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Pedepar:

1. OpHUM i3 K/II0YOBUX (PAKTOPIB BUHMKHEHHS] BTOMU CKEJIETHUX MS13iB € HAaKOIIMYEHHS aKTUBHUX (POPM KUCHIO
(ADK) Ta iHmMX META6OJIITIB, 110 YTBOPIOIOTHCS BHACILOK iX aKTUBHOTO CKOpOUY€HHS. Ha CbOroHi 11 3MEeHLIeHHS
IIPOSIBiB M'SI30BOI BTOMH 4aCTO BUKOPUCTOBYIOTh €K30T'€HHI aHTMOKCUIAHTH. MeTo1o poboTu 6yJio focainuTu
PO3BUTOK BTOMU CKE€JIETHOTO M's13a 1Iypa 3a il BOGOPO3UYMHHUX HaHOYaCcTUHOK C60 ¢dynepeHis. [ ii mocarHeHHs
BMKOPHMCTAHO €JIEKTPO(i3ioJIoriuHi Ta 6i0XiMidHi METOIM, MOBEIiIHKOBI TECTU Ha MOJeJli €EKCIIEPUMEHTAJIbHOTO
reminapkiHCOHI3My i METOZI MaTeMAaTUYHOI CTaTUCTUKU. EKCiepuMeHTabHa poboTa CKiIaanacs 3 TpboxX
OCHOBHUX cepill: | - mocyifiskeHHs Ha TBapyHax, SIKUM YBOJWJIM BOLHUM KoJoinHuM po3unH C60 dynepeny
(C60BP®) y nosi 0,15 Mr/Kr mif, 4ac po3BUTKY BTOMU CKeJIETHUX M'A3iB; Il - mociii>)keHHs Ha TBapUHaX, SIKUM 32
rOZMHY 0 eJIEKTPUYHOI CTUMYJIALI, o BUKJIKKaa BToMy, BBoguau C60BP®, abo N-auerunnucrein (NAC), abo o-

anaHiH (mo3a 0,15 mr/kr); 11l - nocmimKeHHs Ha HeaHecTe30BaHUX TBapUHax (MOesIb €KCIIepUMEHTAIbHOTO



reMinapkiHCOHi3MY), IKUM MONEPENHbBO, 32 TOJUHY 10 XiMIYHOI CTUMYJISL], 1[0 BUKJIMKaJa iHTEHCUBHI
LIMPKYJISTOPHI pyxH i, K HAaCJifOK, IPU3BOAMIIA 4O M'130B0i BTOMHU, yBoauiu C60BP® a6o NAC (mosa 0,15 mr/Kr).
[ITo6 BUKIMKATH M'SI30By BTOMY TPUT0JIOBOrO M's13a JIMTKY (M.Mm. gastrocnemius — soleus) mypa, 3acTocoByBann 315
cepill BUCOKOYACTOTHOI €JIeKTPUYHOI CTUMYJIALIT TpuBasicTio 30 XB, pO3/iIeHUX iHTepBajlaMu BifJIOYMHKY 110 15 XB.
BToMOI0 BBaXKay 3HUKEHHS PiBHS 3yCUJLIIS, SIKE PO3BUBAJIOCS] M'130M, Ha 50% i Gisibllle Bif 10YaTKOBUX 3Ha4€Hb. 3a
IOTIOMOTOI0 €J1eKTPOo(di3ioIoriYyHOro MeToy BUSIBJIEHO, 11O Mifl Yac pO3BUTKY BTOMU CKeJIETHUX MSI3iB,
CIIPMYMHEHOI €JIEKTPUYHOIO CTUMYJISLII€I0, BiOyBaI0Cs 3HUKEHHSI PiBHS M'I30BOTO 3yCUJLIIS B
€KCIIepUMEHTaJIbHUX L1ypiB. [IpoTe micsist 3acToCyBaHHS BHYTPilIHbOM's130B0i iH eKLii C60BPD y 1iux TBapuH
BiZOyBasiocs 4aCTKOBE BilHOBJIEHHS CUJIM CKOPOYEeHHS M’s13a 3 ii IofjayblinM yTPUMaHHSIM Ha [IEeBHOMY PiBHI
BIIPOJIOBK TPUBAJIOro yacy. Ilicis enekTpodisiosoriyHux ekcrepruMeHTIB IPOBOAWIIN 0i0XiMIUHI AOCTiIyKEHHS
HaM6inb iHPOPMATMBHUX MapKeEPiB BTOMU. 30KpeMa, OLIiHEHO KiJIbKiCTh IPOJYKTiB METa00J1i3My M'S3iB (MOJIOYHOI
KUCJI0TH, LA), MapKepiB OKMCHOTO cTpecy (TiobapbiTypopeakTuBHOi pedoBruHHU, TBARS; nepekucy BogHio, H202), a
TaKOX piBeHb aKTUBHOCTI TaKUX €HJOT€HHUX aHTUOKCUAHTIB, SIK BinHOoBeHu rayTaTioH (GSH), katanasa (CAT),
riyrationnepokcugasa (GPx) ta cynepokcuaaucmyrasa (SOD) y TKaHMHI BTOMJIEHOTO M's13a. BcranosieHo, 110
€JIEKTPUYHA M'SI30Ba CTUMYJISLiS IPU3BOAMIA 10 361/bIIeHHS TPOAYKTiB 06MiHy (LA) y pyHKLIOHYIOUOMY M'3i Ta
iHTeHcudiKaii OKUCTIOBAaTBHUX MIPOIIECiB, a caMe 3HaYHOro 36inbpmeHHs AQK Ta mepekrCcHOro OKMCHEHHS JIillifiB,
110 BiIOYyBasI0Cst OJHOYACHO 3i 301/IbLIE€HHSIM aKTUBHOCTI eHJoreHHUX antTuokcuganTis CAT i GSH. Ananis 3miH
MeTab0JIiYHUX IIPOLIECIB, SIKi CYIIPOBOJKYIOTh M'SI30BY BTOMY, 3aCBiJUMB 301/IbIIEHHSI MAaPKEPiB OKMCHOIO CTPECY
H202 i TBARS mono iHTakTHUX M's13iB. [Ticis BHyTpimmHbOM s130B0r0 BBeieHHs1 C60BP® konuentpauist TBARS Ta
piBeHp H202 1oCTOBIpHO 3HMKYBaMCA. 3aCTOCYBaHHS MOZEIi TBAPUH 3 €KCIIEPUMEHTATILHUM
reminapkiHCOHi3MOM [I03BOJIUJIO BUSIBUTU Y TIOBEiHKOBUX TecTax BIIMB C60BP® Ha nunamiky ixHbOi pyxoBoi
aKTMBHOCTI 32 YMOB PO3BUTKY M'130BOi BTOMU. BcTaHOBI€HO No3uTHBHUI edekT C60 dyepeHiB Ha PO3BUTOK
BTOMHU y F€MINapKiHCOHIYHUX MIYPiB, 0 1 3aCBifAYYye BiIHOCHO CTajla WBUIKICTb iX HUPKYJIATOPHUX PYXiB YIIPOIOBX
yCbOT'O €KCIIEPUMEHTY Ha TJIi 3HaYHOI'0 3MEHILIEHHS KiJIbKOCTi 06EPTiB y TBAPUH KOHTPOJIbHOI rpynu. le
NiATBEPAXYy€E 3HAUYHY aHTMOKCUAAHTHY Tito C60BP® Ha piBHi LisicHOro oprasismy. [IpoBeieHO OPiBHAIBHUN
anasiz BriuBy C60BP® 3a7exxHO Bif, ciocoby oro BBEJIEHHS B OPTaHi3M (CUCTEMHOr0 abo rnepopasnbHoro). B
esiekTpodizionoriyHux Ta 6i0XiMiYHUX eKcriepuMeHTaxX AOCTiIKeHO eDeKTUBHICTh aHTUOKCUTAHTHUX
BactrBocTeil C60 ysepeHy 3a po3BUTKY M'sI30BOi BTOMHU IIOPIiBHSIHO 3 JIi€l0 BilOMUX aHTUOKCUAHTIB, 30KpeMa
NAC ra n-ananiny. [TokasaHo, 0 y TBapHH, sIKi nepopasbHO BxkuBanu C60BP® i skum cuctemHo BBoauan NAC a6o o-
aJyiaHiH, Bifi0yBasocs He3HaYHe 3HIKEHHS CUJIM M'SI30BOTO CKOPOYEHHS 3 MTOAAJIbIINM TPUBAINM YTPUMAaHHSM ii
PiBHS, TOZ] SIK y KOHTPOJIi IIPOCTEXKEHO MOCTiliHE 3HU)KEHHSI PiBHS CUJIM CKOPOYEHHS M's13a, KinbkicTb AQK i
KoHueHTpauii TBARS, H202 i LA 3a Brom# Takox 6yJ1 JOCTOBipHO HIKYUMU (p<0,05) NOpiBHSHO 3i Iypamu
KOHTPOJIbHOI rpynu. PiBHI KOHIIeHTpaliil engoreHHnx aHTuokcuaaHTiB (GSH i GPx) Ta aktuBHicTb pepmenTiB (CAT i
SOD) y TBapuH LMX IPYI TaKOXK OYJIM NOCTOBIPHO HUKYKMMMU 1010 KOHTPOJIbHOI rpynu. OTpuMaHi
€KCIIEPMMEHTAJIbHI [aHi 3aCBiAUYIOTS, 1110 BOJOPO3YMHHI HaHOYacTUHKU C60 ysiepeHiB MOXXyTb OyTU BUNIPOOYBaHi
y KJIiHIYHUX JOCJIIKEHHSIX i 5IK e(peKTUBHI TepaneBTUYHi HAHOAre€HTHU YBilTH 10 CKIaLy HOBUX (hapMIIpENnaparis,
SKi 32aCTOCOBYIOTb Y CIIOPTHBHIM MEULIVHI [171 LIBUIKOTO BiJHOBJIEHHS CIIOPTCMEHIB MiCJIsl TPUBAJIAX

HaBaHTa)K€Hb, & TAKOXX JIIKYBaHHSI [1aTOJIOTi{YHOI BTOMH, 1110 IPU3BOJUTH 10 BUHUKHEHHS XPOHIYHOTO 60JII0.

2. One of the key factors in skeletal muscle fatigue is the accumulation of reactive oxygen species (ROS) and other
metabolites that result from their active contraction. Currently, exogenous antioxidants are commonly used to
reduce muscle fatigue. The purpose of the study was to investigate the development of fatigue of rat skeletal
muscle under the action of water-soluble C60 fullerene nanoparticles. Electrophysiological, biochemical methods,
behavioral tests on the model of experimental hemiparkinsonism and methods of mathematical statistics were

used to achieve this goal. The experimental work consisted of three main series: I - study of animals that were
administered C60 fullerene aqueous colloidal solution (C60FAS) at a dose of 0.15 mg/kg during the development of
skeletal muscle fatigue; II - study of animals that were administered C60FAS or N-acetylcysteine (NAC) or o-alanine
(0.15 mg /kg dose) an hour before the electrical stimulation that caused fatigue; III - study on non-anesthetic
animals (experimental hemiparkinsonism model) that were administered C60FAS or NAC (0.15 mg/kg dose), prior



to an hour before chemical stimulation, caused intense circulatory movements and, as a consequence, led to
muscle fatigue. To cause muscle fatigue of the three-headed calf muscle (i. e. gastrocnemius - soleus), rats were
administered 3 and 5 series of high-frequency electrical stimulation for 30 min, separated by 15-min rest intervals.
Fatigue was considered a decrease in the level of effort that was developed by the muscle by 50% or more of the
initial values. Using the electrophysiological method of research, it was revealed that with the development of
skeletal muscle fatigue, caused by electrical stimulation, there was a decrease in the level of muscular effort in
experimental rats. However, after the use of C60FAS injection, a partial recovery of the muscle force contraction
was observed with its subsequent maintenance at a certain level for a long time. After electrophysiological
experiments, biochemical studies of the most informative markers of fatigue were conducted, in particular, the
number of products of muscle metabolism (lactic acid, LA), markers of oxidative stress (thiobarbituric acid reactive
substances, TBARS; hydrogen peroxide, H202), as well as the activity levels of such endogenous antioxidants such
as reduced glutathione (GSH), catalase (CAT), glutathione peroxidase (GPx) and superoxide dismutase (SOD) were
evaluated in fatigued muscle tissue. Electric muscle stimulation has been found to lead to an increase in
metabolism (LA) in the functioning muscle and intensification of oxidation processes, namely a significant increase
in ROS and lipid peroxidation, which was associated with an increase in endogenous CAT and GSH antioxidants
activity. Analysis of changes in the metabolic processes that accompany muscular fatigue showed an increase in
the markers of oxidative stress H202 and TBARS in relation to intact muscles. After the administration of C60FAS,
the concentration of TBARS and the level of H202 significantly decreased. In behavioral tests the use of an animal
model with experimental hemiparkinsonism allowed us to detect the effect of C60 fullerenes on their physical
activity dynamics during muscle fatigue development. The positive effect of C60 fullerenes on the development of
fatigue in hemiparkinsonian rats was established, as evidenced by the relatively constant rate of circulatory
movements of animals throughout the experiment, with a significant decrease in the number of revolutions in
animals of the control group. This confirms the significant antioxidant effect of C60FAS at the level of the whole
organism. A comparative analysis of the C60FAS effect depending on the administration method into the organism
(systemic or oral) has been studied. In the electrophysiological and biochemical experiments, the effectiveness of
C60 fullerene antioxidant properties was investigated under conditions of the muscle fatigue development
compared to the action of known antioxidants such as NAC and o-alanine. It was shown that in animals that drank
C60FAS and in rats that were injected with NAC or n-alanine, there was only a slight decrease of the muscle
contraction force followed by long-term maintenance of such force level. In animals, with C60FAS oral
administration, as well as in groups of animals with injections of N-acetylcysteine or n-alanine, the amount of ROS
and concentrations of TBARS, H202 and LA under fatigue conditions were also significantly lower (p<0,05)
compared to the rats of the control group. Levels of endogenous antioxidant concentrations (GSH and GPx) and
enzyme activity (CAT and SOD) in animals of these groups were also significantly lower compared to the control

group.
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