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AHOTANIA

Ksamidikaiiitny po60Ty NPUCBIYEHO E€KCIIEPUMEHTAIBHOMY JTOCTIHKEHHIO
GI3UYHOI BUTPUBAJIOCTI Ta AWHAMIKM MacH TUIa IIypiB 3 TPaHCTIOIAIBHOIO
aMITyTalll€l0 Ha PIBHI HIKHBOI TPETHHU TOMIJKH B IIypiB. BcTaHoBieHO, 110
G13U4Ha BUTPUBAIICT, TBAapUH Yy TECTl IUIABAHHS 3 HABAHTAXKECHHSIM 3HAYHO
3meHmmiacs (B 1,6 pasy B panubomy Ta B 1,8 y BigganeHoMy noctammyTaliiHoMy
nepiozi, p<0,05), a Maca Tina UIypiB MICAS aMmIyTallii 3aIHbOI KIHIIIBKH MIPOTATOM
2 MmicsLiB 3Ha4yHO 3pocia (B cepeauboMy Ha 22% mnipotu 4% y xkoutpoii, p<0,01).
OtpumaHi  pe3ydbTaTH  C€KCIEPUMEHTAIBHO  OOTPYHTOBYIOTH  HAIpsIMHU
peaduTiTallitHUX 3aX0/11B MAIIEHTIB 3 aMITyTaIll€l0 HUKHBO1 KIHITIBKH.

Knwuoei cnosea: ¢izuuHa BUTPUBANICTh, JAWHAMIKa Macu Tija, UIypH,

CKCIICPUMCHT.

ANNOTATION

The qualification work is devoted to an experimental study of physical
endurance and body weight dynamics in rats with transtibial amputation at the
level of the lower third of the hindlimb. It was established that the physical
endurance of animals in the weighted swimming test significantly decreased (by
1.6 times in the early and by 1.8 times in the late post-amputation period, p<0.05),
while the body weight of rats after hind limb amputation significantly increased
over a period of 2 months (on average by 22% compared to 4% in the control
group, p<0.01). The obtained results experimentally substantiate the directions of
rehabilitation measures for patients with lower limb amputation.

Keywords: physical endurance, body weight dynamics, rats, experiment.
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Ianexc macu tuta — IMT

CxkopuroBanuii inaexc macu Tina — CIMT



BCTVYII

AKTYyaJbHiCTh TeMH. Y CydacHHX YMOBaxX amIlyTallii HIKHIX KiHIIIBOK
3QIMIIAIOTHCS OJHIEI0 3 HAMOUIBIN aKTyaIbHUX MEIMKO-COIIaIbHUX TTPoOJIeM, 1110
3YMOBJICHO BHMCOKOI) YAacTOTOI 11X BHHUKHEHHS BHACTIJOK TpPaBMATHYHUX
VIIKOJ)KE€Hb, CYAMHHUX 3aXBOPIOBaHb, VYCKJIAJHEHb IYKPOBOro jaiabery,
1H(EKIIMHUX TPOIECiB Ta OHKOJOTIYHMX martosorid. B Vkpaini ng mpobGnema
3aroCTpeHa BIHCHKOBMM BTOPTHEHHSM KpaiHW arpecopa Ha CXOJi Ta 3araJibHUM
30UTBIIEHHSIM BIMCHKOBUX KOH(JIIKTIB Y CBITI 32 OCTaHHE ACCATHITTS. BilicbKOBI
KOH(IIKTH TPU3BOJSTH JO 3HAYHOTO 30UIBIICHHS MOTPEO y aMmyTaillli, XapakTep
SIKMX 3BUYaHO BiJIPI3HSETHCS Bl aMIIyTalliii MUpHOTO 4acy [1-2].

AMITyTaIlisl HWKHBOI KIHIIIBKH CYNMPOBOKYETHCS KOMIUIEKCOM TITHOOKHUX
(GyHKIIIOHATBHUX 3MIH B OpraHi3Mi. BTpara 4yacTMHM ONMOPHO-PYXOBOIO amapary
MPU3BOJUTH J0 MOPYIIEHHS 010MEXaHIKK PYXiB, 3HWKEHHS (PI3UYHOI aKTUBHOCTI,
3MIHM XapaKTepy HABaHTAXEHHS Ha I1HIII BiAAUIM Tina Ta (OPMYBAHHS
KOMIICHCATOPHUX MEXaHI3MiB. 3HIDKEHHS BUTPUBAIOCTI YCKJIAJTHIOE TMPOIEC
peabimitaiii, 0oOMeXye TOBCIKIEHHY AaKTHUBHICTh MAIlIEHTIB 1 3HUXKYE SKICTh
iXHBOTO KUTTH [3].

He MeHII BaXJIMBUM acIeKTOM € 3MIHM MacH TiJla TICIsS aMITyTallii.
JluHamika Macu Tida BigoOpakae MeTa0oivHl MepeOyJaoBH OpraHiamy, IO
BUHUKAIOTh Y BIJNOBIAb HA BTPATY KIHIIBKU Ta 3MIHY PiBHA (13MYHOI aKTUBHOCTI.
Ha pannix etamax micjisi aMIyTailii 9acTo CIIOCTEPIraeThCsl 3HMIKEHHS MAacH TiJa,
OB’ s13aHE 31 CTPECOBOIO PEAKIIIEI0 OpPraHi3My Ta MicasoNepaliitHuMu 3MiHaMH. Y
NOJAJILIIOMY, BHACHIIOK 3HMXKEHHSI PyXOBOi aKTHBHOCTI, Y OaraThOX BHUIAJKax
bopMyeThCS TEHICHIIISI A0 301IBIIICHHS] MACH TiJia, [0 MOKE HETaTUBHO BILUIMBATH
Ha CTaH CEPIEBO-CYJMHHOI CHCTEMH, YCKIIQJHIOBATH TPOIEC MPOTE3yBaHHS Ta
3HMXKYBATH e(DEeKTUBHICTh pealimiTaniiHux 3axoaiB [4-6].

VY 3B’A3Ky 3 MM OCOOJMBOIO 3HAYEHHS HAOYBAalOTh EKCIIEPUMEHTaJIbHI
JOCIIIJIKEHHSI Ha JIabOpaTOpHUX TBapuWHax. BukopucTaHHs Mojnened amiyTarii

KIHIIIBOK, 30KpeMa y ILIypiB, J03BOJsIE BUBYATH MEXaHI3MHU aJamnTallii opraHiamy



JI0 BTpaTH KIHI[IBKU B KOHTPOJIbOBAaHUX yMOBaX. Taki Mojesi Jal0Th MOXKIIUBICTb
KOMIUIEKCHO OIIIHIOBATH 3MiHU (DI3UYHOT BUTPUBAJIOCTI, PyXOBOi aKTUBHOCTI, MacH
Tija, 0 € CKJIaJHUM JJIs JOCTIKCHHS Y KIIHIYHIM nmpaktui [7-8].

He3Baxkatoun Ha HAsBHICTh 3HAYHOI KUTBKOCTI HAyKOBUX pPOOIT, MHUTAHHS
0CcOONMBOCTEM NWHAMIKM (DI3WYHOT BHUTPUBAJIOCTI Ta Macu TiIa 3a aMmyTarii
KIHI[IBOK 3aJMIIAIOTHCS HEJOCTATHbO BHUBYEHUMHU. (OCOOIMBO 1€ CTOCYETHCS
EKCIIEPUMEHTAILHUX JOCIIKEHb, CIHPIMOBAHUX Ha KOMIUIEKCHY OIHKY ITUX
MOKa3HUKIB y TBapuMH 3 MOJEIBHOIO aMIlyTali€ero KiHiiBok. HemoctaTHICTh
CUCTEMATU30BAHUX [JAHUX Yy I1bOMY HampsiMi OOIPYHTOBYE HEOOXIJHICTb
MIPOBEICHHSI MMOJABIIINX JOCTIKCHb.

Mera pgociaimxkennsi. OIIHUTH JWHAMIKY Macu Tuila Ta (I3UYHY
BUTPUBAJICTh Yy IIYPiB 3 TPAHCTIOIAIBHOIO aMIIyTalll€l0 HA PIBHI HHU)KHBOI TPETUHU
TOMLIIKH.

J171st TOCSATHEHHS TOCTABJICHOT METH HEOOX1/THO BUPIIIUTU TaKi 3aBJAAHHS:

1. 3anponoHyBaTh MOJENb TPAHCTIOIATBHOI aMIlyTalli Ha PiBHI HUKHBOI
TPETUHU 33 JHHOT KIHIIIBKU Y IIYPIB.

2. OuiHuTH 3MiHM (I3MYHOI BHUTPUBAJIOCTI y IIypiB y paHHbOMY Ta
B1/IJTAJICHOMY MTOCTaMITyTallitHOMY MEeP10/Il.

3. OuiHuTH 3MIHM Macd TUTa y UIypiB y JIWHAMINl MOCTaMIyTaIliitHOTO
nepiofy.

4. IIpoanamnizyBaTH Ta y3arajJbHUTH OTPUMaHI Pe3yJbTaTH.

O0’exT mociizKeHHsT — Oi11 IIypu 3 MOJICJIBHOI aMIyTaIli€l0 3aJHbO1
KIHI{IBKH.

IIpeamer pocaigkenHss — (i3uyHa BUTPUBAIICTH Ta JUHAMIKA Macu Tijia
1LypiB.

Metoau nociigzkeHHs1 — XIpypriuHi (ammyTarlisi 3aJHbOi KIHIIIBKA B
nrypiB), (papmakosioriuHi (TeCT TUTABaHHS 3 HABAHTAXKCHHSIM 10 BHUCHAKEHHS),
METpOJIOTIYHI (3BaKyBaHHS TBapWH), CTATUCTUYHI (HEmapaMeTpUYHUN aHaIi3

Kputepismu ManHa-BiTHi Ta Biikokcona).



IIpakTuyHe 3HAYEHHS1 OJEP:KAHUX Ppe3yJbTaTiB. Pe3ynbTaTd MOXYTh
OyTH 3aCTOCOBaHI Il MOMAAJBIIUX  MOTJAHOJICHUX  EKCIePUMEHTAIBHUX
JOCIIJIKEHb, 4 TAaKOX EKCTParojibOBaHI Ha KIIHIYHY MPAKTUKY, 30KpeMa st
onTuMizaiii peabiTiTalliiHUX 3aXOMIB Y BIMCHKOBOCTYKOOBIIIB Ta 1HIIUX TPYI
HACEJICHHS 3 aMITyTalll€l0 HUYKHBOI KIHIIIBKH.

HaykoBa wHoBu3Ha. Brepuie Oyllo KOMIUIEKCHO €KCHEPUMEHTAIBHO
OLIHEHO 3MiHM (I3UYHOI BUTPHUBAJIOCTI Ta JAMHAMIKM Macd Tija HIypiB i3
TPaHCTIOIAIBHOIO aMMYTAaIll€l0 Ha PIBHI HIKHBOI TPETMHUM TOMUIKK. Bmepiie
KUJIBKICHO 0XapaKTEepPU30BAHO 3HIXKEHHS (DI3UYHOI BUTPUBAIOCTI Y TECTI IJIaBaHHS
3 HAaBaHTAXECHHSIM SK Yy PAaHHbOMY, TaK 1 y BIJJAJICHOMY NOCTaMIyTallHOMY
nepiojiax, a TaKOX BCTAaHOBJICHO CYTT€BE 30OUIBIIEHHS Macu TuUIa MPOTITOM
JIBOMICSTYHOTO CITOCTEpEKEHHS. BUSBIEHO B3a€MO3B’SI30K M1 BTPATOIO KIHIIIBKH,
3HIDKCHHSIM PYXOBOi aKTUBHOCTI Ta METaOOJIYHUMHU 3MiHAMH B OpraHi3Mi, IO
CTBOPIOE EKCIEPUMEHTAJIbHE MIAIPYHTS JMJIS BIOCKOHAJICHHS peadimiTaiiHux
3aXO0/IIB y MalI€HTIB 3 aMITyTALIEI0 HUKHBOI KIHIIIBKU.

IMy6uaikamii 3a Temor poooru. Rat transtibial hindlimb amputation model:
characteristic of the central nervous system functional state, physical endurance
and body mass in dynamic / M. Hutorka et al. ScienceRise: Pharmaceutical
science. 2024. Ne.6(52). P.27-36 DOI: 10.15587/2519-4852.2024.318008

Anpobauis pe3yabTatiB po0oTH. OCHOBHI MOJIOKEHHS pOOOTH BUKJIIAIEHO
Ta oOroBopeHo Ha V BceykpaiHCbKili HayKOBO-TIpaKTHUHIM KoH(pepeHIi 3
MikHaponHoto yvactio «YOUTH PHARMACY SCIENCE» (Xapki, 10-11
rpyass 2024 p.)

Ctpykrypa Ta o6car podoru: Pobora ckimagaeThes 31 BCTymy, 4 pO3MIiiiB,
BHCHOBKIB, CITUCKY JITEpATypHHUX JKEpEN 1 10JaTKiB. 3araabHuid 00CAT CTAHOBUTH
40 cTopiHOK, BKJIOYae 2 Tabnwil, 6 pucyHkiB Ta 51 mocuiaHHsA Ha JIiTEpaTypHI

moxepena, 3 skux 10 kupunmyaHoro rpadikoro, 41 — TaTHHCHKOIO.



PO3JILT 1
CYYACHI YSIBJIEHHS [TPO ®I3UYHY BUTPUBAJICTD
TA 3MIHU MACH TLIA ITIPU AMIOYTALIIT HUKHbOI KIHLIIBKA
(OIVISIT JIITEPATYPH)

1.1 AMnyTanii HUKHBOI KIHIIBKH — aKTyaJIbHA NMPo0JieMa ChbOTroJeHHA

AwMITyTaIlis KiHIIBKY — 1€ BUJAJICHHS KIHIIIBKH YU i1 YAaCTUHU Yepe3 TPaBMy,
TpUBajJe CTUCKaHHA a0o0 I1HINY NpUYUHY. Uepe3 BENUKY KUIbKICTh XPOHIYHHX
3aXBOPIOBAHb Ta BOEHHMX KOH(IIKTIB, IO BaXJIWBO JUIsI Cy4acHOi YKpaiHW,
aMITyTalil 3aJMIIAI0ThCA AKTYaJIbHOIO MPOOJIEMOI0 Cy4acHOi MeAuIMHU. Brpata
KIHI[IBKM TPU3BOAWTH JIO TIOTIPUICHHS CaMOMOYYTTS, OOMEXKEHHS pPyXOBOl
aKTUBHOCTI. J]0 TOrO %, MOTIPIIYETHCS CTaTUKA TUJIa, UEHTP TSKIHHA 3MILIY€ETHCA B
OIK HEYIIKO/)KEHOI KIHI[IBKH, III0 TMPHU3BOJUTH JI0 BUKPHUBJICHb XpeOTa,
BiZIOyBa€eThCSA aTpodis M’s31B KyKCH Ta 3MEHIIYEThbCs mpane3aaTHictb [9]. Okpim
G13UYHUX, 0COOJMBO BAXJIMBUMM € TICUXOJIOTIYHI HACIHIJKU aMITyTallii, Takl sK:
(dhaHTOMHMI O1J1b, TTIIBUINICHA TPUBOXKHICTH Ta JSMPECHUBHI MPOSBHU (Hacammepes y
nepuri pokd TICHsS amIyTallli), MOTIPIIEHHS B3a€MOBIJIHOCUH 3 OTOYCHHSIM,
HEMOJKJIMBICTh 3aiMaTHCS 3BUMHUM JO3BILUIAM 4yepe3 (izuuni oomexenns [10].

Ak BiAOMO, B MHUpHMIA Yac HAWYaCTIIUMU TMPUYMHAMHU aMITyTaIli e:
YCKJIQIHEHHS I[yKPOBOTO J1a0eTy, YpaXe€HHsI CYJJMHHOIO pycja Pi3HOi €TI0JOrIi,
aBTOJIOPO>KHI, BUPOOHWY1 Y TTOOYTOBI TpaBMH, ITHMOOKI BEJUKI OIMIKH, 3JIOSKICHI
HOBOYTBOPEHHS, JesKl 1H(eKuli, Bpo/yKeHI aHoMadli Ta BaAud pPO3BUTKY,
BOTHENAIbHI mopaneHHs [1].

Hapasi xe cuTyailisi yCKIaJHIEThCS MOBHOMACIITAOHUM BTOPTHEHHSM Ha
CXOJll Ta miBAHI Hamoi kpainu. Y 2023 pori motpeba y IpoTe3yBaHHI cepen
IIMBUTLHOTO HaceleHHs 3pocia Ha 15%, cepen BilichbKOBUX — y 5 pasiB. 3aranbHa
KIJIBKICTh JIFOJICH, [0 BTPATHIM KIiHIIBKY, nepesuirye 50 Ttucsu mromed [11].
31e0UIBIIOr0 YpaXKeHb 3a3HAlOTh HWIKHI KIHIIIBKM — CITIBBIJTHOIIEHHS aMITyTaIlli

BEPXHbBOT KiHITIBKH JI0 HIYKHBOI CTaHOBUTH 35% 110 65% [12].



Taki ammyrarii, M0 BHUKOHYIOTHCS BIMCBKOBUM Yy (POHTOBUX Ta
npu@pOHTOBUX yMOBaX, JOCHTh YacTO MalOTh JOJATKOBI YCKJIaJHEHHS.
XipypriyHo MpaBUILHOMY YTBOPEHHIO KYKCH MOXYTh 3aBaXaTH MHOXUHHI
TpaBMH, TPOIEC €Bakyallii Ol 3 mois 0o MeaukamMu abo ToOpaTUMaMw,
HEOOX1IHICTh TEPEBE3CHHS IMOPAHEHOI0 JO IIMUTANIIB y THIY a00 OCOOJHUBICTH
YMOB, 3a SIKUX BUKOHYBaJIach amiyTaris [2].

Y paHHbOMY MicCHsONEpalifHOMy TMepioAl MOTPIOHO HABYUTH TMAIll€HTa
TEXHIK MO3UIIIOHYBAHHS JUIsl TPO(UIAKTUKY YCKIIAIHEHb, ITOB’I3aHUX 13 TPUBAJIOIO
iMMoO1LTi3aIier0. Jlo HUX HajmexaTh MPOJICKHI, MHEBMOHIi, TPOMOO3U TOIIO.
[ToTpiOHO 30eperTu HasgsBHUI 00CST pyXy B Cyrio0ax, 3a0e3ne4nuTy NpoPuIaKTUKY
KoHTpakTyp [3]. Lle He 3aBkau MOXKIMBO B yMOBaX NPU(POHTOBUX LIMUTAIIB, 1110
INPU3BOJAUTH 10 NOTPEOU MPUILIATH OUIbIIE YBAry LM HallleHTaM MOTIM.

BoaHnowac 3 uuM, HeloJaBHI JOCTIIKEHHS MIIKPECTIOIOTh HEJIOCTaTHICTD
KOMILJIEKCHOI, 1H/IUB1IyaT1i30BaHOi Ta HAYKOBO OOIPYHTOBAHOI MporpaMu (GpizuuHOT
Tepanii s oci0 3 TpaHCTIOIAJbHOIO AMITYTAll€0 HUKHBOI KIHIIIBKH y MEpPioJl
MNIATOTOBKM 10 mpoTe3dyBanHs [13]. 3 ypaxyBaHHSIM HEJIOCTaTHBOI
1H(HOPMOBAHOCTI TAIIEHTIB NPO JOUUIBHICTh MPOTE3yBAaHHS Ta MOXJIMBI BUAU
npotesiB [14], He 3aBXAM AOCTATHIA pIBEHb MIATOTOBKU (PaxiBI[IB MPOTE3HUCTIB
[15]. me cBimuuTh IpPO HEOOXIAHICTH MOAAIBIINX MAOCTIIKCHb CTaHY JIOAWHH Y
pPaHHBOMY IIICJISIONEpalliifHOMY MEPi0/ii Ta MEePio/Il MiATOTOBKH JI0 TPOTE3yBaHHS.

Takum ynHOM, 3apa3 nepea Y KpaiHo MOCTaB BUKJIMK HAJaTH MPABUIbHY Ta
BHUCOKOSIKICHY ~MEIMWYHY JONOMOTY HaWOUIbIIMIA KUIBKOCTI MAI€HTIB 3

aMITyTalli€lo, 1110 3aPEECTPOBAHO 3a BECh Yac ICHYBaHHS HAIIIO1 Jep>KaBHU.

1.2 CraH i3n4HOI BUTPUBAJIOCTI 0CI0 3 aMIyTALI€H0 HUKHBOI KIHIIBKH
®di3uvyHa BHUTPUBANICT, — II€ OJWH 3 OCHOBHHMX IIOKa3HHUKIB JIJIS OIIHKH
(GYHKIIOHATBFHOTO CTaHy OpraHi3my micias ammyTamii. BTpatra KiHIIBKH
MPU3BOAUTL JI0 3HAYHUX 3MIH y OIlOMEXaHilll pyXiB, BUMarae BIiJ JIIOAEH 3
aMITyTall€l0 3HAYHO OLIBIIMX 3YCHJIb JUIsl MIATPUMKU OallaHCy Ta MepecyBaHHS

HaBITh TMpPU BUKOpUCTaHHI mipoTedy. Ilix dvac xompOu 3HAYHA YacTUHA
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HaBAaHTa)XCHHS IEPEHOCUTHCS HA HEYIIKOKEHY KIHLIBKY, L0 MPU3BOAUTH [0
3MIHM XapakTepy TMEepecyBaHHs, 3alyuyeHHS HETUIOBUX TIpyn M S31B JUiA
KoMIIeHcarlil ammyTairii [16].

3aranbHUMH 3aBIAHHSAMH pealuTiTaliifHOT JOMOMOTH TiJ Yac TOCTPOro
peaduTiTaliitHOTO TepioAy €: HaJlaHHS peadumTaIliiHOl JOTOMOTH HHU3BKOTO abo
CEepeHbOro 00CSIry 3 METOK MIATPUMAHHS 4YM BIJIHOBJIEHHS HAWBHILOIO
MOJKJIMBOTO DIBHS (DYHKIIOHYBaHHS OCOOHM, aKTMBHOCTI Ta y4acTi; MOCTYIIOBE
MIJBUIIICHHS TOJEPAHTHOCTI O HABAHTAXKCHB 1 BATPUBAJIOCTI TALlIEHTA; peai3aiisa
IPOTOKONYy BEpTHKaMi3allli; HaBYaHHS TMEPEXOAy Yy TOJOKEHHS CHISUH,
TPEHYBaHHS pIBHOBarM Ta HABUYOK IMEPEMIllleHb; MIA0Ip, HaJalITyBaHHS,
HABYaHHS BUKOPUCTAHHIO Ta HAJaHHS JOMOMIXHUX 3ac001B peadimiTailii 3 METO0
NEPBUHHOI BEpTHKAaNi3alii, mo4yarok (OpMyBaHHS KyKCHM Ta ii MIJATOTOBKa [0
HOAJIBIIIOrO TTpoTe3yBaHHs [3].

Jlo uux BOpaB BIJHOCATH BIOPAaBM Ha 130METPUYHE HABAHTAKEHHS JUIA
30epeKeHUX CErMEHTIB aMIyTOBAHOI KIHIIBKM W YCIYEHUX M 5I31B, BIOPABH IS
3JI0pPOBOI KIHIIIBKU, PyXH TyJTyOOM. 3 METOI0 MpOQIIAKTUKA BUKPHUBJICHb XpeOTa
3aCTOCOBYIOTh  3arajibHO3MILHIOBaJbHI, KOpPWUTYBaJIbHI BIpPaBH, BIPAaBH Ha
30UTbIIEHHS! CWJIM W BUTPUBAJIOCTI M’A31B BEPXHBOTO IIieHoBoro moscy. Ilicis
3HATTA IIBIB PO3MOYMHAIOTH MIATOTOBKY KYKCH JO TPOTE3YBAaHHS. 3aHATTS
cupsiMOoBaHI Ha (opMyBaHHSI ONOPHOI 3/IaTHOCTI KYKCH, PO3LIMPEHHS 00cAry
pyxiB. M’s13u KyKCH MOBUHHI MaTH 3[aTHICTh CKOPOUYYBATHUCA, & CUJIa CKOPOUEHB
Mae OyTHM MaKCHMajJbHO BENTHKOIO. J[s1 1hOTO BiTHOBIIOIOTH PYXJIHBICTH Y
30epeKCHUX Cyriio0ax aMIyToBaHoOi KiHIiBkH [17].

Posrnggatoun ¢i3uuHy BUTPUBAIICTh, MAa€ CEHC 3BEpTaTH YyBary Ha
MAIIE€HTIB, SIKI BXKE€ OTPpUMAJIM TIpoTe3 abo MOoro aHajor, yepe3 Te, 110 OUIBIIICTh
TECTIB, TaKi sk TecT «BcTanb 1 Wan» 3 3acikaHHAM 4acy, L-TecT, 6-XBUIMHHMN TeCT
X0JpOM Ta 1H., CIPSIMOBAHHI Ha JIIOJICH, IO 37aTHI CAaMOCTIHHO XoauTH. Yacto
nepe] BUKOPUCTAHHSAM IMOCTIMHOTO MPOTE3y MAaLIEHT KOPUCTYETHCS TUMYACOBUM

npote3oMm [3].
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OBOJIOZIIHHA MPOTE30M BKIIOYAae Tpu ertanu. [lepmmii eram — HaBYarOTh
CTOATH 3 PIBHOMIPHOIO OMOPOI0 Ha OOWIBI KIHIIBKH, MEPEHOCY Macu Tijia y
dbpoHTanbHIA TUTOHIMHI. Jpyruit eram — HaBYalOTh MEPEHOCY Macu Tila B
cariTajbHIi TUIONIMHI, MPOBOJATH TPEHYBAHHS OMOPHOI 1 MEPEHOCHOT (pa3u KPoKy
MIPOTE30BaHOI0 Ta 30€PEKEHOI0 KIHIIBKOI. TpeTiil eram — 3acCBOEHHS HABUYOK
PIBHOMIPHUX KpPOKOBHX PYyXiB. Y MOAAIBIIOMY — IEpECyBaHHA MO MOXMIIN
IUTONIMHI, TT0 CX0JIaX, MO MepeciueHiid MicieBoCTi, moBopotHu [9].

Ak BimoMoO, 3a pe3ysbTaTamM TecTy XoabOu Ha 10 MeTpiB i3 3acikKaHHSIM
yacy, L-TecTy MOXHa BU3HAUUTHU CEPENHIO KIIBKICTh IIAriB JIIOJMHU 3a JI€Hb.
Takox 6-XBWJIMHHHMA TECT XOJbOM TO3HAYCHO SK €()EKTHBHUH METOJ OIlIHKH
BUTpUBAJIOCTI (aepoOHOro HacuueHHs). L{i Tectu gomomararoTh BHU3HAUUTH, UM
BeC JIIOJMHA MalopyxymBui crocid xutts [18]. B ocid moxmioro Biky, mio
NEPEHECIN AaMITyTallll0 BHACIIOK CYAMHHOI HEIOCTaTHOCTI, BIA3HAYA€THCS
HUKYHMM piBEHb aepOOHOT0 HACHYEHHS B MOPIBHSHHI SK 31 3JOPOBUMH OCOOaMH,
TakK 1 3 MaIi€HTaMH ITiCJIs TpaBMaTU4IHOI ammyTartii [19].

HemonaBHe qoCiiKeHHS TTOKA3ye, M0 Y MAaII€HTIB 13 BUPA3HUM OKUPIHHIM
(IMT > 40 xr/m?) micis aMmmyTaiii HUXKHBOI KIHIIIBKM BiJ3HAYA€THCSI 3HMXKCHHS
(GYHKIIOHATBHOI HE3aJeKHOCTI 32 HHU3KOK MOKA3HMKIB IMOPIBHAHO 3 I1HIIMMH
rpynamMu. 30Kpema, MoKa3HUKU Tirienn Oynu Ha 7—13% HK4YMMU, 31aTHICTH 10
NepeMIlIeHHs] B JIDKKY (IepexiJl y MOJIOKEHHs Jieauu Ta cuasun) — Ha 8—9%
HU)KYOI0, 2 BUKOHAHHSI PYXiB «CICTH-BCTAaTH» Ta MEPEXoay A0 Tyanery — Ha 16—
21% Tta 12-20% ripmmmu BianoBigHo. HailOubi TpyaHOLIl COCTEepIraiucs mpu
x0b01, ae pe3yabratu Oyau Ha 7-27% HIKYUMU, a TAKOXK NpPHU MEpPeCcyBaHHI Ha
iHBajiAHOMy Bi3Ky. Kpim Toro, y mamienrtiB i3 IMT > 40 kr/m? TpuBamictb
rocmitamzanii Oyna Oinbmoro (15,0 nmporu 13,3 aHIB), a WMOBIPHICTh BUITUCKH
JO0JIOMY — HUX4010. J[aHHI IbOTO JAOCIIKEHHS CBI4aTh, 10 BUPA3HE OKUPIHHS
YCKJIQJHIOE TIpoliec peaduiTaliii, moTpedye 101aTKOBUX PECYpPCiB 1 MATPUMKHU MIPU
MOBEPHEHH1 MAIIEHTIB JI0 TMOBCSKIECHHOTO HUTTS Ta YCKIAIHIOE BIJHOBIICHHS

piBH# Gi13uuHOi BUTpUBaiocTi [20].
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Ho Toro x Oyno MiATBEPKEHO, IO HAa CTaH (PI3MYHOI BUTPUBAJIOCTI Yy
JIOACH 3 aMITyTalll€l0 HIKHBOI KIHIIIBKM CYTTEBO BIUIMBAIOTH PErysipHi (Di3uuH1
TpeHyBaHHS. TpeHyBaHHS [ONOMAararTh MIABUCUTH CHIIy M’ si31B, THYYKICTh Ta
MIBUIKICTh XOAOM. AJie pa3oM 3 IUM OyJI0 MAMIYEHO, IO 3arajbHa (i3uyHa
dbopma HEe TOJMINIIYEe BIEBHEHICTh y MIATPHUMIN OajaHCy Ta KoopauHarii. JIs
MOJTINIICHHS [IUX PE3yJIbTaTIB MOTPiOHI BIpaBHU, IO 3aTydaroTh 30€pEKEHI TPyHu
M’sI31B aMIyTOBaHOi KiHIiBKK. CHOHMpaloyuch Ha BHIIEHABEJICHE, aBTOPHU
JOCIIIJIPKEHHSI TPOTIOHYIOTh TaKWil aJIFTOPUTM TPEHYBaHb: TOETHAHHS AepOOHHX
BIIPAB 13 CHJIOBUMM BIpaBaMU Ha M’S3U (3 aKUEHTOM Ha Takl TpyIu: BIJBIJHI
M’SI31 CTETHA, pO3rMHAaYl KOJTiHA) 10 | ToJuHU Ha JeHb 3-5 pa3iB Ha THKIEHB [21].

VY ny6mikamii [22] BigMideHO, 110 AOCSITHEHHS KpallluX MOKA3HUKIB XOAb0M
Ta €HEeproe()eKTUBHOCTI 3HAYHOI MIPOIO TMOB’A3aHO 3 MPOXOKEHHSIM
KOMILJIEKCHOI pealimiTaiiiHol nporpaMud. ABTOPU HAroJIONIyIOTh, IO SKICTh Ta
MOBHOTA peadiTiTallii MOXKYTh BIAITpaBaTU HE MPOCTO HE MEHII BXKIIUBY, a IHKOJIH
1 BU3HAYaJIbHY POJIb MOPIBHSIHO 3 BUOOPOM MPOTE3HUX 3aCO0IB.

BusiBieHo kopendiiro MK BHCOTOI aMmmyTaiii Ta eHepreTUYHUMHU
BUTpaTaMU OpraHi3My, IUBHJIKICTIO TiepecyBaHHs. 31 30UIBLIEHHAM BHCOTH
aMITyTallii 3pOoCcTae TEHJCHINSl 10 30UIbIICHHS C€HEPrOBUTPAT Ta YHOBLILHEHHS
koMmdopTtHOro Ttemny xoapom [23]. Lle cBigumTh mpo mnoripmieHHS (Gi3UIHOT

BUTPUBAJIOCTI B 3aJI€KHOCTI BiJl TUITY Ta PIBHS aMITyTallii.

1.3 /lunamika Macu TUIA NAMIEHTIB MiCJA AMITYTAlil HUXKHIX KIHI[IBOK

3MIHU MacH Tijla € BaXJIMBUM MOKa3HUKOM CTaHy 3710pOB’s MAII€HTIB MICIs
aMIyTarii HWKHIX KIHIIBOK. JluHaMmika Macu Tijma TICAsS aMmyTamii €
HEOJTHOPITHOIO Ta 3aJICKUTh BiJl 0ararbox (pakTopiB, TAKMX SIK PIBEHb aMITyTallii,
(bi13MyHa aKTUBHICTh, HaABHICTh CYMYTHIX 3aXBOPIOBaHb Ta OCOOJUBOCTI Mepediry
peabimiTarii.

besnocepennpo micis amMmyTallli y MaIl€HTIB CIOCTEPITAEThCA MPUPOJIHE
3MEHIICHHsS] MacH TiJia, IO MOB’S3aHO 3 BTPATOI0 YACTHHM KIHIIBKH. Y 0Oararbox

BUMAJKaX y MEpIii MICSII MICis orepallii BiA3HAYAEThCA 3HKEHHSI MacH Tia, 110



13

3YMOBJIEHO BTPATOIO KIHIIBKH, MICISONEpallliHUM CTPECOM, 3MEHILIEHHAM aleTUTy
[24].

Hagite npu Bukopuctanui CIMT TeHIeHIIis 3aUIIaEThCs aHAIOTTYHOIO, 110
nokazano y gocimimkeHHi 2012 poky. Takox BigMideHO, MO0 BUIIAI
nepefonepamniiinuii  IMT acomitoBaBcs 3 MEHIIOW TPHUBAIICTIO XOAbOU 3
BUKOPUCTAHHAM MpoTe3a 4epe3 4 MICSIl Ta TIPIIO 3arajbHOK MOOIILHICTIO
yepe3 12 micsmiB [5].

Y Ouneln BiJJaJIEHOMY TIEPIOJIl YAaCTO CIOCTEPIra€ThCs TEHJEHIIIS 10
30uTbIIEHHST Macu Tina. Lle moB’s3aH0 Hacammiepen 31 3HWKEHHSAM PiBHS (I3UYHOI
aKTUBHOCTI. bararo marfieHTiB micjisi amMmyTalli TPUBAJIUA 4ac MalOTh OOMEKEHY
MOOUIBHICTh 4Y€pe3 HEOOXIAHICTh 3aro€HHsA KyKCH, aJanTalliio 10 MpoTe3a Ta
MICUXOJIOTIYHI TPYIHOLII. Y pe3yabprari (OpMYETHCS MATIOPYXJIUBUI CIIOCIO KUTTH,
10 CTpHsi€ HAKOTMMYCHHIO HAJIUIIIKOBOT MacH Tina [25].

Hocmimxkenus 2015 poky IeMOHCTpYeE, 1O MAIIEHTIB 32 JUHAMIKOIO Macu
TUJIa MICJS aMITyTalii MO)XKHA MOAUIMTH Ha 4 Tpynu: MIBUIKE 3017IbIIEHHS Barw,
MOBUIbHE 301TBIIICHHS BarW, BIJACYTHICTh 3MIH Yy Ba3l Ta 3MEHIIEHHS Baru.
30UTbIIEHHSI Macu B YOJIOBIKIB MICJS aMIyTallli HUKHBOI KIHIIBKH OyJI0 3HAYHO
BHUPA3HIIINM, HIXK Y YOJIOBIKIB, SIKI HE MaJId aMIIyTallii, Ta B CEPEIHbOMY CSrajo
9% Ha Apyruil pik Ticas ammyTarii Ha TpaHCTiOlanbHOMY piBHI. Takox Oymna
MOMITHA BIJIMIHHICTh MIX JIFOIbMH, B SIKUX aMIlyTailisi Oyjga Ha piBHI CTyIHI, Ta
TAMH, XTO MaB aMIyTaIlil0 Ha TPaHCTIOlalbHOMY piBHI Ta BHIIE. 11, XTO Malu
aMITyTallilo Ha PiBHI CTYIHI, MaJX MEHIIUNA MPUPICT MACH TUIA, 110 MOB’SI3yIOTh 3
O1TBIIOI0 3arajbHOI0 MOOUIBHICTIO. B TOM ke wac, jroau 3 TpaHcheMopaIbHOIO
abo TpaHCTIOANBbHOIO aMITyTalll€l0 HaWOUIbII HWMOBIPHO HaJIeXald 10 TPYIH
MOBUILHOTO 30UIBIIEHHS Macu Tina Ta juiie 13% yciXx OomuTaHMX HAJIeKaIU 0
KaTeropii JironeH, y SKuX BIAMIYEHO 3MEHIIICHHS Baru [26].

[lamienTH, SKUM aMITyTOBaHO KIiHIIIBKY 4Yepe3 KapioBacKYJISpHI XBOPOOH,
3HaYHO 4acTime Manu Bunlii IMT, HiXK cepelHs MOMyJALis, Ta Ha HACTYIMHUHN PiK
pke Manu Outbmuit IMT mopiBHSHO 3 mokazHUKOM 10 omepaiii. Bussieno

TeHILGHI_IiIO A0 3MCHIICHHA TOAMH IICPECyBaHHA Ha JACHb Ta HOFipHICHH}I
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MOOITLHOCTI B TAIlI€HTIB, 10 10 omeparmii Mamu Oinemuii IMT. ABropu He
BiJIMIYaOTh 3aJICKHOCTI 3MIHU MacH TiJIa B/l piBHIO ammyTaiii [5].

VY nocmipkeHH1, 10 oXorioBaio 16 259 marieHTiB 13 HETpaBMaTUYHUMH
aMIyTallisIMA HIKHIX KIHIIBOK, Oy/lO BHSIBIEHO V-MOAIOHHUN PO3MOALT YacTOTH
amryTaniii 3anexso Bix IMT: 30,4% — y mamienTiB 6e3 oxupinusg, 18,2% — 3
oxupinasaMm | crynmensa, 17,3% — II crymens Tta 34,1% — III crynens.
IMoBipHicT 6yTH XBOpDHM HAa IKpOBHii aiaGeT 3pocTana 3i 36iTbIICHHAM
CTYIICHSI OKUPIHHS, TOJ1 SIK MOLMIUPEHICTh NMepUEPUIHNX CYIUHHUX 3aXBOPIOBAHD
3MEHIIyBajdach. ABTOPU CTaTTl BIAMIYAIOTh JYXKE LIKABY 3aKOHOMIPHICTh — XOua
3aXBOPIOBAHHS Ha IyKPOBUM J1a0€T 3HAYHO 30UIBIIIYBAJIO PU3UK aMITyTallii, Cepe
MaIi€HTIB 13 MYKPOBUM A1a0CTOM BCTaHOBJICHO oOepHeHUU 3B’s30K Mk IMT Ta
YaCTOTOIO aMITyTalliid, TOMy BOHH BiTHOCATHh BUcOKUil IMT no 3axucHux (aktopis
B1JI aMIyTaIlli HU>KHBOI KIHIIBKH [27].

Pesynbraty mocnipkeHb MAIlEHTIB TMICIS aMITyTallli 4yepe3 HasBHICTh
TpaBMH JIEMOHCTPYIOTh TOCTYIOBE 30UIBIIEHHS MacH TiUIa MPOTITOM MEPIINX
POKIB MiCJIsl oreparii, 1 TeHJACHI[is Ha 30UIbIIEHHS MacH Tija MpeBajioe B 0ci0 3
BUIIMM pIBHEM aMmmyTallii, 110 MOXe OyTH MOB’SA3aHO 3 TIPILIOI 3arajbHOIO
MOOLIBHICTIO [28].

Takox MOTPIOHO 3BEpHYTH yBary Ha Te, K OCOOM 3 aMIyTaIll€l0 MOXYTh
HETMPaBUJILHO IHTEPIPETYBAaTH PE3yNIbTaTH 3BaXKyBaHb Ta CBOIO JWHAMIKY MacH
Tina. Hampuxman, y HemomaBHIM crarTi OyJao IMOKa3aHO, IO MAIllEHTH 3
aMITyTalli€ro, Kl 3a 3BuYaiiHuUM mnokasHukoM IMT He Oynu y B kateropii jroneu 3
OKHUPIHHSIM Ta HE BUKOPUCTOBYBAJIM CHEIIAIbHY JIETY JJISl CXyAHEHHsI, HAJICKaAIH

710 Kareropii ToBcTHX Jroneit 3a Bukopuctanns CIMT mis oci6 3 ammyTartiero [29].

1.4 TBapuHHi MoaeJii aMImyTanii HUKHbOI KIHIIBKH

AwMrmyTaliisi HUKHBOI KIHIIIBKM — 1€ JIyK€ CKJIagHe Ta HeOe3meuHe s
OpraHi3My JIIOAUHU XIpypriuHe BTpydaHHs. Jlikapi BUKOHYIOTH ii, KOJU BXKE HEMae
1HIIOTO BUOOpPY AJisi 30€peXeHHs KUTTS Mali€HTa. 3 OMISAYy Ha e OLIbIIICTb

HAYKOBHX JIOCIIJIPKEHb Ha JIFOAX MIPOBAIATH MICIs TOTO, SIK IM 3pOOMIN aMITyTallio
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3 HagBHUX MEIUYHHUX I[IOKa3aHb. TOMYy caMme BJACHUU BIUIMB aMIlyTalli Ha
OpraHi3M Ta CaMOMNOYYTTsS JOLLUIBRHO 3 ’SCOBYBaTH Ha 3I0POBUX JIaOOPATOPHUX
TBApPUHAX. IX BUKOPHUCTAHHS A€ MOK/IMBICTh MOJEIIOBATH Pi3Hi THIM YIIKOIKEHb
OTOPHO-PYXOBOTO amapaTry Ta HEPBOBOI CUCTEMH B KOHTPOJHOBAHMX yMOBaxX Ta
aHaJi3yBaTH MPOIECH pEereHeparlii TKaHWH, aJanTalliiiHl MeXaHi3MH OpraHi3Mmy, a
TaKOX 3MIHM Y (PYyHKI[IOHYBaHHI PI3HUX CUCTEM ITiCJIsI BTPATH KIHITIBKH.

31e01IpIoro  MoJeNl  aMmmyTalid  y TBapuH BHUKOPUCTOBYIOTH  JJIS
JOCIIJIPKEHHSI JIIOICBKUX XBOp0O, Takux sK imemis abo tpom6o3 [30], abo
MOJIETIIOBAHHS MOCTAMITyTalllMHUX YCKIAAHEHb, TAaKUX SIK XPOHIYHUWA OLIb,
(dbaHTOMHMI O11b, TNEPUYTIIUBICTh, POpMYBaHHS HEBPOM ToIIO. [JocuTh YacTo Ha
TBAapUHHUX MOJENAX € MOXJIMBICTb MPOBECTH TICTOJOTIYHI JOCTIHKEHHS 4Yepe3
BHU3HAUYEHI TPOMIKKH Yacy MICJsl aMITyTallli, o 37e0UTbIIOr0 HEMOXIIMBO Y JIFOAEH
(7,8, 31].

VY BeTepuHapHiil NpakTUIl JOCUTh PO3MOBCIO[DKEHUMM € aMmIyTaiii y
JIOMAIIHIX TBapuH, TakKUX SK KIMKA Ta coOaku. [{i MeTroauku € JO0CUTH
MOIIUPEHUMHU Ta BUKOPUCTOBYIOTHCS JJIs JIIKyBaJIbHUX 11te [32]. Taki ammyTartii
PEKOMEHIYIOTh 1 ISl IOMAIIHIX KPOJIIB 31 CXOXKUMH XBOPOOAMH, alie yepe3 MEHIILY
iX KUIBKICTh Yy HeOararbox MJOCHIKCHHSX MPUIUISIN yBary OAYXKaHHIO Ta
MaKCUMAaJIbHOMY BiJIHOBJIEHHIO (DYHKIIIM OTMOPHO-PYXOBOTO amapary. bulbIiicTh
JOCJII)KEHb Ha KPOJISIX MAaIOTh HA METI MOJEIIOBaHHS XBOPOO JIOIMHU, TOMY MICIsS
3aBEepIEHHS JIOCTIAIB TBAapUH 3 YypaxXyBaHHSIM BHMOT OIOCTHKH IiJJJaBaJIH
eBTanHasii [33].

He sk excnepumeHTanbHa MOAENb, a K 3aXiJl XIPypriyHOrO JIKyBaHHS
OMKCaHO aMmyTalli KIHIIBOK y ApiOHOi porartoi xymoOu, 30KkpemMa BiBelb 1 Ki3.
[TpyurHamMu ammyTalii KiHIIBOK y BiB€llb 1 Ki3 OyJu TpaBMAaTU4HI YIIKOJKEHHS
(mepenmoMu, yKycH co0ak, TpaBMH BIiJ] OTOpOX), a TakoX 1H(MEKIiHHI Ta
JIETCHEPAaTUBHI 3aXBOPIOBaHHS (OCTEOMIENIT, ocTeoapTpuT). CepeqHsi TPUBAIICTh
rocmiTanizalii cranouia 7,5 aHiB y ki3 (1-63 gaui) Ta 8 AHiB y BiBelb (3—20 aHIB).
binpuricts micnsonepaliiHuX ycKJIagHEeHb BUHHUKAIM TMOHAM 2 MICALl MICHS

amIyTarlii Ta BKJIIOYaJIM MOPYIIEHHS KOOpPJMHALIl PYXiB, YPAKEHHS CYXOXKUJIb,
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HECTaOUIBHICTh  KOHTpaJaTepalibHOi  KIHIIBKM,  XPOHIYHY  KYJbraBiCTh,
nepioguyHuil 61 1 gedopmamii  KiHIiBOK. BceraHoBneno, 1m0 yacrtora
micIsoInepaniiHuX YCKIaAHEHb HE 3aj1ekKaa BiJl MacH Tijla, BIKY TBapUH ab0 piBHS
ammyTalii. 3arajJoM KIJIiHIYHI pe3yiabTaTH MICIsl aMITyTalli OyJlu pi3Hi Ta 3aeKaiu
Bl KOHKPETHOTO BHIIAJKy. AMITyTaIlisl PO3MISAIAEThCS SK HEOOX1IHINM MeTon
JIKyBaHHS y BHMAaJKaX, KOJU 30€peKeHHsI KIHI[IBKM HEMOXXJIMBE, OJJHAK TBapHHA
miciast ammyTanii moTpedye HaJeKHOTo MICISONEepaliitHoro IOmIsAay, 30Kpema
3aCTOCYBaHHs peaOiumiTamiiHux 3axomiB [34]. 3arajgoMm ammyTallis KIHIIIBOK Y
JIpiOHMX KYWHHUX TBAPUH 3aCTOCOBYETHCSA HEYACTO, aJl€ € MOTEHUINHO €()eKTUBHOIO
aNbTEPHATHBOIO €BTaHa3ll y BUIIAJKaX TSKKUX HEOOOPOTHHUX Ypa)KE€Hb KIHIIBOK
[35].

Ak excnepuMeHTaldbHAa MOJENb aMIyTalil KIHIIBOK Yy JApiOHOI poraroi
Xy00U 3aCTOCOBYETHCS aMHIOTHYHA TMEPETSHKKA KIHIIBKU y 60-IeHHUX eMOpiOHIB
ki3. llg ™Momenp BiATBOPIOE TMMATOJIOTIYHI 3MIHM, TOMIOHI JO THX, IO
CIIOCTEPITalOThCSl Y JIFOACHKOTO IUIONA, Ta 3ampoIlOHOBaHA I TOJAJIBIIHX
EKCIIEPUMEHTATIBHUX JOCHIKEHbh BHYTPIIIHBOYTPOOHOTO 30€pEeEHHS KIHIIIBOK
IPU TSHKKUX aMHIOTUYHUX YPAKEHHSX Yy IJIOIIB LIMX TBApHUH [36].

HaiiyacTime y qOCHiI)KEHHSAX BUKOPHUCTOBYIOTh I'PU3YHIB, 30KpeMa IIypIB i
muteit. lllypu € ogHuM 3 HaNOUIBII MOMIMPEHUX EKCIIEPUMEHTAIILHUX 00’ €KTIB Y
OlOMEIMYHMX JIOCIIJPKEHHSIX 3aBIsSKH CBOIM aHATOMIYHUM 1 (i310JIOTTYHUM
OCOOJIMBOCTSIM, HEBENWKIM BapTOCTI YTPUMAHHS Ta 3PYYHOCTI MPOBEICHHS
MaHIMYJISIIH.

danToMHUN OUIb € OIHMM 13 HAMOUIBII TOIMPEHUX YCKJIAIHEHb IICIs
ammyTarii  KIHI[IBKA Yy JIIOAed, TOMY TBapWHHI  MOHENl  ammyTarlii
BUKOPUCTOBYIOTHCS JJII JTOCTIKEHHS MEXaHi3MIB HOro po3BUTKY. st 11b0r0
MOXKYTh BUKOPUCTOBYBATH 1H €Ki (popMaiiHy 10 ammyTalii, a0o nepeB’si3yBaHHs
HEpPBY, 10 HAOIMKAE II0 MOJAECINb 10 KIIHIYHOTO PO3BUTKY (PAHTOMHOTO OO0 Y
mozaeht [8]. IcHyroTh Mozeni ammyTarlii JJisl OIIHKKA XPOHIYHOTO OO0 Ta METOIB

O00pOoTHOM 3 HUM, TAKMMHU SIK [IJTLOBA M’ s130Ba 1HHEpBatlis [37].
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Kpim Toro, TBapuHHI MOl BUKOPUCTOBYIOTHCS [JISl JIOCIIIJKEHHS
MPOLIECIB pereHepailii HepBiB 1 M s31B MICJIA aMITyTaIlil, BABYAIOTH MOYJIMBI 3aCO0U
YXOJly 32 KyKCOIO Ta TEMIIU pereHepallii, 3araibHUI CTaH KiHIIBKU. TakoxX, OTHUM
13 TMEpCIEeKTUBHUX JOCHIIPKEHb B IbOMY HANpsSMKY € peIUIaHTallis KIHI[IBOK.
Jlexiibka cTaTedl JeTalbHO OINUCYBAIM TMPOLEC peIUIaHTalli Ta MOXKIUBOI
npe3epnariii KiHiiBku [38].

Baxx1uBUM acmekToM BUKOPUCTaHHS TBAapUHHUX MOJENIEH € MOXJIMBICTD
JOCIIJDKEHHS TOBEAIHKOBUX Ta COMATHYHMX peakuid TBapuH. Y JAEKUIBKOX
JOCHIIPKEHHAX MICJsl aMITyTalli OIL[IHIOBAJM JENPECHUBHY MOBEAIHKY IIypIB 3a
JIOTIOMOTOI0 TaKMX METOAIB SK TECT Ha CHOKHBAHHS caxapo3u ado IJIaBaJIbHUN
tecT [Topconra [7].

HesBaxkatoun Ha 3HAYHI MepeBaru, BUKOPUCTAHHS TBAPUHHUX MOJETCH Mae
neBHi  oOMexxeHHs.  Di3l0yOTiUHI  O0COOMMBOCTI  JabOpaTOpHUX  TBApUH
BIJIPI3HSIOTBCSA BIJ OCOOJMMBOCTEH JIIOJCHKOTO OpTraHi3My, TOMY pe3yJbTaTh
EKCIIEPUMEHTIB HE 3aBXKJIHU MOXKYTh OyTH O€3MOCepeHbO MEPEHECEH] B KIIHIUYHY

MPAKTHUKY.

1.5 BigomocTi npo 3mMiHM (Pi3MYHOI BUTPUBAJIOCTI Ta MACH TiJIa TBaPUH
i3 MOIeJIbHOI0 aMITyTaIli€10 KiHIBOK

JlocnipkeHHsT TMOKa3yloTh, IO TMICHA ammyTalii TBapuHU 30epiraroTh
37aTHICTh J0 TEepecyBaHHS Ta MOXYTh ILIBUIKO aJalTyBaTHUCS /0 HOBHUX YMOB
HaBaHTa)XEHHs, X04a 1X pPyXOoBa aKTHBHICTh Ha MMOYATKOBUX €Tanax 3HIKYyeTbes. Le
CYTTE€BO BIJPI3HAETHCS B aMITyTalllii HU>KHBOIT KIHI[IBKH Y JIFOJIEH, KOTp1 Maixke He
MOXKYTh CAMOCTIHHO pyXaTUCh 0€3 yCTaHOBKHU MpoTe3y. [7]

[Ticnss BTparM KIHUIBKM y TBApUH CIIOCTEPIra€eThCsl MEPEepO3MOILT
HABaHTA)KEHHS Ha 1HINI KIHIIBKH, 10 BKYIIl 13 3arajJbHUM 3MEHIIEHHSM PYyXOBOT
aKTUBHOCTI TIPU3BOAMUTH N0 aTpodii M’s31B KYKCH Ta 3MEHIINEHHS JO0CIITHUIIBKOT
JISTIBHOCTI. AJie yepe3 0COoOIMBOCTI NIEpECyBaHHs y TBApUH 30€piracThCcs 3HaUHa
yacTUHA (PI3UYHUX MOXKIIMBOCTEMH, L0 JI03BOJISIE MiATPUMYBAaTH PyXOBY aKTUBHICTb

HaBITh MICJISI 3HAYHOTO MOPYIIEHHS CTPYKTYpPU OMOPHO-PYX0BOi cucteMu. HaBiTh y
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KpOJiB, 10 MOTPeOylOTh TapHOTO OajaHCy dYepe3 OCOOIMBOCTI IepecyBaHHS,
371eOUTBIIIONT0 HE BHHUKAJIO TpoOJIeM 3 ajxamTalfi€ero 10 mepecyBaHHA. [lomiTHi
npoOiemMu Oy JIMILE B THX, XTO /IO LIOTO BXE MaB XBOPOOHW ONOPHO-PYXOBOI
cucteMu abo OyB 0 HUX CXUIBHUM. [33]

BaxiMBUM MOKa3HUKOM aJianTariii opradiaMy J0 BTpaTH KiHIIIBKHU € (pi3udHa
BUTPUBAIICTh. 3 4acoM, OUIBIIICTh TBAPUH JAEMOHCTPYE MOCTYIOBE BITHOBJICHHS
pyxoBOi aKTUBHOCTI. TBapvHM TICIs aMIyTamii KIHIIBKH MOXYTh IIBUIKO
aJanTyBaTUCS JI0 TPU-OMOPHOTO crocoOy mnepecyBaHHsS. BOHU BUKOPHUCTOBYIOTH
3aJIMIIEH] KIHIIBKY JUISl MIATPUMAHHS PIBHOBArd Ta BUKOHAHHS PYXOBHX (DYHKIIIH.
barato BIacHUKIB JOMAIHIX TBApWH, SIKUM 3pOOMIIM amMIyTallilo, BIIMIYAIOTh
JIOCUTh KOPOTKUM mepiof aganTalii micias ammyTarii [39]. s qomamiHix TBapuH 3
aMITyTalli€r0 MPOBOASITh TPEHYBAJIbHI CeCli, 10 iX CKEPOBAHO Ha 301IBIICHHS CHIIH
M’SI31B Ta MOJIMIICHHS KOOpJAuHalli pyxiB. BUKOHYIOThCS BIpaBH Ha 3MIIHEHHS
IMOMHHUX M’SI31B TyllyOa, BIpaBH Ha PO3TATYBaHHA, X0nb0a y BOAl, X0Ab0a IO
HepiBHIA moBepxHi. L{i BnpaBu JomomMararoTh TBapyMHAM IIBUALLIE afanTyBaTHUCH,
YHUKATH TPaBM IIij] 4ac MOBCAKACHHOTO YXUTTS, YHUKATH MOXJIUBUX YCKJIQTHEHb,
TaKMX SIK XPOHIYHI XBOpoOW cCymio0iB, Ta MiATpUMYBaTtH (izuuHy Qopmy y
nicasionepauiitnomy mnepioni [40]. 3Bepratoun yBary Ha BHILEHABEIECHE, MOYKHA
3pOOWTH BHUCHOBOK, III0 XO4Ya JOMAIllHI TBAPUHU IIBUAKO aJalTyHOThCS [0
amIyTailii, BOHM BCE€ OJHO MPOXOJATh 4Yepe3 Mepioa 3HUWKEHHS (Pi3uyHOI
BUTPHUBAJIOCTI, IIIOHAWMEHIIIE B TOCTPOMY TiCIsIOTIepaIiitHoMy TIepioi.

HemonaBui AOCHIKEHHS BiAMIYae, IO COOAKW, sIKI aganTyBajducs 0
amIyTailii, xoda i Maii’ke He BIAPIZHAIOTHCS BiJl KOHTPOJIBHOIO T'PYIHU 3AAaTHICTIO
TpUMaTH OajaHc, IXHs 370pOBa KiHIIIBKa Oylia miJ 3HAYHO BUIIUM THCKOM, IIIO
MIPU3BOJUTH JI0 T1BUILIEHOTO PU3UKY TpaBM [41].

[Ticns ammyTarii y TBapuH PO3BHBAETHCS M 30Ba aTpo(iss Ta 3HMKYETHCS
HIUTHHICTh KICTOK 3 OOKYy aMIyTOBaHOI KiHIIBKU [42]. 3aranpbHa AuUHAMiKa Macu
TiJIa TICIAsS aMIlyTalii Ie HEeAOCTaTHhO BHUBYEHA. Y BETEpPUHAPHIN MpPaKTHIIL
BJIACHUKAM TBApWH 3 aMITyTaIll€l0 HAIOJIETJIMBO PEKOMEHIYEThCS CIIAKYBATH 3a

MpaBUIBHUM XapuyBaHHSM Ta HE JaBaTh iM HaOupaTu 3aiiBy Bary, 10 BKYyIl 13
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3arajbHOI0 TEHJCHINIEI0 JOMAIIHIX TBAapWH MaTH 3aiiBy Macy Tijla YCKJIaTHIOE
aHaII3 JUHAMIKH IIHOTO TTOKA3HMKA MICist aMmmyTattii [43, 44].

Takum 4uHOM, pe3ylnbTaTH E€KCIEPUMEHTATbHUX JOCTIKEHb CBIiITYaTh, IO
amMmyTallis KIHIIBKH B Ja0OpaTOpHUX TBApUH CYMPOBOMKYETHCA KOMILIEKCOM
(b1310JIOTIYHUX 3MiH, Cepel SKMX BaXKJIMBE MICIE NOCIIAIOTh 3MiHH (HI3UYHOT
BUTPUBAJIOCTI Ta Macd TuTa. Y TMepurl JHI MICAsS omeparii CrocTepiracThes
3HIDKEHHS (DI3WYHOI aKTMBHOCTI Ta MacH TiUJIa, OJHAK Y TOJAIBIIOMY OLIBIIICTh

TBapUH JEMOHCTPYE MOCTYINOBY a/IallTaIlilo0 0 HOBUX YMOB (DYHKIIIOHYBaHHSI.

BucHoBku 10 po3aiay 1

1. AmryTallii HI>KHBOI KIHIIIBKH € aKTYaJbHOK MEIUYHOI0 MPOOIEMOIO
CBOTOJICHHS, IO BWHWKAE€ BHACTIJOK TPAaBMAaTUYHUX YIIKOMKEHb, CYIUHHUX
3aXBOPIOBaHb, YCKJIAJAHEHb IIYKPOBOTO /1a0eTy Ta IHIIKUX MaTOJIOTTYHUX CTaHIB.

2. Jnst cydqacHoi YkpaiHu y 3B’SI3Ky 3 TPUBaJIOI0 MOBHOMACIITAOHOIO
arpeCUBHOI0 BIMHOIO pOCIi MPOTH HaIIOl JepkaBU MpoOJieMa MOJIMIICHHS
peabumiTarlii ocid 3 amMmyTaIlisiMi KiHIIIBOK € OCOOJIMBO aKTyaJIbHOIO Yepe3 3HAUHE
30UTBIIEHHS! KUIBKOCTI 00MOBUX Ta HEOOMOBUX TpPaBM, IO MPU3BOAATH JO BTPATH
KIHI{IBKH.

3. B oci6 3 ammyTaliiero HWKHBOI KIHITIBKH CITIOCTEPIra€ThCs 3HMKCHHS
(GI3MYHOI  BUTPUBAJIOCTI, IIO 3YMOBJIEHO OOMEXEHHSIM pPYXOBOI aKTHBHOCTI,
3MIHOIO OlOMEXaHIKM pyXiB Ta HEOOXiIHICTIO (HOPMYBaHHS KOMITEHCATOPHUX
MEXaH13MiB.

4, [Ticns ammyTaliii HUXKHIX KIHIIBOK BiOyBarOThCS 3MIHM Macu Tijia B
01K 30UIBIIICHHS, 1110 MOB’A3aHO 3 KOMIIEHCATOPHUMH MEXaHi3MaMHu OpraHi3My Ta
3MEHILIEHHSAM PIBHS (P13MYHOT aKTUBHOCTI.

5. Y  HaykoBUX  JOCHIDKEHHSX 11~ BUBYCHHS  MEXaHI3MIB
MOCTAMITyTAIlilHUX  3MiH B OpraHi3aMi Ta  ajanTaliiHUX  TPOIECIB
BUKOPHUCTOBYIOTHCSl TBAapUHHI MOJIETl ammyTarlii, 3 SKUX € 3HayHO MOLIUpPEHI

MOJIETIl aMITyTarliil y IrypiB.
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6. ExcrniepumeHTanbH1 JOCTIHKEHHS Ta IOCB1J BETEPUHAPHOT MEAUITMHU
CBIJ4aTh, 110 MOJIEJIbHA aMITyTallis KIHI[IBKH CYITPOBOXKY€ETHCS 3MiHAMH (13MUHOT
BUTPHMBAJIOCTI Ta MacHu Tijla, K1 BIIJI3EPKAIOIOTh MPOIECH ajanTallii opraHizMmy

JI0 BTPATH KIHITIBKH.
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PO3/LI 2
MATEPIAJIA TA METOJIN

2.1 ExcnepMeHTaJIbHI TBAPUHU

JocnimkenHs BuKoHaHO B HaBuajgbHO-HAyKOBOMY 1HCTUTYTI HPHUKIAAHOIL
dapmariii HamionansHoro dapmarneBtruunoro yxiBepcutety (H®aV). Ilportoxon
EKCIIEPUMEHTIB CXBajieHO Kowmicieto 3 Oioetnkn H®aV (mporoxonm Ne 13 Bifg
13.03.2024). Bin BianoBigae BumoraM [eabCIHCHKOT JeKiapaliii o0 T'yMaHHOTO
noBokeHHs 3 TBapuHamu (2000) 1 upextuBu Pagu €Bponelicbkoro Coro3y 110710
3aXMCTy TBAPHUH, SIKI BAKOPUCTOBYIOThCA B HayKoBHX LIIsX (2010) [45].

B ekcnepumeHTax BHKOpUCTaHO 15 pgopocnux OUTMX paHAOMOpPEIHUX
IIypiB-CaMIliB BikOM 7—8 wmicsiliB, macoto 230-310 r (BuU3Ha4aIM 3a JI0MIOMOTOIO
CJIEKTPOHHHUX Bar 3 TOYHICTIO 70 1 ). OOMekeHy KUIbKICTh aMITyTOBaHHMX IIypiB
(6) Oy10 BUKOPUCTAHO 3 O10€TUYHUX MIPKYBaHb.

TBapuH yTpuMyBaJiM Ha CTAHIAPTHOMY pallOHI BiBapil0 3 BUIBHUM
JIOCTYTIOM JI0 BOJM, 32 TOCTiitHOT Bosorocti 50-60% Ta TeMmmepaTypHOTO PEXUMY

+22-23°C, B yMOBax pexuMy «CBITI0/TemMpsBa» 12/12 ronus.

2.2 Mojae/ilOBaHHA TPAHCTIOIaJIBLHOI aMmyTaNlil y mypiB

TpaHcTiOlanpHy aMIyTallil0 Ha PiBHI HUXKHBOI TPETUHU 33JHBOI KIHI[IBKU
BUKOHYBAJIM B aCENTHUYHUX YMOBaXx IIiJl TIOMEHTalI-HaTpieBUM Hapko3oM (40 mr/kr
BHYTPIIIIHLOOYEPEBUHHO). [{71s1 ammyTariii B3STO 6 1IypiB 3 610€THUHUX MIPKyBaHb.

[e#t MiHIMAJIBHO TPUHUHATHUN pO3MIp BHOIPKH OOIPYHTOBYETHCS OLIIHKOIO
nocTaTHboro po3mipy edexry (D = 2,0-2,5) 3rimno 3 dDectiHrom Ta ATBTMaHOM
[46]. Benuuuna D 3aieXuTh BiJ HAJAIITYBaHHS E€KCIEPUMEHTY Ha BUSBICHHS
pI3HHII B CEPEIHHOMY 3HAYEHHI TMEBHOTO TMapamMeTpa 3a MEeBHOTO 3HAYCHHS HOTO
CTaHJAPTHOTO BIAXWJICHHS Ta JOPIBHIOE PE3yNIbTaTy AUICHHS Oa)XaHOTO PiBHA
PI3HUIII CepeIHIX 3HAUYCHb Ha IXHE cTaHAapTHE BiaxuieHHs (D = nmoTpiOHui piBeHb

PI3HUIIl CEpEeHIX 3HAYECHb / CTAaHAAPTHE BIIXUIICHHS).
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3 omiAny Ha Majauil po3Mip TBapUH BUKOPUCTOBYBAJIM O(TalIbMOJIOTIYHI

niHueTH (puc. 2.1).

Puc. 2.1. Bunanenuii ¢pparmMeHT KiHIIBKU MICJIS TPAHCTIOAMbHOI aMITyTalli

B 1Iypa.
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Jj1s reMocTasy 3aCTOCOBYBAIM €JIEKTPOKOATYIISTOP.

HepBoBi cToBOYypM TepeTHHAIM i HE3HAUHUM HATATOM U1 MiHIMi3arlii
PU3HUKY PO3BUTKY HepomarudyHoro 000 B micisonepariiiHomy mepioai. Ilicns
NEPEeTUHY Kpaill KICTKH peTeNbHO 3maKyBaid. DopMyBamu KyKCy KOHIYHOT
dbopmu. 3 MeTOl 3aKpuTTS paHu (popmyBaid Mio(]ACIIOKYTaHHUMA KIIAMOTh,
YIIUBAJIA M’SI3M 13 3aCTOCYBAaHHSAM TEXHIKM MIOIUIACTHKH, a Takox mikipy. Ilicms
3aKIHYEHHSI XIpypriyHOrO BTPYYaHHS IIypaM BHYTPIIIHbOOYEPEBHUHHO BBOIMIIH
nedrpiakcon (250 mr/kr) 3 MeToro 3anodiraHHs 1HGEKIIHHUM YCKIaTHEHHSIM.

B ouikyBaHHI BUXOAY 3 HAapKO3y Ta JiA MOJANBIIOTO yTPUMaHHS IIypiB

PO3MINITYBAJIN B IHAWBIAYyadbHI CTAHJAPTHI IIACTUKOBI OOKcH (pHcC. 2.2).

Puc. 2.2. Ulyp 6e3nocepenupo micis TpaHCTIOIampHOI aMmImyTaiii mij vac

BUXOY 3 HAPKO3Y
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TBapuHU Manu BUTbHUN JOCTYI A0 FPAHYJIbOBAHOTO KOPMY Ta MUTHOI BOJIH.

KinpkicTh KOHTPOJBHUX IIypiB Oyna OIIbIIOI0 3 METOI 3MEHIIEHHS
JUCIIepCii pe3ynnbTariB.

Jlyis mepioro MOpiBHSAHHSA Y paHHbOMY MOCTaMIyTaliiiHoMy mepioai (3—4
JIHI TICs omepallii) Jjii KOHTPOJIIO BHKOPHUCTOBYBaJIM 9 TBapuWH Ti€l X cTari,
Mo1I0HOTO BIKY Ta MOYATKOBOT MacH T1JIa, SIKUM BBOJMJIM aHECTETHK 1 IeTpiakcoH
y THX CaMHUX J103ax 0e3 MPOBEACHHs XipypridHOTO BTPYYAHHS IS 3TVIaJKyBaHHS
MOJKJIMBOTO BIUIMBY aHECTe31i Ta aHTUO10TUKOITPO(PIITAKTHKHY.

VY BignaneHoMy nepioni (uepes 2 micill) BAKOPUCTOBYBaJIU 11 KOHTPOIBHUX
ypiB, 9 3 gAkux Opanu ydacThb y MEpIIOMY AOCIHIJDKEHHI, a 2 1HTAKTHUX IIypIB
Oys10 B35TO A0AaTKOBO. KOHTPOIBHUX TBApUH yTPUMYBAJIU B aHAJIIOTTYHUX YMOBaX

1 TOAYBaJIA TaK CaMo, K 1 TBAPUH 3 aMITyTallI€lo.

2.3 MeTtoau [JoCHiIKeHHS [IMHAMIKH Macu Tijla Ta (Qi3MYHOL
BUTPHUBAJIOCTI LIypiB

JlunaMiky Macu TiJla BUMIPIOBAaJd METOJIOM 3Ba)KyBaHHS 3a JOIOMOTOIO
CJIEKTPOHHUX Bar Nepel aMOyTall€l Ta y BIIAAJICHOMY MOCTaMIyTalliHOMY
nepioni — yepes 2 Micsii (puc. 2.3).

®i3uyHy BUTPHUBATICTh IIypiB JOCHIDKYBAJIM 32 JIOMOMOTOI) TECTY
PUMYCOBOTO IJIaBaHHS 3 HaBaHTakeHHsM [47]. HaBantaxkenusa 5% wmacu Tina
3aKpIIIIOBaIN OIS KOpeHs XBocTa (puc. 2.4).

3a3Buuail y 1[bOMY TE€CTI BUKOPUCTOBYIOTh HaBaHTaxeHHs 10% macu Tina,
aje 3 onIsAy Ha celu@iKy [bOTO €KCIEPUMEHTY — 3HUKEH1 (DI3UUHI MOKIUBOCTI
TBapHH 3 aMITyTalli€l0 KIHLIBKH — Macy HaBaHTa)KE€HHS Oyso 3MeHIIeHo 10 5%.
Jlns TecTyBaHHSI BUKOPUCTOBYBaju OaceiiH kpyrioi dopmu aiametrpoM 50 cwm,
ribuHoI0 60 cM Ta BUCOTOIO OOpPTIB HAJ piBHEM Bojau 10 cM, 110 YHEMOKITUBITIOE
MOPATYHOK ITypiB MUISIXOM BUXOMY 3 Oaceiny (puc. 2.5).

baceiin 3amoBHIOBaJIM BIJCTOSIHOIO BOJOIPOBIAHOIO BOJOK KIMHATHOT

temriepatypu (21-22°C).



Puc. 2.3. 3BaxxyBanHHs 1rypa
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Puc. 2.4. BanTax, 3akpimieHUid Ha KOpPEHI XBOCTa IIypa MNepen TEeCTOM

IIJTaBaHHA 3 HABAHTAKCHHAM

Puc. 2.5. lyp y TecTi myiaBaHHs 3 HABAaHTAKEHHSIM JI0 BUCHAKECHHS
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Yac muaBaHHA BUMIPIOBAJM 1O MOMEHTY BHCHAXCHHS, KOIH IIypH
3aHYpIOBAJIMCA TiJA BOAYy 1 HE MODIM CIUIMBTM HAa TOBEPXHIO IOHAWMEHIIIE
npotsirom 10 cexynn. Jns peectparii 9acy IJIaBaHHS BUKOPHUCTOBYBAIH
CJIEKTPOHHU CEKYHIOMIP.

®di3u4Hy BUTPUBAIIICTh TBAPHH JOCIIKYBaJM JIBIYi: Y paHHbOMY (uepe3 4
00M) Ta BiAgajgeHOMY (depe3 2 MicAlll) MoCTaMIyTallliHOMY Tepiofax 3 METOIo
OLIIHKM JIMHAMIKM 3a3HAYEHOTO MOKa3HWKA. 3 OISy Ha MOXKIIMBY 3aJIEKHICTh
pe3yabTariB  BiJl XPOHO(PAPMAKOJIOTIYHOTO YHMHHUKA KOHTPOJIBHMX IHIypiB
TECTyBaJW B TOW € JIEHb, 10 ¥ TBapuH 3 ammyTauieo. Lle 103Bonsio orpumaru

CUHXPOHHI pE3yJIbTaTH.

2.4 MeToau CTATUCTUYHOIO AHAJII3Y

Jlist craTucTUYHOi 0OpOOKHM KUIBKICHUX JIAaHUX BUKOPUCTOBYBAJIM MPOTpPaMuU
STATISTICA v12.0 Tta Excel. Cratuctuudy 3HaUylIiCTh MDKIPYIOBHUX
BIJIMIHHOCTEHW BH3HAuYajlu 3a JOTMOMOIOK HEMapaMEeTPUYHOro KpuTepito MaHHa—
Bitni. Ilapuuii kpurtepiii BinkokcoHa 3acTOCOBYBaldM JJisi OIIIHKA JUHAMIKH
JOCHII)KYyBAaHOTO TOKa3HMKAa B Mexkax rpynu. 3mind npu p<0,05 Baxamu
CTATUCTUYHO 3HAUyIIuMU. PesynbraTu nogano y Bumisaai M+m ta Me [Q25; Q75].
Jlnst BpaxyBaHHSI pe3y/bTaTiB B albTEpHATHUBHIN (opMi (HASIBHICTH/BIJACYTHICTh
O3HAaKM) pe3yapTard mnojaBaid y %, a TaKoX BHUKOPUCTOBYBAJM KyTOBE

nepeTBopeHHs dimepa.

BucHoBku 10 po3ainy 2

1. Joist 3M1iICHEHHST €KCIIEPUMEHTY BU3HAUYEHO 00’ €KTH JIOCITIIKEHHS.

2. OOrpyHToBaHo BuOiIp MoOjeNl TpaHCTIOANBHOT ammyTallii 3agHbOT
KIHI[IBKH B IIIyPiB.

3. Jlnst omiHku  (Pi3UyHOT BUTPHUBAIOCTI OOpaHO METON IUTABaHHS 3
HABAHTAKEHHSM JI0 BUCHAXKEHHS, MOIU(]DIKOBAaHMM B acCHEKTI BEJIMYUHU
HABaHTA)XEHHS BIAMOBIIHO 10 OOMEXEHHMX (PI3UYHUX MOXIMBOCTEH TBapUH 3

aMITyTalli€lo.
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4. OOpaHO METOAM CTaTUCTUYHOTO aHalli3y OTPUMAHMUX pE3y/bTaTiB

BIJIMOBITHO /10 XapakTepy PO3MOALTY Y BapialliiHUX psgax.
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PO3JILI 3
JTUHAMIKA ®I3UYHOI BUTPUBAJIOCTI LIYPIB
I3 MOJIEJLJTIO TPAHCTIBIAJIBHOI AMITY TAIIIT

3.1. /Iunamika @i3MYHOI BHUTPHUBAJOCTI WYPIB i3 MOIEIIO
TPaHCTIOIAJAbHOI aMmmyTanii

Yci  TBapuHM J00pe TeEpeHecnu XipypriuHe BTPYYaHHS 1 IIBHJKO
BIJIHOBUJIUCS TIicis 1ii aHecTesii. PaHHI Ta mi3HI micisionepamiiti yCKiIaJHeHHS Y
HIypiB HE CIOCTEpIrajiucd MPOTATOM  yChOTO  JIBOMICAYHOTO  MEpIOAY
eKCTIEpUMEHTATBHHX JOCIIIKEHb.

Bxxe Oe3nocepeaHbo TMiCas BUXOAY 13 HapKo3y TBapUHHU BUSBISUIN
CTIOHTAHHY PYXOBY aKTHBHICTbH, IOUMHAIN CAMOCTIHHO TIEpeCcyBaTHUCs, a Ha APYTUI
JICHb MICJs ONEPATUBHOIO BTPYYaHHs BCI LIIypU BUIBHO MEPEMIIIYBAINUCI Y MEXKaX
CBOIX KJIITOK O€3 30BHIIIHIX 03HAK BUPA3HOTO TUCKOMDOPTY.

Kykca y Bcix 11ypiB y paHHbOMY MOCTaMITyTallliHOMY IMepioi nepedysana y
3aJI0BUTLHOMY CTaHi, 10 XapaKTEpHU3yBaJIOCS BIJICYTHICTIO O3HAK 3alalieHHS Ta
IHIIMX yCKJIagHeHb 3 OoKy omepauiiiHoi panu. Cnocrepiranocs NEepBUHHE
3arO€HHS pPaHU, a TAKOX MOCTYIOBE BIJTHOBJICHHS BOJIOCSHOIO MOKPOBY B JUISHII
KYKCH.

BoaHowac Biji3Hauanochk noctynose (GOpMyBaHHS M’ S30BOi rinoTpodii, 1m0
MOB’SI3aHO 31 3HMKEHHAM (YHKIIIOHAJHHOTO HAaBaHTAaXXCHHsS Ha KIHIIBKY. Bxe
yepe3 KUIbKa JHIB MICJA ONEPAaTUBHOIO BTPYYaHHS y YacTUHU TBApUH KyKca
HaOyBaJia BUIVISTY BKOPOYEHOT Ta MIATATHYTOI 10 Ta3y. 3a3HA4u€Hl1 3MiHU CBi4aTh
IpO MOCTYMOBUH PO3BUTOK TaKOTO YCKJIAIHEHHS $K 3TMHAJbHA KOHTPAKTypa
KYJBLIOBOTO CyTII00a.

[Tig yac moganpuIOro Nepediry mocTaMIyTaliifHOro nepioy I 3MiHH Maju

TEHJICHIIIIO JI0 TIOCUJICHHS, III0 HaBEJEHO Ha puc. 3.1.
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Puc. 3.1. I'imotpodist M’s131B KyKcH LIypa 3 TPaHCTIO1aIbHOIO aMITyTalll€l0

B MI3HLOMY TIICIISOTICpAIIHTHOMY TIEpiofi (depe3 2 MicsIli)

Pesynpratu TecTy mpuMycOBOTO IJIaBaHHS 3 HaBAaHTAKEHHSIM HABEACHO B
Tabm. 3.1.

VY rpymi KOHTPOJIIO IIypH B paHHROMY Ta BiJJaJICHOMY IMepiofax MoKa3aau
CXO0XI1 pe3ynbTaTu. B cepeqHbOMY BOHH IJIaBaJid O BUCHAXEHHS OJIM3bKO 6 XB, 1110
XapaKkTepHO JJIsi HETPEHOBAaHUX IIypiB.

lypu 3 ammyraii€ro M 4Yac IJIaBaHHS HaMarajucs BHUKOPHCTOBYBAaTH
KyKCy, ajie¢ TOMpH Iie IXHI pe3ylbTaTh JEeMOHCTPYBaJM CTATUCTHYHO 3HAYyIEe
(p<0,05) 3HMXKEHHS 4Yacy IUIaBaHHsS JO0 BUCHAXCHHS K y PAHHbOMY, TaK 1 y
BiJITaJICHOMY TIepiofax JOCIiIKEHHS.

VY panHboMy mepiofl Led Yac 3HUXKYBaBCA B cepeaHboMy B 1,6 pasy B
NOPIBHAHHI 3 KOHTPOJIEM Ta CATaB Y CEpPEeIHbOMY 4 XB, y BiAJaJICHOMY Mepiojl —
3HIKYBaBcs y 1,8 pasy mpu mopiBHSHHI 3 KOHTPOJIEM Ta CSTaB y CepenHbomy 3,5

XB.
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Taomuis 3.1

BB ammyTanii 3aJHb0I KiHIiIBKM HA TPUBAJIICTH IVIABAHHS

3 HABAHTA’KCHHAM 10 BUCHAKCHHHA B PAHHBOMY Ta BiHIla.]IeHOMy

NOCTAMILYTAlliHHOMY mepiofxax

I'pyna TBapuH, KiJIbKiCTh

Tepmin IHTAKTHMH KOHTPOJIb AmMnyrauis
AOCTIiI?KeHHS, Me Me
M+m M=+m
HORAHIE [Q25; Q75] [Q25; Q75]
Panniit nepion
(3-4 nus micns n=9 =6
aMITyTallii)
273
377,4£32,3 382 240,2+34,4 [212,25
b :l: b b j: b 2 ;
Yac niaBaHH, C 1290: 402]
291,751 *
Bignanenuit
nepion (2 micsii n=11 n=6
TMICJIsS aMITyTallli)
365,1+66,6 28 204,7+64.8 123
b :l: b b :|: b
Hac mnasanns, ¢ [201: 470] [96,25; 319,51

Ipumimxa. CTaTUCTUYHO 3HAYYIII BIAMIHHOCTI MOPIBHSHO 3 MOKa3HUKOM

rpynu Koutpomo: * — p<0,05, ** — p<0,01 (3a kpurepieMm ManHa-BiTHi).

OTxe, oTpuMaHi pe3y/bTaTi CBiAYaTh, 1O MIiC/I TPAHCTIOIANBbHOT aMITyTaIi

3aJIHbOI KIHIIBKM Yy IIypiB BiI0YBA€TbCS MPOTPECUBHE 3HMKEHHA (DI3UUHOI

BUTPUBAJIOCTI TBAPHH.

3.2. JlnHaMika MacH TiJia IypiB i3 MOIEJII0 TPAHCTIOIaIbLHOI aMmyTail

Ax BuaHO 3 Tabm. 3.2, moyaTKoBa Maca TiJia TBApUH 3 aMITyTalli€lo Oyia Ha

11% Ou1bpIOI0, HDK Yy KOHTPOJBHOI TPYyHH, OJHAK pIZHUI HE Jocsraia

CTaTUCTUYHO 3HAYYILIOTO PIBHA.
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Tabmuus 3.2
JIluHaMiKa MacH Tijia HypiB 3 TPAHCTIOIaAbHOIO
aMIyTAli€0 KIHIIBKA
Tepmin _ I'pyna TBapuH, KiJIbKiCcTh .
. IHTaKTHHIT KOHTPOJIb AMnyTanis
JAOCJTi/IKeHHS, (n=9) (n=6)
MOKA3HUK
M=+m Me [Q25; Q75] | M£m Me [Q25; Q75]
[TouaTkoBa 257,0 290,0
. =+ . + i
maca Tijia, r 253,0+4,07 [242,0; 260,0] 281,7+15,83 [275,5; 307,5]
Maca Tina Ha
. 260,0 4 | 345,5
+ ’ + i
i[pyrI/H/I MicsIpb, | 263,0+7,91 [247.5: 268.5] 344,0+5,89 1335.5: 351.0] **
301IbIIEHHS
MaeH TiIa, 10,0 / 4,0 62,3 /22,1
r / % mono
BUX1IHOI
Ilpumimka. CTaTUCTUYHO 3HAYYU(l BIAMIHHOCTI TOPIBHSHO 3 BHUXIJIHHUM
craHOM Beepemuui rpymm: o — p<0,05 (3a mapHHM KpuTepieM Bimkokcona);

MOPIBHSHO 13 CHHXPOHHUM TMOKa3HUKOM KOHTpoOito: ** — p<0,01 (3a xpurepiem

Manna-Birthi).

Yepes 2 micsli CHOCTEPEKEHHS CEpeHs Maca Tijla KOHTPOJbHHMX TBapUH
Majla TEHJICHIIIO0 10 301IbIleHHs, 3pocTatoun Ha 10 1, mo craHoBuTh 4% BII
3arajbHOI MacH TiJIa Ta y CEpeJHbOMY TpUMaiach Ha piBHI 263 T.

Boanowac y rpymi TBapuH 3 aMITyTaIll€l0 BiA3HAYAIOCS 3HAYHO OLIBIIT
BUpa3He 30UIBIIICHHS Macu TuTa: TPUPICT CTAHOBUB Yy cepeaHboMmy 62,3 T,
YHACJIJIOK 4Oro CepeliHsl Maca Tija jgocsaraia 344 1, mo BiAMNOBigae 301UIBIICHHIO
Ha 22.1% Big MOYATKOBOTO 3HAYCHHS. [X Maca Tijla € JTIOCTOBIPHO O1JIBITIOI0
MOPIBHSHO 3 MOYaTKOBUM 3HaueHHsM (p<0,05) Ta 3 KOHTPOJBLHUM MOKA3HUKOM MpHU
CUHXpPOHHOMY 3Ba)kyBaHHI Ha 31% (p<0,01).

Meniana Ta MDKKBapTHJIBHUN J1ama30H MIATBEPIKYIOTH OIHOPIAHICTD

OTPUMAaHUX PE3YJIbTaTIB y MeXax rPpyIu.
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Takum 4rHOM, pe3y/lbTaTU CBiAYaTh MPO CYTTEBI BIAMIHHOCTI Y JHUHAMIII
Macu Tijla MDK JOCHDKYBAaHUMH TpylHamMH Ta BKa3ylOTh Ha TEHICHIIO [0

3HAYHOTO ii 30UIBIIICHHS Y TBAPHUH ITICIIA aMIyTarlii HU>KHBOI KIHITIBKH.

BucHoBku 10 po3aiay 3

1. 3anponoHOBaHy  MOZENIb  TPAaHCTIOIANIbLHOI  aMmyTaulii  UIypu
NEPEeHOCHIN J00pe, MICIsoNepalifHuX YCKIagHeHb H crocTepiranocs. Yepes
BIJICYTHICTh HABAaHTAXXCHHS Ha KIHI[IBKY B MOCTaMITyTallliHOMY TEpiojl B TBApPHUH
Oyna MOMITHa M’s30Ba TINOTpodiss Ta PO3BUHYJACh 3TMHAbHA KOHTPAKTypa
KyJBLIOBOTO CyIIIO0a.

2. TpancribianpHa ammyTallisi MPU3BOAUTE 10 CTATUCTUYHO 3HAYYIIOTO
IIPOTrPECUBHOTO 3HMKEHHS (DI3UYHOI BUTPUBAJIOCTI LIYPIB SIK Y PAaHHBOMY, TakK 1 B
BIJIJTaJICHOMY Tepiofax CIIOCTEPEKEHHS.

3. VY urypiB miciig aMIryTarli BiI3Ha4a€ThCA JOCTOBIPHE Ta 3HAYHO OLITBIIT
BHUpa3HE 30UIbIIEHHS MACH TUJIa MOPIBHSHO 3 TBapUHAMHU KOHTPOJIBHOI I'PYIH, IO
MO>ke OyTH TMOB’SI3aHO 31 3MEHIIIEHHSAM PYXJIUBOCTI Ta CBIIYUTH MPO CYTTEBI 3MIHU

CTaHy OOMIHY PEYOBHH y MOCTaMIyTalliiHOMY TIEPIOl.
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PO3JILI 4
AHAJII3 TA Y3ATAJIbHEHHS PE3VJILTATIB JOCAIKEHHS

Sk yxe 3a3HavyasNocs, y JOCTYIHINA HAyKOBiM JIiTEpaTypl CHCTEeMaTH30BaHI
JlaHl II0JI0 AMHAMIKKA MacHu TUIa Ta 3MiH (Pi3MYHOI BUTPUBAIOCTI Y TBApUH MICIs
aMITyTallii KiHI[IBOK OOMEXeHi. BakJIMBICTh €KCIEpUMEHTAJbHUX JOCIHIKEHb 3
FOTO HampsiMy OOyMOBJ€Ha HEOOXIJHICTIO HAyKOBOTO OOIPYHTYBaHHS Ta
MOJIAJTIBIIIOTO BJJOCKOHAJIEHHS KOMIUIEKCIB peablliTalliitHuX 3aX0/liB, CIIPSIMOBAHUX
Ha TMOJINIIEHHS (YHKIIOHAIBHUX ITOKAa3HUKIB OpPraHi3My, YCYHEHHS THUIIOBUX
YCKJIaJIHEHb aMITyTallii, OB’ sI3aHUX 13 3aliBOI0 MACOI0 TLJIa, & TAKOXK 301IbIICHHS
BUTPUBAJIOCTI 70 (I3UYHUX HABAHTAXKEHb, IO € KPUTHUYHO BAXJIUBUM JUIS
OITaHYBaHHS MEPECYBaHHS HA MPOTE31 Ta MOKPAIIECHHS 3arajJbHOTO CAaMOTIOIYTTS. Y
TaKOMYy KOHTEKCTI MpEeACTaBICHE MOCIIPKEHHS MOXKHA PO3MISLAATH SIK OJHE 3
MEPIINX, 0 KOMIIIEKCHO OIIHIOE B3a€MO3B 30K MIXK (PI3UYHOI0 BUTPUBAIICTIO Ta
MEeTa0OJIYHUMHU 3MIHAMHM, IHTETPAIIBHUM MAapKEPOM SKUX € AUHAMIKa Macu Tija B
yMOBaX MOJIENIbHOT aMITyTaIlii y TBapuH.

KpiMm Toro, 3actocyBaHHsS CTaHIApPTH30BaHOI MOAENI aMIyTamii y
Ja0OpaToOpHUX  TBAapWH  Ma€  BaXJIWMBE  3HAYEHHS  JUISI  TOJAJIBIIHAX
EKCIIEPUMEHTATIBHUX JTOCTIKeHb. Taka MOJeNb JI03BOJISIE BiITBOPUTH OCHOBHI
MopdosioriyHi  Ta  (QYHKUIOHAJIbHI  3MIHHM, IO  CIIOCTEpPIralOThCs B
MOCTAMITyTaIliiHOMY TIepiofi, Ta 3a0e3ledye MOXJIMBICTh 1X TOJAJIBIION
00’€KTUBHOI OIIIHKM B KOHTPOJbOBaHMX yMmoBax. CraHgapTu3oBaHa MOJIEINb
aMITyTarlii y TBApUH € BaKJIUBOIO ISl BUBYCHHS CTaHY KYKCH Ta MOPQOJIOTIYHUX
3MiH B il TKaHWHAax, 30KpeMa JJIsi po3poOKu 3aco0iB Ta ampobairii 3aco0iB, 110
MOKPAIIYIOTh PEreHepallito MKIpU Ta THIIMX CTPYKTYp, ad0 TUX, 110 3MEHIIYIOTh
TUIIOBY 3a aMIyTallii M’si30By Tinorpodito [48].

Bceynepeu odikyBaHHSIM, OTpUMaHi1 pe3yJbTaTH CBiUaTh MPO TE, IO IIypH
micis ammyTanii 30epiraloTh 37aTHICTH JI0 BIAHOCHO 1HTEHCHBHOI PyXOBOT
aKTUBHOCTI. [le MOXKHA TIOSICHUTH BHCOKOIO aJanTalllifHOI 37aTHICTIO TBApWUH Ta

MOXJIMBICTIO €()EKTUBHO KOMIICHCYBaTH BTpaTy OJIHIE] KIHIIIBKM 3a paxyHOK
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AKTUBHOTO BHUKOPUCTAHHS TPbOX IHTAKTHUX, IO € OCOOJMBICTIO IIi€i Mojel
aMITyTarlii, ika BUpa3HO BiApi3HsE 11 Bix aMmimyTalii y qronuan. He3Bakarouu Ha 11g,
nonpu 30epeKEeHHs] 3arajibHOi PYXJIMBOCTI, pE3yJAbTaTH TECTy MNPUMYCOBOTO
TJIaBaHHS 3 HABAaHTAXCHHSM IMPOJIEMOHCTPYBAJIM BHpPA3HE, CTATUCTHYHO 3HAYTYIIE
3HWKEHHS (PI3MYHOT BUTPUBAJIOCTI y TBApHUH Iicisa amnyTariii. [le Bkasye Ha Te, 1110
KOMIIEHCATOPHI MEXaH13MH, SKi 3a0€3MeuyoTh MiATPUMaHHS PyXOBOi aKTUBHOCTI,
HE TIOBHOIO MIpOI0 KOMIIEHCYIOTh (DYHKIIIOHAJbHI BTpaTH, TMOB’s3aHl 31
3MEHIIIEHHSIM M S30BOi MacH, Mepepo3NoALTy HaBaHTAXCHHS Ha KIHIIIBKH Ta
MOPYLICHHSIM OIOMEXaHIKM PYXIB 3a TaKOr0 CKJIAJHOTO BUIY MISUIBHOCTI SIK
TJIaBaHHS 3 HABAaHTAKCHHSIM.

3HKEeHHST (PI3UYHOT BUTPUBAJIOCTI MOXE OyTH IOB’S3aHE 3 KOMILIEKCOM
(dakTopiB, cepel SAKUX BaXIWBY pOJb BIAITPalOTh 3MEHUIEHHS 00’ €My
(GYHKIIOHATBHO aKTHMBHOI, MPAIIOI040i M’ S30BOi TKaHWHU, PO3BUTOK TimOTpodii
M’s131B, 3MIHM B OlOMeXaHilll pyXiB Ta IiJBHUINCHE HABaHTA)XCHHS Ha IHTAKTHI
KIHI[IBKU. SIK MU B)K€ BCTAaHOBWJIM, Y BIAJAJICHOMY MOCTaMITyTalliHOMY MEpiofl
70 1UX YMHHUKIB JOJAEThCS 3HayHE 30UIblIeHHS Macu Tina. Kpim Toro, 3miHa
CEHCOMOTOPHO1 KOOPJIMHAIIIT PYXI1B, 1110 TPU3BOIUTH /10 301IHIIICHHSI EHEPrETUUHUX
BUTpAT MPU BUKOHAHHI (PI3MYHUX M1, a TAKOX BIJCYTHICTb CUMETPIi pyXiB MOXKE
MPU3BOJIUTH A0 O1IBIN MIBUIKOTO HACTAHHS BTOMHU. TaKMM YMHOM, HaBIiTh 32 YMOB
30epeKeHHs 3MIaTHOCTI 10 pPyXy, (GYHKIIOHAJIbHI pPE3epBU OPraHi3My 1CTOTHO
3HIDKYIOTHCS, 110 B TECTI TUIABaHHS 3 HABAHTAXKCHHSIM BUSIBIISIETHCS 3MEHIIICHHSIM
qacy 10 BUCHa)KEHHS.

Take BUKOpPUCTaHHS TpPHOX IHTAKTHUX KIHI[IBOK IS KOMIIEHCAIlii
NOCTAMITYTallIHHUX MOPYILIEHb 1 30epeKEHHS PYXOBOi aKTUBHOCTI € XapaKTEPHOIO
OCOOJIMBICTIO TBAPUHHOI MOJIEJIl aMITyTallli, 0 CYTTEBO BIJIPI3HSIE ii BiJ nepediry
NOCTAMITYTAIl[IfHOTO MEpioay B JIIOAMHMU. Y KIIHIYHMX YMOBax 3a BiJICYyTHOCTI
MPOTE3yBaHHS, HABITh MPU BUKOPUCTAHHI JOMOMDKHHX 3ac00iB TIEpeCyBaHHS
(MUIMIB), pyXOBa AKTHUBHICTh MAIlIEHTIB 3HAYHO OOMEXKYETBHCS, IO BHACIIIOK
nepiofy BiIHOBJICHHS MICHS aMIyTallli Ta MEpPeBa)KHO JIEKAauoro oopasy KUTTA

MOXX€ CIPUSITH PO3BUTKY TIMOAMHAMII Ta TMOAAIBIIOMY 3HIKEHHIO (HI3UYHOT
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ButpuBanocti. Lle, y cBoro uyepry, CTBOpIO€ MepeayMoBU st (popmMyBaHHS
MeTabOMIUYHUX MOPYIIEHb, 30KpeMa 301IbIICHHSI MAaCH TiIa BHACTIAOK MPOQIIUTY
eHeprii.

OtpumaHi pe3yiabTaTH Y3TOKYIOThCS 3 KJIIHIYHUMHU CIIOCTEPEKCHHIMH,
3T1JIHO 3 SKUMHM TIICIIA aMITyTallli HMKHIX KIHIIIBOK Y 3HAYHOI YaCTHHM TAIll€EHTIB
BI/I3HAYAEThCS TEHJICHIIS O 30UIBIICHHS Macu Tijla. 3a TOMNEpPeIHIMU JaHUMU
[49], 30inpIIeHHS] Macu Tisa BiOyBaeTbes y 68,5% maiieHTiB IPOTITOM MEPIIOTO
POKy IICJIsI aMmyTarii Ha PiBHI CTerHa. Y JWHaAMIIl Macu Tila BHAUISIOTH 4
Tpaektopii 3MmiH; y 47,3% mailieHTiB Maca 3ajuiiaiacs CTaOlIbHOIO MPOTATOM
Nepuoro poxky, a 3a 2,4 poxy 3MiHM crtaHoBuian 4,2+11,5 kr [50]. I xoua
BapiaOeNbHICTh Yy 3MIHaX Macu TuUla MOXe OyTH 3HAYHOI0, TIEPEBAKHO
MPOCTEKYETHCS TEHICHIIIS J0 11 3017IbIIIEHHS.

BcranoBneHo, 1o mpuUpicT Macu Tula y IIypiB 3 aMIyTalli€l0 € 3HavyHO
OUIBIII BUPA3HUM IMOPIBHSHO 3 TOKA3HWKOM KOHTPOJIBHOI TPYNU TBApUH, MIO
CBIIYUTH MPO HASABHICTh ICTOTHUX META0ONIYHUX 3PYLIEHb Yy MOCTAMIIYTALITHOMY
nepioi. 3a3HaueHy TEHJICHIIII0 MOKHA TTOSICHUTH HAJIJTUIITKOM €HEPTii, 1110 BUHUKAE
Ha TI1 BIHOCHOTO 3HWXEHHS pIBHSA (PI3UYHOI AKTHBHOCTI Ta (PI3UYHOI
BUTPUBAJIOCTI MpU 30€peKEHHl 3BUYAHHOTO PEXHMY XapuyBaHHA. YMOBHU
yTpUMaHHS TBapUH MICIS aMIyTallii, 1o nepeadavyaroTh JUIIE CIIOHTAHHY PYXOBY
aKTUBHICTh 0€3 JI0AaTKOBOTO (PI3MYHOTO HABaHTAXXEHHS a00 TpEHyBaHb
BUTPUBAJIOCTI, Y I[bOMY BHMAJKYy CIPHUSAIOTH HAKOMUYCHHIO HAJJIMIIKOBOI MacH
ta. Ile, y cBOw depry, BUIA3EpKaIIOE 3arajbHl 3aKOHOMIPHOCTI 3MIH
MeTaboII3My IMICHIS aMITyTallli, [0 Ma€ BaXJIMBE 3HAYCHHS JUIS PO3YyMIiHHS
MeXaH13MIB PO3BUTKY CYMYTHIX MOPYIICHb.

3MiHM Macu Tina Ta (I3UYHIA BUTPUBAJIOCTI TMICAS aMmmyTaulii TICHO
B3a€EMOIIOB ’s13aH1. 3HWKEHHS (DI3UYHOI BUTPUBAJIOCTI 0OMEXye piBEHb (Pi3HMUHOT
AKTUBHOCTI Ta CHOPHUSE 3MEHIICHHIO 3arajlbHUX €HepreTWYHuX Butpar. lle nwmiie
YCKJIQJHSIETBCA THUM, IO 30UIBIIEHHS Macd TUIa JIOAATKOBO IOTIpIIye
(GyHKIIOHATBHUM CTaH OpraHi3My, 3O0UTBIIYIOYM HABaHTAXXEHHS Ha OIOPHO-

pyXOBI/Iﬁ arapar Ta 3dBaKaloiu BHUKOHAHHIO (i)iSI/I‘IHI/IX HaBaHTa)XEHb. TakuM
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YUHOM, (OPMYETbCS 3aMKHEHE XHOHE KOJO MaTroreHe3y, B SKOMY 3HW)KECHHs
¢bi13uuHOi BUTPUBAIOCTI Ta 30UIBIIEHHS Macd TiIa B3a€EMHO IMOCHIIOIOTH OJHE
onHoro [51].

Hespaxkatoun Ha HasiBHI OioMexaHi4HI Ta (DyHKI[IOHAJIbHI BIAMIHHOCTI MIX
PYXOBOIO AKTHBHICTIO JIFOIMHU M TBapuH, 3allpOIIOHOBAaHAa MOZENb aMmyTauii y
IIypiB Ma€ 3HAYHUM HAyKOBO-TIPAaKTUYHMNA mnoTeHlias. Bona Moxe Oytu
BUKOPUCTAaHA Ui KOMIUIEKCHOT OIIHKMA 3MiH (I3M4HOI BHUTPHUBAIOCTI,
MeTabOMIUYHUX MPOLECIB Ta pereHepamii TKaHUH, a TaKoXK JMJii CTBOPEHHS
€KCIIEPUMEHTAIBHOIO MIATPYHTS 3 METOI0 OOTPYHTYBAaHHSI ONTUMAJIbHUX PEKUMIB
¢b13uyHO1 peabimiTalii Ta iX GpapmMakoJIOTIHHOTO CYIIPOBOTY.

[TpakTvuHE 3HA4YE€HHS JOCHIJKEHHS IIOJIATAE B TOMY, IO BOHO CIIYT'y€
EKCIIEPUMEHTAIBHUM OOIPYHTYBaHHSAM PO3POOKM HOBUX MIJXOIB IO MOMIMIICHHS
(GYHKIIOHATBHOTO  CTaHy  KYKCH ~ aMIyTOBaHOI  KIHIIIBKM,  IT1IBUIIICHHS
e(eKTUBHOCTI MIJITOTOBKU JI0 MPOTE3YBaHHsS Ta CTBOPEHHS JIKApChKUX 3aco0iB,

CIPSIMOBAaHUX Ha ONTUMI3ALII0 epediry nocraMmmyTaliifHOro nepiony.

BucHoBku 10 po3ainy 4

1. Anani3 KOMIUIEKCY OTPHUMaHHMX pEe3ylbTaTiB AOBOAWTH, IO MICHS
aMITyTallli HUKHBOI KIHIIIBKH BiJOYBa€TbCS JOCTOBIPHE 3HMKCHHS (DI3UYHOT
BUTPHUBAIOCTI. BOHO BUSBISETHCS CKOPOYCHHSIM Yacy 0 TOBHOTO BHCHAKEHHSI
y TECTl IUIaBaHHS 3 HABAaHTAKEHHSM SIK Y PaHHbOMY, TaK 1 y BiJJaJICHOMY
nepiojiax CIoCTEPEIKEHHS.

2. 3MeHmeHHss (QI3MYHOI  BUTPUBAJIOCTI OOYMOBJIIEHE KOMILIEKCOM
dakTopiB, 30KpeMa 3HIKEHHAM 00’e€My (YHKIIIOHAJIBHO aKTHUBHOI M’SI30BOi
TKaHWUHHU, PO3BUTKOM M’SI30BOi TiNOTpodii, 301IbIICHHSIM HAaBAHTAXKEHHS Ha
1HTAKTH1 KIHLIBKH Ta MOPYIICHHAM O10MEXaHIKH PyXIB.

3. Y mypiB 3 MOAEIIIO aMMyTailii 3aJiHhOI KIHIIBKH CHOCTEPIra€ThCs
JIOCTOBIpHE 30UIBIIEHHS MacH Tija, IO 3HAYHO IIEPEBUIIYE BiAMOBIIHI
MOKa3HUKA KOHTPOJBHOI TPyNH, CBITYUTH MPO HASBHICTh METaOOMIYHUX

MOPYIIEHb Ta MOXKE OyTH MOSACHEHO MPOPIITUTOM METa0O0IIYHOI €HEeprii, 1110 Mae
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MICIIe 32 YMOB CTaHJIaPTHOTO XapuyBaHHs Ta OOMEXKEHHs PyXOBO1 aKTUBHOCTI
MICTIsl aMITyTarlii.

4, BUKOpUCTaHHS 3a3HA4YCHOI MOENl TpaHCTIOaIpHOT amIyTamii y
IIypiB J03BOJIIE PO3IIUPUTH YSABICHHS TPO MEXaHI3MHU TOCTaMITyTaIiiHUX
3MiH, cTaH (I3UYHOI BUTPHUBAJIOCTI Ta CTBOPIOE MIAIPYHTS IJIA PO3POOKH

e(heKTUBHUX pealduTTalifHuX 1 (PapMaKoIOTIYHUX CTpaTeTiil.
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BUCHOBKH

Y  kBamidikamiiHii poOOTI EKCIEePUMEHTAIBHO JOCHIIKEHO (I3UYHY
BUTPHUBAIICTh Ta JWHAMIKy 3MIHM MacH Tija Micls TPaHCTIOlaNbHOT ammmyTarii
HIDKHBOI TPETUHH TOMIJIKU 3aJHBOT KIHIIIBKH Y IIYPiB.

1. Ha mijgcraBi aHanmi3zy ocTaHHIX JaHUX JIITEpaTypu MOKa3aHO, M0 IS
HAIIOl KpaiHU ammyTallli KiHI[IBOK, OCOOJMBO HIKHIX, OCTaHHIM YacoM HaOysH
HAJ[3BUYANHOI aKTyaJIbHOCTI 4epe3 BIMCHKOBY arpecito pocii mpotu Ykpainu. Lle
BHUMArae NoJIMIIEHHS peadiiTamii naieHTiB MICasS aMIyTaliil KIHI1BOK.

2. [IpoananizoBaHO Ta y3arajdbHEHO JDKEpeNia JITeparypd CTOCOBHO
cTaHy (pi3UyHOT BUTPHUBAJIOCTI Ta JUHAMIKA Macy Tija MAIlEHTIB 3 aMITyTaIll€l0
KIHIIBOK. TakoXX 3A1MCHEHO MOKJIAJHUM OMISIA TBAPUHHUX MOEIEH amMiryTailil
KIHI[IBOK.

3. Jocnimkena Mojaenb TpaHCTIOAIBHOI aMmyTarlii Ha piBHI HUKHBOI
TPETUHU 3a/IHbOI KIHIIIBKH Yy IIYpiB, 3MIHU (Pi13MYHOI BUTPUBAIOCTI Ta MacHu TUIa y
IIypiB Y paHHHOMY Ta BIJ/IAJICHOMY ITOCTAMITYTaIlIHHOMY TEPi0/Ii.

4, Po3po0ieHo0 TpOTOKON EKCIEPUMEHTAIBHOIO  JAOCHIKEHHS, IO
nependadyae BUKOPUCTAHHS MOJIEN TPaHCTIOIaNbHOI aMmyTalii Ha PiBHI HUXKHbBOI
TPETUHHU 3aHBOT KIHI[IBKM Yy MIypiB, OLIHKY 3MiH (PI3MYHOT BUTPUBAJIOCTI Y
paHHBOMY Ta BIJAJAJEHOMY IOCTAMIIyTalliHOMY Mepiofax 3a BUKOPUCTaHHS
TECTy TUIaBaHHS 3 HABAHTAXKEHHSM JIO BHCHA)KCHHS, OIIHKY 3MiH MacH Tijla Ta
CTAaTHCTHYHUU aHaJIi3 OTPUMAHKUX JaHUX.

S. BceranoBneno, 1o micias amiyTalli 3aJHbOT KIHIIBKM Yy IIypIB
BiJI0YBa€THCA IOCTOBIPHE 3HIKEHHS (PI3UYHOT BUTPUBAJIOCTI SIK Y paHHBROMY (y 1,6
pasy 1100 1HTAKTHOTO KOHTPOIIIO), Tak 1 y BigaaneHomy (y 1,8 pasy) mepiomax
CTHOCTEPEIKEHHSI.

6. BusiieHo, 1110 mpoTsarom 2 MiCSIIB MiCIs aMITyTaIlli 3a1HhOI KiHI[IBKH
B IIYpiB JOCTOBIPHO 30OUIBIIYETHCS Maca Tija TMOPIBHIHO 3 K 3 BHUXIJIHUM
3HAYEHHSM, TaK 1 3 CHHXPOHHUM TIIOKa3HUKOM IHTaKTHUX TBapwH, IO

YTPUMYIOThCS Ta XapuyIOThCS B aHAJIOTTYHUX YMOBAX.
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7. Pesynpraté  JOCHiDKEHHS  €KCIEPUMEHTATbHO  OOTPYHTOBYIOTH
JOLUUTBHICT, BUKOPUCTAHHS 3a3HauyeHOi MoOJedl TpaHCTIOlampHOI aMmyTamii y
IIypIB JJI1 PO3POOKHU ONTHUMAIBHUX MEAMYHUX TEXHOJIOTH peabimTalii naieHTiB

3 aMITyTaIli€0 KiHITIBOK.
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RAT TRANSTIBIAL HINDLIMB AMPUTATION MODEL: CHARACTERISTIC OF
THE CENTRAL NERVOUS SYSTEM FUNCTIONAL STATE, PHYSICAL ENDURANCE
AND BODY MASS IN DYNAMIC

Mykyta Hutorka, Dmytro Kyrylov, Oleksandr Meklenburtsev, Sergii Shtrygol’, Andrii Taran,
Olena Ruban

Limb loss is a relevant medical and social problem. In a full-scale war environment, amputation became a fre-
quent occasion, which requires adequate rehabilitation measures in preparation for prosthetic procedures. The
post-traumatic period s peculiarities, specifically the central nervous system (CNS) fiunctional characteristics and
physical endurance, must be known. Experimental studies on animal models play an important role; however; there
is no information available about such studies.

The aim. To determine the influence of hindlimb loss on the state of the central nervous system in terms of be-
havioural responses, phvsical endurance, and body mass dynamics of rats in the early and late post-amputation
period. To characterise the indicated amputation model for further use in experimental studies.

Materials and methods. The experiment was conducted on white male rats. Transtibial amputation at the level
of the lower third of the hind limb was performed in aseptic conditions in 6 animals under thiopental-sodium
anaesthesia (40 mg/kg intraperitoneally). The state of CNS and physical endurance was determined during the
early (3—4 days after amputation) and long-term (2 months after surgery) periods. Locomotor and exploratory
activity, emotional responses and vegetative support were determined in the Open field test, and anxiety was de-
termined in the Light-dark box test. The coordination of animal movement was measured in the rotarod test, and
the depression level was measured in the Porsolt swim test. The physical endurance of the rats was studied using
the forced swimniing test with a load (5 % of the body mass at the base of the tail) as a control were used rats with
comparable bodv mass. STATISTICA 12.0 was used to process the results.

Results. In the early post-amputation period, exploratory behaviour and emotional results of rats in the Open field
test were significantly suppressed, while in the long-term period of significance, only the reduction of emotional
responses. In the Light-dark box test, the latency to enter the darkened compartment of the chamber increases
reliably in both periods of observation (especially in the early period). Collectively, these results indicate changes
in the reaction of animals with amputation of the hindlimb to stressfil experimental conditions, in particular, an
anxiety reduction, which requires further research. In the rotarod test, a significant deterioration of movement co-
ordination of rats with amputation was found in both observation periods. After amputation, the manifestations of
depressive behaviour in the Porsolt swimming test progressed, and the physical endurance in the forced swimming
test with a load was significantly reduced. The body mass of rats with hindlimb amputation was significantly in-
creased after 2 months (22 % average increase vs 4 % average increase in control, p<0.01). Results are important
for experimental-based optimal rehabilitation programs after lower limb amputation.

Conclusion. An easy-to-perform model of ranstibial amputation at the level of the lower third of the hindlimb in rats
is proposed. It is concluded that after amputation, exploratory behaviour and emotional responses were suppressed,
which indicates changes in the responses of animals with amputation of the hindlimb to stressful experimental condi-
tions, in particular;, an anxiery reduction, which differentiates this animal amputation model from human amputation.
After amputation, the depressed behaviour of rats progresses, movement coordination steadily worsens, and physical
endurance is significantly reduced. The body mass of rats with hindlimb amputation increases considerably
Keywords: transtibial hindlimb amputation, behavioural responses, physical endurance, body mass, rats, experiment
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1. Introduction crease more than two-fold before 2050 [1]. The main rea-
Limb amputation leaves a lasting impact on the sons for amputation may vary depending on social, eco-
quality of life, physical endurance and psychological state nomic, political and regional conditions and the level of
of humans. Lower limb amputation is the most common medical care. Most reasons for amputation are vascular
type (up to 85 % of all amputation cases). It is estimated diseases, diabetes mellitus and limb injuries [2], among
that quantity of humans with amputated limbs will in-  which, due to war, particularly due to Russian aggression
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against Ukraine, gunshot wounds and mine-explosive
traumas have gained especial significance. There is no
accurate statistic related to the number of soldiers who
suffered lower limb wounds. According to the Health Care
Department of Kyiv data, there were 15,000 people with
amputated limbs in the first half of 2023 [3].

To properly plan the rehabilitation process and pros-
thetics, it is necessary to know the peculiarities of the
post-traumatic period, specifically the functional charac-
teristics of the central nervous system (CNS) and physical
endurance. It is known that patients with traumatic ampu-
tation quite regularly have depression and post-traumatic
stress disorder, characterised by fear and anxiety. To cor-
rect this condition, psychotherapy is offered in combina-
tion with antidepressants of various groups: tricyclic, sero-
tonin and noradrenaline reuptake inhibitors, selective
serotonin or noradrenaline reuptake inhibitors, and MAO
inhibitors [4]. There is no information about physical en-
durance. To substantiate the choice of certain rehabilita-
tion methods and schemes of optimal pharmacological
correction of the specified functions in the post-amputa-
tion period, it is appropriate to use not only clinical but
also experimental studies. However, no information about
such studies was found in the special literature.

In clinical studies of recent years, the most dis-
cussed topic is the prevention of post-amputation thrombo-
embolism using fractionated heparin (enoxaparin) [4. 5].
Much attention is paid to the pharmacotherapy of post-am-
putation pain. For short-term use for this purpose, an opi-
oid agonist, morphine, is offered, as well as antagonists of
NMDA receptors — ketamine, memantine, and dextro-
methorphan. The effectiveness of calcium channel blocker
nifedipine, beta blocker propranolol, a2-receptor agonist
clonidine, TNF-a inhibitor etanercept is less grounded; the
possibility of reducing the central activation of neurons
with the help of salmon calcitonin is considered. Amitrip-
tyline and gabapentin are recommended for the treatment
of phantom pain [6]. Recently, the use of regeneration
stimulators — ReGeneraTing Agents (RGTAs) — in the
post-amputation state has been discussed [4]. These agents
are polysaccharides designed to replace degraded heparan
sulfate in damaged tissues. They are resistant to degrada-
tion, able to bind to the structural and signalling proteins
of the extracellular matrix and protect them, and able to
stimulate regeneration [7].

Also, an important consequence of losing a limb is
a change in body mass. Mostly, people with a lost limb
are overweight, but it is believed that this does not affect
the results of functional tests after rehabilitation and
generally does not interfere with the rehabilitation pro-
cess in a hospital [8]). However, body mass loss has been
reported in the period from 4 weeks to 6 months after
amputation. However, within a year, the weight is usually
restored to the preoperative level or increases [9].

To prepare for prosthetics, it is necessary to sub-
stantiate the effectiveness of certain rehabilitation mea-
sures in the field of both the physical and psychological
state of the victims. Unfortunately, modern methodolog-
ical approaches, in particular ex vivo studies on cell cul-
tures of neurons, osteoblasts, chondrocytes, myocytes,
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etc., do not allow determining the impact at the level of
the whole organism, in which neurohumoral regulatory
and counterregulatory mechanisms simultaneously func-
tion, and the central nervous system interacts with the
musculoskeletal system, which has undergone significant
biomechanical and energy changes after amputation. It is
important to understand how the victim’s organism will
function in the conditions of the above-mentioned chang-
es in body weight, which are not always easy to correct.
Even for simple movement at the stage of preparation for
amputation and after prosthetics, patients spend a lot of
energy, which requires optimisation of physical endur-
ance, and neuropsychological diagnostics and treatment
remain an important direction of their rehabilitation [10].
Therefore, research at the whole-body level is needed.

To successfully solve the problem of rehabilitation
after the loss of a limb, it is advisable to use an optimal
experimental animal model of amputation. This allows to
standardise the studied parameters and assess psycho-
physiological and biomechanical capacity, which re-
quires determining the state of the central nervous sys-
tem, physical endurance, etc.

In experimental medicine, amputation models are
used in various animal species (dogs, sheep, etc.). With-
out dwelling on these models, it should be noted that for
a long time, models of amputation of the fore or hind
limbs in rats (as the most accessible species of laboratory
animals) have also been used for this purpose. In partic-
ular, there is currently a renaissance of research on the
electrical stimulation effect on regeneration after limb
amputation in rats [11], which was initiated over 50 years
ago by R.O.Becker. Recently, the state of ischemic-reper-
fusion injury of the limbs [12], loss of bone tissue, chang-
es in the microstructure of trabecular bone and muscle
atrophy using computed tomography and transmission
electron microscopy [13], the efficiency of muscle rein-
nervation [14], etc. have been studied in models of ampu-
tation of the hind limbs of these animals. No studies have
been found on the functional state of the CNS, physical
endurance, and changes in body weight in rats with am-
putation models. However, given the uniqueness of hu-
mans as the only biological species that moves on two
limbs and the interspecific biomechanical, biochemical,
and psychophysiological differences. it is important to
find out to what extent the limb amputation model in rats
corresponds to or differs from the condition of humans
with a lost limb. Animal models of amputation are also
important to use to assess the condition of the skin, mus-
cles, and bone of the stump, the course of regeneration
processes, adaptation of the stump to the prosthesis re-
ceiving socket or to osteointegration, protection of the
stump skin and bone from ascending infections, etc.. and
the condition of the spine, which is significantly affected
by amputation due to impaired biomechanics of move-
ment and load redistribution [10].

Thus, the idea of limb amputation models in ex-
perimental animals, particularly rats, has existed for a
long time and has recently gained new development.
However, in important terms of neuropsychological stud-
ies and assessment of physical endurance and body

51



ScenceRise: Pharmaceutical Science

52

IIponosxkenus noa. B

Me (5212024

welght in dyvnamics, amimal models of hmb amputaton
have not been used.

The aim. To determine the influence of kmb loss
on the state of the cenfral nervous system m terms of
behavioural responses, physical endurance, and body
miass dynamics of rats 1o the early and late post-amputa-
tion pertod. To charactense the indicated amputation
model for further use 1n experimental studies.

1. Research desizn (methodology)

At the first stage, 1t was necessary to choose a
model of limb amputation in rats that would preserve the
mobility of animals and make it possible to determme
behavioural responses in standard psychopharmacolog-
cal tests and endurance to physical exertion. Amputation
of the distal segment of the hindlimb, 1n partieular the leg,
better meats this requivement. Therefore, amputation of
the lower third of the hindlimb was chosen. In the second
stage. to determune the funchional state of the amimals’
central nervous system in dynamics, the eardy (3—4 days
after amputation) and chronic (2 months after surgery)
pertods were chosen This would make 1t possible to
choose the optimal targets of the rehabahtation influence
at dufferent tumes after the loss of a b

To characterise the state of the central nervous
system, a complex of standard research methods was
chosen: the Open field test (motor and onented research
actrvity, emotionabity), the Light-dark box test (anxiety),
the Porsalt swim test (depressive behaniour), the rotarod
test (coordination of movements, mmscle tome), swim-
ming with load (physical enduwrance). To track gradual
changes in body mass, was reasonable to weigh rats the
day before and at different times after amputation.

Stages of research:

l. Analysiz of publications on hmb amputation,
including ammal models.

2. Selection of the optimal model of rat amputation.

3. Surgical infervention — transtibal amputation of
the lower third of the hindlimb.

4. Detection of behavioural responses and phyzical
endurance in the early (3—4 days) and late (2 momnths)
post-amputation periods.

3. Processing and analvsis of the obtained results.

6. Identification of promising directons for fur-
ther research.

3. Material and methods

The study was conducted at the Educational and
Scienfific Institute of Applied Pharmacy of the National
Pharmaceutical University (NUFPh). The protocel of the
experiments was approved by the bioethics commmssion
of the NUPhL (protocol Mo 13 dated 13.03.2024) and
meets the requrements of the Helsink: Declaraiion on
the humane treatment of amimals (2000) and the Direc-
tive of the Council of the Furopean Unien on the protec-
tion of ammals used for scenhfic parposes (20100 [15].
Experniment: were performed on adult white random-bred
male rats aged 7T-3 months, weighing 230-310 g (deter-
mined using elactromic seales with an aceuracy of 1 )
The ammals were kept on a standard vivarium diet with

free access to water, constant humidity, and a temperz-
ture regime of +22-23 (.

Transtibizl amyputation at the level of the lower third
of the hindhmb was performed 1n aseptic conditons m
& amimals under thiopental-sodnim anaesthesia (40 me'kg
intraperitoneally). Miniature {ophthalmelogical) surgieal
instruments were used, and an electrocoagulator was used
for hemostasiz. The nerves were cut under shight tension to
pumimise the nsks of newropathic pam After cutting, the
edge of the bone was carefully smoothed A conical stomp
was formed. A myvofazciocutaneous flap was formed to
cloza the wound, muscles {(mrvoplasty technique was used),
and skin was sutured Cefiriaxone (230 mg'ks) was ad-
pumistered intraperitonsally to the rats af the end of the
operation to prevent mnfectous confamination After sur-
gery, rats were placed in indrvidual standard plastic boxes
with free access to pelleted feed and dnnking water. A
hmrted mumber of amputated rats (6) was taken for bioeth-
iczl reasons.

The number of control animals was larger to re-
duce the dizpersion of the results. In the early post-ampu-
tatton peniod (3—4 days after surgery), 9 rats of simlar
age and mifial body mass were used. They were imected
with an anaesthetic agent and ceftmaxone n the same
doses without surgical intervention fo ensure the same
pharmacological effects. In the chromic peniod (after
2 months), 11 control rats were studied. They were kept
in similar conditions and fed in the same way as amimals
with amputations.

Fesearch on the state of the central nervous system
and phry=ical endurance 1n each period was conducted over
two days m such a sequence that the amimals were not
exhansted . and the previous test did not interfere with the
application of the next one. In the Cpen field test, a bright-
by heght platform measwmg 7573 cm with 30 cm sides
was used, divided mto 25 squares of 1515 cm with 2 cm
dizmeter holes at their corners. Locomotor (the number of
crossed squares) and exploratory actmvity (the number of
reanngs and inspected boles — exploratory nose-pokes,
and thew sum}, emotional responses (the pumber of acts of
groomung), and their vegetative support were deternuned
separately and together (the mumber of faeeal boli, urina-
tions), the sum of all actvities 1n 3 munufes was count-
ed [16, 17]. Later, the level of anxiety was investigated m
the Light-dark bex test [18]. The device 1= a rectangular
box measuring 60=30:30 cm dnided by a wall info two
equal compartments of 30=30 cm. One of the compart-
ments 15 closed with a removable hd The other one is
open; above 1t 15 a sowce of bnght hzht used to create
condihons of mederate stress for the amimals. There 15 a
kole in the wall between the hght and dark boxes. Rats
were placed m the brightly It part of the device with their
bead away from the opening, and the fime to exter the dark
box was measwed Addibonally, behavioural patterns
such as rearmgs. grooming, defecation and urinztion
observation time was 3 numites. MNext, the coordination of
ammal movements was measured 1n the rotared test (rod
rotation speed set at 10 rpm) [19]. In this fest, rats had 3
tries, whach allowed them to adapt to the difficult testing
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conditions, especially m the absence of a limb; the best
result was accounted for. At the end of the first expenmen-
tal day, the level of depression of the amimals was deter-
mined in the Porsolt swim test [20]. The ammals were
placed in a pool with a diameter of 50 cm, a depth of 60 cm
and a height of borders zbove water of 10 cm (escape 15
impossible) with water at room temperature 21-22 °C). A
decrease m the latent time of the first episode of immobil-
isation (absence of any swimming movements). an in-
crease in the number of episodes and the fime of rmmobil-
ity of ammals m water were considered markers of
depressive behaviour [20].

On the second day, the physical endurance of the
rats was studied by the forced swimming test wath a
load (3 % of the body weight at the base of the tail). In this
test, a load of 10 % of the body weight 15 used, but grven
the specifics of this experiment — the reduced capabilities
of anmmals wath limb amputation — the weight of the load
was reduced to 5 %. The pool described above was used.
Swimming time was measured unfil the moment of ex-
haustion when the rats dived underwater and could not
float back to the surface for at least 10 seconds [21]. A
stopwatch was used. The experiments were recorded.

STATISTICAxl"OandEmelpmgnmmused
for statistical processing of quantitative data. The statist-
cal sigmificance of intergroup differences was determined
by the non-parametric Mann-Whitney test since the distm-
bution test by the Shapiro-Wilk test showed that it was not
normal The paired Wilcoxon test was used to evaluate the
p=0.05 were considered statistically sigmficant. The re-
sults are presented as Mzm and Me [Q25; Q75]. For ac-
counting results m an alternative form (presence/absence
of a feature). the results were presented in %, and Fisher’s
angular transformation was used.

4. Results

All animals tolerated the surgical intervention well
and quickly recovered from anaesthema (Fig. 1). Early
and late complications were not observed. Right after
coming out of anaesthesia, the animals began to move,
and on the second day after the amputation of the hind-
limb, all rats freely moved in their cages. The stump in
all rats 1n the early post-amputation period was in satis-
factory condition while primary healing of the swrgical
wound was taking place. The wool cover of the stump
was restored (Fiz. 2. a). At the same time. muscle hypot-
rophy and flexural contracture of the hip joint gradually
developed, and already a few days after the operation, the
stump in some animals appeared to be shortened and
significantly pulled up to the pelvis. Over time, these
changes intensified (Fig. 2, b).

Behavioural patterns in the Open field test. On the
3+ day, 1n the Open field test. a declining trend 1n motor
activity was observed (number of crossed squares), aver-
aging a 33 % decrease (Table 1). Onentation and explora-
tional responses have changed: the mumber of examined
holes has decreased by 4 times (p=0.05), the number of
reanngs has decreased by 3.2 times. and the sum of on-
entation and explorational responses has decreased by 3.3

30

times (p=0.05). The number of acts of grooming (3 be-
havioural marker of emotional responses) also decreased
statisthically significantly by 6.8 times (p=0.01), and veg-
etative manifestations of emotions (number of boli, uri-
nations ) did not undergo significant changes. The sum of
indicators of all subtests of the Open field test tends to
decrease in the early post-amputation period by an aver-
age of 40.9 %.

Fiz. 1. Rat after transtibial amputation of the hindiimb.
Getting out of anaesthesia

Fiz 2. Appearance of rats 2 months after amputation
at the level of the lower third of the right hindlimb: a —
stump with mmor; b — with significant nmscle atrophy
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Table 1

Effect of transtihial amputation of the hindlimb on the behavioural responses of rats in the Crpen field test in the early
and long-term pencds

Group, monber of animals
Period of research, indicator Control Amputation
Mem Me [Q25; Q73] Mem | Me[Q25; Q73]
Early period (3—4 days afier amputation) =t =t
Locomotor activity {squares crossed) 24.36=7.88 10 [7.75; 31.75] 1633=7.38 B[4 300
torv Flearings 6.88=2.10 6.5 [3.25;8.5] 2.17=0.93 1.5 [0.25; 3.5]
aInivjn' ’ Exploratory nosa-pokes 20040 53 2[1;225) 050050 0 [0; 0]*
) The sum 8.88=220 D425 10.5] 2.67£1.26 1.5 [025;5.0]*
Emotionsl Groomings 2.25H).75 2[1;225] 0.33=021 0 [; D.75]**
Tespomses and Fecal boli 15050 1[0.75;225] 2.33=0.54 2 [1.353.5]
their sutonomic Urinations 0.50=0.10 05[0; 1] 0.50=0.19 0.5 [0; 1]
sppon The sum 425090 4.5[2.5; 53] 3.1740.54 3[2.0;4.0]
The sum of all actvities 37 48=0 35 315 [2025; 43.75] 22.17+8.81 12 [B.5; 38.75]
Long-term period (2 months after amputation) =11 n=i
Locomotor activity {squares crossed) 27.366.78 15 [10; 42.5] 21.63=758 20 [6.25; 30]
tory Reanng:. 4.3!5:1.1}{_5' 4 [2'&5] 2_1:-9:!].'.‘3 L5 [1; 2..."5]
aIni\'jn' Exploratory nosa-pokes 227067 2[1; 3] 1.67=1.08 1[0.25; 1]
) The sum §.64=1.5 6[2.5; 8] 3.67x1.52 2.5 [1.25; 5.25]
Emotional Groomines 1.540.20 1[1;2] 0.17=0.17 0 [0; 0] **
Tespomses and Fecal boli 1.18=0.63 1[0;1] 1.00=0.63 0.5[0; 1]
their sutonomic Urinations 0.73=0.21 1[0.5; 1] 067021 0.5 [0; 1]
suppor The sum 345045 3[2.5;4.5] 1.84+0 .87 1[1; 1.75]*
The sum of all actvities 3745797 28[16.5; 55 27.17=890 22 [9.25; 43]

Noze: statistically signfficant differences compared fo the control.

In the long-term post-amputation period 2
months), the locomotor actvity of ammals with ampu-
tation also tended to be lower (by 21 %) compared to
control The decrease in the mumber of crientation and
explorational responses was also preserved, but now it
was expressed weaker and had a tendentious character
in all subtests.

Suppression of emotional responses alse confin-
uwed: the mumber of acts of grooming decreaszed by 9
times {p=-0.01) compared to the control, and the decrease
in the sum of markers of emotionality by 1.9 times be-
came reliable {(p=0.05). The sum of all actrvities of the
Open field test remained tendentially reduced compared
to the control by an average of 274 %

The level of anxiety in the Licht-dark box resr. A=
can be seen from the Table 2, all amimals of the control
group quickly (within half a minute) entered the dark
compartment of the box. This 15 due to the inherent ro-
dents’ instinetive fear of brightly Lit spaces, which has
an anxiogenic effect on rats. On the way to the dark box,
they mostly did not examine the lightbox (there were no
stances) and, for the most part, did not show emeotional
responses (grooming, defecation, urmnation). On the
contrary, In rats with amputation 1n the early penod, a
sigmificant {on average 7.1 fimes) increase in the latent
penod of entering the dark box was observed (p=0.03),
which mav mean a decrease 1n anxiety level. During
this time, they all moved around the lighted platform,
examined it, made stances, managed to reveal a small
pumber of emotional responses (no more than intact
rats revealed 1n seven fimes shorter fime), and even

¥— p005, ¥ — p=0.00 (Marm-Whitney criterion).

looked into the opening to the dark compartment, but
did pot hunry to ude there. Only 33.3 % of rats with
amputation versus 100 % mm control (p=10.01) entered the
dark box within 3 minutes of observation At the zame
fime, there were no changes in the mumber of stances
and emotional responses during the stay 1n the lightbox
compared to the control.

Similar, though less proncunced, differences tock
place m the long-term peniod. In amimals with amputa-
tion, the latent period of entering the dark box remamed
increased compared to the control (by 4.2 fimes, p=0.05],
while only 833 %% of them enfered within 3 minufes
against 100 %% in the control (p=0.03). The pumber of
stances and displays of emotionality dunng the stay mn
the light box, as in the early post-amputation penoed, re-
mained unchanged.

Coerdination of mevemeniz in the rotared tesi.
Eatz with amputation both in the eardy apd in the re-
mote period were kept on the rotating rod mmch werse
than the control animals (Table 3). In both terms of the
study, thev all fell from the rod within 30 seconds,
while in the control, at this time, the least coordinated
animals were just starting to fall. A significant number
of rats with amputation did not last even 5 seconds on
the rod, while most contrel rats lasted 1 minute. The
average time it took rats with amputation to fall was
statistically sigmificantly (p=0.01) inferior to the con-
trol value by 14 times on the 3rd day and by 16 tumes
after 2 monthz. Therefore, the coordination of move-
ments after the amputation of the hindlimb was per-
sistently disturbed.
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Table 2
Effect of transtiial amputation of the hindlimb on the behaviowral responses of rats in the Light-dark box test i the
early and long-term periods
Group, number of animals
Period of research indicator Comnirol Amputation
AEm | ne[Qes; Q7a M=m | e [oes; 975
Early pericd (34 days aftar amgputation) =3 =f
Latent period before emering. seconds 17.506.21 10[5: 22.5] 12400=3546 | 180 [39.25; 180]*

Exploratory actvity Fearings 0.1320.13 00 0 0.3320.21 0 [0; 0,751
Emotional responses Croomings o=l 0 [0; 0] 0.17=017 0 [0; 0]
and their sutonomic Fecal boli =0 0[0; 0] 0.50=034 0 [0; 0,751

suppart Urinations =0 00 0] 0.3320.21 0 [0; 0.75]

Mumber of rats that entered in 3 mimees, %o 1040 EE
Long-term penied (2 months after ampartation) =11 =4
Latent period before emering, seconds 1100455 5 3.5 11.0] 360022712 | 24[115; 3125

Exploratory activity Pearings 0.0920.09 0 [0; 0 033021 0 [0; 0,751
Emotional respomses Croomings 0.00=0.00 0[0; 0] 0.17=0.17 0[0; 0]
and their sutonoms Fecal boli =0 0[0; 0] 0.17=0.17 00: 0]

support Urinations 0.0920.09 0 [0; 0 0.1720.17 0[0: 0]

Fumber of rats that entered in 3 mimees, % 100 833~

Note: Statistically siengficant differences compeared to the comrol: *— p<0.05 (Man-Fhimegy sestl; *— p0.05, " —p<0.0] (Fizher's festl.

Table 3

Effacts of transtibial hindlimb amputztion on the time it took rats to fall m the mtarod test in the early and long-term peniods

Group, number of animals
Peniod of research indicator Control Amputation
Af=m [ M= Qs QT Af=m A CEE
Early peried (3—4 days after amputation) =i =4
Time o fall, seconds 60881426 | 37.5[29:82.5] 5.00=0.86 | 45325 657
=5 e 0 50
The oumber of rats that <30 sec 25 50~
fell from the rod, % =1 min 30 o~
=5 min 25 o-
Longz-term period (2 months after amputstion) =11 n=d
Time o fall, seconds 07.27=1870 | 67 [50; 160] 6.17=1.14 | 65375 7.75]**
=5 s [ 333
The mumber of rats that =30 sec 21 66,7
fell from the rod, %o <1 min 182 0"
=5 min T2.7 g~

Node: Statistically signjffcant differences compared to the covrol:

¥ pQ0F, ¥ —p<0.0] jaccordimg to the Wann- Fhimey criterion);

A—p= 003, M- p00] j@ccording to Fisher's engular srangformation).

Depression behaviour in Porsolr swimming test.
Dhuring swimming, rats nsed a stump as much as possible.
In the early post-amputation period, the latent peried of
mmobtility decreased sigmificantly (on average, 1.7 imes
compared to the comtrol, p=0.05)} 1n ratz with amputa-
tion {Table 4). The number and total duration of episodes
of mmmobility tended to increase, and the average dura-
tion of such an episode was almost the same. In the re-
mote pertod, an even more propounced decrease in the
latent period of immobility was observed (an average of
6 times compared to the control, p=70.01), and there was a
statistically sigmificant increase n the mumber (p=0.01)
and duration of immobility episodes (p<20.05). These re-
zults indicate an mereasze in depressmve behaviour in rats
with hindhmb amputation over ime.

Physical sndurance in the weighted swimming fest.
Dhunng the test, the rats tried to use the stump to swim. A

32

statistically migmificant (p=0.03) decrease In swimming
time until exhamston was cbserved m rats with amputa-
tion of the hindlimb mn both terms of the study (Table 5). In
the early pertod, this tume was reduced by an average of
L6 times, and 1n the late peniod — by 1.8 ttmes. These re-
sults indicate that after franstibial hindlimb amputation m
rats, there 15 a progressive decline m physical endurance.
Drymanes of body mass. As can be seen from Ta-
ble &, the ihial body mass of ammals with amputaton was
11 %4 greater than that of controls, but the difference did not
reach a statistically sipmificant level After 2 months the
average weight of control ammals tended to 1ncrease by
10 (4 %%), and the weizght of mats with amputation mcreasad
by 62.3 2 (221 %), wihach i= significantly higher comparad
to their mitial weight (p=10.05) and to the control indicator
for synchronous weighmg by 31 % (p=001). Therefme, af-
ter amputation, there 1= a sigmificant increase in body mass.
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Table 4

Effect of transtibial amputation of the hindlimb on the behavioural responses of rats in the Porselt swimmang test in the
early and long-term periods

Group, number of animals
Period of research, indicator Conirol Amputation
M=m [ Me[Q25; Q73] fr= [ Me[Q25: Q7]
Early peried (3—4 days after amputation) =1 =
Latent period of immobility, sec 36.13=1740 855 [6725; 93] 52.00=9.11 53.5 [49.75; 63.25]4
Total time of immohility, sac 17.63=800 10 [5.75; 19.5] 25.00£15.79 8[2.5; 30.75]
Thamber of inmnobility episedes 11.38=3 88 8.5[5.75; 11] 13 50= 94 6.5 [2.25; 17.5]
The average duration of immaobility episode, sec 141=014 1.40[1.08; 1.61] 143=020 1.27 [1.05;1.72]
Long-term period (2 months after amputation) =11 =
Latent period of imrmobility, sec 186.7332.22 160 [112.5; 244] 31.33=f90 23 [20; 307
Total time of immohility, sec 15.18=441 5[2.5;22.5] 55 83=10.57 44 [28; &.5]*
Mhumber of inwnobility episedes 4.18=1.19 I[LT] 2800725 27.5[15.25; 34.5]*4
The average duration of immobility episode, sec 230040 215[1.83;3.2] 1.80=0.12 1.79 [1.57; 199

Note: statistically significant dyfferences compared fo the control: *— p=0.05, ¥ — p=0 0] (accordmg fo the Mann-FWhimey fest).

Table 5
The effect of transtibial amputation of the hindhmb on the duwaton of swimming with 2 load untl exhav=tion m early
and remaote penods
Group, menber of animals
Period of research, indicator Comirol Amputation
A=m | e [025;075] AEm [ Me=[Q25 075
Early period (3—4 days after ammsation) n=d n=f
Swimming fme, sec 37742323 | 382 [200: 402] 2402=344 | 273 [212.25; 201 75] ¥
Long-term period (2 months after ampatation) =11 n=4
Swinming fme, sec 36515666 | 1208 [201,470] 047648 | 1735 [06.25, 310.5]

Note: statistically signfficant differences compared fo the control: ¥ — p=0.03, ¥ — p<-0.0] (according o the Mann-Whimey fest

Table &

Dhvnamics of body mass m rats with transtibial amputation of the hindlimb

Group, mimber of animals
Period of research indicator Conirol (#=5) Amputation (r=8)
Af=m Me [Q25; Q75] AE=m Ma [Q25; Q73]
Initial body mass, = 253.0=4.07 257.0 [242.0; 260.0] 281.7=15.83 200.0 [275.5; 307.5]
Body mass after 2 months, g 263.0=7.91 260.0 [247.5; 268 5] 344.0=5.89° 345.5 [335.5; 35000 **
Increase in bode mass, z % 10.04.0 62.3/22.1

Nore: statistically signgficant dyfferences with the mitial state within the group: #— p <0.05 feven Wilcoxon criverion); with a pm-
chronous control indicator: #* — p<0.0] (Manm-Whimay criterion).

5. Dizenssion

As already menfioned, there 15 no nformation in the
biterature about changes in the state of the central nervous
system and phy=zical endurance of amimals with kmb am-
putation. The importance of such research 1= explained by
the need to mprove the complexity of rehabilitation mea-
sures and ther experimental justfication. Thevefors, this
study can be considered one of the first scientific explora-
tioms in thes direction. On the other hand, a standardised
anmmal model of ampatation 15 important for studies of the
condition of the stump, particulardy for the development of
means that improve the regeneration of skin and other
structures and reduce muscle bypotrophy.

When discussing the results of behaviowal tests, ot
should be noted that for an adequate assessment it 1= 1n-
portant to analyse them comprehensmvely. The mumber of
crossed squares mn the Crpen field test 1s considered a mark-
er of the level of motor actvity and amimal ancoety [22].
Contrary to expectations, the results showr that ampartated

rats retain the ability to move quite intensvely. In the ab-
sence of 2 prosthesis of the lost hmb, locomotor actvity onky
tended to decrease by an average of a quarter m the forst
days and by 21 % after 2 months. Conadenng these features,
the absence of amificant changes compared to the control
allows us to state that the locometor component of the stress
reacton of rats does pot change mpmifieanthy after ampuata-
tion. Thas 15 explained by the ability of animals fo compen-
sate for the absence of one limb by active use of three mtact
of amputzton from the course of the post-amputation per-
od 1in bumans, 1n wihich locometer actrvaty m the absence of
a prosthesis and the use of crutches sharply decreases. The
Open field test allows us to wentify the features of vanous
behaviourz]l patterns under stress condions, particularhy
the ability to orient and explore I is believed that an in-
crease m the pumber of eanng when exposed to intense
hghiing 15 a manifestation of anaety m rodents [23]. Desprie
the zbsence of part of one supporting hmb, the rats per-
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formed vertical rearmgs (mostly around the sides of the bax),
although their mimber tended to be less than in controls.
Thes may mdicate some arsiety reduchon although i i=
problematic to state this wmequmvocally zrven the certam
biomechanieal difficuliies of standing on the hindlimbs m
the partizl absence of one of them

I = more difficult to unequivocally mterpret the
changes mn another component of the exploratory actnity —
the examination of the boles m the aremas floor (nose-
pokes). This behaviour 15 based on the uncondifional reflex
of rodents to look mio burrows and explore terrain [24]. This
indicator also decrezsed in rats with amputation although,
unhke vertical rearings, this type of actmiaty does not 1e-
qure the parbcipation of the hindlimbs. In the eary
post-amputation pertod, the reduction in the inspection of
the holes iz statistically significant; in the long term it is a
trend  Although there 1= an opimeen that amaesty can sup-
press the desire of rodents to explore a new emvironment,
and less anxious animals, on the contrary, can explore ot
more infensrvely [25], in comparison with chanpes in other
subtests of the Open field test (zrooming) and indicators of
the Light-dark box fest, 2 sigmificant reduchion m the mm-
ber of examined holes 1= bogical to consider in the context of
reducng anxiety. Also, these results prove that the absence
of a hmb causes changes m the funchoning of the central
pervous system at the level of uncondiboned reflexes that
are not directly related to the locomotor system. Thas phe-
further study.

Grooming (washing, scratching) m rodents 15 conmid-
ered an adaptive behaviour -under siress, a protectnve reac-
tion to distraction [26], and infensive sroomung (frequent
washing) 15 connidered 2 s5izn of concern and anwiety. A
steady decrease m the number of 2cts of grocmmg, which
we observed 1n both pertods after amputation, especially m
the later peniod, can be interpreted as a marker of a decreasa
in emotional responses, parboulardy amaety. Af the same
time, the autopomic support of emohonal responses (the
pared to the confrol.

Relatively low anoety in rats after amputation 15 also
indicated by the resulis of the Light-dark b test, wiuch 1=
specific for this type of emotional dishurbance. | 15 known
that the time spent in the hight part of the box depends o the
more animals tend to hide m the dark, closed space [18].
After amputation, rats spent significantly more ime n the
brightly Iit compartment of the device than control rats, and
a significant proportion of these animals did not enter the
dak box durng the enfire 3 minutes of observation. This
behaviour cannot be explaned by the diffienlty of move-
ment, which prevents the rats from demonstrating a tvpical
reaction — to quickly hide in the dark from the amsiogene
effect of brght hght their locomotor actraty, as evidenced
by the previous Open field test, 15 liftle different from that
of control amimals. An increase m the fime spent m the 1llu-
mumnated compartment of the box indicates a change mn the
response to stressful conditons In rats with amputaton
They can be interpreted as a reducton of amsety, which
confirms the findings of the Crpen field test.

34

So, concerming changes in the emotional state of the
central nervous system after amputation of the hindlimb in
rats, in towo adjacent tests, Cpen field and Light-dark beoc,
chanpes m response to stressful condifions, namely a de-
crease mn anxety, were first discovered. This disingurshes
the emotonal state of rats and huwmans after losing 2 limb.
An mnerease m anxiety 15 more typecal for bumans [5, 28]
Aniety in a person with a lower hmb amputes 15 largely
associated with impaired erticalsocial funchoming, self-
care ability, sigmificant increase m energy expendinure for
movement, which causes constant fatipue, shpmatsation,
ate [1]. After losing one of them animals that use 4 limbs
for locometion obiiously have mch fewer ploysiclogical
bmatations than bumans and better compensate for m-
pared locomotor function. However, these differences do
not allow us to fully explain the change in response to
stressful conditons revealad in our study, which can be
considered as a decrease in ammety. The nature of this

The observed merease in body mass, which was
found in rats, 15 also observed in a significant mumber of
people after amputzhon of the lower lhmb. Accordms te
data [27], it ocowrs mm 68.5 % of patients for the first year
after amputation of lower limbs at hip level In the increase
in body mass, 4 trajectones of changes can be distineushed:
473 % of patients had a stable weight m the first year, and
in 24 vears, changes m body mass amounted to
42115 kg [28]. The increase m the body weight of animals
after amputation can be explamed by a2 swphs of energy
agamst the backsround of 2 decrease in the mebility of am-
mzals that were in conditions of pormal spontaneous physical
actvrty without phyv=ical traming. Thess rats, as demon-
strated by the results of the Open field test, retained the
abalrty to move freely, but thew locomotor actvity decreased.

Although animals and umans move differently bio-
mechaneally, the propesed model of amputation in rats can
be uzad to assess the state of metaboli=m and repeneration
processes, crezte an expermmental foundation for the opti-
mal regime of phy=mical rehabilitahion and 1t pharmacolog-
cal support, improve the functional state of the stwmp, and
develop drugs for the preparstion of prosthetics.

Practical relevance. The results of this study ex-
perimentally substantiate the directions of targeted cor-
rection of disorders of the functional state of the CHS,
body weight, and physical endurance after lower limb
amputation. This may contribute to the successful solu-
tion of the problem of rehabilitation after limb loss.

Study limitation: The study was performed on a
limited nomber of animals (6) with amputation. A bout-
ed range of indicators of the functional state of the cen-
tral merveons systeny was clanfied. The inereaze i body
mizss 15 characternised phenomenclogically without eluc-
dating the peculiantes of animal metabolizm

Further research prospects. Increased pumber
of markers of the funchional state of the central nervous
system m particular, the study of the effect of amputa-
tion on the cogmitve funchons of ammals. Study of pos-
sible sexumal dimerphosm of the central mervous system
and body weizght dyvnamics after amputation. Identifica-
tion of metabolic features of the post-amputation pervod,
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as well as the functional state of the stump and 1= skin.
Evzluation of the effact of rehabihitation measures.

6. Conclusion

1. An easy-to-perform model of trapstibial ampu-
tation at the level of the lower third of the hmdlimb 1n
rats 15 proposed.

2. It was found that in the early post-amputation
pertod (3—4 days after surgery) in rats, exploratory
behaviour (primanly examination of hole, or explor-
atory nose-pokes) and emotional respeonses (groom-
ing) in the Open field test are statistically sigmaficantly
suppressed in the remote period (2 months) of signifi-
cance only the reduction of emotional responses. In
the Light-dark box test, the latency to enter the dark
compartment increases reliably in both periods of ob-
servation (especially in the early period). Collectively,
these resultz mndicate changes mn the reaction of am-
mals with amputation of the hindlimb to stressful ex-
permmental conditions, in particular, an anxety reduc-
tion, which requres further rezearch.

3. In the rotarod test, a sigmificant detenioration of
movement coordination was found 1n rats with amputa-
tion both in the early and 1o the long term.

4. After amputation of the hindlimb 1n rats, the
manifestations of depressive behaviour mn the Forsalt

swimming test progressed, and the physical endurance
in the forced swimmmng test with a load was sigmficant-
v reduced.

5. The body mass of rats after amputation of the
hindlimb under condrions of usual phymical activity ag-
nificantly inecreases.
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HaunionanbHuii papmaneBTHYHHUI YyHiBepcHUTeT

®dakynpTeT hapMaeBTUIHUI
Kadenpa dhapmakosorii Ta kiiHIYHOI hapmartii

CryniHp BHIIOT OCBITH MaricTp
CroemianpHicTs 226 @apmartisi, mpoMHUciIoBa hapmarris

OcaiTHBO-TIpOdeciitHa mporpama «Dapmartis»

3ATBEPIKYIO
3aBigyBau kadenpu
dapmakoorii Ta KiIiHiYHOT
¢papmauii Cepriit LITPUT'OJIb

«01» BepecHsa 2026 poky

3ABJIAHHS
HA KBAJI®IKALIAHY POBOTY310BYBAUA BUILIOi OCBITH

Ouaekcanapa MEKJIEHBYPIIEBA

1. Tema kBami¢ikaniifHoi podoTn: «Pi3uyHa BUTPUBATICTD 1 TUHAMIKA MAacH Tija MIypiB 3

AMITYTAI€I 3aAHbO01 KIHI[IBKIY,
kepiBHUK kBami(ikaniitnoi podotu: Cepriii IITPUT'OJIb, 3aBigyBau kadenpu dhapmakonorii ta

KJIiHIYHOI (hapmaitii, 1.Men.H., mpodecop,
3arBepkeHnit Hakazom HDaV Big «06» sxoBTHA 2025 poky Ne 266

2. Crpok noaaHHs 3100yBaueM BUIIOI OCBITH KBanidikaiiiHoi podotu_TpaBeHb 2026 p.

3. Buxigni nani 10 kBaniikamiiiHoi poO0TH: cydyacHi JaHi HI0A0 3MiH (PI3UYHOT BUTPUBAJIOCTI Ta
Macu Tula y UIypiB IMICAS aMIlyTalii HW)KHbOI KIHIIIBKM; HAyKoOBI MyOmikamii 3 NHUTaHb
NoCcTaMIyTaIliiHUX aJanTaliil opraHi3my, NMOpPYLIEHb PYXOBOi AaKTHBHOCTI Ta METaOOJIYHHUX
3MiH; JIITepaTypHi JpKepesa 11010 eKCIePUMEHTAIbHUX Mojeel TpaHcTiOlanbHOoi ammyTanii y
IIypiB 1 METOAIB OLIHKM (i3WYHOT BUTPUBAIOCTI; [JaHi IIOJO JAMHAMIKM Macu Tijia,
(YHKIIOHAJIBHOTO CTaHy TBAapUH Ta MiAXO/IIB A0 KOPEKLii MOCTaMIyTaI[ifHUX MOPYIIEHb.

4.3MIiCT pO3paxyHKOBO-TIOSICHIOBAJIbHOI 3aMUCKK  (MEpeslik  MUTaHb,  fKi noTpioHO
PO3pOOUTH): MpoaHaATI3yBaTH JITEPATypHI AaH1 M0J0 3MiH (HI3WIHOI BUTPUBAIIOCTI Ta MacH Tija
y LIypiB michns ammyTamnii HWXKHBOI KIHIIBKM; BUBYUTH MpPUPOAY (i310JOTIYHUX 3MiH;
OXapaKkTepU3yBaTH EKCIEPUMEHTAIbHY MOJENb aMITyTallii; OMmaHyBaTH Ta 3aCTOCYBaTH METOIU
OLIHKM (DI3UMYHOI BUTPUBAJIOCTI Ta JUHAMIKKM MacH Tija; MPOBECTH EKCIEPUMEHT, BUKOHATH
CTaTUCTUYHMIA aHaJIi3 Pe3yJbTaTiB; y3aralbHUTH JJaHi Ta CPOPMYIIOBaTH BUCHOBKHU.

5. Tlepenik rpadiunoro marepiany (3 TOYHUM 3a3HAYEHHSIM 00OB’SI3KOBUX KPECIICHB): TAOIUIb —
2, PUCYHKIB — 6




6. KoncynsranTu po3ainiB kBasigikaiiiftHoi podotu
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Po3nin Im’s, ITPI3BUILLE, nocana koHcyJIbTaHTA Mignuc, nara
3aBIaHHS 3aBIaHHS
BH/AB NPUITHAB
1 Cepriit LITPUI'OJIb, 3aBigyBay xadenpu 02.10.2025 p. |02.10.2025 p.
dapmaxkoJorii Ta KIHIYHOI (hapmartii, 1.Me1.H.,
npodecop
2 Cepriii IITPUT'OJIb, 3aBinyBau kadenpu 19.11.2025 p. |19.11.2025 p.
dapmaxotorii Ta kiiHIYHOT papmartii, 1.MeI.H.,
npocecop
3 Cepriit LITPUI'OJIb, 3aBigyBay xadenpu 23.12.2025 p. |23.12.2025 p.
dapmaxoJorii Ta KIHIYHOI hapmartii, 1.Me1.H.,
npodecop
4 Cepriit ILITPUT'OJIb, 3aBinyBau kadenpu 12.02.2025 p. | 12.02.2025 p.
dapmaxoJorii Ta KIHIYHOI hapmartii, 1.Me1.H.,
npodecop
7. Jara Bugaui 3apnanns «01» BepecHs 2026 poky
KAJIEHJIAPHUM IVIAH
Ne 3/m Ha3sga eraniB kBaJigikaniiiHoi podoTn Tepmin Bukonanus | [lpumirka
eTamnis
kBaJgiikauiiinoi
podoTu
[IpoBeneHHs OISy Ta BUBYCHHS JIITEPATYPHU 32 Bepecenb
1  [remoro kBamidikaliifHoi poboTu 2025 p.— BHKOHAHO
motuit 2026 p.
(OnaHyBaHHS METOIB AOCIIIKEHHS Kosrens 2025 p.
2 i BHKOHAHO
(byHkiioHansHOrO cTtany [THC
BrkoHaHHS €KCIIEPUMEHTIB JKoBrenp-nmucronan
3 BHKOHAHO
2025 p.
CtarucTiyHa 00poOKa OTPUMAHUX PE3yNbTaTiB JXoBTenp-nucTonan
4 BHKOHAHO
2025 p.
Hanucanus anaimizy Ta y3arajabHEHHS I'pynens 2025 p. —
5 TV . BUKOHAHO
KBaJTi(hiKaliiftHOT poOOTH motui 2026 p.
6 BakiiouHe penaryBaHHs KBajigikamiiiHoi podotu Eepesze(l){zbgriTeHL BHKOHANO

3100yBa4 BUIIIOI OCBIiTH

KepiBauk kBaJjidikauniiinoi podorn

Onekcannp MEKJIEHBYPLIEB

Cepriit IITPUT'OJIb




BUTAI 3 HAKA3Y Ne 266
IIo HanionaabHoMy ¢papManeBTHYHOMY YHiBEPCUTETY
Bix 06 :xoBTHSs 2025 poky

3arBepauTH TeMH KBaidikamifHux pobit 5 kypey (10 cemectp) 2025-2026 =.
p., Tpyna ®m21(4,101), ocsitHbo-mpodeciiina nporpama «Dapmartis», cremiaIbHICTh
«226 dapwmartis, IpOMKCIOBa hapMallisy», raay3b 3HaHb «22 OxopoHa 310poB’s», piBeHb
BHIOT OCBITH APyruit (Maricrepchkuit), senna popma 3106yTTs OCBITH, TE€PMiH HaBYaHHS
4 poxu 10 micauis

Ne |  Tlpizsure, Tema Tema Kepipnuk | Penensent

3/ IM’st 1o kBayridikamiinoi kpastidikauilinol kBarmiikxa- | kparidixa-

I 6arbKoBi poGoTH poboTH (aHIIIHCHKOIO miitHoT LikHOT
3100yBava (YKpaTHCEKOIO0 MOBOIO) MOBOI0) po6otu podoTH

BHUIIOT OCBITH

Kadeapa dapmaxosorii Ta kainiunoi gpapmanii
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DA2 B-03-317

BHCHOBOK
eKCIepTHOI KoMicil mpo mpoBeleHy eKCIepTH3Y
mMoa0 aKaAeMiTHOTo WIAriaTy ¥ KBamidikaniiinii podoTi
3100yBaYa BHIIOI OCBIiTH

«01» TpaBHa 2026 p. Ne 333727869

[IpoanamisyeaBImmH KBamidikamifHy pobGoTy 3m00yeada BHIMOI  OCBITH
MEKJIEHBEYPIIEBA Omnekcanapa. tpynH Owm21(4.10m)-01. cmemiansnHocTi 226
DapmMaria, npoMHCIOBa (apManid, ocBITHEOI mporpam «®apmamis» odHol (JeHHOL)
dbopmH 31006yTTA OCBITH Ha TeMy: «PD13HYHA BHTPHBAIICTE 1 ITHHAMIKA MacH TLIa IIypiB
3 aMITYTAIL€R0 HHKHBOI KiHOIBKH / Physical endurance and body weight dynamics of rats
with lower limb amputation», ekcrneprHa koMmicid AIHIMIa BHCHOBKY, IO pobota,
npencTapIeHa 1o Ex3aMeHalliiiHol KoMicii A4 3aXHCTY, BHKOHAHA CAMOCTIHHO 1 He

MICTHTH €JIeMeHTIB aKaTIeMiTHOT0 TariaTy (KOMITLTALIIL).

3acTynHHK ronoeH Kowicii,

3ACTYIHHK THPEKTOPa IHCTHTYTY p )
B ckranl 3BO HHITID, (f fff{fq s
JOLEHT (L ey

¢
P

Onera HOBOCEII
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D A22.1-36-353
BIATI'YK
HAYKOBOI0 KepiBHHKA Ha KBaJiikaniiiny po0oTy CTymeHsi BHINOI OCBIiTH
MaricTp cneniajbHOCTI 226 Papmaiisi, (pOMuUCJI0Ba (papMallist
Oaexcanapa MEKJIEHBYPIIEBA

Ha Temy: «@i3HYHA BUTPUBAJIICTSD i JUHAMIKA MAaCH TLJIAa IIYPiB 3 aMIyTaIli€10
3aJHbOI KiHIIBKW»
AKTyaJbHiCTh TeMH. POOOTYy MpUCBSYEHO aKTyajdbHIA TEMi, IO MOSICHIOETHCS
MOIIMPEHICTIO aMITyTaIllid KIHI[IBOK Ta HEOOX1HICTIO BJOCKOHAJICHHS M1IXO1B JI0
peabumiTaiii. BizoMocTi mo70 cTany (pi3M4HOI BUTPUBAIOCTI Ta 3MIH MacH Tija 3a
amIyTarlii KIHI[IBKM CynepewinBi. 3’sCyBaHHS I[bOTO MUTAaHHA € BaXKIUBUM
3aBHaHHAM, 0 po3B’sa3ye Onekcannp MEKJIEHBYPLIEB.
IIlpakTyHa UOIHHICTH BHCHOBKIB, pPEeKOMEHJalii Ta IX OOIPYHTOBAHICTH.
[TornmubneHo yaBIEHHS MPO MATOT€HE3 CUCTEMHHUX MOCTaMITyTaIliiHUX MMOPYIIEHb,
[0 HEOOXITHO JJIsi TOIIYKY MiAXOMIB J0 iX (hapMakoJoriyHOT KOPEKIii Ta
peadiiTamii mocTpaxaainx.
Ouinka podotu. Po6ora Onekcanapa MEKJIEHBYPIIEBA € 3akiHueHUM
JOCTIDKEHHSIM Ha akTyaJlbHy TE€MY 3 BHUKOPHUCTaHHSM aJeKBaTHUX METOIB
eKCIIepUMEHTaIbHOI Xipyprii Ta (i3ionorii IeHTpaJbHOI HEPBOBOI CHCTEMH,
HABEJICHO ONISI[ Cy4acHOTO CTaHy 3HaHb 3 TEeMU JOCHIPKeHHS. MarictpaHt
CaMOCTIHHO BUKOHAB pPOOOTY, BHSIBUB BHCOKHI PiBEHb 3arajbHOi Ta CHeIliadbHOI
MIJTOTOBKH, BIAMOBIIAJBHICT. 3a TEMOK JOCHIDKEHHS Mae IyOJiKaiio B
HaykoMeTpuuHOMY BusianHi Q3. PoOoTa 3aciyroBye Ha MO3UTUBHY OLIIHKY.
3arajibHUil BHCHOBOK Ta PpeKOMeHJAalii Mmpo [OMyCK /10 3aXHCTY.
Kpamidikamiina podora Onekcanapa MEKJIEHBYPIIEBA Biamnoigae 4vHHUM
BUMOTaM JI0 POOIT CTyMEHS BHWINOI OCBITH «MAaricTp» 1 PEKOMEHAYEThCA 10

3aXHUCTY.

HayxoBuii kepiBHUK npod. Cepriii IITPUT'OJIb

«14» tpaBusa 2026 p.
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@D A2.2.1-36-356

PEINEH3IA
HAa KBaJi(ikauiiHy po0oTy cTymeHsi BHIIOI OCBiTHM MAaricTp creuiaJbHOCTI
226 ®apmauisi, npoMucioBa papmanis
Oaexkcanapa MEKJIEHBYPIIEBA
Ha  Temy: «®i3uyHa  BUTpHMBAJiCTL | JMHAMIKAa MacH  Tijga

IIYPiB 3 aMIyTALi€10 3aIHBOI KiHIiBKI)

AKTyanbHicTh Temu. TeMa kBanmdikauiiftHOi poOOTH € akTyallbHO. [{ociiTKeHHs
(b13M4HOT BUTPUBAJIOCTI Ta AMHAMIKM Macy TUIa y UIypiB MICIs aMIyTalii 3aJHbOi
KIHI[IBKA Ma€ BAKJIMBE 3HAUCHHS Y 3B A3KY 3 HEOOX1AHICTIO MOTIIMOJICHHS YSIBICHb
PO MEXaHI3MHM MOCTaMITyTaI[IMHOT ajanTallii OpraHi3Mmy Ta IMOIIYKY €(pEeKTUBHHX
MIIX0A1B 0 peabdimTarii.

Teopernunuii piBeHb poGoTu. Y poOOTI MNpoaHaNi30BaHO 3HAUYHUKA OOCST
Cy4acHOI HAyKOBOi JjiTeparypu. TeopeTHMuHa 4YacTHMHA BUKJIAJE€HA JIOTIYHO Ta
CTPYKTYPOBAHO, B1JI0Opakae CydacHi YSBJICHHS 110J10 3MiH (P13UYHOT BUTPUBAIIOCTI
Ta JUHAMIKM Macu Tija MIicis aMIlyTalii KiHI[IBKU. ExcriepuMeHTajibHa 4acTHHA
JOCHIPKEHHST JOOpe Y3ro/KEHa 3 aHaji30M TeopeTHYHoro marepiany. HaBemeno
apryMEeHTal[ll0 HAayKOBHX IOJIO)KEHb, KOPEKTHI TMOCHUJIAaHHS Ha JITepaTrypHi
Joxepena. Marepias moJjJaHO Ha HAJIE)KHOMY HAyKOBOMY PiBHI, HAyKOBI TTOJIOKEHHS
Y3TOKYETHCS 3 METOIO 1 3aBIaHHSIMU J10 CIT1HKCHHSI.

IIponmo3uuii aBTOpa 32 TEMOK JOCHIAKEHHHA. ABTOPOM 3alPONOHOBAHO
BUKOPHCTAHHS €KCIIEPUMEHTAILHOT MOJEIi TPaHCTiIOlaNbHOT aMImyTallii 3aaHbOol
KIHI[IBKH Y IIYpIB JIJIsl OLIIHKY 3MiH (p13MYHOI BUTPUBAJIOCTI Ta AMHAMIKA MACH TiJia
Yy PaHHbOMY Ta BiAJAJICHOMY MOCTAMITYTalIMHOMY MEPIOi.

IIpakTMyHa UIiHHICTH BHCHOBKIB, pPeKOMeHAallii Ta IX OOIPYHTOBAHICTH.
[IpakTiyHa WIHHICT pPOOOTH TMOJSATa€E Yy KOMIUIEKCHIA OWIHLI  (Pi13UYHOT
BUTPHUBAJIOCTI Ta 3MIH Macu TUIa y UIypiB MICJIs aMIyTalii 3aJHbO1 KIHIIBKH 13
3aCTOCYBaHHSIM aJICKBaTHUX CY4YaCHUX METOMAIB JOCTII)KeHHs. BHCHOBKH €

OOTpyHTOBAaHUMH, BiATIOBIAIOTh MOCTABJIEHIM METI Ta OTPUMAHUM Pe3YJIbTaTaM.
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Henoaikn po6oru. Y poOOTI TpaIUIAIOTHCA MOOJWHOKI CTHUJIICTMYHI Ta MOBHI
HETOYHOCTI, 110 HE BIUIMBAIOTh Ha 3arajbHE MO3UTHBHE BPAXCHHS BiJl BUKOHAHOT
poboTH.

3araabHuii BUCHOBOK i oniHka podoru. Po6ora 3100yBaua Mukuta I'YTOPKA
BUKOHAHA Ha HAJIE)KHOMY HAyKOBOMY Ta METOJMYHOMY PiBHI, BIANOBIa€ BUMOTam
JI0 poOIT 3a crerianbHicTIo 226 «®apmMariisi, MpoMHUciioBa (papmarlisi», 3acIyroBye
Ha TIO3UTHUBHY OIIHKY Ta MOXe OyTH PEeKOMEHJIOBaHa /10 3aXHCTy 3 MPUCBOEHHIM

aBTOpy KBamidikaiii «Marictp dapmartii.

Peuenzenr npod. Oxcana MIIIIEHKO

«15» TpaBua 2026 p.
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@D A2.2.1-36-356

MIHICTEPCTBO OXOPOHH 3/IOPOB’Sl YKPATHU
HAIIIOHAJIbHUM ®APMAIIEBTUYHU YHIBEPCUTET
BUTAI 3 ITIPOTOKOJIY Ne 19
3acizaHHsa Kageapu (papMakoJIorii Ta KIiHIYHOI (papmaii

18 TpaBus 2026 p. M. XapKiB

T'osioBa: 3aBimyBad kadenpu, J0KTOp Men. Hayk, mpodecop IlTpurons C. 1O.
Cexperap: kagauaar papM. Hayk, gomneHT Berpora K. B.

HPUCYTHI: 3aB. kad., npod. tpurons C.IO., npod. Hepumensins JI.B.,
noil. benik I'B., non. Berposa K.B., gou. XKadorunceka H.B., nou. Matsiituyk A.B.,
non. Otpimko [.A., gou. Oukyp O.B., mon. CaBoxina M.B., non. Crenanosa C. L.,
nou. Tapan A.B., ac. Bepxoomopa FO.B., ac. Iligraiina B.B. Tta 3m00yBaui BHIIOi
OCBITH.

MOPSAJIOK JIEHHUMN:
1. Posmisin kBamidikaiifHux poOIT 3100yBadiB BHUIOI OCBITH JJIsI TOJIaHHS
po0OiT 1o Ex3aMenarliiinoi koMmicii.

CIYXAJIA:

1. 3nmo0yBaua Buioi ocBitu MekienOypieBa Omnekcanapa JImuTpoBuua 3i
3BITOM TMPO MPOBEACHY HAYKOBY MISUIBHICTH 32 TEMOK KBasi(ikariiHoi
poboTu: «DizuyHa BUTPUBATICTH 1 AMHAMIKA MacH TiJIa IIyPiB 3 aMITyTaIllE0
HIDKHBOT KIHITIBKI.

YXBAJIWJIN:

1. KBamdikamiitHy poOoTy po3misiHyTo. 3100yBad BUINOT OCBITH MekiieHOypIieB
Onekcanap AMUTPOBUY JOMYCKAETHCS O 3aXUCTY JaHOi KBaiikaliitHoi poOoTH
B Ex3amenartiiiniit komicii.

T'osioBa
3aBinyBau kadenpu, mpod. Cepriii IITPUT'OJIb

Cexperap, go11. Karepuna BETPOBA
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D A2.2.1-36-042

HAIIIOHAJIbHUM ®APMAIIEBTUYHU YHIBEPCUTET

MNOJAHHS
I'OJIOBI EK3AMEHALINHOI KOMICI{
OO0 3AXHCTY KBAJI®PIKAIIMHOI POBOTH

Hanpasnserscs 3100yBau Bumoi ocBiti Onexcanap MEKJIEHBYPIEB no 3axucty

KBaJidikamiiftHoi podboTu
3a rainyssio 3HaHb 22 OXOpoHa 3/10pOB’s

crneniajapHicTio 226 @apmartiis, npomMuciiosa dhapmallis

OcaitTHBO-TIpOdeciitHo0 nporpamoro Papmaitis

Ha Temy: «QPi3ryHa BUTPUBAJICTS 1 IMHAMIKAa MAcH TiJIa IIYPiB 3 aMIYTAIlI€I0 3aITHBOT KiHIIIBKH»
KBamigikariitna po6oTa i pereH3is 101arThC.
JlexaH QaxynbTeTy / Onexcanap TOHYAPOB /

BucHoBok kepiBHUKa kBaJidikaniiiHoi podoTn

3no6yBau Buioi ocBitu Onekcannp MEKJIEHBYPILIEB B noBHOMY 00Cs131 BUKOHAB
KBaJiQikaliifHy po6oTy. 3a aKTyaJIbHICTIO, METOIMYHUM PiBHEM, TEOPETUYHHUM Ta MPaAKTUYHUM
3HaYeHHsIM, 00’€MOM BUKOHAHUX JOCTIIKEHb KBamidikaliitHa podoTa BiAMOBIJa€ BUMOTaM i
JIOITYCKAEThCS 710 3aXUcTy B Ex3ameHariifHii koMicii.

KepiBauk kBami¢ikauiifHoi po6oTu Cepriii LITPUTOJIb

«14» tpaBus 2026 poky
BucnoBok kadenpu npo kBaJigikauniiiny podory
Kpamigikamiiiny poboTy  posmisHyto. 3m00yBau  Bumioi  ocBitH  Onekcanap
MEKJIEHBYPIEB nonyckaeTscst 0 3aXUCTY AaHOI kBamiikariitHoi podotu B Ex3ameHnartiniHin

KOMiCII.

3aBiqyBau kadenpu dapmakosorii Ta KJIiHIYHOI dhapmartii Cepriut LHITPUT'OJIb

«18» TpaBus 2026 poky



KganidixkariitHy po6oTy 3axXuIIieHo
B Ex3amenarniiaii komicii
«10» uepHs 2026 p.

3 OILIIHKOIO

I'onosa Ex3amenariiiftHoi KoMicii,
TOKTOp (hapMareBTHYHUX HayK, Ipodecop

/ Bomomumup AKOBEHKO /
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