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2. The effect of C60 fullerene injections on the development of rhabdomyolysis caused by muscle trauma and
associated acute renal failure

Pedepar:

1. B po6oTi mocnigkeHo 6ioMexaHiyHi, 6i0XiMiuHi Ta MOPOJIOTiYHi 3MiHM, 1110 BUHUKAIOTD 32 M'SI30BUX TPaBM,
CIIPUYMHEHUX PYIHYBaHHSIM CKEJIETHOTO M'SI3y Pi3HUX CTYIEHIB BaKKOCTI, 3 MOJAJIBIIMM PabIoMiosizoMm i
PO3BUTKOM I'OCTPOI HUPKOBOI HefocTaTHoCTi. Pikcalis napameTpis Binbdysasnacs Ha 1,3,6 i 9 mo0y miciisg TpaBMU. SIK
TepareBTUYHMI areHT BUKOPUCTAaHO BHYTPIlIHbOYEPEBHI iH'eK1iii Bomopo3unHHoro C60 ¢ynepeHy B KOHLEHTpaLii 1
Mmr/kr. On1caHo 3MiHU CHAJIM CKOPOUY€HHS muscle soleus, iHTerpoBaHoi OTYXHOCTI M'43iB, piBHSI KpEaTHHIHY,
KpeateHiHdocPOKiHA3Y, MBUAKOCTI KIIy60uKOBOi (PinbTpaliii, piBHSI c€40BUHU Ta 3MiHY PPaKLiliHOi eKcTpakii
HaTpito. [IpoaHasnizoBaHo 3MiHM piBHIB IPO- Ta aHTUOKCUAAHTHOrO 6aslaHCy. B npoBeneHux TecTax BifOyBa€eThCs
3MiHa onrcaHux 6ioMexaHiYHUX i 6i0XiMiuHMX MapaMeTpiB IpubM3HO Ha 27-30% 3a TepaneBTUYHOTO BBEIEHHS
¢dynepena C60. BctaHOBIEHO, 1[0 HANGINBIINI TEPAIEBTUYHNUI €(EeKT 1010 3MEHIIEHHS TOKa3HUKa (pakLiiiHOi
eKCKpelLii HaTpilo Mae MicIie IIpu 3aCTOCYBaHHI BOAHOro po3unHy C60 y 1o3i 2 Mr/Kr Ha 9 106y MicJisi pO3BUTKY



pabnomiosnidy [TokasaHo, mo iH'eK1ii BogHOro po3unny C60 y no3i 1 Mr/Kr 3HUKYBaJIM BMICT JIINONPOTEiiB HU3bKOI
winpHocTi (JITTHIL) y kpoBi mypiB B cepenHboMy Ha (13-18)%, a mimBuiieHHs 1031 BogHOro po3duny C60 yzasiui (2
M /KT) cupusiyia 3MeHeHHo piBHs JITTHII suie Ha TSDKKUX CTafisgx pabmomiosnisy. [TokasaHo, mo 3a
BHYTPIIIHbOYEPEBHOMY BBEJ€HHI po3unHy QysepeHy C60 BinoyBaeTbCs 361/1bLIEHHS IIBUIKOCTI KI1yOOUKOBOI
¢inbrpaii sike cknano 14- 19% npu nosi ¢pynepeny ImMr/rk ta 48 - 51% npu 36inbL1eHH] 1031 Pynepeny 4o 2Mr /K.
Lle cBimuuTb PO HasIBHICTb KOMIIEHCATOPHOI akTuBaLii pysepeHom C60 eHIOreHHOI aHTUOKCUAAHTHOI CHCTEMMU B
IIpolLieci NOCTTpaBMaTUYHMX 3MiH muscle soleus, CIPUYMHEHUX MEXaHIYHMAM IOLIKOJPKEHHSIM Pi3HUX CTYIIEHIB
TSDKKOCTI. OJIHaK 3HIKEHHS iH'eKLisMu (pysiepeHa piBHS paboMioslisy He MOXKe OyTH €IMHOIO IPUYUHOI0
3MEHIIeHHs PiBHSI HUPKOBOi HefocTaTHOCTI. Ha Hamy gymKy, C60 dysepeH MosKe BIIJIMBATH HA aKTUBHICTD
€HJIOT€HHUX aHTUOKCUAHTIB, [IPUTAJIbMOBYIOYM BUHUKHEHHS IE€CTPYKLiM BULIIBHOI CUCTEMHU, IO 3MEHIIYE PiBEHDb
rOCTpOi HUPKOBOI HELOCTATHOCTI. TaKOX, MOXKJIMBO IPUIYCTUTHU PO HOT0 TepaneBTUYHUN BILIMB i HA
IIPUCKOPEHHS MTPOLIECY BiJHOBJIEHHS MOUWKOPKEHUX PpaboMiosi3om CTPYKTyp. [103UTUBHA 3MiHa BCix
IOCTiIKyBaHUX 6ioMeXaHIUHUX i 6i0xXiMiYHMX MapKepiB, 110 HiATBEepIKY€e MOXKJINBICTb 3aCTOCYBaHHS BOJHOTO
pozunHy C60 QysiepeHiB sIK TEPaNeBTUYHOrO areHTa, 3J[aTHOT0 3MEHIIYBATH I KOpEryBaTy NaToJIOTiYHi CTaHU
M'S130BOi Ta BUAIZIbHOI CUCTEMHU, 1J0 BUHMKAIOTh 32 MOCTTPABMATUYHOTO PaboMiosidy CKeJleTHUX M'a3iB. KiouoBi
cyoBa: C60 dynepeH, ckesyeTHi M's131, MEXaHOKIHEeTUYHI IapaMeTpu CKOPOYEHHs, OKCUIATUBHUI CTpec,

aHTMOKCUJIAHTHA CUCTeMa, Pab/loMioJii3, HUPKOBAa HEJOCTATHICTb, 6i0OXiMIYHi TOKA3HUKU.

2. This study examines the biomechanical, biochemical, and morphological changes occurring in muscle injuries
caused by varying degrees of skeletal muscle damage, leading to rhabdomyolysis and the subsequent development
of acute kidney injury. The parameters were recorded on days 1, 3, 6, and 9 after the trauma. A water-soluble C60
fullerene was used as a therapeutic agent, administered via intraperitoneal injections at a concentration of 1
mg/kg. The research describes alterations in the contractile force of the muscle soleus, integrated muscle power,
creatinine levels, creatine phosphokinase activity, glomerular filtration rate, urea concentration, and fractional
sodium extraction. Changes in the levels of pro- and antioxidant balance were also analyzed. The conducted tests
demonstrated that the described biomechanical and biochemical parameters changed by approximately 27-30%
following the therapeutic administration of C60 fullerene. It was found that the most significant therapeutic effect
in reducing the fractional sodium excretion rate was observed with the administration of an aqueous solution of
C60 at a dose of 2 mg/kg on the 9th day after the onset of rhabdomyolysis. The study also showed that injections
of an aqueous solution of C60 at a dose of 1 mg/kg reduced low-density lipoprotein (LDL) levels in rat blood by an
average of 13-18%, while doubling the dose to 2 mg/kg contributed to a decrease in LDL levels only in severe
stages of rhabdomyolysis. Moreover, intraperitoneal administration of the C60 fullerene solution resulted in an
increase in glomerular filtration rate, reaching 14-19% at a fullerene dose of 1 mg/kg and 48-51% when the dose
was increased to 2 mg/kg. These findings suggest that C60 fullerene may activate the endogenous antioxidant
system as a compensatory response to post-traumatic changes in the muscle soleus, caused by mechanical
damage of varying severity. However, the reduction in rhabdomyolysis due to fullerene injections alone cannot be
considered the sole reason for the decrease in kidney failure. It is hypothesized that C60 fullerene influences the
activity of endogenous antioxidants, delaying destructive processes in the excretory system, thereby mitigating
the severity of acute kidney injury. Additionally, its therapeutic effect may contribute to the acceleration of
recovery processes in structures damaged by rhabdomyolysis. The positive changes in all studied biomechanical
and biochemical markers confirm the potential of water-soluble C60 fullerenes as a therapeutic agent capable of
reducing and correcting pathological conditions of the muscular and excretory systems arising from post-
traumatic skeletal muscle rhabdomyolysis. Keywords: C60 fullerene, skeletal muscles, mechanokinetic contraction
parameters, oxidative stress, antioxidant system, rhabdomyolysis, kidney failure, biochemical indicators.
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