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AHOTALIA

Kpanidikamiitny poOOTy NPUCBIYCHO JOCTIHKEHHIO (PYHKIIIOHAIBHOTO
CTaHy LIEHTPaJIbHOI HEPBOBOI CHUCTEMH IIypiB 13 TPAHCTIOIANBHOIO AMITyTAIli€l0
3aIHBO1 KIHIIIBKK. OI[IHEHO 3MIHM pPYyXOBOI aKTHUBHOCTI, KOOpAMHAI pPyXiB,
TPUBOXKHOCTI Ta JACHPECHBHOMOMAIOHOT TMOBEIIHKH y TOCTPOMY Ta BiJJajICHOMY
NOCTaMITyTaIliiHUX Tepionax. BeraHoBieHo, M0 aMImyTallisl KiHI[IBKH TPU3BOJUTH
JI0 3HIDKEHHS JIOKOMOTOPHOI Ta JOCHIIHHUIIBKOI aKTUBHOCTI, TOPYIICHHS
KOOpJIMHAIIll PYXIB 1 3MIH €MOIIMHO-TIOBEIIHKOBUX PEaKIlId TBapUH (3MEHIICHHS
TPUBOXKHOCTI B TeCT1 «CBITIO-TEMHA KaMepa» Ta MOCWICHHS AENPECUBHOMNOAIOHOT
noBeaiHku y Tecti [lopconta). Po6ora mictuth Berym, 4 po3aiunu, 8§ Ta0nuilb, 2
pUCYHKH, 61 mxeperno niTepaTypu, 3arainbHuil o0csar — 44 CTOPIHKH.

Knrouosi cnosa: amiyTallis KiHIIIBKH, [IEHTpaJibHa HEPBOBA CUCTEMa, IIYpPH,
MOBEIHKOBI TECTH, KOOPJAUHAILS PyXiB, TPHUBOXKHICTh, JEHPECUBHOMNOIOHA
MMOBEIIHKA.

ANNOTATION

This thesis investigates the functional state of the central nervous system in
rats with trans-tibial hind limb amputation. Changes in motor activity,
coordination, anxiety and depression-like behaviour were assessed during the acute
and long-term post-amputation periods. It was established that limb amputation
leads to a reduction in locomotor and exploratory activity, impaired coordination of
movements, and changes in the emotional and behavioural responses of the
animals (a decrease in anxiety the Light-dark box test and an increase in
depression-like behaviour in the Porsolt test). The thesis comprises an introduction,
4 chapters, 8 tables, 2 figures, 61 references, and has a total length of 44 pages.

Keywords: limb amputation, central nervous system, rats, behavioural tests,

motor coordination, anxiety, depression-like behaviour.
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MEPEJIIK YMOBHHUX ITIO3HAYEHb
BDNF — netiporpodiunuii ¢pakrop mo3ky (brain-derived neurotrophic factor)
CCL2-CCR2 — curnansauit nuisax xemokiny CCL2 rta ioro perientopa CCR2
IL-1PB — inTepneiikin-13
IL-6 — 1HTEepIeiiKiH-6
NGF — dakrop pocty HepBiB (nerve growth factor)
NMDA-peuenropu — N-metwi-D-acnaprar perentopu
NT-3 — neitporpodin-3 (neurotrophin-3)
P38 MAPK — p38 miTOreH-akTHBOBaHa MIPOTEIHKIHA3A
PAG — nepiakBeAyKTaibHa cipa peuOBHUHA
RNS — peaktuBHi popmu a3oTty (reactive nitrogen species)
ROS — peakTuBHI1 popmu KUCHIO (reactive oxygen species)
TNF-0 — ¢akTop HEKpO3y MyXITUH-0,
VEGF — cynunnmii ennoremansauii paxtop pocrty (vascular endothelial growth
factor)
'TAMK-penenropu — pernientopu raMMa-aMiHOMACIISTHOT KUCIOTH

[HHC — uenTpanbHa HEPBOBA CHCTEMA



BCTYII

AKTyajbHiCTh TeMH. BTpara KiHIIIBOK € BaXJIMBOIO MEIHUKO-COIIaTbHOIO
npoOJIEMOI0 Cy4acHOI MEAMIIMHM, 10 CYNPOBOJKYETHCS 3HAYHUM MOTIPIIAHHSIM
SIKOCT1 HUTTA TMAIl€EHTIB Ta PO3BUTKOM YHMCICHHUX (PYHKIIOHAJIBHUX MOPYIIECHBb
opranizmy. OKpiM CyTTEBHX 3MiH OMOPHO-PYXOBOTO amapary, aMITyTallisi KiHI[IBKH
NPU3BOAUTH 1O CYTTE€BOi TniepeOynoBu ¢yHKuioHansHoro crany [IHC, o
MOB’SI3aHO 3 MOPYLIEHHSAM a(EepeHTHOi IMIyJbcalii, 3MIHAMH CEHCOMOTOPHOI
IHTEerpallii Ta aKTUBAII€I0 MPOIECIB HEUPOIUIACTUYHOCTI. Y MOCTaMIyTaliitHOMY
nepiofii Hepiako (OPMYIOTHCS PI3HOMAHITHI TOBEIIHKOBI Ta TICHXOEMOIIIHI
MOpYIIEHHS, 30KpeMa TPUBOXKHI Ta JCMPECUBHI CTaHW, 3HIDKEHHS pPYyXOBOI
aKTUBHOCTI, TIOPYIICHHS KOOpJAWHAII pyXiB Ta 3MEHIICHHS  (i3UYHOT
BUTPHUBAJIOCTI.

3HayHy pOJIb y PO3BUTKY IIUX 3MIH BITITPaIOTh OOJHOBUN CHHIIPOM,
CTpECOBa peakIlisi opraHizmy Ta nepedynoBa HEMPOMETIaTOPHUX CUCTEM TOJIOBHOTO
MO3Ky. He3Bakaroun Ha 3HauHy KUIBKICTh KJIHIYHUX CIHOCTEPEkKEHb, MEXaHI3MU
dbopmyBanHs pyHkiioHanbHuX 3MiH LTHC micns ammyTaltii KIHITIBKY 3aJIMIIAIOTHCS
HEIOCTAaTHHO BUBYCHUMHU.

Y 3B’M3Ky 3 IIMM BaXJMBE 3HAYEHHS MAalOTh EKCIIEPHUMEHTAIbHI
JOCTIPKEHHs Ha J1a0OpaTOpHUX TBapHHAX, SK1 JTO3BOJSIOTH JETaIbHO BHUBUWUTHU
MOBEIHKOB1, MOTOpPHI Ta €MOIMHI MNPOSBU MOCTAMITyTalliiiHUX 3MiH. Mojenb
TpaHCTIOlagbHOI aMIyTalii 3aJHbOi KIHIIBKH Yy HIypiB € 1H()OPMATUBHOIO IJIs
JOCHIKEeHHsT ocobnmuBocTed (yHkionansHoro ctany [{HC, a takox nmst omiHKd
MOKJIMBOCTEN (hapMaKOJIOTIYHOI KOPEKIIi MOCTaMITyTalllHHUX MOPYIIECHb.

Orxe, pocnipkeHHs ¢QyHkmioHaneHoro crany [[HC mrypiB 3a ymoB
ammyTalii HWKHBOI KIHIIIBKM € aKTyaJbHUM HAyKOBUM 3aBIIaHHSM, pE3yJabTaTh
SKOTO MOXYTh CIHPHUSTH MOMIHOJICHHIO YSBICHb NPO MEXaHI3MH (OpMYyBaHHS
NOCTAMITYTAIlIHHUX 3MIH Ta CTBOPUTH NEPEAYMOBH JUIsI MOAANbBIIOI PO3pOOKH

e(EeKTUBHUX MIAXO/IB 0 iX (hapMaKoIOTIYHOT KOPEKIIii.
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Meta pobotu. [ociaiauTy mIypiB Micjas aMmmyTali 3aJHbO1 KIHIIIBKH Y
MOPIBHSHHI 3 IIypaMd TPyNH IHTAKTHOTO KOHTPOJIO, SKI HE 3a3HaBaju
XIpypriYHMX BTpy4YaHb, 1X CTaH OPIEHTOBHO-AOCIIAHHUIIBKOT aKTUBHOCTI,
EeMOIIMHMX peakilii Ta 3aranpHuid ctad [{HC.

JIJ1st MoCATHEHHS MTOCTABICHOT METH HEOOX1THO BUPIIIUTH TaKl 3aBIAHHS:

1. Po3pobutn Ta cTaHmapTU3yBaTH MOJAEIb TPAaHCTIOANbHOI ammyTalii

3/IHBOT KIHI[IBKH Y IIIYPiB.

2. BuzHaunTH PYyXOBY, HOCTIAHHUIIBKY Ta €MOIIMHY aKTUBHICTD IIIyPiB MiCIA

aMITyTaIlii MOPIBHSIHO 3 IHTAKTHUM KOHTpPOJIEM Y TecTi «Biakpure momie».

3. IlpoananizyBatu KOOPAMHAIIIO PYXIB Ta M’ S30BUH TOHYC IIYypiB MICIA

aMITyTallli HOPIBHSIHO 3 IHTAKTHUM KOHTPOJIEM Y POTApPOI-TECTI.

4. OmiHuTH piBEHb TPUBOXKHOCTI WIypiB MICIS ammyTailii MOPIBHSHO 3

IHTAaKTHUM KOHTpPOJIEM Yy TecTi « CBITJIO-TEMHA KaMepay.
5. BusHaunTtH JenpecUBHONOMAIOHY TOBEMIHKY IIypiB MICHIsS aMITyTailii
MOPIBHSHO 3 IHTAKTHUM KOHTPOJIEM Y TiaBaibHOMY TecTi [lopconra.
006’exr nocaimkennsi. [IHC urypiB nicnst ammyTaiiii KiHIIIBKH.

Ipeamer nocaimkennsi. Orinka QyskmionansHoro crany [[HC micns
amIyTarlii KIHIIBKH y IIIypiB B TOCTPIN Ta XpOHIYHIN CTaAll.

Metoau jgocaimkeHHsi. Xipypriu"i (MOIETIOBaHHS  TPaHCTIOAIbHOL
ammyTarlii B rypiB), ¢apmakosoriyti (tect «Bigkpure money», TecT «CBITIO-TEMHA
Kamepa», TecT [lopconta, poTapoa-TecT), CTaTUCTUYHI.

IIpakTuyHe 3HAYEHHS OJepP:KAHUX pe3yabTatiB. OTpUMaHi pe3yJIbTaTH
CBIIYaTh TPO 3MEHIICHHS JIOKOMOTOPHOI aKTUBHOCTI Ta JEMPECHBHOIOMIOHOT
MOBEJIHKK 3 TPaHCTUOIAJIbHOK aMIyTalll€l0 3aJHbO1 KIHI[IBKH, IO BiJKpUBa€E
MEPCTIEKTUBH JIJISl TTOJIATIBLIIIOT0 BUBYCHHS Ta JO03BOJIIE BUKOPUCTOBYBATH iX IS
OLIIHKK €()EeKTUBHOCTI MeTOIB (Pi3nyHOI Ta papmakonoriyHoi peadimitali. Takox
3alpOTNIOHOBAHO Ta CTaHAAPTHU30BAHO METOJIMKY aMIlyTallli 3aAHbOi KIHLIBKUA Y
OIypiB, M0 MOXe OyTH BHUKOPUCTAaHAa Yy TMONAJBIIUX EKCIePUMEHTAIbHUX

JTOCTIDKEHHSX Y 3a3HAYCHOMY HaIpsiMi JT0CIT1IKEHHS.



HaykoBa HoBu3Ha. Briepiie ekcriepyMeHTaIbHO BCTAHOBJIEHO 3MEHIIICHHS
JIeTIPECUBHOMO/IIOHOT MTOBEIIHKY ITypIB MICs TPAHCTIO1aIbHOT aMITyTallii 3aIHbO1
KIHI[IBKH.

Amnpobaunia pe3yabrariB podoTn. OCHOBHI pPE3yJbTaTd JOCIIIHKCHHS
nonoBiganucs Ha  BceeykpalHChKid — HAyKOBO-TIpakTHUHIA — KOoH(epeHIii 3
MbKHapogHoto ydacTio «Youth Pharmacy Science» (10—11 rpymas 2024 p., m.
XapkiB, VYkpaina). Marepiaau JIOCHIKEHHS OyJI0 TMPEJACTaBICHO Yy JBOX
JIOTIOBI/ISIX: Ha IUIEHAPHOMY 3acijaHHl Ta Ha CEKI[IMHOMY 3acilaHHl Kadeapu
dapmaxkosorii Ta KJIiHIYHOT dapmariii.

Iyoaikamii. 3a Temor kBamidikaiiitHoi poOOTH OMyOIIKOBAaHO CTAaTTIO B
HAayKOMETPUYHOMY BHJIaHHI:

Rat transtibial hindlimb amputation model: characteristic of the central
nervous system functional state, physical endurance and body mass in dynamic /
M. Hutorka Ta i1. ScienceRise: pharmaceutical science. 2024. T. 6, Ne 52. C. 27—
36. URL: https://doi.org/10.15587/2519-4852.2024.318008.

Crpykrypa Ta 00car po6Goru. Kgpamidikamiiina poOoTa MICTUTh Taki
CTPYKTYpHI €JIEMEHTH: BCTYI, OIIsAJ HAyKOBOi JITEpaTypH, XapaKTEPUCTUKY
MarepiajgiB Ta METOAIB JOCIHIKEHHS, EKCIIEPUMEHTAJIbHUN pO3IUI, aHali3 Ta
y3arajbHeHHSl pe3y/bTariB, 3arajbHi BUCHOBKH, CIMCOK BUKOPHUCTAHUX JIKEpE,
nofaTKy. 3aranbHui 00csr kBamidikaimiiiHoi poboTu ckiagae 57 CTOPIHOK
JIPYKOBaHOTO TeKcTy. PoGoTa mictuth: 8 Tabmuils, 2 pucyHka, 61 mocunaHHsS Ha

JITEpaTypHE HKEPETIO.


https://doi.org/10.15587/2519-4852.2024.318008

PO3/LI 1
CYUYACHI YSABJIEHHS ITPO 3MIHU ®YHKIIOHAJIBHOTO CTAHY
IHEHTPAJIbHOI HEPBOBOI CUCTEMM IICJISI AMITY TALIII
KIHIIIBKHA

1.1. Cy4acHi exkcmepuMMeHTaJbHI MoJedi amMmyramii y mypiB ta ix
¢iziosoriuni Hacaigkn

3aBISKM 3pY4YHOCTI B YTPUMaHHI Ta PO3MHOXKEHHI LIypH € OAHUMH 3
OCHOBHHX JIa0OPaTOpHHUX TBapHH, a iX BIJHOCHO BEJIUKHI PO3MIp TaKOXK POOUTH
MOKJIMBUM Ta 3pYYHUM MPOBOJIUTH XipYypriuHi BTPyYaHHs, HA BIIMIHY BiJl MUIIICH.
Jns mrypiB CTBOpEHO O€3/i4  yCTaJeHUX EKCIEPUMEHTAIbHUX MOJENeH, SIKi
HIMPOKO BUKOPUCTOBYIOTHCSI B PI3HUX raiy3siX MEAUIMHU, Oi0j0rii Ta gapmarii 1
BIJINOBIJIAIOTh CcydyacHUM OiloetnunuMm BumoraMm [58]. Illypu wmatote Oarato
aHaToMO-(1310JI0TTYHUX Ta OIOXIMIYHHUX OCOOJMBOCTEH, ONM3BKHX 10 TAKUX Yy
JIONUHM, IO POOUTH X KOPUCHUMH JJiIi MOJCNIOBAaHHS 0ararb0X MaTOJOTTYHHX
CTaH1B, 30KpeMa aMItyTailii KiHiiBok [10].

VY cy4acHHX eKCIEpUMEHTaIbHUX JOCHIKEHHIX Ha IIypax 3aCTOCOBYIOTHCS
KUTbKa OCHOBHUX THIIIB aMITyTallii, KOXKEH 3 SKUX IMJIXOIUTH ISl MOJICITIOBAHHS
cnenu@iuHuX (1310J0TTYHUX, MOP(OTOTTYHUX Ta MOBEIIHKOBUX 3MIH MICIIs BTPATH
KiHIIBKA. YacTKoBa Ta MOBHA aMmmyTallii XBOCTA YaCTO BUKOPHUCTOBYETHCS IS
OLIIHKM OOJIbOBHUX pPEeaKiliil, BITHOBJIEHHS YyTIMBOCTI Ta HEMPOIIACTUYHUX 3MIH Y
COMHHOMY MO3Ky. Ll Mozenb mosermiye aHaii3 BIUIUBY TpaBMU Ha MICLIEBI Ta
CUCTEMHI 3amajibHi MPOIIECH, ITUPKYISITOPHI Ta MIKPOIUPKYISTOPHI CUCTEMHU B
apTepisix Ta BeHax XxBocTa [23]. AwmmyTtamis MOadbIliB BHUKOHYETbCS IS
TOCHIIKEHHS MOKJIUBOCTEHN perenepartii TKaHUH 3a JIOIIOMOTOIO
SJIIEKTPOCTUMYJIALIT a00 TpaHCIUIAaHTALIMHUX Monenelt [14].

Xova ammyTalii NepeaHiX KIHIIBOK BUKOHYIOTbCS piJillie, BOHA KOPUCHA IS
BU3HAYEHHS HEHPOIUIACTUYHUX 3MIH Y TOJIOBHOMY MO3KY MICJIS I[bOTO BTPYYaHHS,
pPO3YMIHHSl 1HTErpamii CEHCOPHUX 1 MOTOPHUX (YHKIIA MEepenHiX KIHIIBOK,

30KpeMa IMOBEIIHKOBUX peakiliid, MOB'A3aHUX 3 TOIIYKOM DKi Ta AOCIIIKCHHSIM
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HaBKOJIUIITHBOTO cepefoBuiia [4]. TpancTuOilanpHI aMmyTarlii 3aJHIX KIHIIIBOK
JIO3BOJISIIOTH TTOPIBHIOBATH (DYHKIIOHAJIBLHY KOMIIEHCAII0 MOTOPHOTO KOHTPOJIIO,
ajganTallifo M'S31B 1 KICTOK, IIOBEOIHKOBI Ta 3MIHM Macu Tima [44].
TpancdemopanbHi amIyTallii J03BOJSIOTH OIIHUTH CKJIaJHI BUNAIKU BTpaTH Ta
BU3HAYUTH MoAu(ikamii B JOKOMOTOpHii, OajaHCHIM, KOOpAMWHAILIWHIA Ta
HEHPOIUTaCTUYHIN peopranizailii KOpTUKaIpHuX obiactei [53].

CyvacHl Mojeni aMmmyTamii y  IIypiB  BIJI3HAYAIOTBCS  BHCOKOIO
CTaHJIapTU3AIlIE€I0  XIPYPriYHUX TEXHIK. 3a0e3MeuyeThCs  BIATBOPIOBAHICTH
pe3yabTaTiB Ta iX MOPIBHSAHICTH MDK JIAOOpaToOpisiMU, 30KpeMa MO0 TOYHOTO
o0cAry  pes3ekiii KICTKH, OOpoOKM HEPBOBHX CTPYKTYp, (HopmMyBaHHS
M10()aCIMOKyTaHHUX KJIANTIB Ta 3aKpUTTA paH [44]. BonHouac, y AeSKHUX MOAEIISIX
(GopMyBaHHS KyKCH JOCATA€TbCS 3a JIONOMOIOI MioAe3y abo MIOMIACTUKU.
Mione3 o3Hauyae NpuUB'sI3yBaHHS M's31B J0 KICTKM, a MIOIUIACTUKAa — 3IIMBaHHSA
M's31B pa3oM 1 3a0e3MeueHHs] CTaOUTHLHOCTI B 3aJIMIIKOBIN KIHIIIBII, IO BaKJIMBO
JUIsi  OOTpYHTYBaHHs ~ ONTUMAJbHUX  KIIHIYHUX  BaplaHTIB 3a  pI3HUX
byHKII0OHANBHUX (popM ammyTarii [2].

®izio0riyHl eQeKTH amIyTailii y mypiB € 6ararorpaHHUMHU Ta CKJIATHUMHU.
®izionoriss M'I30BOT TKAHWUHHM 3MIHIOETBCS uepe3 IIBUAKY arpodiro M'sI30BUX
BOJIOKOH, BTpaTy M'S30BOT MacH, 3MiHY CTPYKTypH CapKOMEpiB Ta 3HUKECHHS
OKHCHIOBAJIBHOTO METa00J113MY, a TAaKO OKHUCHIOBAJIBbHY Jerpazaiiito. MerabomiyHi
3MIHHM B KYKC1, €KCTIpecisi aHaepoOOHUX (PEPMEHTIB, TAKUX SIK JIAKTaT/Er1JporeHasa,
30UTBIITY€ETHCS, IO CBIYATH TIPO WMOBIPHY KOMIIEHCATOPHY CTUMYJIAIIIIO
aHaepoOHOTO eHEePreTUYHOro HUIsiXy. CronyyHa TKaHUHA NepeOy10BYEThCS, CTIHKH
KalisipiB TOBLIAIOTh, & MATPUIS 3a0e3Meuye MEXaHIYHY MiJATPUMKY 3aJIMIIKOBUX
TkaHuH [30].

AmMmyTarliss TpuU3BOIUTh A0 IMHUOOKUX HelporutacTuuHux rnepedynos [THC.
®opMyIOTECSI HOBI CHHAIICH, MEPEeMalIbOBYIOTHCS KOPTHKalIbHI COMAaTOCEHCOPHi
KapTh, a TpaHcKpuniis HeWporpodiunux daxtopie (BDNF, NGF, NT-3)
MOCUJIIOETHCS, 110 CTUMYJIIOE€ pEereHepallilo akCOHIB, CHHANITUYHY TUIACTUYHICTh Ta

30epekeHHs]  (DYHKIIIOHAJIBHOTO ~ CTaHy  HEPBOBOI  CHCTEMH. Opnnak
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HEKOHTPOJIbOBAHE PO3POCTAHHS AaKCOHIB MOXE MPHU3BECTH J0 TpPaBMAaTHYHHUX
HEeBpoM abo ¢anTomMHOTO 6010 [39].

AmmyTanisi 1HIyKye aKTUBHUW 3amajdbHUNA KacKajl: BiIOyBae€TbCs MiCIIEBa
iH}IBTpamis MakpodariB, HeUTpodUIIB Ta JIMOOLMTIB, a TAKOX 30UIBIIYETHCS
cuHte3 mnposananbHux UTOKiHIB (IL-1B, TNF-a, IL-6), mo onHouacHo crhpuse
nerpajaanii TKaHWH y 30HI aMIlyTarii. AKTHBYIOTHCS OKHCHIOBAJIbHI IUIAXH,
30UIBIIYETHCS ~ YTBOPEHHS  BUIBHUX — paJMKajiiB, BiOyBalOTbCS 3MIHHM B
AHTUOKCHUJIAHTHIN cucTeMi opranizmy [42].

@Da3HICTh 3aro€HHs KYKCH BIANOBIJA€ KIACUYHUM 4 CTalisiM: IreMocCTas,
3ananbHa (paza, mpomidepariis Ta pemojaenoBanHa. [emocTas 3abe3mneuye MIBUIKE
3aro0iraHHs BTpaTi KPOBl1 HUIAXOM BA30KOHCTPHUKIII Ta aKTHUBALll TPOMOOILMTIB,
mo akTuByloThest aisa reHepamii VEGF Tta crumynsimii anrioreHesy # pocty
eHJ0TEeNaNbHUX KIITHUH. 3anajbHa (a3za MOXKe TPUBATH FOAUMHU a00 JIHI 32 y4acTi
HeHUTpodLIIB Ta MaKkpodariB sSIK peryisaTopiB perenepariiii Tkanu. [IpomidepaTuBua
daza ckmamaerbes 3 akTUBHOT Mirpaitii (pi6poOrIacTiB 10 30HU MOIIKOMKEHHS Ta
MOJAJIBIIIOTO CUHTE3Yy KOJareHy, a TaKoXK TPaHyJALINHOT TKaHWHU, B SKIA JIEsIKI
b16pobmactu nudepeHiiroTeCa B Mio(iOpoOIacTy, 10 CKOPOUYIOTh TKaHUHY.
®daza peMOJEIIOBaHHS TPUBAE IOCTYHOBO MPOTIATOM THXKHIB 1 MICALIB, KOJIH
HeopraHizoBaHuii kosareH tumy III 3aMiHIOETBCS Ha IMIIIBHUH ~ Ta OUIBII
OpraHi3oBaHWU KoyiareH Tumy [, a BOJIOKHA peopraHi3ylThCA BIAMOBIAHO [0
MEXaHIYHOTO HaBaHTakeHHs [60].

CucreMHl 3MIHM  BKJIIOYAlOTh  AHTIOT€HE3, MITOTUYHY  PEryJsLiio
MIKPOIMPKYJISAILi, (OpPMyBaHHS KOJIATEPAIbHUX CYIHWH, 3MIHU apTepiaabHOTO
TOHYCY Ta 301JIbIIIEHHS MICIIEBOIO KPOBOTOKY. MeTabosiuHi aganTailii BKIOYal0Th
301IbIIEHHST MOOLTI3alli TIIIKOTE€HY, 3MIHEHY YTHUJI3allil0 >KUPHUX KHUCIOT Ta
IJTIOKO3H, a TaKOXK aKTHBAIlII0 aHAepOOHMX HUIAXIB, Kl 3a0€3MeUyI0Th EHEPrito 3a

YMOB 0OMEXEHOTO KPOBONIOCTa4YaHHS Ta 3MEHIIIEHOI M'a30B0i Macu [31].
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1.2. MeToau OWIHKM TMOBEAIHKOBHX 3MiH i (DYHKI[IOHAJILHOIO CTaHY
IHHC y mypis

[ToBeniHKOBI TOCTIKEHHS € BAKJIMBUM METOJIOM OIIIHKH (DYyHKITIOHATIHLHOTO
crany LHIHC micnsg ammyTarii. [10]. 3MiHM CEHCOMOTOPHUX Ta €MOIIIMHUX PEaKIIii
TBapHH Bi0OpakaroTh (YHKIIOHATBHI MOPYIIEHHS HEHPOHHUX CHCTEM, TOMY JJIs
iX aHai3y BUKOPUCTOBYIOTH BajiI0BaH1 MOBEIIHKOBI TecTu [44].

Tect "Bigkpute mosie" MIMUPOKO 3aCTOCOBYETHCS ISl OLIHKUA ITOBEIIHKH
J7a00paTOpHUX IIYPIB AK 1HAUKATOP (I3UYHOTO Ta eMolliifHoro ctany. Lleit Tect
IIUPOKO  BUKOPHUCTOBYETHCA Yy  HEHUpO(DI3IONOTIYHMX Ta  TOBEAIHKOBHX
JOCIIKeHHAX [47]. BXix TBapuHU B HOBE OCBITJIEHE CEpPEAOBHUIIE BIAKPUTOTO
MOJISl aKTUBY€E CKIIATHY TMOBEIIHKOBY Ta HEHPOEHJAOKPHUHHY pEakiliio, MOB'sI3aHy 3
(b1310J10T1YHOIO aKTHBAIIIEIO CUCTEM pearyBaHHs Ha ctpec [47]. Y dopmyBanHi 1€l
BIJINOBIJIl BaXJIMBY pOJIb BIAITPalOTh CTPYKTYpH JTIMOIYHOI CHUCTEMH, 30KpeMa
MUTJIA]IMHA, TIMOKaMIl 1 npedpoHTanbHa Kopa, 10 OepyTh Y4acTh y PeryJsilii
EMOIIITHUX Ta JOCHIIHULBKUX peakiiil. [lepeOyBaHHS y HOBOMY CEpeIOBHIII
CYIPOBOUKYETHCA 3MIHAMHM aKTHMBHOCTI HEMpPOMENIATOPHUX CHCTEM MO3KY, LIO
BILUIMBAIOTh Ha PIBEHb JJOKOMOTOPHOI aKTHBHOCTI, MOTHBAIIIIO JI0 AOCIIDKCHHS Ta
MIPOSIBU TPUBOXKHOCTI1 y TBapuH [38].

Yepes uncieHHl B3a€EMOIOB'sI3aH1 TPUYMHU MMOBEIIHKOBI TApaMEeTPH B TECTI
«BIAKPUTE TOJIE» Yy UIypIB 3 aMITyTOBAaHUMHU KIHIIIBKAMH MOXYTh 3MIHIOBATHUCS
[44]. BrpaTta KiHIIBKM BUKIIMKA€ HE3PYUYHOCTI MEPECyBaHHS 3a HASIBHOCTI TPbOX
KIHI[IB 3aMICTh YOTUPHOX Ta BHACIIAOK MOPYIIEHHS CEHCOMOTOPHOI 1HTErparlii Ta
BTpatu aepeHTHoi iHdopmarlii BiJ aMIyTOBaHOi AUIsHKA. Lle mpu3BoAUTh 10 3MiH
JIOKOMOTOPHOI aKTUBHOCTI, KOOpIAMHALll pPyXiB 1 Xapakrepy AOCIIIHULBKOT
NOBEIIHKU. Y TEeCTl 1€ BHUABISAETHCS 3MEHIIEHHSIM pYXOBOI aKTUBHOCTI,
3HM)KEHHSAM KUIBKOCTI JAOCHIJHULBKUX peakiiid Ta OUTbLION CXUJIBHICTIO TBApHUH
pyxaTucs B3IOBX CTIHOK apenu [39].

Tect "Csimmo-reMHa kamepa' 3a3BHYall BHUKOPHUCTOBYETHCS ISl OI[IHKH
peakiii TPUBOXKHOCTI y TpusyHiB. Ileli TecT Oa3yeTbCcs Ha MNPUPOTHOMY

MOBEIIHKOBOMY KOH(IIKTI MK JOCHITHUIBKOIO AKTUBHICTIO Ta YHHKaHHSIM
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OCBITJIEHOTO MPOCTOpYy. MeHIui 4ac nepeOyBaHHS TBApUHU Yy CBITIIA 4YacTHHI
KaMepH 3a3BHYail CBIIUMTD MPO IMABUIIEHUN PIBEHb TPUBOXKHOCTI, TOA1 K O1IbIIIa
aKTUBHICTh y CBITJIIM 30HI BIAMOBiJAa€ 3MEHIICHHIO MPOSBIB TPUBOKHOCTI [5].
[loBexinka TBapuH y TecTi «CBITJIO-TEMHA Kamepa» BiJIJ3epKalloe HEHPOHHI
MeXaH13MH TPUBOXKHOCTI Ta peakiii Ha cTpec. Y peryndmii Mux mpoueciB 0epyTh
y4acTh CTPYKTYpH JIMOIYHOI CHCTEMH Ta Pi3HI HEHpPOMEIiaTOPHI CUCTEMU MO3KY,
3o0kpema [AMK-epriuna 1 MoHOaAMIHEpTriuHI. AKTHBAIlIS IUX CUCTEM ITiJl BILIUBOM
HOBUX a00 3arpo3jMBUX CTUMYJIB MOXXE 3MIHIOBaTH IMOBEMIHKY TBapHH, IO
MPOSBIAETHCS YHUKHEHHSM OCBITJIEHOI YAacTHHU KaMepu Ta TMepeBaXKHUM
nepeOyBaHHSIM y TeMHiH 30Hi. [45].

Helipodizionoriyni 3MiHM, MOB’SI3aHI 3 TPaBMOIO, MOXYTh BIUIMBAaTH Ha
MOBEIHKY IIYPiB 3 aMITyTalli€l0 KIHI[IBOK Y TE€CTI «CBITJIO-TeMHa kamepa». Brpara
KIHI[IBKM  CYNPOBOJUKYETbCA MOPYIIEHHSIM CEHCOMOTOPHOI IHTerpamii Ta
aKTUBAI[I€}0 HOIUIIEITUBHUX IIPOIIECIB, III0 MOXKE 3MIHIOBATH €MOIliHHI peakIli Ta
piBEHb TPUBOXKHOCTI TBapuH [32].

Tect IlopconTa (MpUMyCOBOTO IJIaBaHHS) ITUPOKO BUKOPUCTOBYETHCS IS
OIIIHKK JIEMPECUBHOMOMIOHOT TMOBEMIHKK Yy JabopaTopHUX Tpu3yHiB. Mertoa
0a3yeTbcs Ha CIOCTEPEXKEHHI 3a MOBEAIHKOK TBAPUH y BOJHOMY CEPENOBHILI Ta
BUMIPIOBAaHHI TpPHUBAJIOCTI AKTHUBHUX pPyXiB 1 mnepiomiB immoOumizamii [60].
[ToBeninkoBi peakiii y Tecti [lopconTa moB’si3aHi 3 (PyHKIIIOHYBaHHSAM PI3HHX
HEHPOXIMIYHUX CUCTEM MO3KY, Hacamrepe MOHOAMIHEPT1YHUX. 3MIHU aKTUBHOCTI
X CHUCTEM MOXYTh BIUIMBAaTH Ha CIIIBBIJHOIICHHS AaKTUBHHUX pYyXiB Ta
IMMOO1TI3a11ii TBapyH y BogHOMY cepenoBuii [17].

VY mypiB 3 amMnyTOBaHMMHU KIHI[IBKAMHM TMOBEJIHKA Y TECTI MPUMYCOBOTO
TJIaBaHHS MOYKE 3MIHIOBATHUCS BHACIHIIOK TPaBMATUYHOTO BIUIMBY Ta MOPYIICHHS
¢dbynkuionansHoro crany [{HC. Taki 3MiHM MOXYTb HpPOSBISATUCS 301IbIICHHIM
TPUBAJIOCTI IMMOOLTI3aIli Ta 3MEHIICHHSM aKTUBHUX PYXiB Yy BOJHOMY
cepemoBuI [59].

Porapon-tect € OJHUM 3 OCHOBHHUX METOIB OI[IHKM CEHCOMOTOPHOI

KoOpauHaIlii, 6amaHcy Ta MOTOpHOI (YHKIT y JabopaTopHUX TPU3YHIB. Y XOi
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TECTy TBapHHY PO3MILIYIOTh Ha TOPU3OHTAILHOMY CTPWXKHI, II0 00EpTa€ThCs, a
OCHOBHUM TMOKa3HMKOM € 4ac yTPUMaHHS Ha HbOMY 10 NaJiHHSA. 3MEHIICHHS
FOTO TIOKa3HUKA CBIAYMTH MPO MOPYLICHHS KOOpAMHAII pPyXiB 1 MOTOPHOTO
KoHTpoJito [49]. dikcoBaHa MIBHIAKICTb OOepTaHHA oOpaHa sK TpaJAUIIHHUN
dbopMmar potapoa-TecTy, yepe3 SIKUi MO)KHA BUMIPSATH SIK MOTOPHO-KOOPAMHOBAH1
pyXH TBapWHH, TaK 1 il aJanTHBHICTb Ta HaBUAHHS y BUKOHAHHI 3aBHaHHs [27].
Porapon-tect € 4yTiaMBUM METOAOM JUIsl BUSBICHHS MOPYILIEHb KOOpAMHAIL,
piBHOBarMm Ta MOTOPHOTO KOHTPONIO. JOro pesynbraTH —3amexarh  Bil
(YHKIIIOHAJBHOTO CTaHy MO30YKa, HMPOMNPIOLEHTHUBHOI CUCTEMH, BECTUOYISPHOIO
amapary Ta IHIIUX CTPYKTYp, IO 3a0e3MeuyroTh Y3rojkeHicTh pyxiB [13].
PoTtapon-Tect Tako J1a€ 3MOry OIL[IHUTA MOTOPHE HaBUYaHHS Ta aganTariro. I1ig
4yac MOBTOPHUX CHPOO TBApUHU 3a3BHYail JIOBIIE YTPUMYIOThCS Ha CTPHIKHI, IO
BiJI0Opaxkae popMyBaHHS €(EKTUBHIMIMX PyXOBUX HABUYOK 1 MPUCTOCYBAHHS [0
YMOB TecTyBaHHs [34].

VY urypiB 3 aMmyTami€ro KiHIIBOK pPE3ylIbTaTH POTAPOI-TECTY MOXKYTh
MOTIPUIYBATUCA BHACTIJOK MOPYLIEHHS CEHCOMOTOPHOI IHTErpamii, 3MEHIIEHHS
IPONPIOLUENTUBHOIO TMOTOKY Ta 3MIH MOTOPHOrO KOHTpoito. lle mposiBiseTses
3HM)KEHHSM 3/IaTHOCTI YTPUMYBaTH pIBHOBAry Ha OOEPTOBOMY CTpPHXKHI Ta
MOBUIBHIIIOK aJanTaIll€lo 10 MOBTOPHOTO TecTyBaHHS [49].

i voTpu MeToaM B KOMOIHAIIIT MOXKYTh CIIPUATU JOCTATHBO MOBHIM OIIHII
¢bynkuii HHC micns ammyraiiii 3 ypaxyBaHHSM SIK MOTOPHHMX, TaK 1 €MOLIMHO-
MOTHBaIiHUX amanramiid. [upmumii miaxig 10 MOBEIIHKOBUX TECTIB € OCHOBOIO
JUTSL THTEpIIpeTallli MeXaHi3MiB MOCTaMIYTalllMHOI ajanTarlii, HeHpOIIaCTHIHOTO
nepeOpMyBaHHs, 3alajbHUX  pEakilii, a TakoK TOpyIlleHb OanaHcy
HelpoMeniaTopiB. [Hopmarlis 3 WX MUTaHb € KIFOYOBOK it (OPMYITIOBAHHS
YCHIIIHUX IJIaHIB peadutiTalii, ¢(apMakoJIOriYHUX BTPyYaHb Ta TEXHOJOTIN
NPOTE3yBaHHS, MPHU3HAYEHUX JUISI BIJHOBICHHS CEHCOPHUX Ta MOTOPHHX

3010HOCTEM.
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1.3. BuiuB ammnyranii Ha NMOBEAIHKY, eMOWIMHMHA CTaH Ta aJanTamiiHi
peakiii mypiB

[Ticast ammyTarliii KiHIIBKH Y IIypiB BiAOYBalOThCS 3HAYHI 3MIHM HE JIUIIE Y
TkaHuHax, aje ¥ Ha piBHI [[HC. BTpara KiHIIBKM CyNpOBOIKYETHCS PANTOBUM
IPUITMHEHHSIM CEHCOPHOT adepeHTallli Ta 3MiHaMU MPOIPIOLENTUBHOT 1H(pOpMaIii,
10 TPU3BOAUTH 10 MepeOylnoBH MOTOPHUX MporpaMm. Taki 3MiHU BIUIMBAIOTH Ha
(GYHKIIOHYBaHHS HEHMPOHHUX MEpEeX MO3KYy Ta MOXKYTh BIJII3€pPKaIIOBATUCS Ha
NOBEAIHKOBUX pEakUisX TBapHH. YHACIIJOK IbOTO MOXYTh 3MIHIOBAaTHCS
MOBE/IHKOBI peaKIlii TBApHUH, a TaKoXK (OPMYBATUCS HOLMIICITUBHA CEHCUTHU3AIIIS
y CTPYKTypax CIMHHOTO MO3KY Ta 3MIHU PIBHA HEUpOTpodiuHUX (HaKTOPIB, IIO
OepyTh y4acTh y Mpoliecax KOPTUKAIbHOI MUIACTUYHOCTI Ta aJanTallii HeMpOHHUX
Mepex [15, 39].

Y IHC ui mpouecu CynpoBOIKYIOTHCS TPUBAIUMU HEUPOIUIACTHYHUMH
3MIHAMH y COMAaTOCEHCOPHIM KOpl, 110 BUHMKAIOTh Yy BIAMOBIb HA 3MEHIICHHS
adepeHTHOTO TOTOKY 3 mepudepii. YHACTIIOK IHOTO y MIYpiB MICIS aMITyTarlii
CIIOCTEPIraeThCs 3HUKEHHS JTOKOMOTOPHOI aKTMBHOCTI Ta MOPYILIEHHS PIBHOBAaru
M YaCc BUKOHAHHA ITIOBEIIHKOBHX TECTIB. Takl 3MIHM HOSCHIOIOTHCS HE JIMIIIE
MEXAaHIYHOI BTPATOK OMNOpPH, ajle W IEHTPAIBHUMH HEHPOPi310JI0TrTYHUMU
nepeOyaoBaMH, 30KpeMa 3MiHaMu (QYHKIII MOTOPHOI KOpH, MOPYIICHHIM
MPOTPIOLENTUBHOI ad)epeHTaIlii Ta CCHCOMOTOPHOI iHTerpatlii. ExcriepuMmenTanbHi
JOCHIIPKEHHS Ha TPU3YyHAX JEMOHCTPYIOTh TpHUBANy MepeOyIoBY CEHCOPHHMX 1
MOTOPHHX IUISXIB Y BI/IMOBI/Ib HA aMITyTaIlito [29].

[Ticns ammyranii TBapWHW JAEMOHCTPYIOTh TpHUBajl 3MIHM eKCIpecii
Helporpodiunux QakrtopiB, 30kpema BDNF, siki OepyTh ywacTh y mpolecax
HEHPOIUTACTUYHOCTI Ta BiJHOBIICHHS (DYHKIIOHATBHOI aKTUBHOCTI MICISI BTPATH
kiHiiBku [8]. Ilopsx 13 NaTojgOTiYHUMHM 3MiHAMH y HEWPOHHUX MEpekax
30epiraerbes 1 agantuBHUi norenuian [HC. ¥V BinnoBiae Ha BTpary adepeHTHUX
CUTHAJIB BiIOYBAa€ThCS pPEMAIIHI COMAaTOCEHCOPHOI Ta MOTOPHOI  KOpH,
NIJBUIIEHHS AKTUBHOCTI KOHTpalarepaJibHUX MOTOPHUX 30H 1 aKTHUBAIis

KOMITEHCATOPHUX HEMPOHHMX CXE€M, III0 YaCTKOBO BITHOBIIOE (DYHKI[IOHATBHUI
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Oamnanc [29]. Ognak dhopMyBaHHS TaKuX aJallTUBHUX MEXaHI3MIB MOTpedye yacy
Ta BIATOBITHOT CTUMYJISITII.

AmrmyTanisi KIHIIBKH Y HIypiB 1HIIIIOE KOMIUIEKC 3MiH y (PyHKIIOHYBaHHI
[MHC, 30kpema B MOTOpHIN aKTHUBHOCTI, €MOIIISIX Ta KOTHITUBHUX Tpouecax [15,
36]. CucremHa aKkTHBaIlisl CTPEC-MIACUIIOIOYMX MUISAXiB, 30KpeMa TrinoTagamo-
rinoizapHO-HAIHUPKOBOI OcCli, 3amydeHa a0 mnartodizionorii ammyTtarii. Ha
TBapUHHUX MOJIEJISIX TpHUBaja akKTUBalis Ii€i OcCi MNPU3BOAUTH JO 3MIH Yy
HEUPOEHOKPUHHIN peryisiii, 6ajaHcl ITIOKOKOPTUKOIAIB, MaM'sITI Ta eMOIIMHUX
peakuisax, M0 MOXKe MPU3BECTU O TPUBOKHUX Ta JETPECUBHUX IPOSBIB MICIHS
TpaBMHU abo ammyTarii [36].

Jucperynsuisa rinotaiaMmo-TinogizapHO-HATHUPKOBOI OC1 BIUIMBAE HE JIULIE
Ha TOPMOHAJBHE CEPENIOBHUIIE, ajie ¥ Ha (PYHKI[IOHYBAaHHS CTPYKTYp JIMOI4HOT
CUCTEMH, 30KpeMa Tinokammna Ta IpeQpOHTAIbHOI KOpH, Kl OEpyThb Y4acTb y
perymamii  eMorii 1 KorHiTuBHuUX mporeciB [15]. IligBuieHuii piBeHb
[JTIOKOKOPTUKOIIIB ~ MOXKE  TMOPYIIyBaTH  MEXaHI3MH  HEUPOTUIACTUYHOCTI,
NOTIPUIYBATH KOTHITUBHY (YHKIIIIO Ta TMOCUJIIOBATA TPHUBOXHI peakiii, II0
MPOSBIIAETHCS 3HIKSHHSIM JI0CITTHUIILKOT MOBEIIHKY Y TTOBEIIHKOBHUX TecTax [36].

Mogeni XpoHIYHOTO CTPECY y TPU3YHIB, IO MOKa3aly TPUBAITY CTUMYJISLIIO
rinotagaMo-rino(dizapHo-HaJHUPKOBOi ~ OCl, MPOAEMOHCTPYBaJIM HE  JIMIIE
TUMYACOBI 3MIHM Y 11 (QyHKIIIOHYBaHHI, ajie i CTIAKI HEHPOMOJICKYIIAPHI aanTaliii,
[0 BUSBISIOTHCS Y BUIVISAL AUCOaIaHCy HEHPOMEIIaTopiB, 3arajibHOi 3arajibHOi
BIJIMIOBIJIl Ta HEQJANTUBHOTO HETaTUBHOTO 3BOPOTHOTO 3B'SI3KYy KOPTHUKOCTEPOIIiB.
Came 1s B3aemonis 3akianae (i3l0JOTIYHY OCHOBY JJsi TPHUBOXKHHUX Ta
JIENIPECUBHUX PEaKliiil Ta KOTHITUBHUX aHOMaJIiii, 3SMEHIIEHOI 31aTHOCTI pearyBaTu
Ta 3armamM'siTOByBaTH HOBY iH(opMmairito [15, 36].

EMomniiinuii ctaH miypiB Micas ammOyTaiii TakoX MOXe 3MIHIOBATHUCA
BHACIIJIOK HEWPOEHJAOKPUHHHUX pEaKIlii, M0 BIUIMBAIOTh Ha (YHKIIOHYBAHHS
JTIMOIYHOT CHCTeMH Ta MOBEAIHKOBI peakirii TBapuH [15].

AmMriyTanis Npu3BOAUTH A0 MOPYLIEHHS Tepenadl apepeHTHOI CEHCOPHOI

iH(popMarllli Ta nepedyJoBH CEHCOMOTOPHUX CTPYKTYp y LEHTpPalbHIA HEPBOBIi
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CHUCTEMI, 30KpeMa y COMaTOCEHCOPHIN Kopi Ta TanamiuyHux siapax [39]. Taki 3miHu
MOXYTh CIIPUSITA PO3BUTKY LIEHTPAJIbHOI CEHCUTHU3AI[li — I1JIBUILIEHOT YyTIUBOCTI
HEHPOHIB 10 HOIMIICITUBHUX 1 HCHOIMIIENITUBHUX cUTHAMIB [29, 39].

CeHncuTHzallis TakoX Moxe OyTH TMOB'si3aHa 3 TOCWICHHSM CHUHANTHYHOI
nepenayi Ta 3MiHaMu OanaHCy 30yMKYyBaJlbHMX 1 TaJbMIBHUX BIUIMBIB Y
IEHTpaNbHIN HEpBOBi cuctemi. OTHUM 13 BaXJIMBUX MEXaHI3MIB € aKTHBAIIis
NMDA-penientopiB 1 MOCWICHHS [IyTaMaTepriyHoi Tmepeaayl, II0 CIpHUSE
NIJBUIIEHHIO 30y[UIMBOCTI HEHpOHIB OonboBUX wUIsAxiB [14]. LlenrpanpHa
CEHCUTH3AIllSl, sIKAa BHUHUKAE BHACHIIIOK BTpaTu mnepudepuynoi adepeHrarlii, €
OJTHUM 13 KITFOYOBUX MeXaH13MiB (hopMyBaHHs ()aHTOMHOTO OOJIO MICIIsI aMITyTaIlli.
HagiTh 3a BIACYTHOCTI mnepu(pepuyHUX PELENnTOpiB HEUPOHU CHUHHOTO MO3KY,
TajaMmyca Ta KOpH MOXYTbh 3aJUIIATUCS T1MEPAKTUBHUMHU Y€pe3 MaTONOT14HI 3MIHU
CHHANTUYHUX 3B’s3KiB [29, 39].

Cepen KITI0OYOBHX MEXaHI3MIB HEMpo3arnauieHHs Miciis TPaBMU Ta aMITyTallli €
aKTUBallisl MiKpormanbHuxX KITHH (iMmyHHEHX enemeHTiB [IHC). Mikporis pearye
Ha MEXaHI4YHl1 MOLIKOKEHHS a00 Ha XPOHIYHI HOLMIENTHBHI CTUMYJU LUISIXOM
dbeHoTHMIYHOI 3MiHM, mpoiideparii Ta MOCHIEHOTO CHHTE3y MpO3amalbHUX
uutokidiB IL-1B, TNF-a, IL-6 [48]. Lli muTokiHM, IO BIUIMBAIOTh Ha pPi3HI
HEHPOHU, 3MIHIOIOTh IXHIO AKTHBHICTH 1 MIJIBUILYIOTh IEpeAady CHUTHaJiB, IIO
MOXOJATh BIiJl OOJIIO0, € MOKA3HHUKOM OJHOTO 3 MOJICKYJISPHUX MIATPYHTH I[HOTO
MpoIeCy IEHTPaJIbHOI CEHCHUTH3allll Ta HEHUPOIUIACTUYHMX 3MiH y OOJIhOBUX
nursixax [50].

[TapanenbHO 3 HEHWPOIUTACTUYHUMHU Ta HEWpo3analbHUMHU edeKTaMu
aMITyTarlii aKTHBYIOThCS OKHCHIOBAJIbHI MPOIIECH, IO JIOJAATKOBO HABAHTAXKYIOTH
HeWpoHHU Ta TmanbHi KiIiTuHU. PeaktuBHi Gopmu kucHio (ROS) 1 azory (RNS), sxi
YTBOPIOIOTHCS TiJ] Yac 3amajieHHs, MOXKYTh MOPYIIyBaTH OKMCHIOBAIbHUI OamaHC y
[MHC Ta nomkomKyBaTH KJIITHHHI CTPYKTYpH, 30KpeMa MeMOpaHU HEHpPOHIB i
MITOXOH/IpIi, 10 TPU3BOAUTH 10 HEUPOHHOI mucyHKIIT [61].

Ha 11 ceHcuTu3amiiHux, HEMPOSHIOKPUHHMX 1 3alMalbHUX 3MIH TICHsS

ammyTarii GOpMYIOThCS BUPAXKEHI HEHPOIUIACTUYHI TIepeOya0BH, 10 OXOTUTIOIOThH
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pI3H1 PIBHI HEPBOBOI CUCTEMH. Taki 3MIHM CYNPOBOKYIOTHCS PEKOHQITypaIliero
CEHCOMOTOPHUX KOPTUKAJIbHUX 1 MIJKIPKOBUX MEpeX Yy BIANOBIIb Ha BTpaTy
adepeHTHUX IMIYIHCIB 3 aMITyTOBaHOI KIHIIBKK [29].  YHacHmigok I1bOTO
B11I0YBA€ThCA CTPYKTYpHa Ta (PyHKIlIOHAJIbHA TepeOynoBa 3B'S3KIB y IMEPBUHHIN
COMAaTOCEHCOPHIM 1 MOTOPHIM KOpi, 0 MOXKe OyTH TOB’S3aHO SIK 3 aalTUBHUMH
npolecaMu KOMIIEHcallii, Tak 1 3 popmyBaHHAM (hanToMHOTO Gorto [29, 40].

Apanrariis micias amnyTaili He 0OMEXY€EThCs JUIIE JIOKAJIBHUMHU 3MIHAMU B
KOPTUKAJIbHUX 30HAX, MOB’A3aHUX 13 BTpayeHOlo KiHILiBKOwO [40]. Bona Bkitouae
OuTbIll TIOOANIBHY TMepeOyI0OBY CEHCOMOTOPHUX MEPEXK MO3KY, sKa MOXKe
B1JIOOpa)KaT KOMIIEHCATOPHY pEOpraHizaiiio ICHYIOUWX HEUPOHHUX 3B SI3KIB 1
dbopMyBaHHA aJbTEPHATHUBHUX [UIAXIB OOpPOOKM CEHCOPHOI Ta MOTOPHOI
iHdopmarii [20, 28].

KpiM 3MiHEHUX KapT Tida B KOPTHKAJIbHUX OOJACTAX, MIKPOKIITHHHA Ta
MOJICKYJIIpHA aJamnTailisi TaKoXK BIJOYBA€ThCSA Y BIAMOBIIHUX CEHCOMOTOPHUX
Mepekax, IO BiAMoBinawTh iM. HoBi gaHi 3 Momeni ammyTallii J€MOHCTPYIOTh
aKTUBALIIIO KacKaJy MIKpOIIAJIbHOI aKTUBHOCTI B MPUJIEIIMX CECOPHUX MUIAXAX,
30kpema yepe3 nuisix CCL2-CCR2 uepes BTpary adepentHoro Bxony [35]. Taxi
JIOKai30BaH1 3amajibHl Ta IMYHOJIOTIYHI MOJII B KOPTUKAJIBHUX IIapax MOXKYTh
MOJIATATH B OCHOBI HEWPOTUTACTUYHOCTI Ta CIPHUATH TPOIECY PEMOCTIOBAHHS
MEpEX SIK y TOCTPiii, Tak 1 B MiATOCTpii ¢a3i BrpaTu KiHuiBku [20, 35].

HeiiposizyanizamiitHi DOCHIPKEHHsSI TOKa3ylTh, IO IIICIA aMIyTarlii
Bi/I0YBa€ThCA peopraHizailisi COMaTOCEHCOPHUX KapT Y KOpi TOJIOBHOTO MO3KY. Y
FOMY IPOLIECI MOXKYTh 3aJIydaTHCs CYCIJIHI CEHCOPHI 30HH, 30KpeMa TIISHKH, 110
BIIMOBIAAIOTh 3a 00AMYYs a00 MNpOKCHMaldbHI YAaCTUHU TUIA, SKI YaCcTKOBO
3aMilIytoTh BTpadueHuid adepeHtHuit BXin [17]. YHaACHIIOK IBOTO CTHUMYJISITIS
IHIIMX YacTUH TUIa MOXE AKTUBYBATHM KOPTUKAJIbHI 00JIAcTi, MO paHimie Oyiu
OB’ s13aH1 3 aMITyTOBaHOIO KIHI[IBKOIO. BomHo4ac cydacHi JOCHIIKEHHSI CB1AYaTh,
10 KOPTHKAJbHI KapTH MOXYTh 30epiraTd MeBHY CTaOUIbHICTh HABITH MICTS
TpUBaJIOi BTpatu adepeHTarlii, a ixHs mnepedyoBa 4acTo 0a3yeThCs Ha aKTUBAIIll

JaTeHTHUX HEWPOHHUX 3B’s3KiB. TakMM UYMHOM, HEHpOIUIACTUYHA peopraHizallis
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MO>KE BIJIITpaBaTH K aJalTUBHY POJib Y KOMITEHcallli (yHKIIOHAIbHUX MOPYIICHb,
TaK 1 Opary ydacTh y ¢GopMyBaHHI MaTOJIOTIYHUX (PEHOMEHIB, 30KpeMa (haHTOMHHUX

BimuyTTiB [20, 28].

1.4. Heiipogizionoriuni mexanisMu 3miH 'y IHHHC Ta mnepcnektuBmn
peadiiTanii micjasa ammyraunii

AKTHBaIIiS IEHTPATLHUX HEHPOHIB € OJTHUM 3 KJIIOYOBHX HEUPOOI1OJOTIUHUX
MEXaHI3MIB PO3BUTKY MATOJIOTTYHOTO OOJIO MICIS MOUIKOMKEHHS MepuepudHux
HepBiB a00 BTpaTH adepeHTHOI iHHEpBallii. BoHU CyNpOBOKYIOTHCS MIJIBHILIEHOIO
30yIJIMBICTIO HEMPOHIB 3aJIHIX POTIB CHMHHOTO MO3KY Ta 301IbIICHOI0 Mepeaayeto
HOIIMIENTUBHUX IMIYJIbCIB JO BHCXIJHUX CEHCOPHHX TpakTiB. LleHTpanbHa
CEHCHUTH3alllsl € BUJIOM CHUHANTUYHOI IUIACTUYHOCTI, 110 BUHUKAE y BIAMOBIAL Ha
CTIiKy a0o0 TpuBajdy CTUMYJSIII0 HOIMIENTOPIB. BHAcHiZOK 1BOro Mmopir
aKTUBallli HEWPOHIB 3HUXKYETHCS, iXHI PELENTHUBHI MOJS PO3LIMPIOIOTHCA, 1
BUHUKAE Tirepanres3is abo amonunis [12, 18, 24].

Tanamyc Bifirpae KJIrO4OBYy pojb B 00poOIll HOIUIIENITUBHOI 1H(pOpMAITli Ta
BUCTYNA€E LIEHTPAJIBLHUM BY3JIOM IHTErpallli CCHCOPHUX CUTHAJIB y CHCTEMI OOIIO.
CyuacHi IOCHIPKEHHsI TIOKa3yloTh, IO TaJllaMyC HE JIUIIE TEepeaae CUTHAIU Bij
CIOIMHHOTO MO3Ky 10 KOpHM, a ¥ Oepe ywacTh y ix iHTerpauii, ¢uaprpauii Ta
MOAYJISIT y B3a€EMOAIlT 3 KOPTUKAJILHUMH 1 MIJAKIPKOBUMU CTPYKTYpamMHu MO3KY.
TakuM YWHOM, BIH CIYXHUTh IIEHTPAILHUM BY3JIOM I KOOpAWHAIlT JHMHAMIKA
HEHPOHHUX MEPEXK, MOB'A3aHUX 31 CHPUUHATTIM Oouto [3, 26, 46].

Tamamiuni  sigpa, 0COOMMBO  BEHTpPalbHI  CEHCOpPHI,  OOpOOIAIOTH
HOIMIIENTUBHY 1H(OpMaIlito yepe3 cnuHoTanaMiyHui Tpakt. [lopyiienns 6anaHcy
MDK DIyTaMarepriyHuMu 30ymkyBanbHuMU Ta TAMK-eprivunumMu 1HrioyBajibHUMU
MEXaHI3MaMHd MOXE TPU3BOJUTH IO TIATOJOTIYHOI aKTUBAIlll TajJaMiYHHX
HEWpOHIB. Y TakuX yMOBax BHUHHUKA€E IEHTpaJibHA JE3IHTIONIISA, [0 CHpUsE
HaJMIpHIA Tepeaaqyl HOLMIENTUBHUX CUTHANIB J0 KOPTUKaJIbHUX CTPyKTyp. Lli
3MIHA € OJHUMH 3 KJIIOUOBUX UYMHHUKIB XPOHIYHOTO HEMPOMATUYHOTO OOII0 Ta

TajlaMiqYHOTO 00JILOBOTO CHHAPOMY [6, 33].
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[HIIOF0 TIPUYMHOIO MMATOJIOTIYHOI peopraHizaili TaJlaMidHUX Mepex €
MOPYIICHHS MaTepHy aKTUBHOCTI Y BOTHMILAX TaJTaMOKOPTUKAJIbHUX HEUPOHIB. Y
NAIlEHTIB 3 XPOHIYHUM HEHpONMaTuyHUM OOJEeM CIOCTEpIraeThCs MOPYIICHHS
aKTUBHOCTI TaJaMOKOPTHKAJIbHUX HEUPOHIB, IO MPOSBISAETHCS PO3BUTKOM
TaJaMOKOPTUKAIbHOI AUCPUTMIi. LI aHOMalbHI PUTMH MIATPUMYIOTH MOCTIHHUIA
nposiB OO0 32 BIACYTHOCTI NEpU(PEPUYHOTO HOIUIEITHUBHOTO CTUMYTY, THM
CaMHUM TIOSICHIOIOUM TIporiec TeHeparlii ¢GaHTOMHOTrO OO0 TICHS aMITyTarlii
KIHIIBKY [7, 43].

Tanamyc Takox Ma€ CHUIBHUN B3a€MO3B'S30K 3 1HIIMMH JIJISHKAMH MO3KY,
10 KEPYIOTh MOAYJALIEI0 OOJbOBUX CHUTHAJIB. 30KpeMa, € KPUTUYHOIO pOJIb
TallaMidHuX sijep y B3aemoii 3 PAG, Takoxx Ba)KJIMBOIO OCOOJMBICTIO HU3X1AHOL
CUCTEMHU MOIYJAIli Oomto. Mepexa CTPyKTyp, IO BKIIOYAE TaJlaMivHi sjipa,
murgaiauHy Tta PAG, po3BHBAaeThCS CKJIAIHO 1 3/1aTHA MOJAYJIIOBaTH IMOTYKHICTh
00JILOBOTO CHTHAIY 1, TAKUM YMHOM, €MOI[IHHO-MOTHBAIIIIHI acCIIEeKTH OOJIbOBOTO
curHany [22, 52, 55].

Heliporutactuuni  TpaHcdopmallli Ha  KOPTUKaJIbHOMY — pIBHI  HICIHS
nepepuBaHHs CEHCOPHOI adepeHTallli MmoB's3aHi 31 3MIHOIO COMAaTOCEHCOPHOI Ta
MOTOpHOT KOpu MO3Ky. [lepBMHHAa COMAaTOCEHCOpPHA KOpa IHTETpye€ CEHCOPHY
1H(popmarito Bl nepudepudHux peuentopis. Komu apepeHTHU BXiJ BTpadaeThCs
B TIEBHIM 00JacTl TiJla, KOPTUKAIbHI MPOEKIIIT MEePEIIaHOBYIOTHCSA: HEUPOHH, IO
paHillie pearyBajidi Ha CTUMYJIAIIIO 3 BTPAu€HOro abo MOIIKOKEHOTO paioHy,
MOYMHAIOTh PearyBaTy Ha CTUMYJISIIIIO CyClHIX obmactelt tina. s peopraunizairis
UTIOCTPYE 37aTHICTh KOPH JI0 HEMPOTUTACTUYHOCTI Ta TIEPEHOCY CEHCOPHUX MEPEK
y HOBe (pyHKIIIOHaIBHE cepenoBuiie [1, 35].

CTpyKTypHI OCHOBM KOPTHUKAJILHOTO TEPEIUIAHYBaHHS € pEeopraHi3aIfiero
CHHANITUYHUX 3B'SI3KIB Ta MOPQOJOTIYHUMH BIAMIHHOCTSAMHM B JICHJpPHUTAX
HelipoHiB. Konm HeWpoHH 3a3HaIOTh HEHPOIIACTUYHOCTI, JOBKHHA JIEHAPUTHUX
TUIOK, 1X pO3TralyXeHHS Ta IIUIbHICTh JEHAPUTHUX UIUMHKIB 3MIHIOETHCA.
JIGHIpUTHI IIUINIUKKA € JTUHAMIYHUMU CTPYKTypamu, ¢Gopma, po3Mip 1 KUIbKICTh

SKUX 3MIHIOIOTBCSI 3QJIEKHO BiJl HEUPOHHOI akTWBHOCTI. Cuia CHHANTUYHUX
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3B'S3KIB, a TaKOX 37aTHICTh TeHEepyBaTH HOBI HEUPOHHI Mepexi TICHO
PEerylioIoTECd UUMH  MOP(OJOTIYHUMHU 3MiHaMH. 3MiHM B Mopdosnorii abo
IIUTPHOCTI JACHAPUTHUX IIWIHAKIB MOXYTh CYTTEBO BIUIMHYTH Ha HEHPOHHY
KOMYHIKaIliio 1 € GyHIaMEHTAIPHUMU JJ1s1 0araThb0X HEBPOJIOTTYHUX Ta MICUXIYHUX
po3mnanis [21, 37].

I[MHC Bixgirpae 3HauHy poOJIb Y HEWPOIUIACTMYHOCTI HEWPOHIB, Tepeaadi
CUTHAJIIB BiJl OTHOTO HEWPOHA /IO 1HILIOTO Ta 3/IaTHOCTI MO3KY pearyBaTu Ha CTpecC.
MoHoOaMIHEpriyHi CHCTEMH, OCOOJIMBO CEPOTOHIHEPriuHa, AodamiHepriuHa Ta
HOpaJpeHepriyHa, MaroTh cheuudiudi poii B IUX MeXaHi3MaX, Kepyrouu
CUHANTUYHOIO TIepeaueto, 30yIJMBICTIO HEUPOHIB Ta TUIACTUYHICTIO B HEMpOHaAX
[12, 18, 19].

CepoToHiH (5-TIIPOKCUTPUNTAMIH) € OJHUM 3 KIIOYOBUX PETYISATOPIB
HEHPOIUIACTUYHOCTI. Bin BILIVBAE Ha AKTUBHICTb peLenTopiB,
BHYTPIIIHHOKTITUHHI CUTHAJIbHI NUISIXU Ta €KCIPECIIO TeHiB, 10 OepyTh y4acTh Y
poCTi HEMpoHiB 1 popmyBaHHI HOBUX cuHarciB [11, 56].

Hopanpenepriuna cuctema Takok Oepe ydacTb y MOAYJSALII HEUPOHHOI
aKTUBHOCTI Ta B KepyBaHHI ajmantuBHuMu mnporecamu B I[HC. Hopaapenanin
MOMYJIIO€ 30y/UIMBICTh HEUPOHIB 1 4epe3 Hel TakokK €(PEeKTUBHICTh CHHANTUYHOI
nepenavi 3a JOMOMOIOK SIK aJpeHOPELENTOpPIB, TaK 1 BHYTPIIIHbOKIITUHHUX
CUTHAJIbHUX MeXaHi13MiB. HopaapeHnepriuna cuctema TakoX 1HTErpoBaHa 3 1HIIUMHU
MOHOAMIHEPTTYHUMHU CUCTEMAaMU MO3KY ISl COPUSIHHS BKJIFOUEHHIO HEMPOX1IMIYHOT
curHaiizauii B peryssmito ¢pynkiionyBants LIHC B ymoBax ctpecy [57].

Tak camo modamiHepriuHa cucTeMa Ma€ BaXJIMBY (DYHKIIO B KOHTPOJI
MEXaHi13MIB MOTHBAlIli, HABYAHHS Ta KOTHITUBHOT THY4YKOCTI. Uepe3 penenTtopu, siki
3HAaYHO BapIOIOTHCS, M0(aMiH BIUIMBAE HA AKTUBHICTh HEUPOHIB, MOMYIIOHOUU
BHYTPIIIHBOKIITUHHI CHUTHAJbHI MLUISXHM Ta KOHTPOJIOIOUM CHHTE3 OLIKIB,
HEOOX1THUX TSl THAYKIIIT HOBUX CHHAICIB [24, 46].

@dizuyna peabimiTarliss € OJHUM 3 IMX TEPCICKTHBHUX HAMPSAMKIB JIJIs
BUPIIICHHS MPOOJIEeMH HEBPOMATHYHOTO Ta (h)aHTOMHOTO 0010, PerymspHi dhizuyni

BIIPaBU IMIJBUIIYIOTh HEUPOIIACTHYHICTh, & TAaKOX 3MIHIOIOTh MOJIEKYIISIpHI
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MPOIIECH, BIJMOBIIaNIbHI 32 00JIbOBI CUHIPOMH. 30KpeMa, (pi3UUH1 BIPABU MOXKYTh
MOJIYJIOBATH AKTUBHICTh CHUHAIBHUX MIKPOITIAIbHUX KJIITHH, IO € BaXXIUBUMU
JUJIs1 HeBpomnaTtuyHoro 6o:to [9, 51].

®di3uyHa aKTUBHICTH MOKa3aja, 110 BOHA 3MEHINYE aKTUBALI0 3alaibHUX
CUTHaJbHUX MNUIIXiB, BKItouatoun p38 MAPK, Tum camuM 3MeHIIyIouu
BUBUTHHEHHS TPO3aMaJbHUX MEAIaToOPiB 1 3MEHITYIOUN TINEpPYyTIUBICTh 10 OOIIO.
Kpim Ttoro, ¢i3uuHi BnpaBu CHPHUSAIOTh MOBEPHEHHIO (PYHKIIIOHAJIBHOI MPUPOIU
HEHPOHHHUX MEPEXK, a TAKOXK MIATPUMII TOMEOCTa3zy MIKPOIIii 1, K BBaXKa€ThCH,
3MEHIIYIOTh IEHTPaJIbHY CEHCUTHU3AII0 Ta BUHHUKHEHHS HEBPOMATHYHOTO OOIIO.
TpenyBaHHS, OJIHAK, TaKOX MOXYTh MIABUILYBATH PiBHI HEUPOTpODIUHHUX
(dakTopiB AJI1 BHKUBAHHS HEMPOHIB 1 CIIPUSATH HEHPOIIACTUYHOCTI B MO3KY [25].

dapmakoTeparisi € BaXJIMBUM KOMIIOHEHTOM JIIKyBaHHS HEBPOIMATHYHOIO
oomto. Ilpore ii edexruBHICTh yacTo obOmexkeHa. OnHa 3 rpyn mpemnaparis, IO
MOKHa BHUKOPHUCTOBYBATU JJII KOPEKIIl IIbOTO BUIY OOJIO, BKIIOYAE AHTArOHICTH
NMDA-peuentopiB. Bonu iHriOyroTh IlyTamarepriuny mnepeaady, 1 [MeHTpalibHa
CEHCHUTH3alllsl MOXKE MPUTHIYYBATH CUMNOTOMU Oouto. JIo 1bOTO Kjacy HajexXarb
KeTaMiH, MEMaHTHUH 1 JekcTpoMeTropdaH, e(EeKTUBHICTh SKHUX JOBEICHO B
KJIIHIYHUX BUIIPOOYBaHHsX [26, 33].

Kpim Ttoro, arentu mnsa perymsauii AMK-epriunoi mnepemaui, 30kpema
aHTUJICTIPECAHTH Ta MPOTH3aNaibHI 3acO0U, BHUKOPHCTOBYIOTHCS B JIIKYBaHHI
HEBpPOMNAaTUYHOTO 00J1t0. BOHM MOXYTh MOYIIOBAaTH HEHPOMEIIATOPHI CUCTEMH Ta
sanmanpHl nusixu B I[HC, mo 3amydeni mo mosjermieHds O0O0JbOBOTO CHHAPOMY.
dapmakoTepariisi HE 3aBkKAM 3a0e3leduye TOBHE 3HATTS 0oy, 1 3a3BUYAi
CYNPOBOIKYEThCSI TMOOIYHUMU e(deKTaMU, TOMY YacTO BHMarae KOMOIHOBaHOTO
JIKyBaHHSA 3 IHIIUMH MeToaMu [7, 54].

TakuM yuHOM, HEWpOQI310JOTIYHI 3MIHM MICHS aMOyTalii BKJIIOYAIOTh
IEHTPaIbHy CEHCUTH3aIlil0, TaJTaMOKOPTHKAIbHI TMOPYIICHHS, HEHPOIIACTHYHY
nepedyIoBy KOPTHKAJIbHHUX MEpeX Ta 3MIHM HEUPOMEIIaTOPHUX CHCTEM.
Po3ymiHHS 1MX MEXaHI3MIB € BaXXJIMBUM JJIsI PO3pOOKH €(DEKTUBHUX CTpaTerii

dapmakonoriyHoi Ta ¢i3uuHOoi peadimiTamii micias BTpaTH KIHIIBKH.
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BucnoBku 10 po3aiay 1

1. IIpoaHanizoBaHO Cy4yacHi e€KCIIEpUMEHTaJbHI MOJEII aMITyTallii y IIypiB
Ta BCTAHOBJICHO, 1110 BOHU J03BOJISIIOTH TOCTIIKYyBaTH MOP(OIOriuHi, MeTabomiuH1
Ta HeMpo(]i310I0T1UHI 3MIHHU, 1110 BUHUKAIOTh MICJS BTPATH KIHI[IBKH.

2. OxapakTepW30BaHO  OCHOBHI  IOBEOIHKOBI ~ METOAM  OIlIHKH
(GYHKIIIOHAJIBHOTO CTaHy LEHTPAIbHOT HEPBOBOI CHCTEMH Yy IITypiB (TECT «BIAKpUTE
noJjie», TECT «CBITJIO—TEeMHa Kamepa», Tect Ilopconra, portapon-tecrt), uIO
JIO3BOJISIIOTh BU3HAYaTH 3MIHHM JIOKOMOTOPHOI aKTMBHOCTI, KOOpAMHAILI PyXiB Ta
€MOLIIHOTO CTaHy TBapHH.

3. BcranoBieHo, 10 aMITyTallisl KIHIIIBKM BHUKJIHKAE 3MIHH TOBEIIHKOBUX
peaxiiii, eMOLIMHOrO CTaHy Ta aJanTalliiHUX MEXaHI3MIB OpraHi3Mmy, OB s3aHl 3
nepedyI0BOI0 CEHCOMOTOPHUX 1 HEHMPOHHMX MEpEX LEHTPAJIbHOI HEPBOBOI
CHUCTEMHU.

4. VY3araibHeHO HeWpodi1310J0TIyHl MEXaHI3MU MOCTAMITYTAllIMHUX 3MIH Y
[THC, 30kpema MeHTpajJbHy CEHCHTH3AIlll0, HEHWPOIUIACTUYHY IMepeOyqoBy Ta
MOPYIICHHS] HEMPOMEIIaTOPHOTO OajaHCy, 1110 OOIPYHTOBYE HEOOXITHICTh MOLIYKY

e(hEeKTUBHUX ITIAXO/IIB 10 (papMaKOIOTIUHOT KOPEKITii.
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PO3/LI 2
MATEPIAJIM TA METOJU JTOCJAUTKEHHS

2.1. ExcniepemMeHTAJIbHI TBAPDUHH

JlocmiipkeHHsT BUKOHAHO B HAaBYaJIbHO-HAYKOBOMY 1HCTUTYTI MPHUKJIAJAHOI
dapmanii  Hamionamenoro — ¢dapmaneBruyHoro  yHiBepcutety — (HDayV).
Buxopucrano 17 gopocnux OimuMxX paHIOMOpEIHUX IIypax-CamIsiX BIKOM 7-8
MmicaiiB, mMacoro 230-310 r (Bu3HAYanM 3 BUKOPUCTAHHSIM EJNEKTPOHHUX Bar 3
TOYHICTIO 0 1 r). TBapuH yTpuMyBaJiM Ha CTaHAAPTHOMY XapyOBOMY palllOHI
BIBapil0 3a BUIBHOTO JOCTYMY JI0 BOAM, MOCTIMHOI BOJIOTOCTI Ta TEMIIEPaTypHOTO
pexumy +22-23°C.

[lypiB BUIAAKOBMM YWHOM pO3JIUIEHO Ha 1Bl rpynu. Jlo mepmioi rpymnu
(IHTaKTHOTO KOHTpPOJO0) yBiMnuio 11 TBapuH. Y rocrpomy mnocrammyTauiiHOMY
nepioni (3-4 neHb micias omnepailii) JOCHKEHO 9 1ypiB, Y XpOHIYHOMY TEpiofi
(uepes 2 wmicsii) — 11 KOHTPOIBHUX HIYPiB; TBAPUH YTPUMYBAJIHU 1O 3 OCOOMHU Y
CTaHAApTHUX KIITKax. [pyry rpymy (KOHTpOJBHOI TAaToNorii) CTaHOBUIU 6
TBapuH, IKUM BUKOHAHO TPAHCTIOIAJIbHY aMIYTallll0 33JIHbOI MPaBOi KIHILIBKH; 1X

yTpUMYBaJiv 110 1 0COOMHI B CTAaHAAPTHUX KITITKaX.

2.2. bioeTuyHa ekcneprusa

OOMexXeHy KITBKICTh TBapuH 3 amiyTamiero (n = 6) oOIpyHTOBAaHO
MIpKyBaHHAMH Ol0eTuKH. [IpOTOKON EKCIIEPUMEHTIB CXBaJCHUN KOMICIEIO 3
oioetukn H®aV (mporoxonm Ne 13 Bim 13.03.2024 p.) Ta BiAMNoOBiga€ BUMOTraMm
['enbciHCHKOT AeKIapallii o0 TYMaHHOTO MOBOKeHHS 3 TBapuHamu (2000 p.) Ta
HupextuBu Pamum  €Bponeiicbkoro Coro3y MOA0 3aXWCTy TBapuH, WIO

BUKOPHUCTOBYIOThCS JJ1s1 HayKoBuX I1ii1eit (2010 p.) [16].
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2.3. Mogeap amMmmyTanii HU2KHbOI KIHIIBKY y IIYPiB

TpancTiOlaabHy aMmyTallilo 3aJHbOI KIHIIBKA Ha PIBHI HMXKHBOI TPETHUHH
TOMUIKY BUKOHYBAJIHM B ACENTHYHUX YMOBaxX 6 TBapHHAM il TIONEHTAI-HATP1EBUM
Hapko3oM (40 MI/Kr BHYTPIIIHbOOYEPEBUHHO). BUKOpUCTOBYBaiM MiHIaTIOPHI
XIpypriudi 1HCTPYMEHTH; HJs TEeMOCTa3y — EJIEKTPOKOAryasiTop. 3 METOIo
MiHIMI3aIlll PU3UKY PO3BUTKY HEBPOIMATHYHOTO OO0 HEPBH MEPETHHAIU OJHUM
pyxXoM Il TOMIpHMM HararoM. Kpall KICTKM TicCls TMEpPeTHHY pEeTEeIbHO
3Ma/DKYBANIM Ta HaJaBajlu oMy aHaToMmiuHoi (opmu. DopMyBaiu KyKCy KOHIYHOT
dopmu. Jlng 3akputtda paHu  QopMyBaiM  MiO(]ACIIOKYTaHHUN  KJIANOTh
(myofasciocutaneous flap). M’s3u ymmBanu (TexXHiKa MIOIUIACTHKH), MIKIpY —
okpemo. Jlns mpodimakThky 1HGEKIIMHUX YCKIATHEHb HAMPHUKIHI oOrmeparii

IIypam BBOAWIA BHYTPIITHLOOYEPEBUHHO IepTprakcoH y 1031 250 mr/kr [44].

Puc 2.1 Illyp micns BukoHaHHs Puc 2.2 3aranbHuil BUDISIA IIypa yepes
TpaHCTIOlampbHOI — ammyTarii  3aAHpOi 2  MicSIll  MmCis — TPaHCTIO1aIbHOT
KIHI{IBKH y paHHBOMY aMMyTarllii 3aJHbOT KIHI[IBKH.
nicisonepamniitHoMmy nepiogal (Buxia 13

HAPKO3Y).
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2.4. Metoau OUIHKH (PYHKUIOHAJBHOIO CTAHY HEHTPAJbHOI HEPBOBOI
CHCTEeMH
JlocaimpkeHHs moao omiHku GyHKiioHansHOTO ctany LIHC micis ammyTaiii

NpOBOAWIIM Ha 3-UW JAeHb micis omeparii (roctpa crafis) Ta 4yepe3 2 MicCsIli
(XpoHluHa cTaais) y Takid MOCIITOBHOCTI, SIKa MIHIMI3y€e BUCHA)KCHHSI TBapUH Ta
HE BIUIMBAE Ha Pe3yJIbTaTH HACTYITHUX TECTIB.

Y Tecti «Binkpute moNe» BUKOPUCTOBYBAJIM SCKPaBO OCBITICHHUU
MaiJIaHYUK Ha HDKKax po3MipoM 75x75 cMm 3 6optamu 30 cMm, po3aiieHuid Ha 25
KBaapariB 15x15 cM 3 oTBOpamu JllaMeTpOM 2 CM Ha iX KyTax. BuzHauaau pyxoBy
(KITBKICTh TMEpPEeTHYTUX KBAApaTiB) Ta MAOCHIJIHULBKY AaKTHUBHICTh (KUIBKICTh
BEPTUKAJIBLHUX CTIMOK 1 0OCTEXKEHHUX OTBOPIB, Ta X CyMapHE 3HA4YE€HH: ), EMOIlIHHI
peakiii (KUIbKICTh aKTIB TPyMIHTY) Ta IX BEreTaTUBHUN CyHpoBiJ (KUIBKICTh
dekanpHUX OOJIOCIB, YpUHAII) OKPEMO Ta CyMapHO, PO3PaXxOBYyBalu CyMapHUI
MOKa3HUK YCIX BUIB aKTUBHOCTEH 3a 3 XBUJIMHU JOCTIKeHHS [47].

Hami npoBoawin tect «CBITIO-TEMHA KaMepay, Y SIKOMY JOCHIIKYBalH
piBeHb TPUBOXKHOCTI. [IpucTpiii sBiIg€ cOOOI0 TPSIMOKYTHY Kamepy pO3MipaMu
60%30x30cM, sika pO3AUIEHA TMEPEropojKkoI0 Ha JBa piBHUX BiAciku 30%30cwm.
OauH 3 HUX 3aKPUBAETHCSA 3MOMHOIO KPUILKOIO. [HIMWNA BIAKPUTUNA, HAJ HUM
PO3TAIIOBAHO JKEPENIO SICKPABOTO CBITJIA 3 METOIO CTBOPEHHS MJisi TBAPUH YMOB
MOMIPHOTO CTpecCy. Y MEPEeTHHINl MIXK CBITJIOK Ta TEMHOI KaMmepamu HasiBHUN
otBip. LllypiB po3milryBanu B ACKpaBO OCBITIEHIA YaCTUHI IPUCTPOIO TOJIOBOIO BiJI
OTBOpPY Ta BHW3HAYaJ M JIATCHTHUH dYac BXOAYy B 3aTeMHEHY Kamepy. JlomaTkoBo
OLIIHIOBAJIM TaKl MOBEAIHKOBI MAaTEPHU, K BEPTUKAJIbHI CTIMKH, TPYMIHT, qedekarii
Ta ypuHamii mig yac nepeOyBaHHA Ha OCBITIIGHOMY MaigaHuuky. Yac
CIIOCTEPEKEHHSI CTAHOBUB 3 XBWJIMHHU [5].

Jlami Bu3Ha4YaM KOOPAMHAIIO PYXiB TBApUH y POTAPOA-TECTi (IIBUIKICTH
obepranHs ctpwkHa 10 06/xB.). YV mpomy TecTi mypu Maiaud 3 copoOu, Mo
JO3BOJISIIO  @/IalITyBaTHCSl /10 CKJIAQAHUX YMOB TECTYBaHHsS, OCOOJMBO 3a

BIJICYTHOCTI KIHIIIBKH; BPaxOBYBaJH Kpalui pe3yasrar [49].
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Hamnpukinii BU3HA4aJIM PiBEHb JEMPECUBHONOMIOHOI MOBEAIHKM TBApUH Yy
wiaBaibHOMY TecTi [lopconTa. TBapuH BMimryBanu 10 6aceitHy miamerpoM 50 cM,
mbuHo10 60 cM Ta BucoToro 0opTiB 10 cM, 110 YHEMOXKIMBIIOE BUX1] TBAPUHH 3
OaceitHy. baceilH 3amoBHIOBajIM BOJOK KIMHATHOI Temmeparypu (21-22°C).
O3HakaMy JIETIPECUBHOMNOAIOHOT TOBEIIHKM BBa)KaJIW CKOPOYECHHS JIATEHTHOTO
gyacy IMEepIIOro emi30ay 3HEpyXOMJICHHS (TPUIMHEHHS AaKTHBHHUX IJIaBaJbHUX

PYXiB), 301BIIIEHHS KIJILKOCTI €MI30/11B Ta Yacy iMMOO1ILHOCTI TBapuH y BoAi [59].

2.5. CtaTucCTHYHUI aHAJII3
Jns cTaTucTUYHOT 0OpOOKH KUTBKICHUX JaHUX BHUKOPHUCTOBYBAJIM IPOTrpaMu

STATISTICA 12.0 (StatSoft, CIIIA) ta Microsoft Excel. MixrpynoBi BiIMiHHOCTI
OILIIHIOBAJIM 3a HEMapaMeTPUYHUM KpuTepieM ManHa-BiTHI, OCKUIBKH PO3IMOILIT
JIAaHUX BIJPI3HABCS BiJ HOpMaiabHOTO (3a kputepiem [llanmipo—Binka). BigmiHHOCTI
BBAXKaJIM CTATUCTUYHO 3HauymuMu mpu p < 0,05. Pe3ynbratu HaBeAEHO y BUMIISAIL
M=m ta Me [Q25; Q75]. Ilpu o06miky pe3ynapTariB B ajbTepHATHUBHINA (opMi
(HasIBHICTB/BIACYTHICTB) iX IMOJaBajid y BIJICOTKaX, a CTATUCTUYHY 3HAYYLIICTh

OIIHIOBAJIM 32 KyTOBHM TiepeTBOpeHHAM Dimepa ((p-KpuTepiit).

2.6. ®iHaHCyBAHHHA JOCTIIKEHHS
JlocmikeHHsT BUKOHAHO B pamMkax TeMu «Po3poOneHHs M’SKUX JKapChKUX

3ac00IB ISl TOJMIMIICHHS (YHKI[IOHAJLHOTO CTaHy KyKCH HpPH HPOTE3yBaHHI»
[lepeniky HaykoBux gochiimxeHb MO3 VYkpaiHu, 110 BUKOHYIOTHCS 3a KOIITH
nepxkaBHoro Owomkery Yikpainm Ne 0124U001991 (Hakaz MO3 Vkpainu Bin
16.01.2024 p. Ne 82).

BucHoBkHu 10 po3ainy 2
1. VY paMkax €KCIEepUMEHTaIbHOTO JOCHIIKeHHSI BU3HAYEHO 00’ €KTHU Ta
YMOBH HOTO TPOBEJAECHHSI.
2. BianoBigHo 110 moOCTaBieHOI MeTH OOpaHO ajeKBaTHI MoOJesl Ta

METO/H, IO JTO3BOJISIOTh OLIIHUTH (DYHKIIOHAIBHUN CTaH IEHTPAJIbHOI HEPBOBOI
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CHUCTEMHM y IIypIiB IMICJIsI TPAHCTUOI1AIBHOT aMITyTalllil 3aJ{HbO1 KIHI[IBKH B TOCTPOMY
Ta XpOHIYHOMY Tep1o/Iax.

3. BukopuCTaHO KOMIUIEKC TOBEIIHKOBUX TECTIB («BIAKPUTE IOJEH,
«CBITJIO-TEMHA KaMepay, poTapoa-Tect, TecT [lopconTa), siki Jar0Th 3MOTY OI[IHUTH
PYXOBY aKTHUBHICTb, TPHUBOXKHICTh, KOOPIMHAIIIO PYXiB Ta JEMPECHUBHOINOMIOHY
MTOBE/TIHKY.

4, Jns oOpoOku  pe3ynbTarTiB  3aCTOCOBAHO  Cy4yacHI  METOIHU

CTaTHCTHUYHOI'O aHali3y, M0 3a0e31euyoTh 00’ €KTUBHY OL[IHKY OTPUMAaHUX JAHHX.



PE3VYJIBTATH JOCJILIKEHHA

PO3/LT 3
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3.1. BuiuB amnyranii 3aJlHbOI KIHI[IBKM HAa NMOBEAIHKY HIYPiB y TecCTi

«Bigkpure noJsie»

Pesynpratu mociimkeHb Ha miypax y TecTi «Biakpurte mone» y paHHbOMY

NOCTaMITyTalllfHOMY Tepio/li HaBeAeHO B Tabmwui 3.1.

Tabnuis 3.1

BruiuB TpaHcTiOiajgbHOI amnyTauii 3aHb0I KiHIIBKY HA MOBEAIHKOBI peakuil

mypiB y Tecti “Binkpure noJsie” y panabomy nepioai (M+m, Me [Q25; Q75])

I'pyna, KiIbKiCTh TBAPpUH

Ioka3Huk
KonTpoias, n=9 AMnyTauis, n=6
1 2 3
KinbKicTh IepeTHYTUX 24,36+7,88 16,33+7,38
KBaJpariB 19 [7,75; 31,75] 8 [4; 30]
6,88+2,10 2,17+0,98
Crilikn
6.5 [3,25; 8,5] 1,510,25; 3,5]
Opi€eHTOBHO-
OO6cTexeHi 2,00+0,53 0,50+0,5
JOCIITHUTIbKA
. OTBOpH 2 [1;2,25] 0[0; 0]*
aKTHBHICTH
8,88+2,29 2,67+1,26
Cyma
9[4,25;10,5] 1,510,25; 5,0]*
—_ 2,254+0,75 0,33+0,21
PYMIHT
2 [1;2,25] 0[0; 0,75] **
EMoniiHi 1,50+0,50 2,334+0,56
bomrocu
peakirii Ta ix 1 [0,75; 2,25] 2 [1,25; 3,5]
BEreTaTUBHUU . 0,50+0,19 0,50+0,19
' Ypunari
CyIpoB1J 0,5[0; 1] 0,5[0; 1]
4,25+0,90 3,17+£0,54
Cyma
4.5 [2,5; 5,5] 3[2,0; 4,0]
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npoooecenHss maon. 3.1

1 2 3

37,49+9,35 22,17+£8,81

Cyma BCiX aKTUBHOCTEH
31,5 [20,25; 43,75] 12 [8,5; 38,75]

Ilpumimka. CTaTUCTUYHO 3HAUYIIl BIAMIHHOCTI IIOAO  KOHTPOJIIO:

* —p<0,05, ** —p<0,01 (kputepiit Manna-BiTHi).

Ha 3 nenp micimsa TpaHCTIOlambHOI aMmITyTalii 3agHbOI KIHIIBKH y TECTI
«Binkpute mone» y MypiB CHOCTEPIraii 3HUKEHHS 3arajibHOi MOBEIIHKOBOI
AKTUBHOCTI TOPIBHSHO 3 IHTAKTHUM KOHTpoJieM. PyxoBa aKTUBHICTH (KIJIBKICTb
NEPEeTHYTUX KBAJpaTiB) TEHACHIIIHHO 3MEHIIMIacs B cepeaqHboMy Ha 33%.
HaiiGinpm1  BuUpa3Hi 3MiHM BII3HA4YanIucs 3 OOKy OpPIEHTOBHO-IOCIHIIHULIBKOI
MOBEIHKHU: KUIBKICTh OOCTEKEHUX OTBOPIB JOCTOBIPHO 3MeHIIWIacsa y 4 pasu
(p<0,05), KUIBKICTh BEpTUKAJIBHUX CTIHOK — Y 3,2 pa3a (TeHIEHILIIHO), a CyMapHa
OpI1EHTOBHO-JOCIIHUIIPKA aKTUBHICTE — Y 3,3 paza (p<0,05). KuibKicTh akTiB
TPYMIHTY, IO € MOBEAIHKOBUM MapKEpPOM €MOLIMHUX PEaKIliil, TAKOK CTaTUCTUYHO
3Hauylie 3MeHmmiacs y 6,8 paza (p<0,01). BogHouac BereraruBH1 MpPOSIBU
eMOIIIHOCTI (KIJIBKICTh OOJIFOCIB Ta ypHWHAIlM) JOCTOBIPHO HE 3MIHIOBAJIHCS.
3arampHa cyMa MOKa3HUKIB yCiX cyOTecTiB «BIOKpuTOro momisi» y paHHbOMY
MOCTaMITyTaIlitHOMY Tepio/l TeHACHIIIHO 3MeHIImIacs B cepenubomy Ha 40,9%
MOPIBHSHO 3 KOHTPOJIEM, IO CBIAYWUTH MPO TMPUTHIYEHHS JIOKOMOTOPHOI Ta
OPI1EHTOBHO-IOCJIITHULIPKOT AKTUBHOCTI TBAPHUH ITICIIS aMITyTaIlii.

Pesynbratu nocnipkeHpb Ha mrypax y Tecti «Binkpure mosne» y BiigaieHOMy
nepionl HaBeAaeHo B Tabmumi 3.2. Yepe3d 2 Micslll y IIypiB 3 aMImyTaili€ro
30epirajiocss 3HWKEHHS TOBEIIHKOBOI AKTUBHOCTI TOPIBHSHO 3 1HTAKTHHUM
KOHTposieM. JIOKOMOTOpHAa aKTUBHICTh (KUIBKICTh TEPETHYTUX KBAJIPaTiB)
3QJIMIIANIACs TEHJEHIIMHO MEHIIoK B cepeaHbomy Ha 21%. 306epiramocs Takox
3MEHIICHHS] OPIEHTOBHO-AOCHIIHHUIIBKOT aKTUBHOCTI: KUIBKICTh BEPTHUKAJIbHUX
CTIAOK, OOCTEKEHUX OTBOPIB Ta iX CyMapHHUU IMOKA3HUK OYJIM HWXYUMH, HIK Y

KOHTPOJIbHIM TPy, OJHAK 111 3MIHU MaJIu JIMIIIE TCHACHIIIMHUN XapaKTep.
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Tabnuis 3.2
BruiuB TpaHcTiOiagabHOI amnyTanii 3aHb0I KiHIIBKY HA NMOBEAIHKOBI peakuii
mypiB y Tecti “Bigkpure nosae” y BignajieHomy nepioai

(M£m, Me [Q25; Q75])

I'pyna, KIbKiCTh TBAPUH
IMoxka3zHuk
Kontpoas, n=11 AmnyTauisi, n=6
KinpKkicTh mepeTHYTHX 27,36+6,78 21,63+£7,58
KBaIpaTiB 15[10; 42,5] 20 [6,25; 30]
4,36+1,06 2,00+0,73
Criiiku
4[2; 6] 1,5[1;2,75]
OpienTarniitHo-
. OOcTexeHi 2,27+0,67 1,67+£1,09
JOCITITHUIbKA
_ OTBOpH 2 [1; 3] 1[0,25; 1]
aKTUBHICTD
6,64+1,5 3,67+1,52
Cyma
6 [2,5; 8] 2,5[1,25; 5,25]
— 1,54+0,20 0,17+0,17
PYMIHT
1[1;2] 0 [0; O**
EMoriitai 1,18+0,63 1,00+0,63
bomrocu
peakirii Ta ix 1[0; 1] 0,5[0; 1]
BErCTaTUBHUI 0,73+0,21 0,67+0,21
. VYpunarii
CyIpOBIJL 110,5; 1] 0,510; 1]
3,45+0,45 1,84+0,87
Cyma
31[2,5;4,5] 1[1;1,75]*
_ 37,45£7,97 27,17£8,99
Cyma BC1X aKTUBHOCTEHN
28 [16,5; 55] 22 [9,25; 43]

Ilpumimrka.  CTaTUCTUYIHO

3HAYYIl  BIAMIHHOCTI

moa0  KOHTPOJIIO:

* —p<0,05, ** —p<0,01 (kputepiit Manna-BiTHi).

Pazom 13 TuM TpuBaIO MPUTHIYEHHS €MOLIWHUX pEeakiiid: KUIbKICTh aKTiB

IPYMIHTY, 1110 € MIOBEIIHKOBUM MapKepPOM €MOIIIIHOCTI, TOCTOBIPHO 3MEHIITUIACh Y



31

9 paziB (p<0,01). Cyma mNoOKa3HHUKIB €MOI[IMHMX PEAKIIM Ta iX BEreTaTUBHOTO
CYNpOBOJy Tako 3meHmmiaca y 1,9 paza (p<0,05). 3aranpbHa cyma BCIX
aKTUBHOCTEeW y TecTi «Biakpute mosney» 3anumanacs TEHACHIINHO HUXKYOIO
MOPIBHSIHO 3 KOHTPOJIEM 1 B cepeHbOoMYy Oyiia mMeHmow Ha 27,4%, 1m0 CBITYUTH
npo 30epeKeHHS 3HIDKEHHS 3arajbHOi MOBENIHKOBOI AKTUBHOCTI TBAapUH Y

BiJITaJICHOMY TIOCTaMITyTaIlifHOMY TIEPio/Ii.

3.2. 3mMiHu piBHA TPHUBOKHOCTI MicJA aMImyTaudili 3aJHbOI KiHUIBKH Yy
TecTi «CBiTyI0-TeMHAa Kamepa»

Pesynsratu pocnimpkeHb Ha miypax y TecTl «CBITIO-TEMHa Kamepay Yy
rOCTpOMY IEpioJil HaBeAeHO B Tabmui 3.3.

VYci TBapUHM KOHTPOJIBHOI Tpynu MIBUAKO (mpoTsaroMm mpuodausHo 30 c)
NEPEXOIMIN A0 TEMHOTO BIJCIKY KaMepH. Lle 3ymMoBiIeHO pruTaMaHHOIO IpU3yHam
IPUPOIHOIO PEAKLIE€0 YHUKHEHHS SICKPABO OCBITIIEHMX MPOCTOPIB, SIKI JIIIOTh Ha
TBapUH aHKCIOreHHo. [Ipu mpoMy mig yac mepeOyBaHHS y CBITIINA Kamepl IIypu
MaiKe HEe BUSBISIIM OPIEHTOBHO-IIOCTIAHUIILKOT aKTUBHOCTI (CTIHKM Oynu maiike
BIJICYTHI) Ta MpPakTUYHO HE JAEMOHCTPYBaJIM E€MOLIMHMX peakuid (TpyMiHT,
nedexartii, ypuHariii).

Haromicte y mypiB 13 TpaHCTIOlaJbHOIO aMITyTalll€l0 B PaHHbOMY
NOCTaMITyTalliIiHOMY TMEpIOAl CHOCTepIrajiocs 3HAYHE 30IbIIEHHS JATEHTHOTO
nepiogy BXOAy O TEMHOI Kamepu — y cepenHboMmy B 7,1 pa3za mOpiBHAHO 3
koHTposieM (p<0,05). Taka 3miHa MOXE€ CBITYUTH TMPO B3HWKEHHS PIBHSA
TPUBOXKHOCTI 'y TBapuH micias ammytarii. I[Iporsrom 1mporo wacy mypu
nepecyBajnucs OCBITJICHUM MalJaHYMKOM, OOCTEeXYyBalld MOro, 31HCHIOBAIN
CTIMKH, 1HO/I IEMOHCTPYBaJIM MOOJAMHOKI €MOIIIMHI peakilii Ta HaBiTh 3a3Upaii B
OTBIp IO TEMHOTO BiJICIKY, IPOTE HE MOCHIIIAIN IEPEXOTUTH 10 HHOTO.

VY pesyawrari aume 33,3% mrypiB 13 ammyrariiero, nopiBHsHO 31 100% y
KOHTpOJBHIN Tpymi (p<0,01), yBilmmu 10 3aTeMHEHOT KaMepH MPOTITOM 3 XBUJIUH

CriocTepekeHHs. BomHoYac KiIbKICTh CTIMOK Ta €MOIIMHMX pPEakIiid M dYac
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nepeOyBaHHS y CBITJIIM KaMmepi JOCTOBIPHO HE BIAPI3HSIIACS BiJ TOKa3HUKIB

KOHTPOJIbHOI TPYIIH.

Ta0muis 3.3

BruiuB TpaHcTiOiajgbpHOI ammyTanii 3aHbOI KiHNIBKHA HA MOBEAIHKOBI peakiii

mypiB y Tecti “CBiT/IO-TeMHa KaMepa” y rocTpomy nepioai

(M£m, Me [Q25; Q75])

I'pynna, KiJIbKiCTh TBAPUH
IMoxka3Huk
KonTtpoiasb, n=8 AmMnyTauis, n=6
JlaTeHnTHUI epiof BXOTY 17,50+6,21 124,00+35,46
JI0 TEMHOI KamepH, C 10 [5; 22,5] 180 [59,25; 180]*
OpienToBHO - | CTiliKK
_ 0,13+0,13 0,33+0,21
JTOCJIITHUIIbKA
. 0 [0; 0] 0[0; 0,75]
JISUTBHICTD
EmoriitHi I'pymiHr 0+0 0,17+0,17
peakirii Ta ix 0[0; 0] 0 [0; 0]
BerertatuBHUi | Bonrocu 0+0 0,50+0,34
CYTpPOBiJ 0 [0; 0] 0[0; 0,75]
VYpunarii 0+0 0,33+0,21
0[0; 0] 0[0;0,75]
KinpkicTe mypis,
' P 100 33.3 /M
110 yBiiinum 3a 3 xB, %

Ipumimka.

CTaTUCTUYHO  3HAUylll BIAMIHHOCTI

1010  KOHTPOJIIO:

* — p<0,05 (kputepiit Manna-Bithi); M — p<0,01 (kpurepiii Oimepa).

Pesynsratm pocnipkeHb Ha miypax y TecTl «CBITIO-TEMHa Kamepay Yy

BiJJaJICHOMY Tepio/il HaBeleHO B Tabmnui 3.4.

VY BigganeHoMy TMOCTaMmmyTamitHOMYy mepioai (uepe3 2 Micsii Mmicis

TpaHCTIOaNBHOT aMmyTarlii) y IIypiB 3 ammyTallie€r 30epirajivcs TMeBHI 3MIHU

MOBEIIHKOBUX peakiiil y TecTi «CBITIO-TeMHa KaMepa». Y TBapuUH KOHTPOJIbHOI



33

IpyIny nepexia 10 TeMHOI KaMepH Bi0YBaBCs IIBUJIKO, 110 BIJMOBIIA€ MIPUPOIHIN

peaxiii rpu3yHiB YHUKATH SICKPABO OCBITICHUX MPOCTOPIB.

Ta0muus 3.4

BruiuB TpaHcTiOiaabHOI amnyTaiii 3aHb0I KiHIIBKY HA MOBEIIHKOBI peakuii

mypiB y Tecti “CBiT/I0-TeMHa kamMepa” y BigaajgeHomy nepioai (M+m, Me
YPIB Y pa”y Yy ep

[Q25; Q75])
I'pynna, KiJIbKiCTh TBAPUH
IMoka3zuuk
KonTposs, n=11 AMmnyTauis, n=6
JlaTenTHUIA epioj BXOAY 11,00+4,65 46,00+£27,12
JI0 TEMHOI KaMepH, C 5([3,5; 11,0] 24 [11,5;31,25] *
OpienToBHO - | CTiKHK
_ 0,09+0,09 0,33+0,21
JTOCITITHHAITEKA
. 0[0; 0] 0[0; 0,75]
JISUTBbHICTD
Emoumiiini I'pyminT 0,09+0,09 0,17£0,17
peakirii Ta ix 0 [0; 0] 0 [0; 0]
BereTaTuBHUM | bomrocu 0+0 0,17+0,17
CYTpPOBiJ 0[0; 0] 0 [0; 0]
VYpunaiii 0,09+0,09 0,17+0,17
01[0; 0] 0 [0; 0]
KinpkicTs 1mypis,
Y 100 83,3 "
1o yBiinum 3a 3 xB, %

Ilpumimka. CTaTUCTMYHO 3HAUYILll BIAMIHHOCTI MIOAO  KOHTPOJIIO:

* —p<0,05 (xputepiit Manna-Bithi); * — p<0,05 (kputepiit Dimepa).

VY mypiB 13 ammyTaii€ro JaTEHTHUH Tepiof BXOAY JO TEMHOI Kamepu
3aJIMIIABCA JOCTOBIPHO OUIBIIMM, HIK Yy KOHTPOJI, 1 TEpeBHILyBaB HOro B
cepennbomy y 4,2 paza (p<0,05). e moxe cBITUUTH TIPO 30€pEKEHHS TECHACHITIT
70 3HIDKEHHSI PIBHS TPUBOXKHOCTI y BIJAAJIEHOMY MOCTaMITyTalliiHOMY MEpiOoAi.

[Ipu nboMy TBapUHU 3 aMITyTAIlIE€IO EPECYBATUCS OCBITICHOK YaCTUHOIO KaMepH,
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1HO/1 3AIMCHIOBAIM CTIAKKM Ta ODMSAQIM TMPOCTIp, MPOTE BUPAKEHUX 3MiIH
OPIEHTOBHO-JIOCJITHUIIBPKOT aKTUBHOCTI TTOPIBHSHO 3 KOHTPOJIEM HE BiJI3HAYAIOCH.

KinpkicTh eMOLIMHUX peakiiid Ta iX BEreTaTMBHOTO CYNPOBOAY (TPYMIHT,
OoJtoCH, YypHHAIl) TaKoX JOCTOBIPHO HE BIJpI3HATAcCSd B IMOKa3HHKIB
KOHTpOJIbHOI rpymnu. Bogrowac 83,3% mrypiB 13 ammyTaiieto, mopiBastHO 31 100% y
KOHTpOJNbHIN Tpymi (p<0,05), yBifILIM A0 3aT€MHEHOTO BIJCIKYy MOpOTSIroMm 3

XBUJINH CIIOCTCPCIKCHHA.

3.3. BnuiuB ammyramii 3aiHbOI KIHIIBKM Ha KOOPAMHANIKW PYXiB Yy
poTapoa-TecTi

Pe3ynbratu nOCHiKEHb Ha IIypaxX y pOTapOJ-TECTI Yy TOCTPOMY MEPIOfl
HaBeJIeHO B Tabmuii 3.5.

Ta0nuis 3.5
BruiuB TpaHcTiOiaJgbHOI amnyTauii 3aHb01 KiHHIBKY HA Yac 10 MaJiHHA

IIypiB y porapoa-TecTi B rocrpomy nepioai (M+m, Me [Q25; Q75])

I'pynna, KiJIbKiCTh TBaAPUH
IMoka3zHuk

KonTpoab, n=8 AMnyTauis, n=6

Yac 10 magiHHe, ¢ 69,88+24,26 5,00+0,86
37,5 [29;82,5] 4,5 [3,25; 6,5] **
KinekicTh moS5c 0 50 ™M
mypiB, mo | 10 30 ¢ 25 507
BITAJIN 31 1m0 1 xB 50 0N
CTPHOKHS,
10 5 XB 25 on

%

Ilpumimka.  CTaTUCTUYHO  3HAYYLIl  BIAMIHHOCTI  IIOAO  KOHTPOJIIO:
** — p<0.01 (3a kpurepiem Manna-Bitui); * — p<0.05, " — p<0.01 (3a KyTOBUM
nepeTBopeHHsM Dimepa).

Y rocTtpomy mnocramiyTalifHOMy Nepiojil y IIypiB 13 TpaHCTIO1aIbHOIO
aMIIyTalll€l0  3aJHbOI  KIHIIBKM  CIIOCTEPIrajocsi BHUPAXEHE MOTIPUICHHS

KOOpJMHAIIT PyXiB Ta 3AaTHOCTI yTPUMYyBaTHUCA Ha OOEPTOBOMY CTPHXKHI Yy
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potapoa-tecti. CepenHiii yac 10 MaiHHS y TBAPUH 3 aMIyTaIli€o OyB JOCTOBIPHO
MEHIIIUM TIOPIBHSHO 3 KOHTpoJieM — y 14 pa3iB (p<0,01).

AHaJi3 po3NoALTy TBApUH 32 YACOM YTPUMAHHS Ha CTPUKHI TAKOXK CBIAUYUTH
Ipo 3HAa4YHE TOPYIICHHS MOTOpPHOI KoopauHaiii. 3okpema, 50% 1mypiB 3
aMIyTaIll€l0 Majgaiu 31 CTPHKHS BXKe mpotsiroMm nepmux S ¢ (p<0,01), Toxi sK y
KOHTPOJBHIN rpymi Takux TBapuH He Oyno. Ille 50% mypiB 3 ammyTarti€io maaamm
npotsirom 30 c¢ (p<0,05). BogHouac »ojHa TBapHHAa 3 aMITyTalli€l0 HE 3MOTIJIa
yTpUMAaTHUCAd Ha CTPHWXKHI MOHAJ | XBWIMHY, TOAl SIK Yy KOHTpOdbHINA rpymi 50%
HIypiB yTpuMyBaiucs 10 1 XBuiIuHH, a 25% — 10 5 XBUIIKH.

PesynbraTi nocnipkeHb Ha HIypax y poTapoA-TECTl Y BiIJaJICHOMY Mepiofi
HaBeJIeHO B Tabmuii 3.6.

Tabnuis 3.6
BruiuB TpaHcTiOiaJgbHOI amnyTanii 3aAHbO1 KiHHIBKU HA Yac 10 MaJiHH

IIypiB y porapoa-TecTi B Bixnagsenomy nepioai (M+m, Me [Q25; Q75])

I'pynna, KiJIbKiCTb TBaAPUH
IMoxka3zHuk

KonTpoas, n=11 AMnyTauis, n=6

Yac 10 magiHHe, ¢ 97,27+18,70 6,17+1,14
67 [50; 160] 6,5 [3,75; 7,75]**
KupkicTs moSc 0 333/
mrypiB, mo | 1o 30 ¢ 9,1 66,7 ™M
BITAJIH 31 o 1 xB 18,2 on
CTPHUXKHS,
o 70 5 XB 72,7 0™
0

Ilpumimka.  CTaTUCTUYHO  3HAYYL(l  BIAMIHHOCTI  IIOAO  KOHTPOIIIO:
** — p<0.01 (3a kpurepiem Manna-Bitui); * — p<0.05, " — p<0.01 (3a KyTOBUM
nepeTBopeHHsM Dimepa).

VY BigpaseHOMy MNOCTaMITyTallliiHOMY MepioJl y LIypiB 13 TPaHCTIO1aIbHOIO
aMIyTall€0 3aJHbOI KIHI[IBKH CHOCTEPIragocsi BUPAKEHE MOTIPIICHHS KOOPAWHALT

pyXiB Ta 3AaTHOCTI yTpPUMYyBaTHUCS Ha OOEPTOBOMY CTPHIKHI y POTapOA-TECTI.
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CepenHiii yac 10 TaJiHHS y TBapWH 3 aMITyTaii€ro OyB JOCTOBIPHO MEHIIUM
MOPiBHSHO 3 KOHTposieM — y 15,8 pa3za (p<0,01).

AHani3 po3nojily TBapHH 3a 4acOM YTPHUMAaHHS Ha CTPHXKHI TaKOXX CBIIYUTH
Ipo 3HAYHE TOPYIICHHS MOTOpPHOI KoopauHamii. 3okpema, 33,3% mypiB 3
aMIyTall€l0 Majgaiu 31 CTPUXKHS Bke mpotaroMm mnepmux 5 ¢ (p<0,01), Toai sk y
KOHTPOJBHIN rpymi Takux TBapuH He Oyno. e 66,7% urypiB 3 ammyTali€o naaanu
npotsrom 30 ¢ (p<0,01), Toi sSIK y KOHTPOJIBHIN TPyIIi el MOKa3HUK CTAaHOBUB JIMIIIC
9,1%.

Boanouac »oiHa TBapuHa 3 aMITyTaIll€l0 HE 3MOIVIa YTPUMATUCS Ha CTPIKHI
noHaa 1 xBuiumHy abo 10 5 XBWIMH, TONI SIK Y KOHTpOibHIN rpymi 18,2% mrypis
yTpumyBaiuca 10 1 xBuiauHH, a 72,7% — no 5 xBunuH. OTpuMaHi pe3yJbTaTH
CBIYaTh Npo 30epexeHe BUPAXKEHE MOPYIIEHHS MOTOPHOI KOOpAMHALIi y IIypiB
nicas TpaHCTIOIAIbHOI aMIlyTallli 3aJHbOl KIHIIBKM Y BIJJAJICHOMY MEpiojl

CIIOCTCPCIKCHHAI.

3.4. Ouinka AenpecMBHONOAIOHOI MOBEAIHKM INYPIB MicCJA amMmyTamil
3aHbOI KIHWIBKH y TecTi miasajabHoMy Tecti Ilopcoara

Pesynbratn mociimkenp Ha mrypax y tecti [lopconTta y roctpoMy mepioi
HaBeJIeHO B Tabmuii 3.7.

Tabmuig 3.7
BruiuB TpaHcTiOiaabHOI amnyTanii 3a1Hb0I KiHIIBKY HA MOBEAIHKOBI peakuii

mypiB y miasaabsHomy tecti [lopcosara B rocrpomy nepioai

(M2m, Me [Q25; Q75])

I'pynna, KiJIbKICTH TBAPUH
IToxa3Huk
KonTpoab, n=8 AmMmnyTaunis, n=6
1 2 3
JlarenTHui niepion 86,13+17,49 52,00+9,11
IMMOOLITBHOCTI, ¢ 85.5 [67,25; 93] 53,5 [49,75; 63,25] *
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npoooeoicenHss maon. 3.7

1 2 3
CymapHa TpuBajicTh 17,63+6,90 26,00+15,79
HEPYXOMOTI'O CTaHy, C 10 [5,75;19,5] 8[2,5;30,75]
KigbKicTh emni3oiB 11,38+3,88 13,50+6,94
IMMOOLITBHOCTI 8,5[5,75; 11] 6,5 [2,25; 17,5]
CepeaHs TPHBATICTh
. 1,41+0,14 1,43+0,20
OJTHOTO €ITi30/Ty
1,40 [1,08; 1,61] 1,27 [1,05; 1,72]

IMMOO1IBHOCTI, C

Ilpumimka.  CTaTUCTUYHO  3HAYYOll  BIAMIHHOCTI ~ LIOJO  KOHTPOJIIO:
* — p<0,05 (3a kputepiem ManHa-BitHi).

VY roctpoMy mnocrammyTalliHOMY MEpiofl Yy ILIypiB 13 TpaHCTIOIaJIbLHOIO
aMITyTalll€l0 3aJIHhOI KIHIIBKH CIIOCTEPITaJIMCSA 3MIHM ITOBEIIHKOBUX PEAKIIH Yy
miaBanbHOMy TecTi Ilopconra. JlareHTHU mnepion HacTaHHS IMMOOLIBHOCTI Y
TBapUH 3 aMITyTaIi€l0 OyB TOCTOBIPHO MEHIIMM MOPIBHSHO 3 KOHTPOJIEM — Y
cepenubomy B 1,7 paza (p<0,05), mo cBiAYUATH MNP0 MIBUIIIMN TEpeXi [0
MAaCUBHOT CTpATerii MOBEAIHKHA Y BOAHOMY CEPEIOBHIILII.

Boanowyac cymapHa TpUBaJICTh HEPYXOMOTO CTaHy Ta KIJIBKICTh €Mi30[iB
IMMOOUIBHOCTI 'y IIypiB 3 aMmOyTall€ld Majld TEHJICHUII0 A0 3O0LIbIICHHS
MOPIBHSIHO 3 KOHTPOJBHOK TPYMOI0, OJHAK Il 3MIHM HE CSTajdd CTaTUCTUYHOI
3HagymocTi. CepemHs TPUBAIICTH OJHOTO €Mi30[y IMMOOLIBHOCTI ICTOTHO HE
BIJIpi3HsUIacd MK Tpynamu. [lpu oMy y TBapHH 3 aMITyTalll€l0 CrocTepiraiacs
TEHJCHIIISI 10 30UIbIIEHHSI CyMapHOi TPUBAJIOCTI HEPYXOMOTO CTaHy Ta KIJIbKOCTI
emizomiB  iMMOOLTBbHOCTI. OTpuMaHi  JaHi  BiloOpaxaroTh  OCOOJMBOCTI
MOBEAIHKOBUX  peaklid WIypiB y BOJHOMY CEpPEIOBHILNI y PaHHbOMY
NOCTaMITyTalliHOMY Hep1o.

Pesynbratu mocinipkeHp Ha mypax y tecti [lopconta y BiganeHoMy nepiol

HaBEeIeHO B Ta0muil 3.8.



38

Tabmus 3.8
BruiuB TpaHcTidianbHOI aMmyTanii 3a1HLOI KiHIIBKYM HA MOBEAiHKOBI peakuil

mypiB y miaBajasHomy tecti Ilopcosta B Bignajsenomy nepioai

(M£m, Me [Q25; Q75])

I'pynna, kiibKicTh TBApUH
IToka3Huk

KonTtpoas, n=11 AmnyTauisi, n=6
JlaTenTHU epion 186,73+32,22 31,33+8.,99
IMMOO1JIBHOCTI, C 160 [112,5; 246] 22 [20; 30] **
CymapHa TpuBaJiCTh 13,18+4,41 55,83+19,57
HEPYXOMOTI'O CTaHy, € 51[2,5;22,5] 44 [28; 64,5] *
KutekicTe enizoniB 4,18+1,19 28,00+7,25
IMMOOUIBHOCTI 3[1;7] 27,5[15,25; 34,5] **
Cepennsi TpUBAIICTD

. 2,30+0,40 1,80+0,19

OJTHOTO €30,y
' _ . 2,5[1,83; 3,22] 1,79 [1,57; 1,99]
IMMOOI1JIBHOCTI, C

Ilpumimka.  CTaTUCTUYHO  3HAYYUll  BIAMIHHOCTI ~ LIOJO  KOHTPOJIIO:
* —p<0,05, ** —p<0,01 (3a kpurepiem ManHna-BitHi).

VY BigaaneHoMy MOCTaMITyTalllfHOMY MEpioAl y IIypiB 13 TPaHCTIO1adbHOIO
aMITyTalll€ro 3aJHbOT KIHIIIBKH CIIOCTEPITalkCsl BUPA3HI 3MIHHU MTOBEIIHKOBUX PEaKIIIi
y tuaBambHOMY TecTi Ilopconra. JlareHTHuit mepiog HacTaHHS IMMOOLIBHOCTI Y
TBapuH 3 ammyTaii€lo OyB TOCTOBIPHO MEHIIMM TMOPIBHAHO 3 KOHTPOJIEM — Y
cepenaboMy B 6 pasziB (p<0,01), mo cBiAYNTH MPO 3HAYHO MIBUAIIMANA TEpPEXia IO
MaCUBHOT MOBEIHKOBO1 CTpaTerii.

Kpim Toro, y urypiB 3 aMIyTami€ro CIOCTEPIraliocs TOCTOBIPHE 301IbIICHHS
CyMapHOi TPUBAJIOCTI HEpyxoMoro ctany — y 4,2 pa3za (p<0,05), a TakoX KUIBKOCTI
emni30/iB iIMMOOUTBHOCTI — Y 6,7 pa3a (p<0,01) mopiBHSAHO 3 KOHTPOJBHOIO TPYIIOH0.
BoxHowac cepemHss TpUBANiCTh OFHOTO €Mi30Ay IMMOOUIBHOCTI 1CTOTHO HE

BIJIpI3HSJIACS MK TPyTHaMH.
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BucHoBku 10 po3ainy 3

1. ¥V tecti «Bigkpure 1osie» BCTAaHOBJICHO, IO TPaHCTIOladbHA aMITyTallis
3aJJHBOI KIHI[IBKH y IIypiB Y PaHHbOMY MOCTaMIyTaIlliHOMY TEpioJii MPU3BOIUTH
JI0 3HIKEHHS  JIOKOMOTOPHOI, OPIEHTOBHO-JOCIIJHUIIBKOI Ta  €MOIIMHOI
aKTUBHOCTI, IO TPOSBISIETbCA 3MEHIICHHSAM KITBKOCTI TEPETHYTHUX KBaJpaTiB,
JOCIITHUIIPKUAX pEakiliil Ta akTiB TPyMIHTY. Y BiIJAJICHOMY MOCTaMIIyTallliHOMY
nepiojil 3a3HaueHi 3MIHM YaCTKOBO 3TIAJIKYIOThCS, OJHAK 30epIraeThCs TCHACHITIS
JI0 3HMKEHHS 3arajbHOI HOBEIIHKOBOT aKTUBHOCTI.

2. V tecti «CBITJO-TE€MHa KaMmepa» TIOKa3aHO, IO Yy IIypiB MICHs
TpaHCTIOlaNbHOI ammyTailii BiJI0YyBa€ThCA JTOCTOBIPHE 3OLIBIICHHS JIATEHTHOTO
nepioy Mepexoay A0 TEMHOI KaMepH, IO CBIIYUTh NP0 3HUKEHHS PIiBHSA
TPUBOXKHOCTI Y PaHHHOMY IMOCTaMITyTalllHHOMY Tiepioil. Y BiAaJeHOMY Tepiofl
11 0COOJIMBICTH MOBEIIHKOBUX PEaKIIii 4aCTKOBO 30€pIraeThesl.

3. ¥V potapoa-TecTi BCTaHOBJICHO, IO TpaHCTIOlaJibHA aMITyTallis 3aaHbO1
KIHI[IBKM CIpPUYUHSAE BHUpA3HE TOPYIICHHS KOOpPJAWHAILIl pyXiB Ta 3HUKEHHS
MOTOPHOI BHUTPHUBAJIOCTI NIypiB, IO BHUSABISETHCS 3HAYHHM CKOPOUYCHHSM Yacy
yTpUMaHHS Ha 00EPTOBOMY CTPHIKHI Y TOCTPOMY MOCTAMITyTallifHOMY mepiomi. Y
BIIJaJICHOMY MOCTaMITyTalliHOMY MepioAl 11 MOPYUIEHHS 3aJMILa0ThCs
BHUPa3HUMH.

4. 'V mmaBanbHOMy TecTi Ilopconra BcTaHOBIeHO (HOpPMYBaHHS
JEMPECUBHONONIOHNX TOBEAIHKOBUX pPEaKIiil y IIypiB Miclid TpPaHCTIOIaTbHOI
aMITyTarlii 3aJJHHO1 KIHIIIBKH, 1110 MPOSIBISIETHCSI CKOPOUCHHSIM JIATEHTHOTO TEPI0Iy
IMMOOUTHHOCTI Ta 3O0LIBIIIEHHSM TPUBAJIOCTI M KUIBKOCTI €IMi30/[iB HEPYXOMOTO

CTaHy, 0COOJIMBO Y BIIJaJIEHOMY MOCTaMIyTal[iiHOMY TIEPiOi.
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PO3JILI 4
AHAJII3 TA V3ATAJIbHEHHS PE3VJIBTATIB TOCITKEHHS

[IpoBeneHi excnepUMEHTadbHI JOCHIIPKEHHS JO3BOJWIM KOMIUIEKCHO
ouinutu (ynkionansHuit ctad [THC mrypiB 3a yMOB TpaHCTiOlaabHOI aMITyTarlii
3aJHBOI KIHI[IBKH y Pi3HI TEPMIHH MMOCTAMITyTaliiHOTO mepiony [44].

OtpuMaHi pe3yibTaTH CBIIYaTh, IO aMITyTalllsl KIHIIIBKHA CYyHPOBOKYEThCS
KOMIUIEKCHUMH 3MIHAMH TTOBEIIHKOBHMX PEAKIIH, K1 BIJII3EPKATIOIOTh MOPYIIEHHS
dynkiionansHoi aktuBHOCcTi [IHC. IlomiGHi 3MiHM MOXYTh OyTH 3yMOBIEHI
NOE€JHAHUM BIUIMBOM XIpPYypriyHOi TpaBMH, OOJIBOBOIO CHHAPOMY, CTPECOBOI
peaxiii opratizMy, a TakoK MOPYLIEHHSAM HOpMaJIbHO1 a)epeHTHOT IMITyJbCallii BiJl
aMITyTOBaHO1 KiHITIBKH.

Pesynsratn Tecty «BimkpuTe Tmone» TMOKazald, IO Y PaHHbOMY
MOCTaMITyTaIlifHOMY TEPioJl y IIypiB CIOCTEPIranocs 3HMKEHHS JOKOMOTOPHOI,
OpPIEHTOBHO-JIOCIITHUIIBKOI Ta €MOIIIHHOI aKTHMBHOCTI. 3MEHIICHHS KIUIBKOCTI
MEePETHYTUX KBAAPATIB, BEPTUKAIBHUX CTIHOK Ta OOCTEKEHHX OTBOPIB CBIIYUTH
PO MPUTHIYEHHSI 3arajbHOI MOBEIHKOBOT aKTUBHOCTI TBApWH. Taki 3MiHU MOXKYTh
OyTH MOB’sI3aH1 K 3 0OJLOBUMH BIAUYTTAMH Y MicIs0NepaliiHoMy nepiofi, Tak 1 3
OOMEKEHHSIM PYXJIMBOCTI BHACHIIOK BTPATH KIHIIIBKU.

Kpim TOrO, BasKIIMBY POJIH MOXKE BIJITpaBaTH CTPECOBA PEAKIlis OpPTraHi3MYy,
[0 CYNPOBO/DKYETHCA aKTHBAIEK TimoTajaamMo-TinodizapHO-HaJHUPHUKOBOI
CUCTEMHM Ta 3MIHaMH HEWPOMEIIaTOPHOro OallaHCy Yy CTPYKTypax TOJOBHOTIO
MO3Ky. Bimomo, mo mnomiOHI CTaHM MOXYTh CYIPOBOKYBAaTHCS 3MiHAMHU
aKTUBHOCTI CEPOTOHIHEPrivyHOI, JO(paMIHEPIiuHOI Ta HOPAJAPEHEPriYHOi CUCTEM,
K1 OepyTh y4acTh y perylsiii MOBeIIHKOBUX Ta EMOLIIMHUX peakuii [38].

VY BigganeHoMy MOCTaMITyTallliHOMY TIepiofil CIOCTEpIrajocs YacTKOBE
BIJIHOBJICHHSI TOBEAIHKOBHX peEaKIliii, M0 MOXe CBIJUUTH Mpo (HOPMYBaHHS
KOMITeHCaTopHO-aaanTaniinux mexanizmis [{HC. BaxiuBy posnb y oMy mporiect

BIIIrPalOTh SBUIA HEUPOIUIACTUYHOCTI — 3JIaTHOCTI HEPBOBOi CHUCTEMHU
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3MIHIOBaTH (PYHKI[IOHAJIbHY OpraHi3ailil0 HEHpPOHHMX MEpeX Yy BIIMNOBIAL Ha
YIIKOJIKEHHSL.

OnnuMm 13 kmodoBUX (paxTtopiB HelpormnactuuHocTi € BDNF, skuit Gepe
y4acTh Yy PEryisiii BM)KUBAHHS HEHpPOHIB, CHMHAIITUYHOI Mepenadi Ta MpOoLECiB
HaBuaHHsA 1 mam’sti. [licng ymkomkeHs nepudepuyHUX TKaHMH abo BTpaTu
KiHIIIBKU Bi0yBaeThCsl mepedyoBa CEHCOMOTOPHHUX 30H KOPU TOJIOBHOTO MO3KY,
110 MOB’sI3aHO 31 3MIHOKO CEHCOPHOI1 iH(opMarii, sika HagxoauTs A0 [IHC [8].

Pesynbratn Tecty «CBITIO—TE€MHa Kamepa» IOKa3aldd 3MIHY €MOLIWHO-
MOBEAIHKOBUX peaKkilii y IIypiB TMiclis ammyTaiii KIHI[IBKH. 30KpeMa,
CHoCTepiranocs 30UIbIIEHHS JaTEHTHOTO MEPIoy MEepPeXoay 10 TEMHOI KaMepu Ta
3MEHILIEHHS YacTKH TBAapHWH, SIKI MEPEXOJIUIIN 0 3aT€MHEHOIrO BIJICIKY MPOTATrOM
yacy crocTepekeHHs. Taki 3MiHM MOXYTh CBIIYMTU TIPO MepeOynoBy €MOIIHHOT
MOBEAIHKHY y BIANOBIAb HA TPABMATUYHUH BIUIMB Ta 3MIHY CEHCOPHOTO CIIPUIHATTS
HABKOJIMIIIHBOT'O CEpEeIOBUIIIA.

VY porapoa-tecTi BHUSBICHO 3HAYHE TMOPYIIEHHS KOOPAMHAII pyXiB Ta
3HM)KEHHS MOTOPHOI BUTPHUBAJOCTI y IIypiB MICHS TPaHCTIOIANbHOI ammyTailii
3aJIHbOI KIHIIBKU. JIOCTOBIpHE CKOpOYEHHsS dYacy YTpUMaHHS TBapuH Ha
00epTOBOMY CTPHIKHI € 3aKOHOMIPHUM HACIIAKOM BTPATH KIHIIBKU Ta NOPYIICHHS
HOpMajibHOT ~ OloMexaHiKM  pyxXy. BogHowac  HaBITh y  BiAJAJIEHOMY
MOCTAaMITyTaI[itHOMY TIEPiOJi Il MOPYIICHHS 3aJUIIAINCS BUPAKECHUMH, 110 MOXKE
CBITYUTH MpPO TpuBaje 30epexeHHs (YHKIIOHAIbHUX 3MIH Yy CEHCOMOTOPHHUX
cuctemax I{THC.

JlocnmipkeHHsT TIOBEAIHKM y IulaBajibHOMY TecTi llopconara mo3Bosmiio
BUSIBUTH (POPMYBaHHS JICMTPECUBHOIONIOHMX TTOBEIIHKOBUX PEaKIIi y IIypiB MiCIsA
ammyTarii KiHIiBKA. CKOpOYEHHS JATEHTHOTO TMepiofy IMMOOUIBHOCTI Ta
30UTBIIEHHSI TPUBAJIIOCTI HEPYXOMOTO CTaHy MOXYTh CBIAYUTH TPO 3MIHY
€MOIIIITHOrO CTaHy TBapHH, 10 (POPMYETHCA y BIANOBIAb HA TPUBAJIUN CTPECOBHIA
BILIMB Ta OOMEKEHHSI MOTOPHOI aKTUBHOCTI.

Takum uuHOM, pE3yIbTaTH MPOBEAEHUX JOCIIKEHb CBIIYarh, IO

TpaHcTiOlaJbHa aMIyTalis 3aJHbOI KIHLIBKM Yy IIypiB CYHIPOBOIKYETHCS
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KOMIUIEKCHUMHM 3MIiHaMU TOBEIIHKOBUX PEaKIliii, sKi BKIIOYAIOTh 3HUKCHHS
3arajibHOi pyXOBO1 aKTUBHOCTI, TTOPYIIEHHS KOOPAUHAIlT PYXiB, 3MIHY €MOITIHHUX
peaxiiiif Ta opMyBaHHS AENPECUBHONOAIOHOT OBEeIHKY [44].

OtpuMaHi pe3yabTaTH MiATBEPIKYIOTh JOIIBHICTh BUKOPUCTAHHS MO
TpaHCTIOlapbHOI ammyTamii 3agHbOl KIHIIBKA Yy TIypiB IS  TOJAJBIIHX
eKCIEpPUMEHTAIbHUX JOCHiKeHb (yHKmioHanpHuX 3MiH IHC, a takox ams
OIIIHKK e(PEeKTUBHOCTI (PapMaKoJOTIUHMX 3ac00iB, CHPSIMOBAHUX Ha KOPEKIIIIO

NOCTaMITyTal[liHUX TOPYIIEHb.

BucHoBku 10 po3ainy 4

1. [IpoBeneHo aHami3 Ta y3araJlbHEHHS PE3yJbTaTiB €KCIIEPUMEHTAIbHUX
JOCHIIKEHb (PYHKIIIOHAJILHOTO CTaHy IIEHTPaJIbHOI HEPBOBOI CHUCTEMHU IIypiB 3a
YMOB TPaHCTIOIaJIbHOT aMITyTallll 3aIHbO1 KIHI[IBKH.

2. BcranoBneno, 1m0 ammyTaiis  KIHIIBKH  CYNPOBOJIKYETHCS
KOMIUIEKCHUMH 3MIHaMH TIOBEIIIHKOBUX PEaKIlii, sIKI MPOSIBISIIOTHCS 3HUKCHHSIM
JJOKOMOTOPHOI ~ Ta  OPIEHTOBHO-AOCIIJHULBKOT ~ aKTUBHOCTI,  IMOPYUIEHHSIM
KOOpDJMHAINT pPyXiB Ta MOTOPHOI BHUTPHUBAJIOCTI, a TakKoX (HOPMYBaHHSIM
JIETIPECUBHOMO/11I0HOT TOBEIIHKHU.

3. [lokazaHo, 110 3a3HayeHl 3MIHM HaWOUIbII BHUpPA3HI Yy pPAHHBOMY
MOCTaMITyTaIlifHOMY TIEpiOfll Ta YaCTKOBO 30€piraroThCs y BIIJAJICHOMY MEpiofl,
10 MOXKe OyTH IOB’S3aHO 3 BIUIMBOM XIPYPri4HOi TpaBMH, OOJHOBOTO CHUHAPOMY,
CTPECOBOI peakilii OpraHi3My Ta TMpollecaMyd HEHPOIJIACTUYHOI TepeOynoBH
CEHCOMOTOPHUX CUCTEM LIEHTPAIBHOI HEPBOBOI CUCTEMHU.

4, OTpuMaHi pe3yabTaTH MiATBEPHKYIOTh JOIIIBHICTh BUKOPUCTAHHS
MOJIeTIl TpaHCTiIOlaNbHOT aMmyTallii 3aJHhOI KIHIIIBKH y TIypIB ISl MOMAJIBIITNAX
EKCIIEPUMEHTAIBHUX JOCHIIKEHb (YHKIIOHAIBHUX 3MIH LIEHTPAJIbHOI HEPBOBOT
CUCTEMHM Ta TMOIIYKY e(QEeKTUBHUX MIAXOMIB J0 (HapMaKoIOTIYHOI KOPEeKIIil

NOCTAMITYTaI[IHHUX MOPYIIEHb.
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BUCHOBKU

VY kBamdikamiiHii poOOTI HaBEIEHO pPE3YJIbTaTH EKCIIEPUMEHTAIBLHOIO
JOCIIIPKEHHS (PYHKI[IOHAJIBHOTO CTaHy LEHTPaJIbHOI HEPBOBOI CHUCTEMH IIYpiB 3a
YMOB TpaHCTIO1adbHOI aMITyTallii 3aIHbO1 KiHIIIBKH.

1. Ha ocHOBi aHami3zy cy4acHUX JIITEpaTypHHX JKepell BCTAHOBJIEHO, IO
TpaBMAaTUYHI YIIKO/DKEHHS, 30KpeMa aMITyTallii KIHIIBOK, CYHIPOBOIXKYIOThCS
BUPa3HUMH (YHKI[IOHATHPHUMH TOPYIICHHSIMH IICHTPaJIbHOI HEPBOBOI CHUCTEMH,
SK1 BUSBISIOTHCS 3MIHAMHU ITOBEIIHKOBUX, EMOIIIMHMX Ta MOTOPHUX pPEaKIlii.
[lokazaHO aKTyaJIbHICTh EKCIEPUMEHTAIbHOIO JOCHIKCHHS IHMX 3MIH IS
NONTUOJICHHS YABJICHD PO MAaTOT€HE3 MOCTTPaBMAaTUYHUX MOPYIIEHB IIEHTPAIBHOT
HEPBOBOI CUCTEMH Ta MOUITYKY IMIIXO0AIB 10 X (apMaKoJIOTT4HOI KOPEKIIii.

2. 3anpomoHOBaHO Ta  anpoOOBaHO  EKCHEPUMEHTAIBbHY  MOJENb
TpaHCTIOaNpHOT amMmyTallli 3aAHbOT KIHIIIBKH Yy IMypIiB, IO J03BOJISE OILIIHIOBATH
MOBE/IHKOBI Ta (PYHKI[IOHATBHI 3MIHU [EHTPAJIbHOI HEPBOBOT CUCTEMH Y TOCTPOMY
Ta BIAJQAJICHOMY MOCTaMIyTaIlliHOMY TIEepiojiax.

3. ¥V tecti «Binkpure moie» BCTAHOBJICHO, IO TPAHCTIOlaJbHA aMITyTarlis
3aJIHBOI KIHI[IBKM Y LIypIB Y PAaHHROMY MOCTaMITyTallliHOMY MEpio/l MPU3BOAUTH
JI0 3HIDKEHHSI JIOKOMOTOPHOI Ta OPIEHTOBHO-AOCIITHUIIBKOT aKTUBHOCTI, a TaKOX
JI0 TPUTHIYEHHS EMOIIMHUX Peakiiid, 10 BUSBISIETHCA 3MEHIIEHHSIM KUIBKOCTI
NEPeTHYTUX KBAApATIB, JOCIHIJIHUIBKUX pEaKUid Ta akTiB TpyMiHTY. Y
BIJJAJICHOMY  IOCTaMIIyTallifHOMY TMepioAl  3a3Ha4e€HI 3MIHH  YacTKOBO
KOMIIEHCYIOThCS, TIPOTE 30epiraeTbCcsi TEHJEHINS J0 3HWKEHHSI 3arajbHOi
IMOBEIIHKOBOI aKTUBHOCTI.

4. V tecti «CBITIO-TEeMHAa KaMmepa» BCTAHOBJICHO, IO B IIypiB MICIH
TpPaHCTIOaNbHOI aMIyTallil CIOCTEPIraeTbesa TOCTOBIPHE 30LIBIIECHHS JATEHTHOTO
nepioly mepexomay N0 TEeMHOI KaMmMepu Ta 3MEHIICHHS YacTKU TBapWH, SKi
NEePEXOsTh y 3aTeMHEHUHN BIJCIK MPOTITOM Yacy CIOCTEPEKEHHS, 110 CBIIYUTH
PO 3MIHY €MOIIIMHO-TIOBEIIHKOBUX PEaKIliii y paHHbOMY IOCTaMITyTaIllHHOMY

nepiozi. Y BiamaneHoOMy Nepiofii 3a3HaueHI 3MIHU 9aCTKOBO 30€piratoThCsl.
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5. 'V porapon-TecTi BCTaHOBJICHO, IO TpaHCTIOlaJibHA aMITyTallisl 3aJHbOI
KIHI[IBKY CIIPUYMHSE BUPA3HE OPYIICHHS KOOPMHAILIIT PyXiB Ta 3HAYHE 3HUKCHHS
MOTOPHOT BUTPUBAJIOCTI IIypIB, 110 BUSBISETHCS JOCTOBIPHUM CKOPOUYEHHSIM Yacy
yTpUMaHHS TBapUH HA 00EPTOBOMY CTPHXKHI SIK y TOCTPOMY, TaK 1y BiJJIaJICHOMY
MOCTaMITyTaIlifHOMY TIepioax.

6. Y mmaBampHOMy Tecti [lopconta  BcTaHOBIEHO — (QOpMYBaHHS
JISTIPECUBHOMOIIOHNX TOBEAIHKOBUX pPEakIidi y IypiB MICIAs TPaHCTIOAIbHOT
aMITyTallli 3aJIHbO1 KIHI[IBKH, 110 BUSIBIISETHCS CKOPOUYEHHSAM JATEHTHOTO TMEpioay
IMMOOUTHHOCTI, 3OUIBIIEHHSM CYMapHOi TPHUBAJOCTI HEPYXOMOIO CTaHy Ta
KUTBKOCTI €IMi30/11B IMMOO1IBHOCTI, 0COOIMBO y BiJIJIaJICHOMY ITOCTaMITyTaIlllHHOMY
nepioi.

7. OTpumani pe3yibTaTd CBIAYATh, IO TPAHCTIOlATbHA aMITyTallis 3agHbOL
KIHI[IBKM Yy IIypiB CYHpPOBOIKYETHCS KOMIUIEKCHUMHU 3MIHAMHU TOBEIIHKOBUX
peaxiliil, ki BiAA3EPKATIOITh MOPYIIEHHS (PYHKI[IOHAIIBHOTO CTaHy IEHTPAIbHOI
HEPBOBOi CHCTEMH, 3HUKEHHS MOTOPHOI BHUTPUBAJIOCTI Ta (HOpPMYBaHHS
JIETIPECUBHOMO/1I0HOT MTOBEIIHKHU.

8. BcTaHoBIeHi 3MiHM MOBEAIHKOBUX PEaKIliii MOXKYTh OyTH BUKOPHCTaH1 SIK
EKCIIepUMEHTaJbHa  OCHOBa Uil  TMOJAIBIIMX  JIOCHIIKEHb  MEXaHiI3MIB
NOCTAMITyTal[IMHUX TOPYIIEHb Ta OLIHKK €(EeKTUBHOCTI (PApMaKOJIOTTUHUX
3ac00iB, BIUIMB SIKHX CKEpOBAaHO Ha KOPEKIiI0 (YHKI[IOHAIBHUX PpO3JaaiB

IEHTPAJIbHOI HEPBOBOI CUCTEMHU MICJISI aMIyTallii KIHI[IBKH.
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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 Kyryloy, Oleksandr Meklenburtsev, Sergil Shtrygol’, Andril 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
pasr iraumatic priod s peculiarites, spectfcallythe ceniral nervous sysiem (CNS) functional characrersics and

Is play . however, there

u no information mmlablr about such studies.
The aim. To determine the infleence of hindlimb loss on the state of the central nervous system in terms of be-
havioural responses, physical endurance, and body mass dvnamics 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-sodim
anaesthesia (40 mg/kg imraperttoneally). The state of CNS and physical endurance was determined during the
early (34 days after amputation) and long-term (2 months afler 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 swimming test with a load (5 % of the body mass at the base of the tail) s a control were used rafs with
«comparable body mass. STATISTICA 12.0 was used 10 process the results.
Results. In the early post-amputation period, exploratory behaviowr 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 fest, 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 stressful experimental conditions, in particular, an
aniery reduction, which requires further research. n the rotarod es, a sgnficant deterioration of movement co-
ondination of rats with amputation was found in both Afes the
depressive behaviour in the Porsolt swinming test progressed, and the phy in
test with a load was significantly reduced. The body mass of rats with hindlimb amputation was significantly in-
rm:sedaﬁer 2 months (22 % average increase vs 4 % average increase in control, p<0.01). Results are important
d optimal programs after lower limb amputation.
“Conclusion. de the level of the lower third of the hindlimb in rats
Is proposed. It is rondudni that after amputation, exploratory behaviour and emotional responses were suppressed,
swhich indicates changes in the responses of animals with amputation of the hindlimb to swessfiul experimental condi-
nom in particular; an anxiety reduction, which differentiates this animal amputation model from human amputation.
, the depr of rats progresses, movement roonimmlm steadily worsens, and physical
evramee is signficandly redinced. The body mass of ats with hindiimb
Keywords: troxctiblal Medinb avputalion; bakviown! epomses, plouical mdrancs; body mass; rots; experisest
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1. Introduction erease 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-

qu.lny of life, physical endurance and psychological state  nomic, political and regional conditions and the level of

. Lower limb amputation is the most common medical care. Most reasons for amputation are vascular

lype (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 fo war, particularly due to Russian aggression
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against Ukraine, gunshot wounds and mine-explosive

troumas 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
limbs in the first balf 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 ldhblln-
tion methods and schemes of optimal

etc., do not allow determining the impact at the level of
the whole organism, in which neurobumoral mhmry
and

tion, and the central nervous system interacts vuh n:
system, which has undergone signil

and energy Itis
important to understand how the victim's organism will
function in the conditions of the above-mentioned chang-
s in body weight, which are not always casy to correct.
Even for simple movement at the stage of preparation for
amputation and after prosthetics, p:nerus 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 nz !udled parameters and assess psycho-

correction of the specified functions in the post-amputa-
tion period, it is appropriate to use not oaly clinical but
also experimental studies. However, no i ion about

capacity, which re-
quires dﬂemunmg the state of the central nervous sys-
tem, phyunl :ndnmrc e,

medicine, tation models are

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-

. 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 1o the structural and signalling proteins
of the extracellular matrix and protect them. and able to
stimulate regencration (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,

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 RO Becker. Recently, the state of ischemic-reper-
fusion injury of the limbs (12], loss of bone tissue, chang-
es in the microstructure of trabecular bane and muscle
atrophy using computed phy 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 regencration
processes, adaptation of the smump to the prosthesis re-
ceiving socket or to osteointegration, protection of the
stump skin and bone from ascending infections, etc.. and

of the spine, which is signi ffected
by amputation duc 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
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weight in dynamics, animal models of limb amputation
have not been used.

The aim. To determine the influence of limb loss
on the state of the central nervous system in terms of
behavioural responses, physical endurance, and body

free access to water, constant humidity, and a tempera-
ture regime of +22-23 °C.

Transtibial amputation at the level of the lower third
of the hindlimb was performed in aseptic conditions in
6 ammals under thiopental-sodium anaesthesia (40 mg/kg

‘mass dynamics of rats in Ihc early and late p mp
tion period. To the indicated i

Miniature ical) surgical
were used, and an was used

‘model for further use in experimental studies.

2. Research design (methodology)

At the first stage, it was necessary to choose a
model of limb amputation in rats that would preserve the
mobility of animals and make it possible to determine
behavioural responses in standard

for hemostasis. The nerves were cut under slight tension to
minimise the risks of neuropathic pain. After cutting, the
edge of the bone was carefully smoothed. A conical stump
was formed. A myofasciocutaneous flap was formed to
close the wound, muscles (myoplasty technique was used),
and skin was sutured. Ceftriaxone (250 mg/kg) was ad-
ministered i i to the rats at the end of the

cal tests and endurance to physical exertion. Amputation
of the distal segment of the hindlimb, in particular the leg,
better meets this requirement. Therefore, amputation of
the lower third of the hindlimb was chosen. In the second
stage, to determine the functional state of the animals’
central nervous system in dynamics, the early (3-4 days
after amputation) and chronic (2 months after surgery)
periods were chosen. This would make it possible to
choose the optimal targets of the rehabilitation influence
at different times after the loss of a limb.

To characterise the state of the central nervous
system, a complex of standard research methods was
chosen: the Open field test (motor and oriented research
activity, emotionality), the Light-dark box test (anxiety),
the Porsolt swim test (depressive behaviour), the rotarod
test (coordination of movements, muscle tone), swim-
‘ming with load (physical endurance). To track gradual
changes in body mass, was reasonable to weigh rats the
day before and at different times after amputation.

Stages of research:

1. Analysis of publications on limb amputation,
including animal models.

2. Selection of the optimal model of rat amputation.

3. Surgical intervention — transtibial amputation of
the lower third of the hindlimb.

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

5. Processing and analysis of the obtained results.

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

3. Material and methods

The study was conducted at the Educational and
Scientific Institute of Applied Pharmacy of the National
Pharmaceutical University (NUPh). The protocol of the
experiments was approved by the bioethics commission
of the NUPh (protocol No 13 dated 13.03.2024) and
meets the requirements of the Helsinki Declaration on
the humane treatment of animals (2000) and the Direc-
tive of the Council of the European Union on the protec-
tion of aniimals used for scieaific purposes (2010) [15].

operation to prevent infectious contamination. After sur-
gery, rats were placed in individual standard plastic boxes
with free access to pelleted feed and drinking water. A
limited number of amputated rats (6) was taken for bioeth-
ical reasons.

The number of control animals was larger to re-
duce the dispersion of the results. In the early post-ampu-
tation period (3—4 days after surgery), 9 rats of similar
age and initial body mass were used. They were injected
with an anaesthetic agent and ceftriaxone in the same
doses without surgical intervention to ensure the same
pharmacological effects. In the chronic period (after
2 months), 11 control rats were studied. They were kept
in similar conditions and fed in the same way as animals.
with amputations.

Research on the state of the central nervous system
and physical endurance in each period was conducted over
two days in such a sequence that the animals were not
exhausted, and the previous test did not interfere with the
application of the next one. In the Open field test, a bright-
ly light platform measuring 75%75 cm with 30 cm sides
was used, divided into 25 squares of 15x15 cm with 2 cm
diameter holes at their corners. Locomotor (the number of
crossed squares) and exploratory activity (the number of
rearings and inspected holes — exploratory nose-pokes,
and their sum), emotional responses (the number of acts of
grooming), and their vegetative support were determined
separately and together (the number of faecal boli, urina-
tions), the sum of all activities in 3 minutes was count-
ed [16, 17]. Later, the level of anxiety was investigated in
the Light-dark box test [I8]. The device is a rectangular
box measuring 60%30x30 cm divided by a wall into two
equal compartments of 30x30 cm. One of the compart-
ments is closed with a removable lid. The other one is
open; above it is a source of bright light used to create
conditions of moderate stress for the animals. There is a
hole in the wall between the light and dark boxes. Rats
were placed in the brightly lit part of the device with their
head away from the opening, and the time to enter the dark
box was measured. Additionally, behavioural patterns
such as rearings. grooming, defecation, and urination
while on the illuminated platform, were measured. The

d onadult
male rats aged 7- 8 months, weighing 230-310 g (deter-
mined using electronic scales with an accuracy of 1 g).
The animals were kept on a standard vivarium diet with

Science

time was 3 minutes. Next, the coordination of
animal movements was measured in the rotarod test (rod
rotation speed set at 10 rpm) [19]. In this test, rats had 3
tries, which allowed them to adapt to the difficult testing
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Table 1

Efect of transtibial amputation of the hindlimb on the behavioural responses of rats in the Open field test in the early
and long-term periods

Group. number of animals
Period of research, indicator Control | Amputation
Atzm Me[Q25:Q75] | A [ Me[Q25:Q75]
Early period (3-4 days after amputation) = =6
‘Locomotor activity (squares crossed) 2436:7.88 | 19[7.75:31.75] 163327.38 $[4:30]
Bdiiesory. Rearings 6.8822.10 85, 2172098 15[025:35]
activiy Exploratory nose-pokes 2.00:0.53 050050 0[0:0]*
The sum 588229 267126 50]*
Emotiousl Groomings 225:0.75 033021 0[0:075]**
responses and Fecal boli 150:0.50 233056 35]
their autonomic Urinations 050:0.19 050:0.19 1
support The sum 4255090 45[25:5.5] 3172054 2.0:4.0]
The sum of all activities 37.49:0.35 22172881 12[8.5:3875) |
‘Long-tem period (2 months after amputation) 11 =6
'Locomotor activity (squares crossed) 2163:7.58 20(625:30]
Rearings 2002073
Exploratory ™5 o tory nose-pokes 167-1.00
activity
The sum 3675152
Emotional Groomings 0172017
responses and Fecal boli 1.00:0.63
their autonomic Urinations 0732021 067021
support The sum 3455045 1.84:0.87 (17 ]*
The sum of all activities 37.4547.97 27.17:8.99 22[925:43]

Note: statistically significant differences compared 1o the control:

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

Suppression of emotional responses also contin-
ued: the number of acts of grooming decreased by 9
times (»<0.01) compared to the control, and the decrease
in the sum of markers of emotionality by 19 times be-
came reliable (p<0.05). The sum of all activities of the
Open field test remained tendentially reduced compared
to the control by an average of 27.4 %.

The level of anxiety in the Light-dark box fest. As
can be seen from the Table 2, all animals of the control
group quickly (within half a minute) entered the dark
compartment of the box. This is due to the inherent ro-
dents' instinctive 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 emotional
responses (grooming, defecation, urination). On the
contrary, in rats with amputation in the early period, a
significant (on average 7.1 times) increase in the latent
period of entering the dark box was observed (p<0.05),
which may mean a decrease in anxiety level. During
this time, they all moved around the lighted platform,
examined it, made stances, managed to reveal a small
number of emotional responses (no more than intact
rats revealed in seven times shorter time), and even

*+—p<0.05, **—p<0.01 (Mann-Whitey criterion)

looked into the opening to the dark compartment, but
did not hurry to hide there. Only 33.3 % of rats with
amputation versus 100 % in control (p<0.01) entered the
dark box within 3 minutes of observation. At the same
time, there were no changes in the number of stances
and emotional responses during the stay in the lightbox
compared to the control.

Similar, though less pronounced, differences took
place in the long-term period. In animals with amputa-
tion, the latent period of entering the dark box remained
increased compared to the control (by 4.2 times, p<0.05),
while only 83.3% of them entered within 3 minutes
against 100 % in the control (p<0.05). The number of
stances and displays of emotionality during the stay in
the light box, as in the early post-amputation period, re-
‘mained unchanged.

Coordination of movements in the rotarod test.
Rats with amputation both in the early and in the re-
mote period were kept on the rotating rod much worse
than the control animals (Table 3). In both terms of the
study, they 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 control rats lasted 1 minute. The
average time it took rats with amputation to fall was
statistically significantly (p<0.01) inferior to the con-
trol value by 14 times on the 3rd day and by 16 times
after 2 months. Therefore, the coordination of move-
ments after the amputation of the hindlimb was per-

sistently disturbed.
e
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conditions, especially in the absence of a limb: the best
result was accounted for. At the end of the first experimen-
tal day, the level of depression of the animals was deter-
mined in the Porsolt swim test [20]. The animals were
placed in a pool with a diameter of 50 cm, a depth of 60 cm
and a height of borders above water of 10 cm (escape is
impossible) with water at room temperature (21-22 °C). A
decrease in 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 time of immobil-
ity of animals in 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 with a
load (5 % of the body weight at the base of the tail). In this
test, a load of 10 % of the body weight is used, but given
the specifics of this experiment — the reduced capabilities
of animals with limb amputation — the weight of the load
was reduced to 5 %. The pool described above was used.
Swimming time was measured until 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 iments were recorded.

STATISTICA v12.0 and Excel programs were used
for statistical processing of quantitative data. The statisti-
cal signif of intergroup di wa
by the non-parametric Mann-Whitney test since the distri-
bution test by the Shapiro-Wilk test showed that it was not
normal. The paired Wilcoxon test was used to evaluate the
body mass dynamic within the group. Changes with
p<005 were considered statistically significant. The re-
sults are presented as Mzm and Me [Q25; Q75). For ac-
counting results in 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 anaesthesia (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 in the early post-amputation period was in satis-
factory condition while primary healing of the surgical
wound was taking place. The wool cover of the stump
was restored (Fig. 2, ). Al 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, in the Open field test, a declining trend in motor
activity was observed (number of crossed squares), aver-
aging a 33 % decrease (Table 1). Orientation and explora-
tional responses have changed: the number of examined
holes has decreased by 4 times (p<0.05), the number of
rearings has decmml by 3.2 times, and the sum of ori-
entation and responses has d dby3.3

times (p<0.05). The number of acts of grooming (a be-
havioural marker of emotional responses) also decreased
statistically significantly by 6.8 times (p<0.01), and veg-
etative manifestations of emotions (mumber 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 %.

Fig. 1. Rat after transtibial amputation of the hindlimb.
Getting out of anacsthesia

Fig. 2. Appearance of rats 2 months after amputation
at the level of the lower third of the right hindlimb: a —
stump with minor; b — with significant muscle atrophy
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Table 2
Effect of transtibial amputation of the hindlimb on the behavioural responses of rats in the Light-dark box test in the
early and long-term periods
Group, number of animals
indicator Control Amputation
Abem ] Me [Q25; Q73] A | Me[Q25: Q75
Eacly period (34 days afler amputation) 6
Latent period before entering, seconds 17.50:6.21 10[5;22.5) 124.00=35 46 180 [59.25; 180]*
Exploratory activity Rearings 0132013 0[0: 0] 0.33:0.21 0[0:0.75]
Emotional responses Groomings 040 0[0:0) 0.17:0.17 [0:0)
and their autonomic Fecal boli 020 0100 050:034 0(0:075]
support Urinations 020 0[0; 0] 0332021 0[0:0.75]
‘Number of rats that entered in 3 minutes, % 100 33
Long-team period (2 moaths afler amputation) =il
Latent period before entering, seconds 11.00=4.65 S[35:110) 4600:27.12 | 24[11.5:3125)*
Exploratory activity Rearings 0.09:0.09 ofo: 0.3320.21 0 [0; 0.75)
‘Emotional responses Groomings 0.09:0.09 ofo: 0.47:0.17 0[0:0)
and their autonomic Fecal boli 020 ofo; 0.1720.17 0[0; 0]
support Urinatioas 0.0920.09 ofo; 0.1720.17 0[0: 0]
‘Number of rats that entered in 3 minutes, % 100 8337
Note: Stansncally if —p 23 (A e ~p<0.05, " ~p<0.0! (Fisher's test.

Effects of transtibial hindlimb amputation on the time it took rats to fall in the rotarod test in the early and long-term periods

Table 3

Group, number of animals

Period of research. indicator Coatrol Amputation
Azm [ Me[Q25: Q73] Aem | Me[Qas: Q73]
Early period (34 days after amputation) =8 "6
Time to fall, seconds 698823426 | 37.5[29:825] 5.00:086 | 45[325:6.5]**
<5 sec [ 50
The mumber of rats that 30 5ec 35 507
fell from the rod. % <l min 50 0
<Smin 25 or
Long-term period (2 months after amputation) =il =
Time to fall, seconds 97.27:1870 | 67 [50: 160) 6172114 | 65[375;7.75]% |
<5 sec 0 383/
‘The umber of rats that <30 sec o1 667
fell from the rod, % <l min 182 [0
<5 min R |

Note: Stattstically significant differences compared fo the control- *—

P<0.05, **~p<0.01 (according to the Aann- Whitney criterion;

- p<0.05, * - p<0.0] (accordng to Fisher's angular transformation

Depression behaviour in Porsolt swimming test.
During swimming. rats used a stump as much as possible.
In the early post-amputation period, the latent period of
immobility decreased significantly (on average, 1.7 times
compared 1o the control, p<0.05) in rats with amputa-
tion (Table 4). The number and total duration of episodes
of immobility tended to increase, and the average dura-
tion of such an episode was almost the same. In the re-
mote period, an even more pronounced decrease in the
Intent period of immobility was observed (an average of
6 times compared to the control, p<0.01), and there was a
statistically significant increase in the number (p<0.01)
and duration of immobility episodes (<0.05), These re-
sults indicate an increase in depressive behaviour in rats
with hindlimb amputation over time.

Physical endurance in the weighted swimming test
During the test, the rats tried to use the stump to swim. A

EIN

statistically significant (p<0.05) decrease in swimming
time until exhaustion was observed in rats with amputa-
tion of the hindlimb in both terms of the study (Table 5). In
the early period, this time was reduced by an average of
1.6 times, and in the late period — by 1.8 times. These re-
sults indicate that after transtibial hindlimb amputation in
rats, there is a progressive decline in physical endurance.
Dynamics of body mass. As can be seen from Ta-
ble 6, the initial body mass of animals with amputation was
11 % greater than that of controls, but the difference did not
reach a statistically significant level. After 2 months, the
average weight of control animals tended to increase by
10 2 (4 %), and the weight of rats with amputation increased
by 62.3 g (22.1 %), which is significantly higher compared
10 their initial weight (p<0.05) and to the control indicator
for synchronous weighing by 31 % (p<0.01). Thercfore, af-
ter amputation, there is a significant increase in body mass.



ScienceRise: Pharmaceutical Science

Ne 6(52)2024

Table 4

Effect of transtibial amputation of the hindlimb on the behavioural msponses of rats in the Porsolt swimming test in the
early and long-term peri

Group, number of animals
Period of research, indicator Control Amputation
Mzm [ Me [Q25: Q7S] Am [ Me[Q25:Q75]
Early period (3-4 days after amputation) =6
Latent period of immobility, sec 86.13217.49 ss.s G 52.0029.11
Total time nhmmﬂbllllv e 17.63+6.90 10[5.75; 19.5] 26.00£15.79
‘Number of i episodes 11.383.88 8.5[5.75:11) 13.506.94 65[225:17.5] |
| The average duration of immobility episode, sec| _ 1.4120.14 140 [1.08: 1.61] 1432020 127[1.05:1.72]
Long-term period (2 months after amputation)
Latent period of immobility, sec 186733222 31332899 22[20:30]**
Total time of immobility, sec 13182441 558321957 44128: 64.5]°
Number of immobility episodes 4185119 28005725 |27.5[1525: 34.5]*%
[The average duration of immobility episode, sec 2302040 1.80£0.19 179 [1.57; 1.99]

Note: stanistically significant differences compared to the control: *—p<0.05, **—p<0.01 (according to the Mann-Whitney teso.

The effect of transtibial amputation of the hindlimb on the duration of swimming with a load until exhaustion in early
and remote periods

Table 5

‘Group., number of animals
Period of research, indicator Control Amputat
Mzm | Me[Q25:Q75] AEm | Me [Q25: Q75]
‘Early period (3-4 days after amputation) n=9
Swimming time, sec 3774323 | 382[290:402] 2402:344 | ’73 [21225: 20175 ¥|
Long-term period (2 months after amputation) =1l =3
Swimming time, sec 36512666 | 298[201:470] 20475648 | 123.5[96.25:319.5]*

Note: statistically significant differences compared to the control:

Dynamics of body mass in rats with transtibial

—p<0.05, ** —p<0.01 (according o the Mann-Whimey test)

Table 6
f the hindlimb

‘Group, number of animals
Period of research, indicator Control (=9) Amputation (1=6)
Atz [ Me[Q25:Q75] Az Me [Q25: Q75]
Initial body mass, g 253.05407 | 257.0 (242.0;260.0] 281721583 290.0[275.5: 307.5]
Body mass after 2 months, g 263.0:791 | 260.0[247.5,268.5) 344,0:5.89" 3455 [335.5: 351.0] **
Increase in bode mass, g. % 10040 62322.1
Note: stanistically significant differences with the initial state within the group: #— p <0.05 (even Wilcoxon criterion); with a syn-

chronous control dicator: **— p<0.01 (Mann-Whitney criterion).

5. Discussion

rats retain the ability to move quite intensively. ln the ab-

Asalready mentioned, there is no jon in the
literature about changes in the state of the central nervous
system and physical endurance of animals with limb am-
putation. The importance of such research is explained by
the need to improve the complexity of rehabilitation mea-
sures and their experimental justification. Therefore, this
study can be considered one of the first scientific explora-
tions in this direction. On the other hand, a standardised
animal model of amputation is important for studies of the
condition of the stump, particularly for the development of
means that improve the regeneration of skin and other
structures and reduce muscle hypotrophy.

‘When discussing the results of behavioural tests, it
should be noted that for an adequate assessment, it is im-
portant to analyse them comprehensively. The number of
crossed squares in the Open field test is considered a mark-
er of the level of motor activity and animal anxiety [22).
Contrary to expectations, the results show that amputated
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sence ofa is of the lost limb, y only
tended to decrease by an average of a quarter in the first
days and by 21 % after 2 months. Considering these features,
the absence of significant changes compared to the control
allows us to state that the locomotor component of the stress
reaction of rats does not change significantly after amputa-
tion. This is explained by the ability of animals to compen-
sate for the absence ofane llmb by mwe use of three intact
ones for the animal model
of amputation from !.he course of the post-amputation peri-
od in humans, in which locomotor activity in the absence of
a prosthesis and the use of crutches sharply decreases. The
Open field test allows us to identify the features of various
behavioural patterns under stress conditions, particularly
the ability to orient and explore. It is believed that an in-
crease in the number of rearing when exposed to intense
lighting isa manifestation of anxiety in rodents [23]. Despite
the absence of part of one supporting limb, the rats per-
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as well as the functional state of the stump and its skin.
Evaluation of the effect of rehabilitation measures.

6. Conclusion

1. An easy-to-perform model of transtibial ampu-
tation at the level of the lower third of the hindlimb in
rats is proposed.

2. It was found that in the early post-amputation
period (3-4 days after surgery) in rats, exploratory
behaviour (primarily examination of hole, or explor-
atory nose-pokes) and emotional responses (groom-
ing) in the Open field test are statistically significantly
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 carly period). Collectively,
these results indicate changes in the reaction of ani-
mals with amputation of the hindlimb to stressful ex-
perimental conditions, in particular, an anxiety reduc-
tion, which requires further research.

3. In the rotarod test, a significant deterioration of
‘movement coordination was found in rats with amputa-
tion both in the early and in the long term.

4. After amputation of the hindlimb in rats, the
manifestations of depressive behaviour in the Porsolt
swimming test progressed, and the physical endurance
in the forced swimming test with a load was signi!

5. The body mass of rats after amputation of the
hindlimb under conditions of usual physical activity sig-
nificantly increases.
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formed vertical rearings (mostly around the sides of the box),
although their number tended to be less than in controls.
This may indicate some anxiety reduction, although it is
problematic to state this unequivocally given the certain
biomechanical difficulties of standing on the hindlimbs in
the partial absence of one of them.

It is more difficult to unequivocally interpret the
changes in another component of the exploratory activity —
the examination of the holes in the arena’s floor (nose-
pokes). This behaviour is based on the unconditional reflex
of rodents o look into burrows and explore terrain [24]. This

quire the participation of the hindlimbs. In the early
post-amputation period, the reduction in the inspection of
the holes is statistically significant; in the long term, it is a
trend. Although there is an opinion that anxiety can sup-
press the desire of rodents to explore a new environment,
and less anxious animals, on the contrary, can explore it
more intensively [25], in comparison with changes in other
subtests of the Open field test (grooming) and indicators of
the Light-dark box test, a significant reduction in the num-
ber of examined holes is logical to consider in the context of
reducing anxiety. Also, these results prove that the absence
of a limb causes changes in the functioning of the central
nervous system at the level of unconditioned reflexes that
are not directly related to the locomotor system. This phe-
nomenon may be of fundamental importance and requires
further study.

Grooming (washing, scratching) in rodents is consid-
ered an adaptive behaviour -under stress, a protective reac-
tion to distraction [26], and intensive grooming (frequent
washing) is considered a sign of concern and anxiety. A
steady decrease in the number of acts of grooming, which
we observed in both periods after amputation, especially in
the later period, can be i marker of a decrease

So, concerning changes in the emotional state of the
central nervous system after amputation of the hindlimb in
rats, in two adjacent tests, Open field and Light-dark box,
changes in response to stressful conditions, namely a de-
crease in anxiety, were first discovered. This distinguishes
the emotional state of rats and humans after losing a limb.
An increase in anxiety is more typical for humans [5, 26].
Anxiety in a person with a lower limb amputee is largely
associated with impaired erticalsocial functioning, self-
care ability, significant increase in energy expenditure for
movement, which causes constant fatigue, stigmatisation,
etc [1]. After losing one of them, animals that use 4 limbs
for locomotion obviously have much fewer physiological
limitations than humans and better compensate for im-
paired locomotor function. However, these differences do
not allow us to fully explain the change in response to
stressful conditions revealed in our study, which can be
considered as a decrease in anxiety. The nature of this
phenomenon needs further clarification.

The observed increase in body mass, which was
found in rats, is also observed in a significant number of
people after amputation of the lower limb. According to
data [27), it occurs in 68.5 % of patients for the first year
after amputation of lower Limbs at hip level. In the increase

‘mass, 4 trajectories of changes can be distinguished;
473 % of patients had a stable weight in the first year, and
in 24 years, changes in body mass amounted to
42+11.5 kg [28]. The increase in the body weight of animals
after amputation can be explained by a surplus of energy
against the background of a decrease in the mobility of ani-
‘mals that i i i

activity without physical training. These rats, as demon-
strated by the results of the Open field test, retained the
ability to move freely, but their locomotor activity decreased.

Although animals and humans move differently bio-
the proposed model of amputation i rats can

in emotional responses, particularly anxiety. At the same
time, the autonomic support of emotional responses (the
number of defecation and urination) did not change com-
pared to the control.

Relatively low anxiety in rats after amputation is also
indicated by the results of the Light-dark box test, which is
specific for this type of emotional Tt is known

be used to assess the state of metabolism and regeneration
processes, create an experimental foundation for the opti
‘mal regime of physical rehabilitation and its pharmacologi-
cal support, improve the functional state of the stump, and
develop drugs for the preparation of prosthetics.

Practical relevance. The results of this study ex-

that the time spent in the light part of the box depends on the
level of anxiety of the animals: the higher the anxiety, the
more animals tend to hide in the dark, closed space [18].
After amputation, rats spent significantly more time in the
brightly lit compartment of the device than control rats, and
a significant proportion of these animals did not enter the
dark box during the entire 3 minutes of observation. This
behaviour cannot be explained by the difficulty of move-
ment, which prevents the rats from demonstrating a typical
reaction — to quickly hide in the dark from the anxiogenic
effect of bright light: their locomotor activity, as evidenced
by the previous Open field test, is little different from that
of control animals. An increase in the time spent in the illu-
minated compartment of the box indicates a change in the
response to stressful conditions in rats with amputation.
They can be interpreted as a reduction of anxiety, which
confirms the findings of the Open field test.

[#]
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the directions of targeted cor-
rection of disorders of the functional state of the CNS,
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 number of animals (6) with amputation. A limit-
ed range of indicators of the functional state of the cen-
tral nervous system was clarified. The increase in body
mass is characterised phenomenologically without eluci-
dating the peculiarities of animal metabolism.

Further research prospects. Increased number
of markers of the functional state of the central nervous
system, in particular, the study of the effect of amputa-
tion on the cognitive functions of animals. Study of pos-
sible sexual dimorphism of the central nervous system
and body weight dynamics after amputation. Identifica-
tion of metabolic features of the post-amputation period.
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HaunionanbHuii papmaneBTHYHHI YHiBepcHuTeT

®dakynpTeT hapMaeBTUIHUN
Kadenpa dhapmaxosorii Ta kiniHigHOT hapmairii

CrymiHb BHUIIOT OCBITH MaricTp
CremianbHicTs 226 dapmartist, IpoMuciiosa dhapmalris

OcBiTHBO-TIpOdeciitHa nmporpama «Dapmartis»

3ATBEPIKXYIO
3aBigyBau kadenpu
(dhapmakoorii Ta KiIiHiYHOT
¢apmauii Cepriii IITPUTOJIb

«01» BepecHs 2026 poxy

3ABJIAHHS
HA KBAJI®IKALIAHY POBOTY310BYBAUA BUILIOi OCBITH

Mukutn I'YTOPKU

1. Tema kBamidikaniitnoi podotu: «OuiHka (YHKIIOHAJILHOTO CTaHy LIEHTPAIbHOT HEPBOBOI

CUCTEMH IIIYPiB 3 aMIYTAIlI€I0 HIYKHBOT KiHIIIBKIY,
kepiBHUK kBami(ikaniitnoi pobotu: Cepriii IITPUT'OJIb, 3aBigyBau kadenpu dapmakosiorii ta

KJIHIYHOI (hapmaitii, 1.Mel.H., mpodecop,
3arBep ke Hakazom HDaV Big «06» xxoBTHA 2025 poky Ne 266

2. Crpok noaaHHs 3100yBaueM BUIIOI OCBITH KBanidikaniiiHoi podoty_TpaBeHb 2026 p.

3. Buxinni gasi 10 kBamigikaiiiiHoi poOOTH: cyyacHi JaHi 1010 3MiH (YHKIIIOHAJIBHOTO CTaHy
[EHTPaJIbHOI HEPBOBOI CHUCTEMHM TiCNs ammyTamii KiHIIBKM; HayKoBI myOmikamii 3
HEHpOMIAaCTUYHOCTI, HEHTPAJIbHOI CEHCUTH3allli Ta MOBEAIHKOBUX IOPYIIEHb; JiTepaTrypHi
JDKepena 100 EKCIEePUMEHTAIbHUX MoAeNed ammyTamii y IIypiB 1 METOAIB OILIHKH
dbynkmionaasHoro crany I{HC; gani momo MexaHi3MiB 6010 Ta MiAXO/IB 10 HOTO KOPEKITIi.

4.3MIiCT pO3paxyHKOBO-TIOSICHIOBANBbHOI 3aMUCKN  (TIEpeNiK MHUTaHb,  SKi noTpioHO
PO3poOUTH): IpOaHai3yBaTH JiTepaTypHi JaHi mozo nocramnyraniitaux 3min LIHC; BuBunTH ix
HEeMpo(di3i0J0riuHi MeXaHI3MM; OXapaKTepU3yBaTH EKCIEPUMEHTAJIbHY MOJENb aMITyTallil;
OMaHyBaTH Ta 3aCTOCYBAaTH IOBEIIHKOBI METOIM OLIHKH; MPOBECTH EKCIIEPUMEHT, BHUKOHATH
CTaTUCTUYHHI aHaII3 Pe3yNIbTaTiB; y3araJbHUTH JaHl Ta CHOPMYITIOBATH BUCHOBKH.

5. Ilepenik rpadiunoro Marepiany (3 TOYHUM 3a3HAYCHHSIM 000B’ I3KOBHX KPECIIECHb): TaOIHIlh —
8, pUCYHKIB — 1




6. Koncynerantu po3ainB kBajidikaiiiHoi poooTu
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Pozain Im’s, IIPI3BUILE, nocaga KOHCYJIbTAHTA IMinnuc, nara
3aBJaHHA 3aBJaHHA
BHU/1aB NPUITHAB
1 Cepriii ILITPUT'OJIb, 3aBinyBau kadenpu 06.10.2025 p. [06.10.2025 p.
dapmaxotorii Ta kiiHIYHOT papmartii, 1.Me.H.,
npocecop
2 Cepriit LITPUT'OJIb, 3aBigyBay kadenpu 24.11.2025 p. |24.11.2025 p.
dapmaxkoJorii Ta KIHIYHOI (hapmartii, 1.MeI.H.,
npodecop
3 Cepriit LITPUT'OJIb, 3aBigyBau xadenpu 15.12.2025 p. |15.12.2025 p.
¢apmaxotorii Ta KIiHIYHOT papmartii, 1.Me.H.,
npodecop
4 Cepriii IITPUT'OJIb, 3aBixyBad kadenpu 23.02.2025 p. |23.02.2025 p.
dapmaxoJorii Ta KIHIYHOI (hapmartii, 1.MeI.H.,
npodecop
7. Jara Bugaui 3apaanss «01» BepecHs 2026 poky
KAJIEHIAPHHUM IIAH
Ne 3/m Ha3sga eraniB kBaJigikauniiinoi podotu Tepmin Bukonanus | [lpumitka
eTamniB
KBaJdiikaniiiHol
podoru
[TpoBeneHHs OISy Ta BUBYEHHSI JIITEPATYPH 32 Bepecens
1  [remoro kBamigikaiifHOi po60TH 2025 p.— mroTHit Buxonano
2026 p.
(OnaHyBaHHS METOJIIB JOCIIKEHHS Kosrens 2025 p.
2 i Bukonano
(byHkuionansHoro crany [THC
BrkoHaHHS €KCTIEPUMEHTIB JKoBTeHn-ucromnasn
3 Buxonano
2025 p.
4 CratricTuyHa 00poOKa OTpUMaHUX pe3y/IbTaTiB JKoBrenp-nmucronan BUKOHAHO
2025 p.
5 HaHI/'ICH‘.HHSI. ?Ha?i3y Ta y3arajabHEHHs prﬂeHI: 2025 p. - BUKONAHO
KBaTi(iKkaliifHoT poOoTH motuit 2026 p.
6 3axiirouHe pefaryBaHHs kBanidikariiiHoi podotu bepe3enb-KkBiTEHDb BUKONAHO
2026 p.
3100yBa4 BHLIOL OCBiTH Mukuta I'YTOPKA
KepiBauk kBagigikauiitnoi podooru Cepriit LHTPUT'OJIb
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BUTAI 3 HAKA3Y Ne 266
IIo HanionaabHoMy ¢papManeBTHYHOMY YHiBEPCUTETY

3arBepauTy TeMu KpamiikauiiiHux pobit 5 kypey (10 cemectp) 2025-2026 .
p., rpyna ®m21(4,101), ociTHbO-TpodeciiiHa nporpama «®apmallis», crenianbHiCTh
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BHIIOT OCBITH
Kadeapa ¢papmaxosorii Ta kaiHiuHol papmauii
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OneKcanpoBHY CTaHy LEHTPATBHOT central nervous system | C.1O. 0.1
AT HEPBOBOT CHCTEMH of rats with lower limb
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BHCHOBOK
EKCnepPTHOT KOMICil npo NpoBeIeny eKCnepTHly
Woa0 akajaeMivyHoro naariaty y keaaigikauiiiniii podori
3100YBA4A BHILOT OCBITH

«30» keiTHg 2026 p. Ne 333722355

[IpoananizysaBimm kBanidikaniiiny poboty 3106yeada sumoi oceith ['YTOPKH
Mugwuti, rpynu Om21(4,101)-01, cnemiansnoct 226 @apmariis, npomucnoa dgapmaris,
OcBITHROI mporpamu «Qapmaiig» o4dnoi (deHHoi) GopMu 3000yTTS OCBITH Ha TeMy:
«OmHKa PYHKIIOHATEHOIO CTaHY LEeHTPalbHOI HepPBOBOI CHCTEMH LIYPIB 3 aMIYTALIECH
HHKHBOT KIHIIBKH / Assessment of the functional state of the central nervous system of
rats with lower himb amputation», ekcnepTHa koMicia MiiiliIa BUCHOBKY, 1o poboTa,
npeictaBieHa Ao Exzamenarniiinol komicli Jis 3aXHcTy, BHKOHAHA caMOCTIiHO 1 He

MICTHTE €IeMEHTIB aKaJeMIYHOTO MIIAriaTy (KOMITUIAMIL).

Jactynuuk ronoex Komicii,

3ACTYIHHK JUPEKTOpa IHCTHTYTY )

B ckiaan 3BO HHITID, 4} %f-“fg"f‘r"r',. /

IOLIEHT (L AR Onena HOBOCEJ
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D A2.2.1-36-353
BIJIT'YK

HAYKOBOI0 KepiBHHKA Ha KBaJiikaniiiny po0oTy CTymeHsi BHILNOI OCBIiTH
MaricTp cneniajbHOCTI 226 Papmaiisi, IpOMuUCJI0Ba papMallist

Muxkutu I'YTOPKHA
Ha Temy: «OniHKa (PyHKIIOHAJBHOIO CTAHY IEHTPAJbHOI HEPBOBOI CUCTEMU

IIYPiB 3 aMIIyTali€l0 HUKHBOI KiHIIBKH

AKTyaJibHiCTb TeMH. P00OOTYy TpPHUCBAYEHO aKTyalbHIM TeMi, IO 3YMOBIICHO
3HAYHOIO TOIIMPEHICTI0O aMIyTallil KIHIIBOK Ta HEOOXIJHICTIO BIOCKOHAJICHHS
MiaXoAiB 70 peadumitamii. BimomocTi 1mono ocoOnuBocTel (DyHKIIOHATBLHOTO
CTaHy UEHTPaJIbHOI HEPBOBOI CHUCTEMM 3a KIIIHIYHOI Ta MOJENBHOI amImyTallii
KIHI[IBKM CYNEpewInBl. 3’CyBaHHS LbOTO CTAHY € BAXKJIMBHUM 3aBJAHHSAM, IO
Muxkuta I'YTOPKA po3B’s3ye y kBamidikaiiiiitii poOoTi.

IIpakTMyHa UIHHICTH BHCHOBKIB, peKOMEHIallii Ta IX OOIPYHTOBAHICTH.
[{iHHICTP BUCHOBKIB TIOJIITa€ B TIOIIMOJICHHS YSBJIEHb MPO IMATOTeHE3
MOCTTPAaBMAaTUYHUX TOPYIICHb IIEHTPAIbHOT HEPBOBOI CHCTEMH, IO HEOOXITHO
JUTSL IOLIYKY MIIXOAIB A0 iX (hapMaKoIOri9YHOI KOPEKIIli.

Ouinka po6oru. Po6ora Muxkutu I'VYTOPKU € 3akiHUeHHM JOCTIKCHHSM Ha
aKTyallbHy TE€MY, B SIKOMYy BHUKOPHUCTAHO aJICKBaTHI METOIU EKCIIEPUMEHTATIbHOI
Xipyprii Ta (1310J10T1i EHTPAJIbHOI HEPBOBOT CUCTEMH, HABEJIEHO OIVISA]] Cy4YaCHOIO
CTaHy 3HaHb y HampsMi JOCHIKEHHS. MaricTpaHT caMOCTIHO BUKOHAB POOOTY,
BUSIBUB JIy’)K€ BHCOKHMI pIBEHb 3arajpbHOl Ta CHEUIAJbHOI MiJITOTOBKH,
[IJIECIPSIMOBAHICTh, BIAMOBIIAIBHICTE. Mae myOJiKalil0o B HAyKOMETPUYHOMY
BusanHi Q3 3a TeMoto JociiKeHHs. PoOoTa 3acIyroBye Ha MO3UTHBHY OITIHKY.
3araJbHuii  BHCHOBOK Ta PpPeKOMeHJalil Mpo JOMYCK [0 3aXHCTY.
Kpamidikamiitna po6ora Mukutu ['YTOPKU BigmoBinae 4MHHUM BUMOTaM J0

pOOIT CTyMeHs BUILIOT OCBITH «MaricTp» 1 peKOMEHAYETHCS 10 3aXUCTY.

HayxoBwuii kepiBHUK npod. Cepriii IITPUT'OJIb

«14» tpaBua 2025 p.
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@D A2.2.1-36-356

PEIIEH3IA
Ha KBaJidikauiiiHy po0oTy CTymeHsi BHIIOI OCBiTHM MAricTp CHeniaJbHOCTI
226 ®apmaiisi, npoMucJioBa papManis
Muxkutu I'YTOPKHA
Ha TEeMY: «Oninka (pynkuionanbHoro CTaHy

LHEeHTPAJIbHOI HEPBOBOI CHCTEMHM IIYPIB 3 aMIIyTalli€l0 HUKHbOI KiHIIBKID)

AKTyanbHicTb Temu. Tema kamiikamiiHoOi poOOTH € aKTyaJbHOI Ta
cBoedacHoro. JlocmipkeHHsT (PYHKIIIOHATBHOTO CTaHy IIEHTPabHOI HEPBOBOL
CUCTeMH TIiCIIA ammyTalli KIHI[IBKH Ma€ BaXJIMBE 3HAYCHHS Y 3B S3Ky 3
HEOOX1HICTIO MOMHOIEHHS YABIEHb MPO MEXAaHI3MHU MOCTAMITyTallMHUX 3MIH Ta
MOITYKY €(peKTUBHMX ITIIXOIB JI0 iX KOPEKIIii.

Teoperuunuii piBeHb podoTH. Y poOOTI MpoaHaNII30BaHO JOCTATHIM oOcAr
CydacHOi HaykoBOi1 JjiTepaTypu. TeopeThuHa yacTHMHA BHUKJIAaJ€HA IMOCIIIOBHO,
JOTIYHO CTPYKTypOBaHa Ta BIiJOOpaka€ CcydyacHi YSBJISHHS IMOAO 3MiH
¢dynkuionansHoro ctany [HTHC micns ammyranii. Matepiai mofgaHo Ha HaJIEKHOMY
HAyKOBOMY DiBHI, pe3yJAbTaTH Y3TODKYEThCSI 3 METOI0 Ta 3aBIaHHSIMU
JTOCHIIKEHHS.

IIponmo3uuii aBTOpa 3a TEMOI [JOCJHIIKEHHsl. ABTOPOM 3alPONOHOBAHO
BUKOPHCTAHHS €KCIIEPUMEHTAILHOT MOJEJI TPaHCTiIOlambHOT aMImyTallii 3aJIHbOi
KIHI[IBKM Yy MIypiB JUIsl OLIHKKA 3MIH (YHKIIOHAJIBHOTO CTaHy LIEHTPAIbHOT
HepBOBOi cucreMu. OTpuMaHi pe3ynbTaTH MOXYTb OyTH BHUKOPUCTaHI Yy
MOJANBINX JOCHIKCHHSIX 3 BHBUCHHS MOCTAMITyTAIllIHHUX TMOPYIIEHh Ta iX
KOPEKITIi.

IIlpakTMyHa U0iHHICTH BHCHOBKIB, peKOMeHJaNliil Ta iX OOIPYHTOBAHICTb.
[IpakTyHa IiHHICT POOOTH TOJIATa€ y KOMIUIEKCHIN OIIHII TOBEIIHKOBUX,
MOTOPHHMX Ta €MOIIMHUX 3MIH Yy IIypiB TMiCJs amoyTaiii KiHIIBKH 13
3aCTOCYBaHHSIM  BQIIIOBAHUX  METOMIB  JIOCHI/DKCHHS.  BUCHOBKHM €

OOTpyHTOBAaHUMH, BIATIOBIIalOTh MOCTABJICHIN METI Ta OTPUMAHUM pe3yjibTaTaMm.
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Henoaikn poGoru. Y poOOTI TparisiOThCA MOOJWHOKI CTUJIICTMYHI Ta MOBHI
HETOYHOCTI, 110 HE BIUIMBAIOTH Ha 3arajbHE MO3UTHBHE BPA)XKCHHS BiJl BUKOHAHOT
poOoTH.

3arajibHUii BUCHOBOK i olliHka podoTu. PoGota 3m00yBaya Mukuta ['YTOPKU
BUKOHAHA HAa HAJIEKHOMY HAyKOBOMY Ta METOAMYHOMY DPiBHI, BiIMIOBIa€ BUMOTaM
70 poOIT 3a crenianbHIcTIO 226 «®PapMarlisi, MpOMHCIOBa (papmarlisi», 3acIyroBye
Ha TIO3UTHBHY OIIIHKY Ta MOXe OyTH PEKOMEHJOBaHA JI0 3aXHCTy 3 MPUCBOEHHIM

aBTOpy KBamigikamii «Marictp dpapmartiin.

Peuenzenr npod. Oxcana MIIIIEHKO

«15» TpaBua 2026 p.
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D A2.2.1-36-042

MIHICTEPCTBO OXOPOHHU 3/10POB’SI YKPATHU
HAIIOHAJIBHU ®APMAIIEBTUYHNN YHIBEPCUTET
BUTAAI 3 ITPOTOKOJIY Ne 19
3acizannsa kageapu ¢papmakoJiorii Ta KJIiHiYHOI papmanii

18 TtpaBus 2026 p. M. XapKiB

IosioBa: 3aBigyBau kadeapu, T0KTop Mea. HaykK, podecop tpuromns C. 1O.
Cexkperap: kanauaat gapm. Hayk, goueHT Berpona K. B.

MPUCYTHI: 3aB. kad., npod. Wrpurons C.FO., npod. Hepumensinp JI.B.,
noit. benik I'.B., nom. Berposa K.B., nor. )Kaborunceka H.B., nou. Matsiituyk A.B.,
nor. Otpimko I.A., mor. Oukyp O.B., nom. Caoxina M.B., ngon. Crenanosa C. 1.,
nou. Tapan A.B., ac. Bepxosomosa 10.B., ac. Iligraitna B.B. ta 3100yBaui BuIIoi
OCBITH.

MOPSIJAOK JEHHUM:
1. Po3rmsan kBamidikamiitHux poOIT 3100yBayiB BHUIOI OCBITH ISl TOJAHHS
po06iT 1o Ex3aMmenartiiitnoi Komicii.

CJHYXAJIA:

1. 3no6yBaua Bumoi ocBiTH ['yropky Mukuty OnekcanapoBuya 31 3BITOM Mpo
NPOBENIECHY HAYKOBY JISUIBHICTH 32 TEMOK KBadidikaiiiHoi poOoTH:
«O1iHKa (PYHKIIOHAIBHOTO CTaHy IEHTPaIbHOI HEPBOBOI CUCTEMU IIYPIB 3
aMITyTAIlI€F0 HUKHBOT KIHI[IBKI.

YXBAJINJINA:

1. KBanigikauiiiny po6oty po3risiHyTo. 3100yBay BUI01 ocBITH ['yropka Mukuta
OnekcaHApoBUY JOMYCKAETHCA A0 3aXUCTy JaHoi KBamidikaiiiHoi poOOTH B
Ex3amenarniiiaiii KoMicii.

I'osioBa
3aBigyBau kadeapu, npod. Cepriit LLITPUT'OJIb

Cexperap, goil. Karepuna BETPOBA
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@D A2.2.1-36-042
HAHIOHAJIBHI/II7I d)APMAIIEBTI/I‘IHI/IfI YHIBEPCUTET
MMOJAHHS
I'0JIOBI EK3AMEHAIIMHOI KOMICII

IIOJIO 3AXHCTY KBAJI®PIKAINIMHOI POBOTH

Hanpasnserscs 3m00yBau Buioi ocBitd Mukura 'YTOPKA no 3axucty kBasigikamiiHoi
poboTu

3a rajays33io 3HaHb 22 OXOpoHa 3/10poB’s

creniajgbHicTO 226 ®apmartiis, npomMuciioBa dhapMallis

OcaitHbO-TIpOdeciitHo0 nporpamoro Papmaitis
Ha TeMy: «OIiHKa QYHKIIIOHATHHOTO CTaHY IEHTPAIbHOI HEPBOBOI CHCTEMH IIYPIB 3
aMITYTaLI €0 HWKHBOI KIHIIBKAY

Kgamigikarmiitna po6oTa i pereH3ist J01al0ThCs.
JlexaHn QaxynbreTy / Onexcanap TOHYAPOB /

BucHoBok kepiBHHKaA kBaJjidikaniiiHoi poooTun

3n00yBay Buioi ocBith Mukuta 'YTOPKA B noBHOMY 00cs131 BUKOHAB KBaJi(ikaliiiHy
po6oTy. 3a aKTYaJIbHICTIO, METOMYHUAM PIBHEM, TCOPETUIHHUM Ta TPAKTHYHUM 3HAUCHHSM,
00’€MOM BUKOHAHUX JTOCTIIKEeHb KBasi(ikaliiiHa podoTa BIAMOBIa€ BUMOTAM 1 JJOTTYCKAETHCS
1o 3axucTy B Ex3amenartiifaiii komicii.

KepiBHuk kBamidikarniiinoi podotu Cepriit LITPUTOJIb

«14» TpaBus 2026 poxy
BucHoBok kadenpu npo kBajigikauiiiny podory

Kgamidikamiitay po6oTy po3misiHyTo. 3100yBay Buioi ocBiti Mukura I'YTOPKA
JIOTTYCKA€EThCS JI0 3aXUCTY JTaHOo1 KBamidikamiitHoi pobotn B Ex3ameHartiifHii Komicii.

3aBinyBau kadenpu (apmakosorii Ta KiaiHiuHOT hapmariii Cepriit LITPUT'OJIb

«18» TpaBHs 2026 poky



KBanmigikauiitny poOoTy 3aXuIieHo
B Ex3amenarniiaiin komicii
«10» uepHs 2026 p.

3 OILIIHKOIO

I'onosa Ex3amenariiifnoi koMicii,
TOKTOp (hapMareBTUYHUX HayK, Ipodecop

/ Bomomumup AKOBEHKO /
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