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AHHOTALMA

(OoTobroMoaynALMA ¢ UCMOb30BaHNMEM HU3KOMHTEHCMBHOIO KpacHoro ceeTa (HKC) paccMaTpuBaeTca B Ka4ecTe HEMHBA-
3MBHOr0, He[JOPOroro 1 6e30MacHoro MeToAa, OKa3bIBAIOLLEr0 Ha TKAHU CTUMYTIPYIOLLWIA, 3aXMBNAIOLLMIA U pereHepaTvB-
HbI 3ddeKTbl. 3HayeHne PoTOBMOMOLYNALMM MOKa3aHO NpU TaKUX HeMpoAereHepaTUBHbIX 3abonieBaHMAX, Kak 6one3Hb
AnburenMepa, MapKkMHCOHa, ULLEMMYeCKoe nopareHue ronoBHoro mosra [1-3]. OcobeHHbIM MHTepec NpeacTaBnseT gew-
ctBue HKC Ha MMTOXOHAPMK 3a CYET NOTEHUMANbLHOM doToaKuenumm usnyveHmna komnnekcom IV 3TL (KIV). OgHako Heob-
XOAMMO YYUTbIBATb, YTO BO3MOMHOCTb U aKTUBHOCTb CUHTE3a AT® MUTOXOHOPUAMM 3aBUCUT He CTOSIBKO OT QYHKLMOHAMb-
HOro COCTOAHUA MeMBPaHbI OpraHessl, CKOMIbKO OT BbICOKOMO 37IEKTPUYECKOr0 NOTEHLMANa COMPAKEHHBIX MATOXOHAPUNA.
Llenb pabortbl. MccnepnoBanue 3HaueHuaA poTobroMoaynaumm B popMmnpoBaHMM MeMBpPaHHOr0 NOTEHLMANa MUTOXOHAPUN
FOMOBHOr0 MO3ra B HOPME W MOC/e TUMOKCUN Y MbILLEN.

06beKTOM MCCneaoBaHWA ABUAUCHL CaMLbl Mbllwen nuHuK C57BL/6. HuBoTHbIE ObINK paspeneHbl Ha 2 FPYNMbl: MHTAKT-
HaA (n=20) 1 MBOTHblE C MOAenMpoBaHuUeM runobapuyeckon rnokeum (n=20). Ha YacTb MHTaKTHBIX HMBOTHbIX (n=10)
U MKMBOTHBIX C MOAENMPOBaHMEM runokeun (n=10) oHOKpaTHO TpaHCKpaHWanbHo BospencteoBanu HKC (Cnektp JIL-02,
Poccusa), anvnHa BonHbl 650+30 HM B TeueHne 3 MUHYT. Yepes 24 yaca ocyLLeCTBAANM BblgeneHue ¢ppakLmm MUTOXOHAPUN
KOpbl JIeBOr0 NosnyLwapua Mo3ra. llonyyeHHylo ¢pakumio NCMonb30Bany AnA U3yYeHWA GUHAMUYECKOr0 U3MEHEHWA MUTO-
XOHZpWanbHoro MembpanHoro noteHuuana (AMTMIN) ¢ ucnonb3oBaHneM amnepomeTpuyeckoro Moayna 02k-Fluorescence
LED2 pecnvpomeTtpa Oroboros Oxygraph-2k (Oroboros Instruments, ABCTpus) U NpuMeHeHUeM GyopecLLeHTHOro KpacuTe-
NA MeTMNOBOro 3gupa TeTpamMeTMnpofaMuHa. [JaHHble HopManu3o0Banu no cofepanuio benka (Meton bpeadopaa). Cra-
TUCTUYecKas 06paboTKa NpoBoAMnach C NOMOLLbI0 NporpamMMHoro obecneyenns GraphPad Prism 8 u Excel.

Mpn M“3y4eHUM BNWMAHWA TPaHCKpaHWanbHoro npuMeHeHnAa HKC Ha AMTMIT npu okucnuTensHOM ¢ochopunmpoBaHm
koMmnnekca | (KI, NADH-ybuxvHoH oKcmpaopenyKTasa) MUTOXOHAPWUI KOpbl NIEBOr0 MOMyLUApUA MHTAKTHOrO Mo3ra 6bifo
obHapyeHo yBenuueHue nokasarens Ha 18%, ona komnnekca Il (KIl, cykumHatoernpporeHassl) — Ha 40% oTHocuTenb-
HO MHTaKTHbIX 3Ha4eHui. MNokasatens AMTMIT npu oueHKe 6a3anbHOr0 OblXaHWA B MHTAKTHOM rpymnne *KMBOTHbIX COCTa-
sun 0,052+0,002 ycn. en. TpaHckpaHuanbHoe npuMeHenne HKC y Mbiwen npuBoguno K ysenuueHuio AMTMIT B 2 pasa
(0,150,010 ycn. en.).

MopenvpoBaHue runobapuyeckom rMnoKCUmM NPUBOAMT K CHUMKeHUIO NokasaTtena AMTMIT Ha 20% npwm okucnuTensHoM doc-
dopunuposanuu Kl, Ho He namenseT AMTMIT npu orkucnnTensHoM gpochopunupoBanmm Kil. AMTMIT npu oLeHKe 6asanbHoOro
AblXaHUA nocie MoaeMPOBaHMA TUMOKCUM CHU3UNCA Ha 33% OTHOCUTENBHO MHTAKTHbIX 3HaveHmi (0,052+0,002 yen. ep.,
1 0,035+0,003 ycn. e, COOTBETCTBEHHO).

Bo3zpeicteue HKC Ha Mo3r nocne runoKcum He NPUBOAMAO K U3MEHEHWIO LUHAMUKM MEMOPaHHOI0 NOTEHLMana npy oKuc-
nutensHoM ¢ochopunuposanum Kl u Kll, Ho goctoBepHo yennumnsano AMTMIT npu oueHKe 6a3anbHOro AbixaHuA.

Ha uHTakTHylo TkaHb HKC okasbiBano ctumynmpyloliee gerctaue, pocT nokasarena AMTMIT npu okucnutensHoM docdo-
punupoaHuu Kl n KIl n 6azansHoM AbixaHWK, TakuM 06pa3oM, NOBbILIANOCH CONPAXKEHUE MEHY NPOLECCaMM OKUCTIEHUA
u pocdopunmposanua. Ho Ha Mogenu runokcumn dotobromopynupytowee BamaHme HKC npoABnanoch nuiib B yCNoBUAX
6asanbHoro abixaHuA. OnmcaHHble ocobeHHocTH pevicTBrA HKC cooTHOCATCA ¢ pesynbTaTaMu Opyrux UCCeR0BaHUM, YKa-
3blBaloLLMX Ha no.blweHne AMTMIT 1 obpasoBanma ATO 3a cuét guccoumaumm NO n buagepHoro uentpa KIV [4].

KnioueBbie cnoBa: ¢0T06MOM0ﬂy1'lF|LI,VIF|; HWU3KOMHTEHCUBHBIN KpaCHbIVI CBeT, MUTOXOHOPUA, MEMﬁpaHHbIVI noTeHuman.
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ABSTRACT

Photobiomodulation using low-intensity red light (LRL) is considered a safe, non-invasive, and cost-effective method
that was proven to possess stimulating, restorative, and rejuvenating effects on body tissues. The therapeutic potential
of photobiomodulation was demonstrated in various pathologies such as Alzheimer’s and Parkinson’s diseases and ischemic
brain damage [1-3]. The potential photoacceptance of radiation by ETC's complex IV (CIV) raises concern for the impact
of LRL on mitochondria. However, ATP synthesis in mitochondria depends less on their functional state and more on
the high electrical potential of coupled mitochondria. This study aimed to investigate the importance of photobiomodulation
for the formation of brain mitochondria membrane potential in healthy mice and after hypoxia.

Male C57BL/6 mice were used in the study. The animals were divided into two groups: a healthy control group (n=20)
and a group of animals exposed to simulated hypobaric hypoxia (n=20). Half of the control animals (n=10) and half of the
animals subjected to hypoxia modeling (n=10) received a single transcranial exposure of LRL (Spectr LC-02, Russia),
which had a wavelength of 650+30 nm, for 3 minutes. After 24 hours, the mitochondrial fraction of the left cerebral cortex
of the brain was isolated. The resulting fraction was used to examine how the mitochondrial membrane potential (AmtMP)
dynamically changes by employing the 02k-Fluorescence LED2 amperometric module of the Oroboros Oxygraph-2k
respirometer (Oroboros Instruments, Austria) and the fluorescent dye tetramethylrhodamine methyl ester. The collected
data were normalized for protein content using the Bradford method. Statistical analysis was conducted with GraphPad
Prism 8 and Excel.

When investigating the impact of transcranial administration of LRL on AmtMP during Cl-supported (CI, NADH-ubiquinone
oxidoreductase) oxidative phosphorylation of the left cerebral cortex mitochondria in control animals, an increase of 18% was
observed for the parameter. Further, a 40% increase was noted when studying ClI-supported (Cll, succinate dehydrogenase)
oxidative phosphorylation compared to the untreated group. During the evaluation of basal respiration in the untreated
control group, the measurement of AmtMP was 0.052+0.002 arb. units It was found that the transcranial application of LRL
in mice caused a 2-fold increase of AmtMP (0.115+0.010 arb. units).

Simulation of hypobaric hypoxia results in a 20% decrease in AmtMP during Cl-supported oxidative phosphorylation but has
no effect on AmtMP during ClI-supported oxidative phosphorylation. Basal respiration after hypoxia modeling showed a 33%
decrease in AmtMP compared to control values (0.052+0.002 arb. units and 0.035+0.003 arb. units, respectively).

The transcranial administration of LRL following hypoxia modeling did not alter the dynamics of membrane potential
during Cl- and Cll-supported oxidative phosphorylation, yet considerably amplified AmtMP when evaluating basal
respiration.

The transcranial LRL irradiation stimulated the healthy control group, resulting in an increase in AmtMP for both CI-
and Cll-supported oxidative phosphorylation and basal respiration. This increase in coupling between oxidation and
phosphorylation processes was observed. However, after hypoxia modeling, the photobiomodulation effect of LRL
was only observable under basal respiration conditions. The effects of the LRL application align with findings from
other studies that suggest an elevation in AmtMP and the creation of ATP resulting from the dissociation of NO and
the binuclear center of CIV [4].
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