
variety of enzymes and proteins involved in the regu-
lation of cellular functions.

Calmodulin interacts with various kinases and
phosphatases that regulate processes such as muscle
contraction, cytoskeletal stabilization, and myofibril
remodeling. For example, calmodulin activates cal-
cium/calmodulin-dependent protein kinase (CaMK),
which regulates the activity of proteins responsible
for maintaining the structural organization of myofi-
brils [81]. Changes in intracellular calcium levels are
also important for the interaction between actin and
myosin, which is essential for muscle contraction.

Serine-threonine kinases are important mole-
cules in the regulation of many cellular processes, in-
cluding myofibril organization. These kinases phos-
phorylate their substrates, which alters their activity
and functionality. Some of the key serine-threonine
kinases involved in myofibrillogenesis are AMPK
(AMP-activated protein kinase), Rho kinases, and
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p38 MAP kinase. AMPK is important for the regula-
tion of cellular energy balance and can activate a
number of processes that stimulate myocyte differen-
tiation in response to low energy levels. Rho kinase is
involved in the regulation of the cytoskeleton and en-
sures the stability of actin filaments in myofibrils. In
addition, it contributes to the organization of focal ad-
hesions, which is necessary for normal adhesion be-
tween the cell and the extracellular matrix. P38 MAP
kinase is actively involved in the stress response pro-
cesses, regulating myogenesis through its influence
on the expression of genes encoding the structural
components of myofibrils. All these serine-threonine
kinases play a key role in the synchronization of the
different stages of myofibrilogenesis, ensuring stable
organization of myofibrils and proper functioning of
the muscle fiber [82]. Calcium-dependent mecha-
nisms through calmodulin and serine-threonine ki-
nases are critically important for the regulation of my-
ofibril organization [83], which includes the stability
of actin filaments, interaction with myosin, and adap-
tation of muscle cells to mechanical and metabolic
loads. Biomechanical factors play a crucial role in the
processes of development and function of muscle
cells. Mechanical load is a powerful stimulus for the
regulation of both myocyte differentiation and their
adaptation to changes in the external environment
[84]. Mechanical forces arising during physical activ-
ity interact with cellular structures and signal cells
about the need to activate certain genetic and molec-
ular mechanisms that affect the functionality and de-
velopment of muscle fibers.

Mechanical load directly affects myocyte differ-
entiation through mechanotransduction, the process
by which cells perceive mechanical stimuli and con-
vert them into biochemical signals. This is accom-
plished by integrins, which link the myocyte cyto-
skeleton to the extracellular matrix. Mechanical stress
activates signaling pathways such as Rho kinase,
MAP kinase, and calcium-dependent mechanisms
that regulate the expression of genes involved in my-
ogenesis [85]. Mechanical forces also stimulate the
proliferation and differentiation of myoblasts, which
develop into mature myocytes. In particular, stretch-
ing or compression of muscle fibers leads to the acti-
vation of genes that control the formation of structural
components of myofibrils, such as actin, myosin, and
desmin. This process allows myocytes to respond to
mechanical stress, which is necessary for normal
muscle function. Adaptive changes in muscle are a re-
sponse to changes in functional load, such as physical
training, intense physical exertion, or recovery from
injury. In response to increased load, myocytes can
undergo hypertrophy - an increase in their size and
number of myofibrils. This process provides greater
strength and endurance of the muscle fiber, which is
an adaptation to increased loads [86]. The basis of this
mechanism is the synthesis of new proteins that are
part of myofibrils, as well as the reorganization of the
myocyte cytoskeleton.
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On the other hand, a decrease in load, for exam-
ple, in the case of prolonged immobilization or insuf-
ficient physical activity, leads to muscle atrophy. In
this case, the number of myofibrils and their organi-
zation decreases, which reduces the functional capa-
bilities of the muscle. Adaptation of muscle cells to
changes in load is carried out through the activation
of mechanotransduction mechanisms [87], which in-
clude proteins that regulate the mechanical stability
of cells, as well as enzymes that stimulate the synthe-
sis of structural proteins. Therefore, mechanical load
is an important factor that regulates both the develop-
ment and adaptation of muscle cells to changes in the
environment [88]. Changing the functional load con-
tributes to both the activation of muscle hypertrophy
and atrophy mechanisms, which are important pro-
cesses for maintaining optimal functional activity of
muscle tissue [90, 91].

Prospects for further development

The study of myofibrillogenesis is one of the
most promising and relevant areas in modern mor-
phology and cell biology. This is due to the possibility
of applying the knowledge gained not only for funda-
mental research, but also for the development of new
therapeutic strategies for the treatment of muscle dis-
eases. The prospects for further development in this
area open up numerous directions for research and in-
novative solutions.

One of the most promising directions in the
study of myofibrillogenesis is the improvement of ge-
netic and molecular methods. Thanks to the develop-
ment of CRISPR-Cas9 and other genome editing
technologies, it is possible to more accurately and ef-
fectively modify genes involved in the processes of
myofibrillogenesis. This will allow to study in detail
the functional roles of specific genes in the formation
of muscle fibers. To identify the mechanisms of gene
expression regulation at different stages of muscle
cell development. Develop new therapeutic strategies
to correct genetic defects that cause myopathies and
other muscle diseases. Of particular importance is the
study of transcription factors, such as MYOD and
MYF5, which are critical for the initiation of myo-
genesis. Molecular studies of these factors may allow
the creation of models for the correction of disorders
in the genetic processes of muscle cell formation.

Current research is increasingly focused on the
study of biomechanical factors that influence the pro-
cesses of myofibrillogenesis. This includes the study
of mechanical loads that regulate the organization of
myofibrils and the stability of sarcomeres. An im-
portant aspect is also the interaction of cells with their
microenvironment, in particular with the extracellular
matrix, which can affect the development and stabil-
ity of muscle fibers.

Developing new methods for analyzing the bio-
mechanical aspects of myofibrillogenesis may allow
to determine how mechanical loads or physical activ-
ity change the structure and function of muscle cells.
To understand how muscles adapt to different biome-
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chanical conditions, which may be important for re-
habilitation programs after injuries or surgical inter-
ventions. To develop innovative materials and meth-
ods for the treatment of muscle injuries or degenera-
tive diseases, such as muscular dystrophy.

Using the latest technologies for visualization
and analysis. Imaging technologies are becoming an
integral part of research in morphology. Fluorescence
microscopy, electron microscopy and other advanced
methods allow obtaining high-resolution images of
the microstructures of muscle cells and myofibrils.
The development of new high-resolution visualiza-
tion technologies opens up opportunities for to study
in more detail the processes of sarcomere formation
and their organization at the molecular level. Analysis
of interactions between different cellular structures,
such as the cytoskeleton, sarcoplasmic reticulum and
membrane components. Study of molecular mecha-
nisms of stability and dynamics of myofibrils in re-
sponse to changes in external conditions.

These methods allow obtaining data on morpho-
genesis that could not be achieved by traditional mi-
croscopic methods, and allow a more accurate assess-
ment of the mechanisms of functioning of myofibrils
at different stages of their development. Regeneration
and therapeutic applications. Another important di-
rection is the development of therapeutic methods for
the restoration of muscle tissues in injuries or dis-
eases. The use of stem cells for the regeneration of
muscle tissue has already shown some success, but
requires further research. Modern technologies allow
the use of stem cells to regenerate damaged myofi-
brils and restore their functions. In addition, the de-
velopment of gene therapy methods and treatment us-
ing microRNAs may provide new opportunities for
the correction of genetic defects that cause muscle
cell degeneration.

The prospect of using nanotechnology to create
biocompatible materials that can be used to repair
damaged muscle tissue opens up new possibilities for
clinical applications. This approach could signifi-
cantly improve the outcomes of patients with muscle
injuries and degenerative diseases, allowing for accel-
erated recovery of muscle function. Future research
into myofibrillogenesis is likely to be characterized
by interdisciplinary approaches that combine biolog-
ical, chemical, physical, and engineering sciences.
Collaboration between molecular biologists, engi-
neers, physiologists, and clinicians will allow the de-
velopment of new methods for studying and treating
muscle diseases. Progress in this area may also lead
to the creation of personalized treatments that take
into account individual genetic and biochemical char-
acteristics of patients, which could significantly in-
crease the effectiveness of therapy.

Conclusions

1. Myofibrillogenesis is a complex process in-
volving genetic regulation, protein synthesis and or-
ganization, biomechanical influences, and intercellu-
lar interactions. Its understanding is important for

fundamental biology, medicine, and for the develop-
ment of methods for restoring muscle tissue in patho-
logical conditions.

2. Genetic regulation of myofibrillogenesis is the
basis for the formation of functional muscle cells.
Myofibrillogenesis begins with genetic regulation
that determines the synthesis of contractile proteins
(actin, myosin, troponin, tropomyosin). Genetic fac-
tors, such as the transcription factors MYOD and
MYF5, play a critical role in the initiation of myogen-
esis, ensuring the correct development of muscle
cells. Defects in these genes can lead to disorders in
the formation of muscle fibers, which has serious con-
sequences for the functioning of muscle tissue.

3. The mechanisms of synthesis and organiza-
tion of contractile proteins determine the efficiency of
myofibril functioning. The process of synthesis of
contractile proteins is very energy-intensive and re-
quires the integration of various cellular mechanisms,
including post-translational modifications and protein
folding. Actin and myosin, as the main components
of sarcomeres, must correctly interact and organize
into structural units to ensure muscle contractile func-
tion. The influence of external and internal factors,
such as physical exertion or hormonal changes, can
regulate this process, stimulating or inhibiting protein
biosynthesis.

4. Cytoskeletal organization and intercellular in-
teractions are key to myofibril stability. The for-
mation and stabilization of the cytoskeleton of muscle
cells occurs through the aggregation of actin fila-
ments, interaction with the desmin network and integ-
rins, which provide mechanical stability of cells. The
proper functioning of these mechanisms is critical for
maintaining myofibril integrity and muscle fiber sta-
bility, which in turn affects the ability of muscles to
perform their contractile functions.

5. Sarcomere organization and interaction with
the plasmolemma determine the efficiency of muscle
contraction. The structural organization of sarco-
meres, which includes correctly ordered actin and
myosin filaments, is the basis for muscle contraction.
The connection of Z-discs with the plasmolemma
through costamere proteins (e.g., integrins) is im-
portant for transmitting mechanical signals and ensur-
ing synchronized work of myofibrils, which is crucial
for the normal functioning of muscle tissue. Disrup-
tion of this process can lead to serious muscle dis-
eases.

6. Intercellular interactions and mechanotrans-
duction contribute to the maturation and stabilization
of myofibrils. The alignment of myofibrils within the
myocyte and their interaction with the sarcoplasmic
reticulum and transverse tubules are important steps
in myofibril maturation. The interaction between my-
ofibrils and membrane structures such as the sarco-
plasmic reticulum regulates calcium metabolism,
which is essential for muscle contraction. These inter-
cellular interactions also contribute to the stability
and efficiency of muscle contraction, which is essen-
tial for normal muscle function.
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7. The prospects for further developments in the
study of myofibrillogenesis indicate the need for an
integrated approach that integrates molecular biol-
ogy, biomechanics, engineering, and clinical sci-
ences. Further improvements in genetic and molecu-
lar methods, the development of imaging technolo-
gies, and the use of stem cells and nanotechnology
promise significant progress in the treatment of mus-
cle diseases and the development of new therapeutic
strategies.
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IaHux, Takux sk PubMed, Scopus Ta Google Scholar. BukopucranHs aTiiaciB Ta METOJUYHUX MaTepialiB MPOBij-
HUX YHIBEPCHUTETIB CBITY, IO CIEIMialli3yIOThCs Ha MOPQOJIOTii. AHaNI3 BipTyalbHUX MPENapariB 3a KIFOYOBUMH
METOJIaMH, TAKAMH 5K (hITyopeclieHTHA MiKPOCKOTIisl, eIEKTPOHHA MIKPOCKOTIiSl Ta METOIM TeHeTHYHO1 Moaudika-
uii. PeyabTaTH. MiodiOpuiorenes BKIIOYa€ TeHETUIHY PETYIISIIII0, CHHTE3 Ta OpraHi3allilo CKOPOTIMBHX OiJ-
KiB, (DOpMyBaHHS IUTOCKEIETHOTO KapKacy, OpraHi3aIlito capKkoMepiB, MIKKIIITHHHI B3a€MOIi1 Ta MEXaHOTpaHC-
Iykmiro. LluTockeneTHa opraHizalis BKIIOYA€E arperariro akTHHOBHX (DiTaMEHTIB Ta 3B 30K 3 IECMIHOBOIO Mepe-
xero. MiogiOpuin 103piBatoTh 4epe3 MIXKKIIITHHHI B3a€MOJIIT Ta B3a€MO/IIIO 3 CapKOILIa3MaTHYHUM PETHUKYITyMOM
ta T-TpyOoukamu. MexaHiuHi (akTOpH BILIMBAIOTH Ha AudepeHuianito ta agantanito mioruris. Ilizcymox. Mi-
odiOpuoreHes € CKIaJHUM IPOLECOM, 110 BKIIIOUAE TEHETHYHY PETYIIALII0, CHHTE3 Ta OpraHisamito OiJkiB, 6io-
MeXaHiuHi BIIMBU Ta MKKIITHHHI B3aeMoii. Ioro po3ymiHHs € BaxIHBHM UTst hyHIaMEHTaIbHOI Giomorii, Me-
JULUHY Ta 1151 po3pOOKH METOIB BiTHOBJICHHS M’ SI30BOi TKAHUHHU TIPH MATOJIOTTYHUX CTaHAaX.
KarouoBi ciioBa: mio¢idpuiorenes, capkomep, akTHH, MiO3HH.
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Beryn

3a yMOB KapaHTHHY Ta BOEHHOTO CTaHY Y BHIIIiif
MeIUYHUH OCBITI YKpalHM BifIOYBCS BHMYIICHHI
CTPIMKHMIU Tepexifi Ha JWUCTaHLiHHE HaBYaHHSI, L0
00yMOBWJIO paMKAIbHHUIA MEPErisil 3MiCTOBHOCTI,
(dopM, MeToniB i YMOB oprasizamii mporecy HaB-
YaHHSI, 3MIHH KaJI[pOBOTO MOTEHIlially, BAKOPUCTAHHS
HOBHX iH(pOpPMaNiHUX 1 HABYAIEHUX TEXHOJIOTIH Ta
nepeoOIagHaHHs MaTepialbHO-TEXHIYHOT 0a3u HaB-
yanpHUX 3aKitafiB [1-3]. 3a Takux oOCTaBUH BUKJIA-
JIAbKUI CKJIa] BUIIMX HaBYaJIbHUX 3aKJIaiB CTHK-
HYBCS 3 THITOBOIO IIPOOJIEMHOIO CUTYAIIi€l0, CYTHICTh
SIKOT MOJISATAE 3 OTHOTO OOKY Yy CKJIaHOCTI 1 Gararor-
parHOCTI pOpPM HaBYAHHS Y BUIIIH KO, a 3 {HIIIOTO
— HEIOCTaTHbOMY IUAAKTHYHOMY 3a0e3MedeHHi iX
TpaHchopMamii B yMOBaxX IEpexoqy HaBYAIBHOTO

npoIlecy Ha MOBHE a00 YaCTKOBE JMCTAHIIIHHE HAB-
yaHHA [4].

JIOCHIIKEHHIO PI3HUX ACIEKTIB JUCTAHI[IHHOT
OCBITH NPHCBSIUYEHO YHCEIbHI Mpalli BITYU3HSIHUX U
1HO3€MHUX HAYKOBIIIB. 30KpeMa JOCTiIKyBaINChH BH-
KOPHCTaHHS HOBITHIX TEXHOJIOTiH HaB4aHHS [5], do-
pMH i METOIM MYJIBTUMOJAIBFHOTO BUKJIAJAaHHS Ta
HABYaHHS Y BipTyalbHiH peambHOCTI [6-8], 3acTocy-
BaHHS IU(PPOBUX (OHJIAMH) pillleHb Y BUKJIaJaHHI OK-
peMHUX MeAWYHHUX AuCHUILIiH [9-11], aHamizyBaBcs
JIOCITiT BUKOPUCTaHHS Pi3HUX OpraHizauiiHux Gpopm
MPOBEACHHS AWCTaHLIWHUX 3aHATH [12]. Bukopmc-
TaHHIO IU(PPOBUX IUTaTGOPM i 3aCO0IB HABUAHHS B
mequnaanx 3BO mpucestim cBoi mpari [13-17].

Ornapx my6mikariit Ta my6mivHOi iH(pOpMarii 3a
OCTaHHI POKH MOKa3ye 3HIKEHHS PiBHS BHCBITICHHS
JTUIAKTHYHUX MPOOIIeM JISKITIHOT (opMU HaBUaHHS
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MIpY TUCTAHIIMHIN abo 3MilmaHild opraHi3alii ocBiT-
HIiX TIPOIIECiB y BUIIIH MenuuHii mkoii. OkpeMi 1o0-
CJTIJDKEHHS BUCBITIIIOIOTH 3arajibHi XapaKTEPUCTHKH 1
MOJKJIMBOCTI AUCTAHIIHHUX JIEKIIH Y MEIUIHOMY 3a-
KJani BUMIOI ocBiTH [12], mpo memaroriyfi miaxomu
IO PO3BHUTKY JIEKLiHHOI (GopMH 3MIIIAaHOTO Ta OH-
JaifH-HABYaHHs y BHIIiH ocBiTi [18].

Mu winkom 3romgHi 3 aymkor Almpanis T.,
Joseph-Richard P.[18] ta M. lllepman i in. [23], 1m0
KOJIM 30BHIIIHI OOMEXeHHsI OyyTh CKacOBaHi, ITOB-
HOT'O IOBEPHEHHS JI0 MUHYJIUX TEXHOJIOTIH OCBITH HE
BiZIOYIEThCsI, OCKUIbKU BHUKIIAJAaHHS, HABYAHHS, OIli-
HKa Ta 3BOPOTHIH 3B’A30K, MIATPUMKa CTYICHTIB Ta
PO3BHUTOK BUKJIaa4iB B)KE BiIIOBITHIM YHHOM IIepe-
OyayBaNHCh i BUMaraTUMyTh ITOJAJIBIIOI MOJIEPHi3a-
il AMTAKTAYHUX MiAXOMIB 1 PO MEeAAaroTigHuX TeX-
HOJIOTIH y HaNpsIMKy PO3BUTKY AWCTAHIIHHOTO HaB-
YaHHA, B TOMY YHUCII y BHIIIH Meau4Hii ocBiTi. ii-
CHO, 3MillIaHE HaBYaHHS MOXE CTaTH PEKXMMOM HaB-
YaHHS 32 YMOBYAHHSAM 1 JAWCTaHUiHE HaBYaHHS
CTaHe HEeBiJ’€MHOIO YaCTUHOIO OCBITH Mail0yTHBOTO.
Moro wMexawismMu OyayTh NOMINIIYBAaTHCA, IO
BIUIMHE HAa IOUIMPEHHS i PO3BUTOK JUCTAHLIWHOI
ocBiTh B YKpaiHi 3aranom. Tomy BuUHHKae morpeba
BUBUCHHS 1 PO3BUTKY IiI0YNX JUIAKTHYHUX 3aKOHO-
MIpHOCTEH IHCTaHIiifHOTO a00 3MIIIaHOTO HaB-
YaHHS.

Mera

JocnikeHHsT IMIAKTUYIHUX TPOOIIEM 3acTOCy-
BaHHs AMCTAHIIMHUX JIEKLIH PH BUBYECHHI KIIIHIYHOT
aHaToMil Ta omepaTHBHOI Xipyprii, mepeBar Ta Hesl0-
JIKIB JIeKUiitHOT (OpMHU NpU 3aCTOCYBaHHI JUCTaH-
HiifHOT Ta 3Mimanoi gopMm opraHizauii HaBYaIBHOTO
npolecy B MEJMYHHX 3aKiaiaX BUILOI OCBITH YKpa-
HY B miepios naHAeMil Ta BOEHHOTO CTaHy.

Metoau

ITpoBoamBCs aHasi3 BIACHOTO JIOCBiy YMTaHHS
JTUCTaHIIHHAX Jtekii B 2020-25 pokax B Hamionans-
HOMYy Menu4yHOMYy VHiBepcureTi iM. O.0. boromo-
JBISE 3 KITIHIYHOT aHATOMIi Ta OMepaTHUBHOI Xipyprii
JUI CTYACHTIB 2 - 4 KypciB MEAWIHOTO, TIeAiaTpu-
HOTO Ta CTOMATOJIOTIYHOTO (haKyJbTETiB, JJISI JIiKa-
PIB-IHTEPHIB XipypriYHUX CHEUiAILHOCTEH 3 BUKOPH-
CTaHHSM IIaTOPM BiJe03B’sI3Ky Ta KoHDepeHIii
(Skype i Zoom), oceithix ardopmu Neuron ASU
ta Likar.nmu HaiioHaJIbHOTO MEIMYHOTO YHIBEpPCH-
tety iM. O.0. boromonsms, nporpam Word, Power
Point, Excel i in. Takoxx OyB mpoBeIeHUI TOPiBHS-
JBHUH aHai3 Cy4acHUX JITEpaTypHHUX JKepel, M0
MPUCBSTYEH] TNIAKTUKH AUCTAHIIHHOTO HABYAHHS.

Pe3yabTaTn Ta iX 00roBOpeHHs

Jlexmist B MEIMIHOMY YHIBEpCUTETI IPU3HAYCHA
JUIS 3aKJIaJIaHHST OCHOB HAYKOBHX 3HaHb, 00YMOBIIIOE
XapakTep BCiX 1HIINX (opM HaBYaHHSA 1 XapakTep 00-
POOKHM HaBYAIIFHOTO MaTepiaxy, PO3BHTOK Mpodeciii-
HOTO MUCJICHHS MaiOYTHIX JIiKapiB, mependadae crc-
TeMaTU4He, TMOCIiJOBHE 1 WiTKe BUKJIAQJCHHS Hay-
KOBO-TCOPETHYHHUX 1 METOOIOTIYHHX MTOJIOKEHb (Y-
HIAMEHTAIBHUX 1 KIHIYHUX JUCLMIUIIH 3 JIEMOHCT-
pali€ro XBOPHX, JOCHAIB 1 HAOYHUX MOCIOHUKIB. B
(yHnaMEeHTaNbHAX AWAAKTHYHHUX  JOCIIDKEHHIX
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POJIi IEKIIH Y BUIIIM MEAMYHIH ITKOJIA TTOKA3aJI0, M0
11 IPOBIiTHE TTOJIOKEHHS 00YMOBIIOETHCS 0araTocTo-
POHHIM BIUIMBOM Ha HAaBYAIbHMI MPOLEC, B SKOMY
BOHA BUKOHYE Opi€HTyI0Uy, iHpOopManiliHy, iHTETpY-
104y, CBITOTJISIIHY, BUXOBHY, JIOTiKO-METO/IOJIOTI4HY,
METOIMYHY 1 opranizytouy ¢pyHkmii [19-22]. Peamiza-
1isl opieHTy0401 abo cnpsiMoByro4oi (yHKIIi cTBO-
PIOE Y CTYICHTIB ySBJIEHHS PO Cy4acHUi piBeHb po-
3po0KH MpoOieMH B CBITi, KpaiHi i kadenapi, nepcre-
KTUBHI IUISIXY PO3BUTKY MEIUYHOI HayKu. Brinenns
iHpopMmaniiiHOT ¢GyHKIIT 3a0e3mnedye CTyAEHTiB-Me-
JIMKIB OCHOBaMH HayKOBMX 3HaHb, 3HAHOMHUTH 3 OC-
HOBHHM 3MiCTOM, TIPHHIIATIAMH, 3aKOHOMipPHOCTSMHU
MIPEAMETY BUBYCHHS, TOJOBHUMH 1IESIMU Ta HaIpsi-
MaM¥ Taly3i MeIUYHOI HAyKH, PO3KPHUBAE TialeKTH-
YHi 3B'SI3KM HAHOLTBII CKIATHUX MUTaHb. CBIiTOTIIA-
IHa QYHKIIS JIEKIil B MEAWIHUX YHIBEPCUTETaX BTi-
JFOETHCSL depe3 (OpPMYBaHHSA y CTYICHTIB CHCTEMH
3HaHb NPO CYCHUIBCTBO, NPHUPOIY, MHUCICHHS, SIKi
BKJIIOYAIOTBCSl Y CBITOINIS OCOOHMCTOCTI MaiOyT-
HBOTO JIiKaps, BUKIHKAIOTh BIAMOBIAHY CIPSMOBa-
HICTB Ji# 1 IePEeTBOPIOIOTHCS HA MEXaHI3MH peryJisi-
uii i1 moBexinku. Peamizauis iHterpyrouoi ¢yHKuil
JeKIii 3a0e31edyeThCs BiAMOBITHOIO TTOAAYCIO HaB-
YaJbHOTO MaTepially 3 HaBEACHHIM 3B'SI3Ky MIXK Me-
JUYHOO TEOPI€I0 1 MPAKTUKOI0, TEXHOIOTIAMH JIKY-
BaHHS 1 nmpo¢inaktuku. BuxoBHa (QyHKIiS ekii €
CYTTEBHM BaXkeJIeM B iCHHO-TIONITHIHOMY, MaTpio-
THYHOMY, IHTEpPHAI[IOHAJBHOMY, MOPAIEHOMY, JICOH-
TOJIOTIYHOMY, €CTETHYHOMY, yXOBHOMY BUXOBaHHI,
B PO3BHUTKY IHTEpeCy J0 CTBOPCHHS MOTHBAIIHOT
OCHOBH HaBuaHHs. JIoriko-MeTomo0riyHa QYHKIIIS,
sika (hOpMye HABUYKH MUCJICHHS CTYICHTIB, peaizy-
€THCS UePE3 CUCTEMATHU30BAHE 1 JIOTIYHE BUKJIAJACHHS
HABYAIBHOTO MaTepiainy, JialleKTHUHE PO3KPUTTS PO-
3BUTKY MEAUIUHH i 11 mpobiem. MeToamyHa QyHKIIis
BTITFOETHCS Yepe3 BKIIIOYCHHS B 3MICT JIEKIIiT METO-
JUYHAX BKa31BOK JUIS CTYJICHTIB 3 PallioHAJIBHOTO 3a-
CTOCYBaHHS Pi3HUX METOMIB i popM poOOTH 3 HaBYA-
THHUM MaTepianom. OprasizariifHa (yHKIs oJsrae
B TOMY, IO JICKIis BH3HAYa€ NUIIXH, METOJH,
NPUIOMH Ta 3aCO0M HABYAIBHOI'O MPOLIECY, BUKOPH-
CTaHHs 1HIIKMX (GOpM 1 METO/IIB HAaBUAHHSI.

AHaii3 pe3ynbTaTH JOCIIPKESHHS JIUCTAHIIIN-
Horo HaByauHs B 2020-2025 pokax B Harionass-
HOMY MeauuHoMy yHiBepcuteti iM. O. O. Boromo-
JBIS 1 CITIBCTABIICHHS 3 JOCIIKEHHSIMU HAYKOBO-TIe-
JArOTIYHUX CIIBPOOITHUKIB IHIINX MEINIHHUX YHiBE-
pcuteTiB YKpaiHHU 1MOKa3aB, 10 3aB/AsSKN HEBapiaTHB-
HOMY PO3KJIaay JEKIIHHUX 3aHATH Ta 0araroCTOpPOH-
HBOMY BIUIMBY Ha HaBYaJbHUH IIPOIEC B yMOBaX 3Mi-
[IaHOTO (IUCTaHIIITHOTO) HABYAIILHOTO IMPOIECY Jie-
KIIisl IOKH 30epirae cBO€ MPOBiHE MOJI0KEHHs [4, 5,
12, 13]. Pa3om 3 UM, AOCHTI)KEHHS BUSBUIA HU3KY
MO3UTHBHUX Ta HEraTMBHUX TEHJEHIIN 3acTocy-
BaHHS JICKIiHOI (opMHU opraHizaiii HaBYaHHS Ta
JUJIAKTUYHOTO JIEKI[IHHOTO METO/y BUKJIAIAHHS, 110-
CTaBWJIA Psii OpPTaHi3allifHUX Ta METOAWYHHX IIPO-
0JIeM BUKOPUCTAHHS JICKI[IHOTO METO.TY 1 JICKIIIHOT
(opMH HaBYAaHHS NPH BUBYEHHI KJIiHIYHOI aHATOMIl
Ta OTEePaTHBHOI Xipyprii.
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PesynbTaTH TpOBEOCHOTO IOCITIIKEHHS ITOKa-
3JIM, IO B YMOBaX 3MIIIaHOTO a00 MUCTAHIIIITHOTO
HaBYaHHS TPHUCYTHS HEBHU3HAUYEHICTH MPO JOIJIb-
HICTh Ta €(EKTHBHICTF CHHXPOHHOTO 200 aCHHXPOH-
HOTO TIPOBEICHHS JieKIiil. OCHOBHOIO ITepeBarolo CH-
HXPOHHHUX JHUCTAHIIWNHUX JICKIIA € B3a€MOJis JIeK-
TOpa Ta CTYAEHTIB B PEXHMI peaJbHOro 4acy, L0
CIPUSIE PO3BUTKY MOYYTTS CHUTLHOCTI, 1a€ MOYKIIUBO-
CTi 17151 €PEKTHUBHOTO 3BOPOTHOTO 3B’SI3KY MPOTIATOM
JICKIIi1, JUI IHTePaKTHBHOCTI i CTBOPEHHS CIIBTOBA-
puctBa. AJie B yMOBaX JUCTaHIIHHOTO HABYAHHS BU-
SIBJICHA CTiMKa TCH/ICHI[IS HA 3MEHIIICHHS IHTepeCy 10
CHHXPOHHHX JIEKIili (HHM3bKa SBKa, BiAKIIOYCHHS
CTYACHTOM 3BOPOTHOTO ay/io- Ta BiIe03B’sI3KY IPO-
TATOM JIEKLIH, 3HAYHHUI BiZICOTOK TEXHIYHMX 1 HETEX-
HIYHAX BIAKITIOYEHb CTYICHTIB TIPOTATOM JICKIil
Tomro) [4]. AHami3 HamIOro OCBiXy MPOBEACHHS M-
CTaHLIWHUX JIEKIiil B yMOBax Oe3BapiaTHBHOTO PO3-
KJIajy CHiBIagae 3 BUCHOBKaMM Yamagata — Lynch
L. [18, 24], m10 cHHXpOHHI OHJIAH-JIEKLIT Yepe3 mia-
ThopMu BeO-KOH(pEpeHLi BUMaraloTh CTabiIbHOTO
MIJKIFOYEHHS 10 [HTepHEeTY 1 JOCTYIHOCTI B 3aruia-
HOBaHHI Yac, sIKi 31aTHI IIIKOM HiBEJIIOBATH II€1aro-
TiYHI TIepeBar mi€i nei TeXHoIorii. ACHHXpOHHE BH-
BUCHHS OHJIAHH-JICKIIi}f THyYKe, MEHIII TEXHIYHO BH-
MOTJINBE, TA€ MOXKIIMBICTH CTYICHTY BHBYATH 3MICT
HaBYAJIBHOTO MaTepiaiy JIeKIill y BIaCHOMY TeMIi i
neperisaaTé oro B Mipy HeoOxinHocTi [18, 25]. Oc-
HOBHHM OOMEKEHHSIM IIHOTO MiAXO0Ty MOXKe OYTH Bi-
JICYTHICTb y CTYJCHTIB MOYYTTS NPHHAIEKHOCTI 0
yu0OBOTO CIiBTOBAPUCTBA, BIJICYTHICTH 3BOPOTHOTO
3B 513Ky Ta aJMIiHICTpYBaHHS PO3KJIaly 3aHSTh.

1Ie oxHOO OpraHi3aIliifHO MPOOIEMOIO JHCTa-
HI[IITHOTO HABYaHHS € 3BOPOTHIH 3B'I30K MiK
Cy0’€KTaM¥ BUKJIAIaHHS Ha TUCTAHLIHHUX CHHXPOH-
HUX JICKIiSX, SKAH HaifgacTinie 3AiHCHIOETCSA Y (o-
PMi MUTaHb JIGKTOPY B YaTi BIPOOBXK JIEKIIi1 a00 Ha-
MpUKiHII 3aHATTS. OJHIE0 3 HABYATBHUX TEXHOJIOTIH
[FOTO HATIPSIMKY € IHTepPaKTHBHA JIEKIIis i3 3BOPOT-
HUM 3B’SI3KOM, TPOTATOM SKOi CIIyXadi 3aTy94aroThCs
JI0 aKTUBHOI poOOTH, CTYACHTH [eTalbHIllle BUBYA-
IOTh TIPOCTOPOBI B3aEMOBIHOIICHHS OPraHiB i CHC-
TEM, JIOKaJIbHI TOCTYNH JJIsl OTIEPATUBHUX BTPYYaHb
[5]. Takox ciix BBaXKaTH TOUUIBHUM i JOCHTH perpe-
3CHTATHBHAM IPOBEACHHS AHOHIMHHX OIKUTYBaHb
CTYJIHTIB IIpO JIeKwii B 4aTi ocBiTHIX ruiatdopm. He-
3aJIeKHO BiJ] CTIOCO0Y 31 ICHEHHSI 3BOPOTHIH 3B'S130K
JIO3BOJISIE JIOCUTH 00'€KTUBHO OIIHUTH SKIiCTh MPOYH-
TaHUX JICKIIH, BUSBUTH XapaKTePHI YTPYIHCHHS IS
CTYACHTIB, IO 3PEMITOI0 TO3BOJISIE JICKTOPY CBIIOMO
1 IiJIeCTIPIMOBAaHO BHOCUTH KOPEKTHBH 10 3MICTY Jie-
KIIHHOTO KypCy.

Sk moxazano JOCTiIKeHHs, CTYIiHb peaizamii
HaBeZleHUX (QYHKINT JUCTAHIIMHUX JIEKIIH B 3HAYHIH
Mipi 0OYMOBIIOETHCS TUAAKTUIHOIO MeTOto (iHpOp-
MalliiHi, mpoOJIeMHi, KOMILIEKCHI TOIO) abo iX Mic-
[IeM B HABYAIBHOMY TIporieci ( BBiIHI, BCTYIIHI, OTIISI-
JIOBi, TIOTOYHI, MiICYMKOBI, YCTaHOBYi). 32 HAIIMMH
CIOCTePEKCHHIMH B TUCTAHIITHOMY HABYaHHS KJIi-
HIYHOI aHaTOMii Ta OIepaTUBHOI Xipyprii npeBaro-

IOTh TIPOOJIEMHI JIEKITiH, B SKUX 3MICT MaTepiany BH-
KIIaJaeThCs y BUIVIAAL IITYYHO CTBOPEHUX Mi3HABAIIb-
HUX CHUTYyallild i mpobiaeMu. Y3araibHIOYN JTOCBI,
MO’KHA BIJ3HAYMTH, IO TaKl JIEKIII Xo4ya i BiAIOBI-
JATOTh KJIIACHYHIN CTPYKTYpi, ajie BUMAraroTh BiAIO-
BiTHHX 3MiH B {i moOymoBi. Tak 0co0NIMBiCTIO OCHOB-
HOi YaCTHHH € TOCTaHOBKa HaBYaJbHOI IpoliemH i
CTBOpPEHHsI TNpoOieMHOI cuTyauii, (GopMyIIOBaHHS
poOJIEMHOT0 3aBJIaHHS 1 3arajJbHOTO IUIaHy HOTo po-
3B's13aHHA. L[ BIIMIHHICTB MiICHITIOETHCS 000B’ SI3KO-
BOIO HASIBHICTIO B OCHOBHI YaCTHHI POOOYHX TilOTE3
BUPINIEHHS OKPEMUX 1 3arajJbHUX 3aBJaHb, HEOOXiN-
HOI 17151 IX pO3B'sI3aHHSA iH(pOpMaIlii, mepeBipKy BipHO-
CTi pobounx TirmoTe3 i BUpIMIEHHS 3aBHaHb. Bimmo-
BiJTHO BiJpi3HS€ETHCH 1 3aKIIFOYHA YaCTUHA, B SKiif Ii-
JIBOISTHCA IMiICYMKH BHPIMICHHS MPOOIeMH 1 iX Bip-
HICTb, PO3KPHBAETHCS 3HAYEHHA IMX 3aBIaHb JUIS
MIPAKTUIHO]I JIKapChKOI MisUTBHOCTI 1 PO3BUTKY MEIH-
YHOT HayKH. AHaJI3 JOCBIly 3aCTOCYBaHHS ITPOOIEM-
HUX JICKI[il KOHCTAaTYBaB BiIMIHHOCTI B JisSUTBHOCTI
BUKJIa/Iaya 1 CTYJEHTIB IIiJ| Yyac Takux Jekuid. Jlek-
TOp, MOCTaBUBLIM MPOOJIEMy 1 CTBOPHUBIIM HPOOJIe-
MHY CHTYallil0, PO3KPUBAE JIOTIKY MOIIYKY pPO3B's-
3aHHS MPOOJIEMH, BUKJIAIA€ Cy49acHy CHCTEMY JOKa-
3iB iX BIipHOCTI, TOKa3yIO9H €TAJIOH KyIbTYPH HAYKO-
BOTO, KJIIHIYHOIO 1 TIri€HIYHOrO MHCIIEHHS. 3 CBOTO
0OKy CTYAEHTH 3'COBYIOTH HpOOJIEMY, YCBIIOMITIO-
FOTB IPOOJIEMHY CUTYAIIif0, aHATI3YIOTh Ta ONIEPYIOTh
3HAHHSAMH, CHPSMOBYIOYH CBOIO yBary Ha JIOTi4HY
HOCJIIIOBHICTh BUPILIEHHS NpPOOJIEMHUX 3aBJAaHb 1
NPOTHO3YBaHHSI HACTYIIHUX KPOKIB PO3B'sI3aHHS 3a-
BAaHHA. | Xoua Ha TaKMX JIEKLISX TOJIOBHUMH € pe-
NPOJYKTHBHA 1 PENpOIyKTUBHO-IIEPETBOPIOIOYA ITi-
3HaBaJIbHA AISUIBHICTB, MPOTE B HHUX BKIIIOYAIOTHCS
€JIEMEHTH MOUIYKY MOJIMBHX PE3yJIbTaTIB, IKi HE00-
XimHI Uit popMyBaHHS i pO3BUTKY Y CTYACHTIB TBO-
pUHX 3110HOCTEHH.

JlocuTh TUCKYCIHHUM € TTUTAHHS IPO CITiBBiTHO-
[ICHHS HAYKOBOTO PiBHS JICKIIiH 3 pIBHEM ITiITOTOBKA
cryneHriB. [IpakTuka mokasye, o J0CBiT4eHUH Je-
KTOp 3aBXJIW OPIEHTYeThCs Ha 1el unHHuK. Cryne-
HTChKa ayANTODisl 3aBXK]IM HEOJHOPIJHA, TOMY JIeK-
TOp HE NMOBUHEH 3HIKYBATH HAYKOBUI PiBEHb JIEKIii
Ha JIOroJIy C1aOKUM CTYJIEHTaM, [IPOTEe BOJHOYAC Ma€
TypOyBaTHCh MPO MOCHJIBHICTh JICKI[IITHOTO Matepi-
ary Juist cTyAeHTiB. Ha Hamy nymKy, BUKIIaaad oBH-
HEH OpIEHTYBAaTH CTYJICHTIB Ha MOAOJIAHHS TPYIHO-
IIiB HAYKH, HE CIIPOIIYIOUH 1 HE YCKJIQJHIOIOUN Hay-
KOBO-y4OOBUX 3aBJaHb. HaykoBwii piBeHB JIEKIIi 3
KIIIHIYHOI aHATOMI| Ta OTIePaTUBHOI Xipyprii MOBHHEH
OyTH Iemo BUIIUM 3a 3BUYHHMH PiBEHb KOHKPETHOI
ayIuTOpIii.

JluckytabebHUM € MUTAaHHS NPO BIATIOBIAHICTH
JMUCTAHIIIMHOI JIEKIii BCIM eJleMEeHTaM HaBYaJIbHOI
MPOTpaMH Ta MiJpydHHKa. Y400Ba mporpama — Kepi-
BHHI JOKYMEHT, [0 BCTAHOBJIIOE 3MICT MiIpydHHUKA,
BCiX y4OOBHUX 3aHATH 1 00CAT BUMOT 70 CTY/ICHTIB Me-
mmaanx 3BO. Tomy, Ha Hamly AyMKY, B Cy4acHHX
YMOBaxX CKOPOYEHHS ayAWTOPHOTO 4acy HaBYaHHS
JICTAHIIHI JICKIIii He TIOBUHHI 1 HE MOXYTh BiITBO-
pIoBaTH BCi PO3JUIM NPOrpaMH, OBTOPIOBATH 3MICT
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migpydarka. JIOmiabHO OCHOBHI HAyKOBO-TEOPETH-
YHi MUTAHHS BUKJIACTH HA JIEKIIISIX, a PO OLIBIT KOH-
KPETHI MUTaHHSA AOCTaTHBO JIMILIE 3rajiaTH, Mmoo Ha-
JIATH HaIpsiM y poOOTi Wi yac ceMiHapiB, MpaKTH-
HUX 3aHATH 1 CAMOCTIHHO{ poOOTH.

AHali3 BIACHOTO IOCBIAY Ta JOOCHTI[HKEHHS iH-
IIMX aBTOPIB MOKAa3aJIy, 10 TPH 3MillIaHOMY a00 J-
CTaHIIHHOMY HaBYaHHI KapAMHAIBHO IHTEHCH(IKY-
€TbCsl po0OOTa BUKJIAJa4ya NpH MiATOTOBII Ta IIPOBe-
neHni snexkuiii. Ha erami miaroToBKH AUCTaHLIAHOL
JeKuii BUKJIagad BU3HAYAE 3MICT Ta CTPYKTYPHO-JIO-
TiYHI CXEMU JIeKIlii, CTBOPIOE OMOPHY MPE3CHTAIIII0,
migOupae Bimeomarepiaid, TUIaHy€e TOEHAHHS OITH-
MaJIbHUX IHTEPAKTUBHUX AUAAKTHIHUX METOIB, IIe-
penbadae MOXKIIMBOCTI KOMIT IOTEPHUX TEXHOJIOTIH.
IIpu mpoBeneHHi Jeknii BUKIaAad 3AIHCHIOE TIPSIMY
TPAHCIIALIO 3aHATTS, POOOTY Ha BipTyallbHiH MO,
MiATPUMY€E OHJIAWH-IHUCKYCiI0, 3MIHCHIOE 3BOPOTHIN
3B’5130K B PEKUMI PEAILHOTO Yacy, J0Aa€ MepeKiia
a0 roJI0COBI KOMEHTapi JI0 Mpe3eHTalliil Ta Bizeoma-
TepiaiiB. Pe3ynbTaT 1ociipKeHHs Py aBTOPIB CBi-
J4aTh, IO OHJIAHH BUKIJIQJAHHS IyXKe TPYAOMICTKO
Uit Bukiamadie [18, 26, 27]. BimmoBigHo moci-
mkenHio Cavanagh [28] kinbKicTh 4acy, BHTpade-
HOTO Ha BUKJIaJIaHHA B [HTEpHETI, B 1Ba pa3u NepeBu-
IIyBaJIO KUTBKICTh Yacy HaBUaHHS B ayaurtopii. Jiro-
YUMH TIOJIOKEHHAMH TaKa iHTCHCU]IKaIlisl HayKOBO-
MeIaroTivyHoi JisNTBHOCTI TPHU MiATOTOBII Ta MPOBE-
JICHHI AUCTAHIIHHOTO HABYaHHS HE BBAJKA€THCA 1HTE-
JICKTYaJIbHOIO BJIACHICTIO, OCOOJIMBOCTI TUCTAHITi-
HOTO HaBYaHHS HE BPAaXOBYIOThCS NPU BH3HAUCHHI
MeJaroriyHoro HaBaHTAXKCHHS BHUKJIAJAYiB 1 THM
Oinbm He orulauyroThes. KpiM Toro, cami oprasiza-
LiifHI Ta IporpamHi 3acajau, MaTepiajJbHO-TEXHIYHE
OCHAII[CHHS HABYAJIBLHOTO TIPOIECY y BUININA Meand-
HHUM KO, AKi 1 O TOro OyJIM Majo MPUCTOCOBaHI
JI0 1HIWBiAyai3amii Ta BBSJICHHS B HABUAHHS iHTEpa-
KTUBHUX TBOPYMX CHHXPOHHHX METOJB, NIPH Hepe-
XOJIi Ha IUCTaHIIHHY (GOPMY 3aTHIIHIICE O€3 3MiH.

Hincymxu

PesynbraTi poBeIeHOTO TOCTIHKEHHS 3aCBi-
YIIM, 110 TUCTaHIIHHEe Ta 3MilllaHe HaBYaHHS CTaJlo
BUMYILEHOIO HEBII'€MHOI0O YaCTHHOIO OCBITHHOTO
MpoLeCy B MEIMYHHX 3aKJIaJ[aX BUIIOT OCBITH B yMO-
Bax nmauaemii COVID-19 ta BOEHHOTO CTaHy.

Buknaganus Jekiiil y nucraniiiinomy ¢hopmari
3a0e3rneyye THYYKICTh Ta JOCTYITHICTH HABYaHHS -
CTYIIEHTH MalOTh MOJJIMBICTH HaByatucst 3 OyIb-
SIKOTO MiCIlf, IO 3a0e3Medye eKOHOMII0 Yacy Ta pe-
CypCciB.

Buknamganus nexmiit y nucranmiitnoMmy dpopmari
3a0e3neyye PO3BHTOK CaMOCTIHHOCTI: IHMCTaHINHE
HaBYAHHS CIIPHUS€ PO3BUTKY HABHYOK CaMOCTiIHOT
poOOTH Ta BiJMOBINaIHHOCTI 32 BIIaCHE HABYAHHSI.

JlocmimkeHHs MOKa3yloTh, 0 AUCTAHIIIHHI JIEK-
i1 MOXXYTb OyTH e(eKTUBHIMH 32 YMOBH BHUKOPHC-
TaHHS IHTEPAKTUBHUX METO[iB BUKJIaJaHHA Ta Cydac-
HUX TEXHOJOTiH. 3amydeHHsl CTYACHTIB 10 0OTOBO-
PEHb, BUKOPHUCTAHHS BIpTYaJIbHUX CHUMYJISLIN Ta iH-
IIMX IHTePaKTHBHUX €JICMEHTIB ITi IBHIIY€ 3aI[iKaBJe-
HICTh Ta €)EKTUBHICTh HABUAHHS, CIIPHUSIE AKTUBHIN
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JIucTaHMmiiHI CHHXPOHHI JIEKIIl 3a0e3MeqyoTh
perysspHuit 3BOpoTHUH 3B'130K. Haganus crynenTam
MOJKJIIBOCTI CTaBUTH 3alTUTaHHS Ta OTPUMYBATH Bif-
MOBiZi B PEKUMI pEaNbHOTO Yacy CIpHUSIE KpamoMy
PO3YMIHHIO MaTepiairy.

[IpoBeneHHs MUCTAHIIIHUX JICKIIA BUMArae Bij
BHKJIaJIaua aJanTailii HaB4aJbHUX MaTepiaiiB 3 ypa-
XYBaHHSM crienuQiky oHnaiH-popmary, Bigbopy Bi-
3yaJIbHUX MaTepialliB Ta 4iTKOI CTPYKTYpH Iojadi iH-
(dopmartii, 301HCHEHHS MPSIMOi TPaHCIALIT 3aHATTS,
poOOTY Ha BipTyasbHiH JOLILI, MIATPUMAHHS 3BOPO-
THBOTO 3B’SI3KY B PEKUMI peajbHOTO Hacy, JoJa-
BaHHS Mepekiaxy abo TONOCOBMX KOMEHTapiB IO
Mpe3eHTalliil Ta BineomarepiaiiB Tomo. Pesymsratn
MPOBEACHOTO  JOCHIDKEHHS TIOKa3ald peanbHi
OUIIXH YAOCKOHAICHHS JEKTOPCHKOI MaicTepHOCTI
JUTS TIABHUINEHHS €()eKTUBHOCTI AUCTAHIIWHUX JIEK-
1iil B HABYaJILHOMY IIPOLIECI BUIIOT MEJMYHOT OCBITH:

- BIIMIHHE 3HaHHS NpeaMeTy 1 npogdeciiHui no-
CBiJ, BUKJIAIaHHS 3MICTy MEIUYHOI AMCIMIUIIHH 1
npoOJieM Ha piBHI IX Cy4acHOTO PO3B'sI3aHHS;

- BpaxyBaHH: 3arajbHOTO 1 CIIeI[ialIbHOTO METHU-
YHOTO PIiBHIB MIATOTOBKHU 1 PO3BUTKY CTYACHTIB, OC-
HOBHUX IICHXOJIOTIYHIX OCOOJIMBOCTEH CTYIEHTCHKOT
ayauTopIii;

- TUIAKTHIHO BHUIIPABIAHMA 100ip MeTUIHOT 1H-
(hopmMartii, LTFOCTPYIOUHX MPUKITAIIB 3 TPAKTHUKH, 10-
LUTBHE 1 ONTHMAallbHE BUKOPHUCTAHHS HAOYHUX MOCI0-
HUKIB: MOJICJICH, MaKeTiB, MYJISDKIB, TaOJIUIb, TTAKa-
TiB, MAJIFOHKIB, CXEM, TIPE3EHTAIlii TOIIIO;

- JIOTPUMAaHHS TMONEPENHbO  CIUIAHOBAHHX
CTPYKTYpH 1 IUTaHy JIEKIiT;

- 3HaHHSA 1 BMiJIe BUKOPUCTaHHA (a3 TUHAMIKH
Jekuii, o 0a3yeTbest Ha (i3i0JOTTYHUX OCOOIMBOC-
TSIX JIFOAWHH, CTBOPEHHSA ONTUMAIbHOI €MOIIHHOI aT-
MocdepH yIpoI0BK YNTAHHS JICKIIi1, YepTryBaHHS ITi-
JBUIICHOI yBarW i 3allikKaBICHOCTi, PO3YMOBOi Ha-
MIPYTH 3 11 TOCIA0ICHHSM;

- IOCTiHHE yIOCKOHAJIEHHS CIPSIMOBYIOY01, (ho-
PMYI0Y0i i HACTAHOBHOI POJIi MOBH, B TOMY YHCTI i
MOBHU MEJIUYHOT HAYKU;

- TrapMoHiiiHe 1 BUIpaBlIaHe BUKOPHCTAHHS
CJIOBa, IpOHil, IHTOHAIIIH, JOMOMIXHHUX 3aC00IB;

-- TIOCTiiHE BUBYCHHS MAfCTEPHOCTI Ta JOCBIIY
KpallIKX JIEKTOPIB, MOCTIHE YAOCKOHAJICHHS 3MICTY,
MpHUOMiB, 3aC00iB, MOBH Ta JHKIIIi.

3HIKYIOTh €(PEKTHBHICTh 1 SKICTh NUCTaHIIH-
HUX JICKIIA HEJOCTaTHS 3a0€3MeYCHICTh CYy9acCHIMU
MIPOTPaMHUAMHM NPOAYKTaMH Ta TexHiuHMMH [T-3aco-
0aMu sk 3100yBadiB OCBITH, TaK i HAYKOBO-IIEIarori-
YHHUX TIPAI[iBHUKIB; HEIOCTAaTHIH piBEHb PO3BUTKY
nudpoBoi OCBITHBOI iHYPACTPYKTYPH, OOMEXKeHa J10-
CTYIHICTB IIBUIKICHOTO IHTEPHETY B perioHax YKpa-
THH; 3HIDKCHHS MOTHBAIll Ta HEBHCOKAa TOTOBHICTH
CTYACHTIB Ta BHKJIaJadiB JI0 BIPOBAKEHHS Cydac-
HUX JHUCTAHI[IHHUX TEXHOJOTiH; BiICYTHICTh Oe3Io-
CepellHbOT0 KOHTAKTY MIXK CTY/JE€HTAMH Ta BHUKJIaJa-
YaMH; HEBH3HAUCHICTh JEPKAaBHUX Ta YCTAHOBYMX
MiAXOJIB A0 3MICTY, pe3yJIbTaTiB Ta OILIHIOBaHHS Ha-
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YKOBO-TIEJarOT19HOT iIHTEIEKTYaIbHOI TisITHOCTI BH-
KJIaa4qiB BAIIOT MEIUYHOT IITKOJIH.

IlepcnekTUBH  MOAANBIIMX  JAOCHIIKEHb
MOB’s13aHi 3 TOCTYNOBHM BHUPIIICHHAM TEXHIYHUX,
OpraHi3allifHIX Ta METOAWIHHX, (PAKTOPIB, IO CTPH-

MYIOTh PO3BHTOK 3MIIlIAHOTO 200 TUCTAHIIIHHOTO Ha-
BUaHHS y BUIIIH MEITUYIHIH OCBITI.
Indopmanis npo koHPIIKT iHTEpeciB
[Morenmniitanx abo SBHUX KOHQIIIKTIB iHTEpECiB,
10 TOB’s[3aHi 3 IIMM PYKOITMCOM, Ha MOMEHT ITyOi-
Kalii He iCHye Ta He mepen0adaeThCs.
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Ko63ap O.b., lleBuenko O.0. JuaakTuyHi npodjaeMu 3aCTOCYBaHHS IMCTAHUIMHMX JeKUiil npu BU-
BUYEHHI KJIIHIYHOI aHATOMII Ta onmepaTUBHOI Xipyprii y 3aKk/1agax BUILOI MeIMYHOI OCBITH.

PE®EPAT. V¥ crarTi IpecTaBicHi pe3ynbTaTH JOCIIIKSHHS AUIAKTHYHUX MPOOIJIEM 3aCTOCYBaHHS JIACTA-
HIIIITHAX JIEKIiH IpY BUBYCHHI KITIHIYHOT aHATOMII Ta ONepaTHBHOI Xipyprii, 3pobieHa cripoba mpoaHati3yBaTH
CyYacHi TeH/IeHI1ii BUPILIIEHHs 11X 3aBJlaHb B YMOBaX AMCTAHIIMHOrO HABYaHHs. MeTa IOCHiPKeHHS - BU3HAYHUTH
JMUIAKTHYHI TPOOIeMH 3aCTOCYBAHHS JUCTAHIIIMHNX JIEKIIA IPYU BUBYCHHI KIIHIYHOI aHATOMII Ta OmepaTUBHOT
Xipyprii, OLIHUTH TIepeBary Ta 3BaKUTH HEIOJIKH JICKIIIIHOT MeTOly MpH ANCTaHLIKHIH Ta 3MimaHiil Gopm opra-
Hi3auii HaByasbHOTO mporecy. MeToan. AHaii3 I0CBiAy YNTaHHS JUCTaHUIHHUX Jekuiit B 2020-25 pokax B Ha-
IOHAJIbHOMY MelnuHOMY yHiBepcuTety iM. O.0. boroMorblis 3 KIiHIYHOT aHATOMIT Ta ONepaTHUBHOI Xipyprii as1st
CTYZIeHTIB 2 - 4 KypciB MEIMYHOTr0, MeAiaTPUYHOTO Ta CTOMATOJION YHOTO (hakyIbTeTIB, IS JIiKapiB-iHTEPHIB Xi-
PYpPTriYHEX crierianpHocTel. Pe3yasTaTn Ta migcyMok. BcTaHOBIEHO, 110 JIEKIIii y AUCTaHIIHHOMY (Qopmari 3a-
0e31euyoTh THYYKICTh Ta JOCTYIHICTh HABYAHHS, PO3BUTOK CAMOCTIHHOCTI Ta BIATIOBIAaIHHOCTI 3a BIAaCHE HaB-
YaHHS 32 YMOBH BUKOPHCTAHHS IHTEPAKTUBHHUX METOJIIB Ta Cy4aCHHUX TEXHOJIOTIH, 3a0€3MeUeHHs cTajloro 380po-
THOTO 3B'si3Ky. [IpoBefieHHs TUCTaHIIHHNX JISKII BUMarae Bij BUKJIa/Jada afanTalii HaBYaJIbHUX MartepialiB 3
ypaxyBaHHSIM CTIeIU(iku oOHIANHH-(QopMaTy, YiTKOI CTPYKTYpH Mojadi iHopmarlrii, HABUYOK MPsIMOT TPaHCIIALI|
3aHATTS Ta MiATPUMAaHHS 3BOPOTHOTO 3B’ 3Ky B PEXKHMMI pealibHOr0 4acy Touo. B nociipkeHHi HaBeIeHi peanbHi
NUISXU YAOCKOHAJICHHS JIEKTOPCHKOT MaCTEPHOCTI IS MiABUIICHHS €(peKTHBHOCTI IUCTAHIIIHHIX JeKii. Oxpe-
cieHi (akTopH, SKi 3HIKYIOTh e()eKTUBHICTD 1 AKICTh AUCTAHIIMHUX JEKIIH B HABYAIEHOMY IPOIIECi BUIIOT Me-
JIMYHOI OCBITH.

Kurouogi ciioBa: nucraHIiiiHa OCBiTa, JISKIis, JUAAKTHKA, KIIHIYHA aHATOMISI.
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Shamelashvili K.L. DX Toxic effects of cadmium on a living organism.

Dnipro State Medical University, Dnipro, Ukraine.

ABSTRACT. Background. The remaining fates will increase the dowkill's confusion. In addition, the concentration of
important metals in the middle part increases. Heavy metals can destroy various aspects of a person's health. One of these
metals is cadmium, which is widely distributed in the medium and can easily bioaccumulate in the body after passing through
chemical and herbal pathways. This is a difficult biological period in decline (10-30 years), which leads to irreversible harm
to the health of animals and people. Objective. To analyze literary sources on the toxic effects of cadmium on a living
organism. Methods. An extensive collection and analysis of literary scientific data on the effects of cadmium on a living
organism was carried out in the scientific and metric databases PubMed, Web of Science, Google Scholar. Results. Cad-
mium mainly accumulates in skins, livers and legs. However, with chronic influx, veins can accumulate in other parts of the
body, including the ovaries, cysts, nervous system and immune system, which can lead to various illnesses. Epidemiological
studies provide more evidence that this influx can lead to diseases such as osteoporosis from cyst fractures, neurodegenera-
tive disorders, infertility, etc. Conclusion. To promote a healthy way of living, as well as to promote effective preventive
measures and improve public health, continuous monitoring of individuals who are professionally susceptible to the influx
of important metals such as cadmium And understanding the nature and mechanisms of the action of cadmium makes it

possible to develop methods for correcting environmental and mental disorders in a living organism.

Key words: cadmium, heavy metal, toxic effect.
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Beryn

3abpynHEHHS HABKOJHIIHBLOTO CEPEIOBUIIA,
TPYHTY, BOJM Ta MOBITPS BaXKMMH METaJlaMH CTa€e
II00ANTBEHOO POOIIEMOIO Y 3B'SI3KY 31 IBUAKUM PO3-
BUTKOM Ta MOJIEpHi3ami€ero mpomucioBocrti [1,2]. Ls
MocTiiiHa MpobiieMa B TEpIIy Yepry 0OyMOBJICHA Te-
OJIOTIYHOO Ta aHTPOIIOTEHHOIO JisUTEHICTIO, IO PO3-
IIMPIOETHCS, T TIOB’sI3aHa 31 30UIBIICHHSIM BUIO0Y-
TKY KOPHCHHX KOIIJINH i PO3BUTKOM CLIBCHKOTO IOC-
nojgapcTa [3] Bakki Metanu e XiMiuHI eJIeMEHTH
SKi MalTh BIIACTUBOCTI METaliB 1 MalTh 3HAYHY
aTOMHY Bary abo MminbHicTh. Ha BigMiHy Big opraHi-
YHUX 3a0pyIHIOBAYiB, BAXKKI METAJIM HE IMiJIal0ThCs
010J10r1YHOMY PO3KJIaay. BUTBIIICTh BAKKHAX METAIIIB
TOKCHYHI 1 HeOe3IeuHi, OCKIJIbKM BOHU MOXYTh IIOT-
paruIATH B OpraHi3M JIIOAWHY Yepe3 1Ky, BOJY, IOBi-
TPS 1 KOHTAKT 3i MIKIPOIO 1 JIETKO HAKOITMYYBaTHCS B
OpraHax Tijia i )XMBUX opraHizmax [4,5]. o Takux
MeTaliB BigHocsThCs 3aii30 (Fe), nnuk (Zn) Ta cenen
(Se). Omnak gesiki BakKi MeTanw, Taki SK KaaMid
(Cd), cBunens (Pb), mumr'sk (As) i Hikens (Ni), Mo-
KYTb HETraTHBHO BIUIMBATH Ha 3]I0POB'S JIIOAWHH,

BKJIFOYAIOYH 301JIbIIEHHS PU3UKY PO3BUTKY iH(EKIIil
Ta MiBUIICHUIT pU3UK ayTOIMYHHHX 3aXBOPIOBaHb Ta
PI3HUX BUJIB PaKy, HaBiTh y HEBEIMKUX KiJIBKOCTSIX
[8]

Kangmiit (Cd) — Baxkkmii Meran, KA 3ryOHO
BIUIMBA€ HA HABKOJIMIITHE CEPEIOBHINE Ta 310POB'S
monuHu. Kanmmiit icHye y mpuponi y dopmi pyam.
Leit enement OyB Biakputuii ®. IlItpomeiiepom B
Terrinreni, HiMeuunna, B 1817 poui [9]. Foro Buku
y JOBKULISL 3 IPUPOJHUAX UM aHTPOIIOTCHHUX JDKEpet
MOXe€ MPU3BECTH JI0 3a0pyIHEHHS IPYHTY Ta MIPOIY-
KTIB XapuyyBaHHs. KaaMiil HIMPOKO BHKOPHCTOBY-
€TBbCA y CTAJICIMBAPHINA Ta aBiamiiHill MPOMHUCIOBO-
CTi, BUPOOHUIITBI ITACTMAC 200 aKyMYJISITOPIB, IIir-
MEHTIB s (pap0 P BUILIABII IIMHKY a00 CBHUHIIIO,
ragpBaHi3allii cTaii, BUPOOHHIITBI TEIEBI3IMHUX €K-
paniB Ta pocarHux nob6pus [10,11]. Takum unHOM,
JIFO/TH, SIK1 MIPAIOIOTh HAa TAKMX BHPOOHHUIITBAX, O1JTh-
11010 MipOIO 3a3HAIOTh BIUIMBY I[bOTO MeTainy. OHak
JUIsl HaceJIeHHs B IJIOMY OCHOBHHMMH JDKepesiaMu
IIOJICHHOTO BIUIMBY KaaMiIO € 3a0pyaHEeH] IPOIyKTH
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xapuyBaHHs a00 BojonocradanHs. binems Toro, mo-
BIIOMJISUIOCS, IO JIUCTS TIOTIOHY HAKOIHUYYIOTH BH-
COKHUH piBEHb KaaMilo i3 TPYHTY, SKUH € OCHOBHUM
Henpodeciitanm xepenom BBy Cd aiist KypIiB Ta
MacuBHUX KypiiB [12] TakuMm YMHOM JIFOTH TTOCTIHHO
MiANAI0ThCs BIUTMBY HU3bKHUX piBHIB Cd, B OCHOB-
HOMY 4epe3 DKy Ta CIOKMBaHHS BOJIM, CUT'apETHHUN
JIIM, 3a0py/JHeHe MOBITPs Ta NpodeciifiHui KOHTAaKT
[13]. Iormuuaenuit Cd He MOXe €EKTHBHO BUBOIHU-
TUCH 1, TAKMM YWHOM, HaKOIMYYETHCS B OPraHi3Mi
JIFOJTUHY TIPOTSTOM YCHOTO XKHUTTS 3 TPUBAINUM 010J10-
riuHuM nepiofom HamiBpo3nany 15-30. Kanwmiii B oc-
HOBHOMY HaKOIINYY€THCS B HUPKAX, MEYIHII Ta JieTe-
Hax. OnHak npu xpoHigHOMY BIDmBi Cd MoXxe HaKo-
MIYYBATHCS B IHIINX YaCTHHAX Tija, BKIFOYAIOUH Ce-
pIie, aopTy, KICTKH Ta KumedHUK [14], mo mpu3so-
T 10 Pi3HUX 3aXBOPIOBaHb. TOKCHYHICTH KaJMilO
BUKJIMIKA€ TIPOOIeMH 3 HUPKaMU (TTOUTKO/HKEHHS Ka-
HAIIBI[IB Ta KIYOOYKiB), OCTEONMOPO3, MUCHYHKIIIIO
s€40K Ta pak [8, 15], B ToMy 4mCHIi 1 pak MEYiHKH,
MPOCTAaTH, MOJIOYHOI 3aJI03H, JIET€Hb, HUPOK, IIKIpH
Ta MiIIUTYHKOBOI 3a503u [16, 17]. 3a manumu Mix-
HapOJIHOTO areHTCTBA 3 JIOCITIJDKEHHS paKy, Kaamii
Ta foro crmoyku Oynu KiacuQikoBaHi SK KaHIEPO-
rean rpynu 1 [18]. KpiM Toro, kKanMmiit HECTIPUATIBO
BIUIMBAE 1 HA IMyHHY cuctemy [19].

Mera

[IpoanamizyBatu niTepaTypHi [Kepela IIOI0
TOKCHYHOTO BIIUBY KaJMIIO Ha )KUBUH OpPraHi3M.

Marepiaaun Ta meToan

Byno mpoBeneHo mupokuit 30ip Ta aHaii3 JiTe-
paTypHUX HayKOBHUX JIAaHMX II10JI0 BIUIMBY KaJMil0 Ha
JKMBUH OpraHi3M Yy HayKOBO-METPHYHHX 0azax
PubMed, Web of Science, Google Scholar.

Pe3yabTaTH Ta iX 00roBopeHHs

Bnaue kaomito na sicinouy cmamegy cucmemy

3rigHo 3 JOCIIKEHHAMH, KaJaMiid 34aTHAA Ha-
KONMYYBATHUCS B SIEYHUKAX, 3pCIITOI0 BIUIMBAIOYN HA
SKICTh OOLIUTIB 1 eMOPIiOHIB, 1[0 PO3BUBAIOTHCA. by
BUSIBJICHI IOPYIICHHS CTPYKTYpPH Ta GYHKIIN S€THU-
KiB 3 TOIIKO/PKCHHSM PI3HUX OpraHel, TaKuX SK €H-
JIOTUIa3MaTUYHUN PETHKYIIyM, MITOXOHAPIi, amapar
[onbKi Ta 3MIHK €HAOMETPIIO, Jierpasiallis >KOBTOTO
TiNa, po3ranryBaHHs (OJIIKYJIB Ta >KOBTOrO Tija y
MOEHAHHI 31 30UIBIICHHSIM KiJBKOCTI aTpe30BaHUX
¢omikyinis [20, 21]. BapTo Tako BpaxoByBaTH, L0
KaJMill MOXXEe CIIPHUATH PO3BUTKY 3JIOSIKICHUX HOBO-
YTBOPEHB, MOB'SI3aHUX 3 €CTPOr€HAMH, TAKUX SIK PaK
SIEYHUKIB, SKHHA € HaWOUIBII CMEPTENEHUM PaKOM Y
JKIHOK [22]. 3riZHO 3 JOCTIKEHHAMU, KaJMili TaK0oX
HETATHUBHO BIUTMBaE i Ha (ONIKYIApPHI KITITHHH.
Moxe BUKIMKAaTH OKHCIIOBAJIBHUH CTpec, aromnTo3
Ta 3yNUHKY KIITHHHOTO IMKIY, IO MPU3BOJIUTHUME
JI0 TIOIIKO/DKEHb S€YHUKA Ta (OJIKYISIpHOT aTpesii
[23]

JlocmimKkeHHsST TOKaszalid, IO KaJaMid TaKoxX
MOJK€ 1HTi0yBaTH OBOTEHE3, TOCHIAIOYHICH HA T€, 10
BHUTICHEHHS MEPIIOTO TOJISAPHOTO T Oyi0 3a0110-
KOBaHO, OT)KE, BIUTMBAIOYM Ha MPOLEC MEHO3y 0OIH-
TiB [24]. [Hmwmii mexaHisM Tokcnarocti Cd, mo me-

108

’KUTh B OCHOBI, 1110 MTEPEIIKOHKAE JTO3PiBAHHIO OOIH-
TiB, MOJISATAE B MOPYIICHHI OpraHi3allii MUTOCKeIeTa,
TIOIIKOKeHHI (DYHKIIIT MITOXOHIPIH 1 3MiHI MO (Di-
Kamii ricroHiB [25]. Kaamiit Takosk Ma€ IUTOTOKCH-
YHY Aif0 Ha (DOIIKYJIOTeHe3, IIePEBaKHO Yepe3 OKMC-
JIOBAJIGHUI CTpec, M0 CIPHYHHSAE KacKaj YIIKO-
JOKCHB.

Bnaue xaomiro na wonosivy cmamesy cucmemy

KapmMiii ierko npoHHKae 4epes reMaTo-TeCTHKY-
JSpHUHA Oap'ep, THM CaMUM YIIKOKYHOUH KIIITUHH
SIEYOK Ta 3HWKYIOUYH KUIBKICTh CIIEPMaTO30i/iB, 3pe-
LITOIO BIUIMBAIOYH Ha cliepMarorene3. Bin moxe Bu-
KITUKaTH OKUCIIOBAJILHUNA CTpeC i 3arudernp KIITHH,
BHKITUKAIOUH PEIPONYKTHBHY TOKCHYHICTB 32 JOIO-
MOTOI0 Pi3HHX MEXaHi3MiB, BKIFOUAIOYH IIIKi[ITHBHI
BB Ha kmituHu Cepromi Ta Jledaira. Bumus Hu3b-
kux 103 Cd MoXe CIIpHYMHHUTH 3HWKCHHS CHHTE3Y
TECTOCTEPOHY B sieukax [26].

Kanmiii BUSBISETBCSA B CIM'SHIA PiIuHI. Horo
TOKCHYHICTh JIJIsI CLICPMATO301/1iB 3a3BHYAN TPHUIIH-
cyBajacs BTpy4YaHHIO y (a3y audepeHIlioBaHHS 3a-
POAKOBOT JIiHIT B I€UKaxX yepe3 MOPYLICHHs IUIBHUX
KOHTaKTiB MK KiiTmHamu CepToji Ta aucOazaHc
OKHCITIOBAIEHO-BiTHOBHOI CHCTEMH KJIITHHH IUITXOM
3MiHH TOMEOCTa3y MIKpOEIEMEHTIB, TAKUX SIK Mib Ta
nuHK. JlogaTKoBe MEXaHICTHYHE IMOPYIICHHS OKH-
CHO-BIJTHOBHOI CHCTEMM KJIITHHHU IIiJ BIUIMBOM Kal-
Mito OyIl0 BU3HAaueHO Yepe3 IpsMe MOPYIICHHS Mi-
TOXOHPIANEHOTO MUXaJIbHOTO JIAHIIOTa abo depes
HE3BOPOTHI OKHCIIOBaJIbHI MoIudikauii BHYTpIII-
HBOKJITHHHUX AHTHOKCHIAHTHHX OIJKIB, TaKHX SIK
TiopenokcuH 1 i mepokcupenokcun 1, [27, 28]. Ox-
Hak OyJI0 BUCJIOBIIEHO MpunyIieHHs, mo Cd, BusiBie-
HUU B CIM'SIHIN PiZIMHI, MOXKE YHHUTH MOXKJIMBUIL TIPsi-
MUil BIUIMB HaBIiTh Ha MOBHICTIO AudepeHiiioBaHi i
(hyHKIIOHATBHO 3piJti criepmaTto30igu [29]

Bnaue xaomiro na cewogy cucmemy

Cd HakommuyeThcsi B HHUPKaX, B OCHOBHOMY B
emiTeiaTbHIX KIIITHHAX MPOKCUMAabHIX KaHAJbBIIIB,
a BHCOKI piBHI BHKIHKAIOTh MOIIKO/HKEHHS HHUPOK
[30, 31]. TIporeinypis mMoxe OyTH OIHHM i3 Haid-
OLIbLI TPUBAJIMX CHUMIITOMIB, 32 SIKUM #Jie TJIIOKO3Y-
pisi, amiHOAUMAYPisl, [TiABUIIEHE BUIUICHHS KaJIbIIiO
ta (ochopy i3 ceduero Ta miABHIICHA KOHICHTPAILS
kpeaTuHiHy. Tokcu4YHa Hedpomaris 4acTo € €MHUM
HACJIIIKOM BIUTUBY Kaamiro [33, 34].

Bnnue xaomiro na onopro-pyxosy cucmemy

JlocmiKeHHS TIOKa3aJid, 0 BIUTUB KaIMito, Ha-
BiTh IIPH HU3BKUX PIBHAX y HABKOJIHUITHHOMY CEpPEJIO-
BHIIIi, MOKE TIPU3BECTH JI0 3HMKEHHS KiCTKOBOI Macu
Ta MIABHIICHHS PH3UKY OCTEONOPO3Y Ta IEpesoMiB
KicTOK. bioJ0riuHi MeXaHi3MH, 3a JOIOMOIO SKUX
el Ba)KKUI MeTaJl MOYKE HaJaBaTH CBIA TOKCHUYHUI
BIIIMB Ha CTPYKTYPY KiCTOK, CKJIQJHI i ITOKH IO TTOB-
HicTIO He 3'scoBaHi. OCTEOnOPO3, BUKIMKAHUA KaJI-
Mi€eM, MOXxe OyTH MOB'SI3aHUN 3 TMOMIKOPKEHHIM HH-
POK, SIKI TAaKOX 3a3HAJIM BIUTHBY LILOT'O METaIy, 3a pa-
XYHOK 3HIDKEHHS peabcopOIii B HUPKOBUX KaHAJb-
X Ta 30UTBIICHHS EKCKPEIIii 3 CEUCI0 TAKHUX elieMe-
HTIB, SIK KaJIbLi# Ta (hocop, SKi MaloTh BUpilIaIbHE
3HAYCHHS JJIs MIATPUMKH MeTaboJi3My Ta 370pOB's
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kicTok. KamMpii Moke YHHUTH 1 IPSIMY OCTEOTOKCH-
YHY 110, sIKa MOXXE€ BUHUKATH HE3aJIS)KHO BiJl HUPKO-
Boi nucyHKIIi. ['oMeocTa3 KicTKOBOT TKAaHWHHM TiAT-
PUMYETBCS OaJTAHCOM MiXK OTIOCEPEIKOBAHUM OCTEO-
OmacTaMy YTBOPEHHSM KiCTOK Ta OIIOCEPEIKOBAHOIO
ocTeoKIIacTaMu pe3opOrriero KicTok. [ucbananc y pe-
MO/ICTIFOBaHHI KICTOK IPU3BOJIUTH J0 BTPATH KiCTKO-
Boi Macu Ta octeornoposy. Kaamiii 3aaTHuii mopymry-
BaTH AudepeHmialio Ta MeTabo1izM ocTeo01acTiB Ta
iX IMomnepenHUKIB, CTUMYJIIOE YTBOPEHHS Ta aKTHB-
HICTh OCTEOKJIACTIB, MEPEIIKOKAa€e BUPOOIICHHIO Kic-
TKOBOT'O KOJIar€Hy Ta HPUCKOPIOE PEMOJIETIOBaHHS
KicTok [35-37]. MexaHi3Mu, 110 JIeXKaTh B OCHOBI 3Ty-
6noro BBy Cd Ha MeTaboIIi3M KiCTOK, He BUBUCHI
IO KIHIIS, ajie, IMOBIpHO, BOHH BKITIOYAIOTh KIIITHHHE
CTapiHHS, OKHCITIOBANBHUM CTpEC, ITOIIKOIKEHHS
JHK, mucdyHKIito MiTOXOHApiH, anomnTos i aytoda-
rito [38].

Bnaue kaomiro na nepsogy cucmemy

KanMiii Mae KiJlbka OCHOBHUX WIISAXIB TOKCHY-
HOTO ypa)XCHHs HEpBOBOi cUCTeMH. BiH crmouarky
MOTparuisie B OpraHi3M abo uepe3 BAWMXaHHS, NPU
I[bOMY BiH MOK€ HAKOIIMYyBAaTHCsl B HIOXOBOI LIUOY-
niHA, a0, Mo OLTBII MOIKpPEeHe, Yyepe3 1Ky, 3peml-
TOIO MOTPAIUISIOYN B KPOBOTIK 1 IIEHTPAJIbHY HEPBOBY
cucTeMy uepes remaToeHnedarigamii 6ap'ep. Kangmiit
nmocia0moe reMatoeHnedaniqanii Oap'ep, THM ca-
MHUM 301TBITYIOYH MOXIIUBICTH MOJANBIIOTO MTPOHH-
KHEHHS [poro Metaiy. IToTiM kaamiii Moxe mpoHH-
KaTH y KJIITHHU Ta KIIITHHHI KOMIAPTMEHTH Yepe3 Ie-
PEHOCHHKH KaJlbIlil0 Ta IWHKY. BHYTpIIIHBOKIITHH-
HUH KaJMiil MOXe TITMOO0KO MOPYyIIyBaTH METab0ITi3M
TJIIKOTeHY, 3MIHIOBaTH CUTHAJI3allil0 HeHPOTpaHCMi-
TepiB Ta MopyuryBatu QyHKLI0 MITOXOHAPIH, 10, Y
CBOIO 4epry, 301IbIIYE PU3UK HEHPOICTeHEPATUBHIX
3axBopioBaHb [39]. BBaxkaeTnces, mo Cd Moxe Binir-
paBaTH PoJIb Y PO3BUTKY 3aXBOPIOBaHb, IIOB'SI3aHUX 3
HEHTPAIFHOI0 HEPBOBOIO CHUCTEMOIO, TaKUX SIK XBO-
poba Ambureiimepa, xsopoba [lapkiHcona, xBopoba
XaHTiHrTOHA, OIYHAN aMioTpOIYHUH CKIEpPO3 Ta po-
3CISIHUH CKIIepO03 MOBEAIHKOBUX (yHKii [40, 41].

Bnaue xaomito na imynny cucmemy opeaniamy

Kaamiit HecpUsITIMBO BIUTMBAE HA IMYHHY CHC-
TeMy. BiH miZIBHIIye €KCOPECIIO JCSKHX 3amalbHUX
MeJiaTopiB Ta MapKepiB Ta 3MIHIOE IMyHHI peaxiiii,
¢ynkuito miMdounTiB, BUPOOJICHHS LMTOKIHIB Ta

iMyHOTJIOOYMiHIB [42, 43]. BImuB KaaMiro BUKIIUKAE
3MiHM Y KiJIBKOCTI, A03piBaHHI Ta QyHKmii T-KIiTHH
3a JOMOMOTOI0 KOMIUICKCHOTO BIUIMBY Ha Taki K-
THHH, K Makpodaru, HaTypaibHi Kinepu (NK), k-
THHH CEJIe31HKH Ta KIITHHU TUMYcy. ['ocTpuii BIutuBs
KaaMilo BIUIMBAaE Ha IMyHHY CHCTEMY Ta KIITHHHI
CTPYKTYpPH 3a JOIOMOTOI0 TIOCHJICHHS TeHepalii ak-
THBHUX (opM kucHio (ADK), mo, cBoero ueproro,
BUKJIMKA€ OKHCIIOBAIBHHN cTpec. Bucoki piBHI
A®K, BuKIMKaHI KaJMi€M y HaBKOJIMIIHBOMY cepe-
JIOBUII, MOXYTh 3aBJaTH IIKOAHM IMYHITETY Ta KJIi-
THHHUM CTPYKTypaM, BKJIIOYAIOUH JIIMiI, OLTKK Ta
JHK uepe3 ixaro peaktuBHicTh 3 ADK. XpoHiuanit
BIUIMB KaJMifO IPU3BOAMTE IO 3MiH Y PIBHAX IUTOKI-
HiB. [HIyKyI09H OKHCITIOBAIBHAN CTPEC 1 3HIDKYIOUH
perymimiro cnennivaux aus T-KIITHH IHUTOKIHIB,
KaJMill MOKe BUKJIMKATH aromnto3 T-kiitu [44, 45]

MMincymox

KangMmiit — oiMH 13 HARTOKCUYHIIINAX €JIEMEHTIB.
Horo nii moxuHa Moxe TianaBaTics Ha po6oTi a6o y
HOBCSIKICHHOMY JKUTTY. BrmB kaamito BinOysa-
€THCSl B OCHOBHOMY 4epe3 JUXallbHi HULIXH, DKy Ta
BOJY, 1 micist abcopOuii eneMeHT 30epiracTscst B op-
TaHi3Mi Ta HAKOITMYYETHCS MPOTATOM YChOTO JKHTTA.
Binomo, mo xanMiit mopymrye poOoTy pi3sHHX CHCTEM
OpraHi3My, BKJIIOYAIOYM IUXaJbHY, HEBPOJIOTIYHY,
PETPONYKTUBHY, OIIOPHO-PYXOBY, CECYOBHIIIBHY,
IMyHHY cHCTeMy TOIIO. [ MiXTPHUMKH 370POBOTO
CrIoco0y KHTTS, @ TAKOX JUIS BIPOBAIKCHHS eeK-
THUBHUX NPO(MIIAKTUYHHX 3aXOJIB Ta IOKpAICHHS
rPOMAJICHKOrO 30pPOB'sI MOTPiOCH MOCTIHHUNA MOHI-
TOPHHT 0¢i0, K1 MpodeciiiHo M aI0ThCs BILTUBY Ba-
KKHX METaJliB, B TOMY YHMCII 1 KaaMiil. A po3yMiHHs
XapakTepy Ta MEeXaHi3MiB J1ii CIIOIYK KaaMilo Ja€ MO-
JKITUBICTh PO3POOHUTH METOAN KOPEKIii eKOJOTriyHO-
00yMOBJICHUX TIOPYIICHB Y )KHBOMY OpTaHi3Mi.

Indopmanisa npo koHikT iHTepeciB

[MoteHmiitanX a00 SBHUX KOH(QIIIKTIB iHTEpECIB,
10 TIOB’sI3aHi 3 MM PYKOITUCOM, Ha MOMEHT ITyOi-
Kallii He iCHy€ Ta He mepeq0a4aeThCs.

dxepena piHaHCYBaHHA

JlocimipkeHHsT IPOBEACHO B paMKaxX HayKOBO-
nociigHoi TeMu «biojoriyHi ocHOBH Mop(oreHe3y
OpTraHiB Ta TBapHH IIiJ| BIUINBOM MIKpOEJIEMEHTIB Ta
yIbTPaMIKpPOENIEMEHTIB B EKCIIEPUMEHTI» (HOMep
nepkaBHoi peectpauii 0118U006635).
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Mamenamsiiai K.JI. Tokcuunuii BIJIMB KaaMilo Ha ;KUBUH opraHiam.

PE®EPAT. AxkryaiabHicTb. OCTaHHIMH POKaMH 301TbIIYETHCS 3a0pyAHEHHS JOBKULISA. Y TOMY YHCIi 3pO-
CTa€ KOHIIEHTpallis B)KKUX METAJIB Y HABKOJIMIIHBOMY CepeloBHILI. TsDKKI MeTan MOXKYTh MOPYIIYBaTH Pi3Hi
aCIeKTH 370poB's JoaHN. OIHUM 13 TAKMX METaNiB € KaaMii, SIKMH IIUPOKO MOUIMPEHUH y HaBKOJIHUIIHBOMY
CepeIOBHIII 1 MOJKE JIErKO 010aKyMYJIIOBATHCh B OPTaHi3Mi MiciIs MPOXO/HKEHHS Yepe3 ANXalbHi Ta TpaBHI HUIAXH.
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Cd mae tpuBanmii Gionoriuamii iepioy HamiBpo3nagy (10-30 pokiB), 1m0 3aBAa€ HE3BOPOTHOI MKOAH 3I0POB'IO
TBapuH i mozeii. Mera. [IpoanamizyBatu JiTepaTypHi JpKepena mo10 TOKCHIHOTO BIUTMBY KaaMit0 Ha )KHUBHHA Op-
ra"izM. MeTtoau. byio mpoBeieHo mupokuii 36ip Ta aHAITI3 JTiTepaTypHUX HAYKOBHUX JaHUX MO0 BIUTUBY KaaMit0
Ha )KUBHH OpraHi3M y HayKoBo-MeTpuuHuX 0a3zax PubMed, Web of Science, Google Scholar. Pe3ynsraTn Kamgmiii
B OCHOBHOMY HaKOIIMYIYETHCS B HUPKAX, MEUiHII Ta JiereHsax. OgHak MpHu XpOHIYHOMY BIDIMBI BiH MOK€ HaKOITH-
YYBaTHCS B IHIIUX YaCTHHAX Tija, BKIIOYAIOYH SIEYHUKH, KICTKH, HEPBOBY Ta IMYHHY CHCTEMH, IO TPU3BOAUTH
JI0 PI3HUX 3aXBOPIOBaHb. EmieMioNOriuHi JOCHIIKEHHS HATAIOTh OUIBIIE OKA3iB TOTO, IO IIEH BIUIUB MOXKE
MPU3BECTH 10 TAKHX XBOPOO SIK OCTEOIOPO3 13 MepesioMaMu KiCTOK, HelpoJiereHepaTHBHI po3iaau, 0e3mmiaas i
T.11. Ilincymoxk. JIist miATPUMKY 37J0POBOTO CHOCOOY KHTTSI, @ TAKOXK JJIsI BIPOBaKEHHS e(h)eKTUBHUX MpOodiax-
TUYHHX 33aXO0/1iB Ta TOKPAIIEHHS I'POMaJICBKOTO 3/J0pPOB'sI TOTPiIOEH MOCTiHMIT MOHITOPUHT OCi0, sKi podeciiino
MiIAI0ThCS BIUIMBY BKKHX METAJIB, TAKHX K KaJMild. A po3yMiHHS XapaKTepy Ta MEXaHI3MiB Jii CIIOJIyK Kaj-
MIIO JIa€ MOXKITHBICTH PO3POOUTH METOIU KOPEKIIil €KOJIOTIYHO-00YMOBIICHHUX MOPYIICHD Y )KHBOMY OpPTaHi3Mi.
Kuro4oBi ciioBa: xaaMiid, BAXKKHIH MeTall, TOKCHIHUH e(eKT.
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Crarts moBuHHA OyTH BUKOHaHa Y popmati RTF
abo «goxymeHT Microsoft Word».

Cmpykmypa pykonucy:

YK

Hasga crarTi (0e3 abpeBiaryp)

ArTop(1): iHiIianK, Ipi3BUIIE

ORCID ineHtudikaropu aBTopin

E-mail BigmoBigampHOTO aBTOpa

OdimiitHa Ha3Ba YCTaHOBH, MICTO (IJIST KOXK-
HOTO aBTOPA)

e JlaHi mpo 3B'I30K IMyOIiKaIil 3 MITAHOBUMH
HAYKOBO-IOCTiTHIMH poOOTaMu, OHIAMH, IHCTHUTY-
IsIMU, TpaHTaMH (3a X HasiBHOCTI)

e Pedepar ykpaiHCbKOIO Ta aHIITIHCHKOK MO-
BaMH.

e Texkcr crarTi

Pegpepam 0o cmammi
(npasuna oopmnenns)

Pedeparn ykpaiHCBKOIO Ta aHIVIIHCHEKOIO MO-
BaMU MOTPiOHO HagaBatu obcsiroM Bix 1800 mo 2200
3HaKIB Ta CTPYKTYPYBaTH 3a TaKMMHU PYOpPHKaMH: Ha-
3Ba CTaTTi, Mpi3BUIIA Ta iHiLliaJIM aBTOPIB, iX Micue
pobotn,  akryameHicTh  (Background), wmeta
(Objective), wmerogum (Methods), pe3ymnbratu

(Results), miacymox a6o BucHoBku (Conclusion),
kiro4oBi ciosa (Key words).

VY 3B3ky 3 00poOKOIO MeTagaHuX KOXKHO1
CTaTTi )KypHaJIy HayKOMETPUYHUMHU Oa3zamMu 3BepTa-
€MO yBary aBTOPiB Ha OCOOJUBY BaXIIUBICTh PETENb-
HOTO 0(hOpMIICHHS Ha3B YCTAHOB 1 MPI3BHII aBTOPIB,
TaK SK BiJl I[bOTO 3aJICKUTh YCHIIIHICTD iX imeHTH]i-
Kallii Ta po3paxyHKy HAYKOMETPUIHUX MTOKA3HUKIB.

Y TeKcTi OpUTiHANBHOI CTATTi BapTO TONCPXKY-
BaTHCh ITOCIITOBHOCTI 000B’I3KOBUX CKJIAJOBUX:

o Beryn
Merta
Marepianu ta MeToau
PesynpraTu Ta ix 06roBopeHHs
[Tincymok (ab0 BUCHOBKH)

[NepcniekTHBY MOJANBIIAX PO3POOOK

o JliteparypHi mkepena (muB. JomaTok)

VY TekcTi cTaTTi Bei (i3WYHI BEIHYUHH Ta OJIU-
HUIII CJTiJ] HAaBOJUTH 32 SI, TepMiHHM 3TiTHO 3 aHATOMi-
YHOIO Ta TiCTOJIOTIYHOK HOMEHKJIATYypaMH, Ha3BU
XBOpOO 3a Iir04or0 MikHapoIHOK Kiacudikaiiero
XBOPOO, JIiKapchKi npenapaty 3a Mi>kHapOJAHUMH He-
naTeHToBaHuMU Ha3zBamu (INN).

Bci ckopoueHHs mpu IX MepuioMy 3rajyBaHHI
NOBUHHI OyTH posimdpoBaHi. Bukopucranus cko-
pOYeHb y Ha3Bi CTATTi Ta pedhepari He JO3BOJIAETHCS.

[TocunaHHs Ha TEpIIOKEpeNa B TEKCTi CTATTi
Tpeba 3/1iHCHIOBATH HaBEACHHSM Y KBAaJPaTHUX JIyXK-
Kax IOpPSIKOBOTO HOMEpa y CHHCKY JITepaTypHUX
JoKepell. MOXIIMBE TaKOoX ITOCWIAHHS y BHIJISL:
«..Ha ny™mKky LI. IBanoBa Ta cmiBaBTopiB [8], R.T.
Smith 3 koseramu [12]...». IlocunanHs Ha KidbKa
MEPIIOPKEPET Y TEKCTI CTATTI PO3AUIIOTHCS TaKUM
YUHOM: «...[2, 4, 6-8]».

CraTTa MOXe MICTHUTH Aiarpamu, rpadikd Ta

O O O O O
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TabuIIi, o MoOyaoBaHi BHYTPIIIHIMU 3aco0aMu pe-
nakropa MS Word. JIist mo3Ha4YeHHS IPUMITOK PEKO-
MEH/IOBAaHO BUKOPHCTOBYBATH HACTYITHI €IEMEHTH Y
BignoBimHii mocmigoBHocTi: *, 1, £, §, [, ¥, **, T, 1.
®DoToimrocTparii MogalTEC B €IIEKTPOHHOMY Bapia-
HTi okpemumu ¢aiinamu y popmari JPEG abo TIFF;
PO3IiTbHA 3[aTHICTh MAa€ CKJIAJATH HE MEHIIE HiX
150 Toyok Ha I0¥M. Y TEKCTi CTaTTi pUCYHKH ITOTPi-
OHO pO3TAIIOBYBATH MiCJsl MEPLIOTO IOCHIAHHS Ha
HUX, MIJIACH I0 PUCYHKIB HABOJUTH MOBOKO OPHTi-
HaJly CTaTTi i 000B’SI3KOBO AHIITIHCHKOIO.

Pykonuc noBuHeH OyTH peTesbHO BiIpeaaroBa-
HUH aBTOpamu. Bei cTaTTi miAmsATraloTh mporenypi pe-
[ICH3yBaHHSL.

JJis IepBUHHOI €KCIIEPTH3H PYKOITUC 1 BiTOMO-
CTi IIpo aBTOPIB (YCTaHOBH, ITOCAIH, HAYKOBI CTYTICHI
Ta BYCHI 3BaHHS aBTOPIiB) MOTPiOHO HAICHUIIATH 32 af-
pecoro: morphology@dmu.edu.ua.

V pasi NpuHHATTS CTATTi Ha IO X aApecy Haj-
CHJIA€THCS BiZICKAHOBAHA KOst « ABTOPCHKOT 3r0IM»
3 MiJIKCOM BiJIIOBIJAIbHOTO aBTOPA.

JonaTok
JlirepaTypHi aaxepena
(npaBuJia i npukjaaan oGopmJIeHHS CIIMCKY)

Bci niTeparypHi nocuiaHHs, siKi HaBeJIeHi B Po-
00Ti, 00OB’SI3KOBO TMOBHMHHI OYTH IpEACTaBICHI B
CIHCKY MEpIIOJDKEPEN y TMOPSAKY BHKOPUCTAHHS
(nmocwunanb) y TekcTi. CKOPOUYCHHS HAa3B XKYypHAJIB Ha-
BOIATHCS 3TigHO 31 cTaHmaptamu Index Medicus
(http://www.wsulibs.wsu.edu/general/journal_abbre
viations.html). 3a gocTOBIpHICTH JaHNX, HABEACHHUX Y
0i0miorpagidHOMY CITUCKY, BiATIOBiAa€ aBTOP.

Koxxae Bukopuctane Oibmiorpadidae mxepeno
Mae OyTH MO3HA4eHe Yy TEKCTi cTarTi (y KBaJpaTHHX
nyxkax). [Tocunanss Ha HeoryOikoBaHi poOOTH 260
Marepiaiu Ha npaBax pyKonucy (aucepTrailii, aBTope-
(hepaTr) HE TOMYCKAIOTHCSI.

KoxkHe pKepesio y CIUCKY HeoOximHo odopM-
aoBaTH  y QopMmari MIDKHapOJHOTO CTaHAApTy
Vancouver reference style (NLM/PubMed). ¥V pasi
HasBHOCTI B MepeXi [HTepHET elIeKTPOHHOI KOTTii I[H-
TOBAHOTO JOKYMEHTa OakaHO B KiHIII Oibmiorpadid-
Horo nocuinanHs po3MminryBatu URL anpecy nokyme-
HTa; 3a HAsIBHOCTI CIiJ TakoX Bka3zyBatu DOI aGo
PMID crarTi. [Ipu odopmIteHHI MOCHIaHb Ha TIEpio-
JIUYHI BHIAHHSI, 0 MAIOTh KiJIbKa BapiaHTIB Ha3BH,
CJIiJI BiZIaBaTH NepeBary aHriichKii.

Kopomxa incmpyxyis no ogpopmnennio munogux
JAIMepamypHux noCUIaHb 8i0N0BIOHO 00 MINCHAPOO-
nux  eumoz  Vancouver  reference  style

(NLM/PubMed).
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OdopmiteHHs TOCHUITaHHS Ha CTATTIO, OMYOJIiKO-
BaHy B MEPiIOAMYHOMY BUIAHHI:

Asmopu Hasea nybmixayi¥

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

Haszea
neploouyHO20

Pix Tacinayia BUOAHHA

Moea
8UOAHHA nybnixayiy

Tom | Homep

Heo0xigHO BKa3zyBaTH BCiX aBTOPIB, BiTOKpeM-
JIFOBATH X OIHMH BiJl OHOTO KOMOIO i mpo0imom. IHi-
mianyd BKa3YIOTBCS MiCIS TPI3BHINA, 3HAKAMHU ITyHK-
Tyarii He po3aisatoTees. [I0BHI iMeHa aBTOpiB HE Ha-
BonsiThCS. [licist mepestiky aBTOpiB CTaBUTHCS Kparka
i npoOin. Ha3zpa my0uikanii HaBOAUTHCS aHIITIHCHKOIO
MOBOIO Y KBaJpaTHHX IyxKax. [licis Ha3BU CTATTi
CTaBUTHCS Kparka i mpoOin. /ljist crtaTTi aHrIichKO0
MOBOIO Ha3Ba BKa3yeThCs 0€3 KBaJpaTHHUX JIyXKOK.
Ha3pa nepioquyHOro BUIAHHS HABOAUTHCS aHIIIIHCh-
KOIO MOBOIO 200 TpaHCITEpali€lo Ha3BU CUMBOJIAMH
JaTHHCHKOTO ajdaity. J[omycKaeThCsi HABOIUTH 3a-
peecTpoBaHe CKOPOYCHHS Ha3BH MEPIOAWYHOTO BH-
naHHs. Ilicis Ha3BM BHIAHHS CTaBUThCS Kpamka i
po6in. [HdopMmartis mpo BUIaHHS: pik BUIAHHS BiIO-
KPEMITIOETHCS KPATKOIO 3 KOMOIO, TIOTIM HaBOJIUTHCS
HOMEp TOMY, B KPYIJIUX AYXKaX BKa3ye€ThCS HOMEP
JKYpHaJTy, IICIs JBOKPANKH NPUBOAUTHCS Jiarna3oH
CTOpiHOK. [Iyist cTaTTi, 0 OmyOJiKOBaHA HE aHTJIiH-
CHKOI0 MOBOIO, B KiHIII C(hOPMOBAHOTO IMOCHJIAHHS
BKa3yeThCsl MOBa opurinainy. Jlonarkosa iHpopmaris
mpo cratTio Homepu DOI PubMed ID Ta iH.

OdopMiIeHHS NOCHIIaHHS HA KHATY:

Asmopu Pedaxmop

mmkmuk//s(as, Lubsik MD, authors; Panasyukl YeN,

editor. Lektiny v gistokhimii [Lectins in histochemistry]. Lviv:
Vyscha shkola; 1989. 14l4 p- Russian.

Haszea kxucu |
(mpaHcrimepayia i Micye

nepexnao, aUOaHHA

. | Kinsxicmas
BuoagHuymeo  p;,  CMOPIHOK

BUOAHHA

Moea euoarHa

Heo0OxigHO BKa3yBaTH BCiX aBTOPIB, BiIOKpEM-
JFOBATH X OJUH BiJl OTHOTO KOMOO i mpo0imom. [Hi-
miany BKa3YIOTHCS MiCI IPi3BHINA, 3HAKAMHU ITyHK-
Tyarii He po3ainsaioTees. IIoBHI iMeHa aBTOpiB HE Ha-
BOJAATHCS. ABTOPH IEPIIOTO i IPYTrOro MOPSIKIB po-
3IUIIOTBCS KPAIMKOIO 3 KOMOIO 1 mpobinoM. ABTopn
JPYroro TOPSIKY peaakTopu, mepeknamadi. [licis
TIeperiKy aBTOPiB CTaBUTHCS Kparika i mpobin. Ha3zsa
KHUTH: HABOJWUTBHCS TpPAHCIITEpallisi Ha3BU KHHUTH
i/abo mepekaa Ha3BH KHUTH aHTIIHCHKOI0 MOBOKO B
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KBaJIpaTHHUX yXKax. SIKIIO KHUra BUAAaHA aHTITIHCh-
KOI0O MOBOIO, Ha3Ba ii B KBaJpaTHi Iy’)KKH He Oe-
pethes. [Ticns Ha3BH KHUTH CTaBUTHCS Kparka i mpo-
6in. Homep Bumanus (y ¢opmari 1st, 2nd, 3rd, 4th
TOIIO), TOJATKOBA iHPOpPMAIIis PO BUAAHHS: BUIIPA-
BJIeHe (rev.), momoBHeHe (enl.), crepeoTumHe (repr.)
Ta iHII 3BEPHIThH yBary meplie BUAAHHS BKa3YEThCS
TIIBKH B TOMY BUIIAJKy, SKIIO TOCTOBIPHO BiJIOMO
PO MOJANBII MepeBUAaHHS i Bu nutyeTe came me-
puie BumaHHsa. Miciie BHIAHHS BKa3yeThCS MICTO, B
KPYTJHMX JYKKaxX 3a HEOOXiIHOCTI BKa3yeTbCsl Kpa-
ina. Ilicns 3a3HaveHHst Micus myOsikauii cTaBUTHCS
JIBOKpanka i mpo0in. BugaBHHIITBO HABOAWUTHCS Tpa-
HCIIITepOBaHE JIATHHHIICI0 a00 Horo aHTrmilchKa Ha-
3Ba. [licist BUAaBHHUIITBA CTABUTHCS KPAIKa 3 KOMOIO
i mpoOin. Pik BumaHHS, micis BKa3iBKH HOTO CTa-
BUTHCS Kpamka i mpoOin. OOcar KHUTH B CTOPIHKAX
(mampukmaz, 568 p.), micis 3a3HaueHHS HOTO CTa-
BUTHCS Kparnka i npooii. [ kHuUrH, 1o omyosiko-
BaHa HE AHMIIHCHKOI MOBOIO, B KiHIIl MMOCHJIAHHS
BKa3YEThCSI MOBA OPHUTIHAITY.

OdopmiteHHsI TOCUIIaHHS Ha MaTepianu KoHpe-
peHii:

Hazea
Asniop 6 pobonut

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. 32]9. Russian.

Pix IacHayia Moega
BUOAHHA BUOAHHA

Has8a s6ipxu Mamepians, 0ama ma  BudaeHuymeo
MICe NPOseOeHHR operiyil

HeoOxigHO BKa3yBaTH BCiX aBTOPIB, BiJOKpEM-
JFOBATH X OJHMH BiJl OTHOTO KOMOKO i mpobimom. [Hi-
[iaJId BKa3YIOTBCS IiCI TPIi3BHINA, 3HAKAMHU ITyHK-
Tyanii He po3IinstoThes. [IoBHI iMeHa aBTOpIiB HE Ha-
BOJAThCS. [liciis epeiky aBTOpIB CTaBUThCS Kpamka
i npo6is. Hazpa ny6utikauii HaBOJMThCS aHTITIHCHKOIO
MOBOIO Y KBaJIpaTHUX IyXkax. [licis Ha3BM cTaTTi
CTaBUTHCS Kparika i npoOin. [{is mMaTepiaiiB aHriii-
CHKOIO MOBOIO Ha3Ba BKa3yeThCsl 0€3 KBaJIpaTHUX /Y-
xok. Criostyuna ¢paza «In:». HazBa 30ipHuKa mare-
piainiB koH(pepeHIii, a TakoXX Ha3Ba KOH(EpeHIIii Ha-
BOJIATBCS AHTJIHCHKOI0 MOBOKO Yy KBaJpaTHHUX IyK-
kax. [l maTepialiB, IO BUAABAIKNCh aHTIIHCHEKOIO

MOBOIO, AYKKM He craBisiTbes. Ilicnsi Ha3Bu cra-
BHUTHCA Kparka i mpoOin. Ciif 3a3HaYUTH MaKCHMa-
JILHO TIOBHI BiIOMOCTI TIpO KOH(EpEHIIito JaTh Tpo-
BEJICHHS, MicIle TIPOBEICHHS Ta iH. BumaBHUIITBO 3a-
3HAYA€THCS MICTO BUAAHHS 1 Ha3Ba BUIABHUIITBA TPa-
HCITITEpAIli€ro JTATHHHUIEIO 200 aHTIIIHCHKOIO Ha3BOKO.
[Ticns 3a3Ha4eHHs BUAABHUIITBA CTABUTHCS KpaIlka 3
KoMoO10 1 mpoOin. Pik BugaHHs, micias HBOTO cTa-
BUTBCS Kparka 1 mpo6in. /liarna3oH CTOPIHOK, micis
HBOTO CTaBHUThCS Kpamka i npo0in. s maTepiaiis,
[0 OmyOJIiKOBaHI HE aHTJIIMCHKOI0 MOBOO, B KiHIII
c(OpPMOBaHOTO MOCHJIAHHS BKa3y€ThCS MOBA OPHIi-
Hay.

OdopmIiteHHS TTOCUIAHHS HA IATEHT:

Buraxioruxu Ilpasoenacrux

z:umvdnﬂmz/PaseclILm 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. Ukrainian patent
UA 74938. 2012 Nov 12\Int Cl. A61B 17/00. Ukmnuan.\ | min

OOKYMEHMY

Hasea  Inoexc MIIK

Koo kpaixu, 2 \ alHa
Stddiocy nvg;lzfg(‘zzm'z' ”{%718}0”)

HOMEp namenny o
n_v'gju xayit

Heo0xigHO BKa3yBaTH BCiX aBTOPIB, BiIOKpEM-
JFOBATH X OJUMH BiJl OHOTO KOMOO i mpoOimom. [Hi-
[iaJM BKa3YIOTHCS MICHs IPi3BHINA, 3HAKAMH ITyHK-
Tyauii He po3ainstoThes. [10BHI iMeHa aBTOpIB He Ha-
BoAThCs. [Ticns mepeniky aBTOpiB CTaBUThCS KOMa 1
3a3Ha4ya€eThCs iNventor aGo inventors, craBuTbCA Kpa-
mKa 3 KOMO0 i mpoOin. [TpaBoBIacHUK BKa3yeThCS
iM'st (TIpaBUIIa aHAJIOTIYHI TaKUM JJIsl BUHAX1THHUKIB)
a0o0 Ha3Ba OpraHi3alii, HOTIM ITiCJIsI KOMH BKa3YE€ThCS
assignee, moTiM CTaBUTHCS Kparka TOYKa i MpoOiL.
HaBonutbcs Ha3Ba BUHAXOAY, MICIIsSI HHOTO CTABUTHCS
Kparka i mpo6in. Bkaszyertscs kpaina peecrpaiiii, a Ta-
KOX THIT JOKYMEHTY (TIaTeHT), KOA KpaiHu i HoMep
MaTeHTy. Bci eleMeHTH pOo3IUIAIOTECS MPoOiTamu,
HAIIPUKIHII CTaBUThCS Kpanka i npo0in. Bkasyerbcs
nara myOsikanii iHopmanii mpo Buoady nareHry,
HOTIM Kparika 3 mpobinom. Iunekc (inaexcn) MixHa-
poaHoi TMaTeHTHOI Kiacudikauii HABOAATHCS MiCis
Int. Cl., SIkimo 1x GijbIe OHOTO PO3IUISIOTHCS Kpa-
KOO 3 KoMor0. [Ticiist 3a3HaYeHHS BCiX 1HAEKCIB CTa-
BHTKCS Kparika i mpoOir. s MaTepialiB, BUAAHUX HE
AHTITIHCHKOI0 MOBOIO, B KiHIII C)OPMOBAHOTO TIOCH-
JIaHHS BKAa3y€THCSl MOBA OPHTiHAIY.

Anpeca penakii: 49005, Ykpaina, M. Jlainpo, Byn.CeBacTomnonbschka, 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.IC-
MJE.org.

Journal «Morphologia» publishes reviews and
topical articles, lectures, original papers, case reports,
review and comments on publications, manuals and
monographs, materials in research methodology, an-
nouncements, news, reports, presentations, and mate-
rials on the history and chronicles in morphology.

Editorial office examines materials of publica-
tions in compliance with copyright and ethical norms.

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 permission
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

Editorial Board accepts the materials written in Eng-
lish and Ukrainian languages.
When submitting a manuscript, authors should

"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, original
articles from 8 up to 24 pages, including illustrations,
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.

Avrticle 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 (affiliation),
the city

* Data about communication of publication with
the planned research project, foundation source, insti-
tutions, 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
should pay especial attention to the particular im-
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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 Classi-
fication 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: according to
I.l.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]".

Acrticle may contain diagrams, graphs and tables
constructed by internal means of MS Word. To de-
note footnotes, it is recommended to use the elements
in the following order: *, ¥, 1, §, ||, 9, **, 71, £1. Pho-
toillustrations are submitted electronically as separate
files in JPEG or TIFF with minimal resolution 150
dpi. The text of the article should include drawings
after the first reference to them, figure captions need
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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 pro-
cedure.

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@dmu.edu.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 pro-
vided 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 elec-
tronic 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 periodical:

Authors Article title

Volosh_\m m“ 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

)] Language of
wublication \, (Pagination) it ekl

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 publications
originally written in English title is not placed in

square parentheses. Indicate journal title in English or
by transliteration with symbols of the latin alphabet.
It is possible to use the registered abbreviation of the
periodical title. The title of the journal is preceded by
a point and a space. Publication Information: year of
publication separated by a semicolon, and then the
volume number, the number of issue, placed in paren-
theses and after them put the colon and pagination.
Additional information about the article DOI, Pub-
Med ID, and so on could be added at the end.

Reference to a book:

Authors Editor
e
Lutsik AD, Detyuk YeS, Lutsik MD, authors; Panasyuk YeN,
editor: Lektiny v gistokhimii [Lectins in histochemistry]. Lviv:
Vyscha shkola; 1989. 14|4 p- Russian.

- Title .
’ (transliteyated and oy

< eof
| Number translated) pilbheation

Publisher Date of of pages

publication Language 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 semicolon.
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 transliteration/trans-
lation with the symbols of latin alphabet in square pa-
rentheses. 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 important country in paren-
theses. 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:

et
Bakeyeva LYe, Saprunova VB. Bilipenko 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;

2008. p. 329. Russian. |

Conference fitle (Book fitle), date and ~ Publisher
place of conference

Authors of Paper

|
te of Lan\uage of
publication publication

Location
(Pagination)

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. Publication title written
in English is given in square parentheses. For publi-
cations originally written in English title is not placed
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in square parentheses. After the title of the publication
put a dot and a space. Connecting phrase «In:». Name
of the conference written in English in square paren-
theses. For the conferences originally named in Eng-
lish the name is not placed in square parentheses. Af-
ter the title, put a dot and a space. The most compre-
hensive data about the conference should be indicated
dates, place and so on. Publisher the city of the publi-
cation and publisher name transliterated with Latin al-
phabet or English name. After specifying a publisher
put a semicolon and a space. Year of publication with
a dot and a space. For materials published not in Eng-
lish, at the end of the reference indicate the original
language.

Reference to a patent:

Inventors Assignee
Zhuravchak AZ, Pasechnikov SP, Diachuk MD, invenlms;%e
scientific institution ""Scientific and practical center of preventive
and clinical medicine” The State Administration, assignee.
Method for sampling specimen from prostate. Ukrainian patent
UA 74938. 2012 Nov 12, Int. C1. A61B 17/00. Ula-aixﬁmpjmc;‘o%éenf

Countiy code, Date issued Inteinational 2ty

it . : Language o,
patent number Title Clasggﬁc@atzon 2 b%zca%zo nf

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 list of au-
thors (inventors) put the coma and word ‘inventor’ or
‘inventors’, then the semicolon and space. Assignee
put the name of person (the same rules as for the in-
ventor) or the name of organization, then put coma
and the word ‘assignee’, than dot and space. The title
of the invention; put a dot and a space after it. In-
dex(es) of the International Patent Classification
given after Int. Cl., If more than one separated by a
semicolon. After specifying all the indices put a dot
and a space. For materials not published in English at
the end of the reference indicates the original lan-
guage.
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