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AHHOTALMA

CaxapHblit AnabeT ABNAETCA OAHUM M3 3HAYMMbIX (AKTOPOB PUCKA Pa3BUTUA OCIIOMHEHWIA NOCE ULLIEMUYECKOrO UHCYMb-
Ta. I'IpM 3TOM MeéXaHW3M, nocpencTtsoM KOToporo MOBbILUEHHBIN FIMKEMUYECKUI CTaTyC BAIMAET Ha MeTabonmam HEVIpOHOB
Npyu PasBUTMW WLLIEMUW, OCTAETCA M3Y4YEHHbIM He A0 KoHUA. OfHOM M3 BEPOATHbIX MPUYMH YCyrybneHua nocnencTeuii
WULIEMMYECKOr0 MHCYNbTa Ha GOHe rMNeprivKeMUn ABMAETCA OKUCIUTENbHBIA CTPECC, MAapPKEPOM KOTOPOr0 MOMET Cny-
#unTb H,0,. B paHHoM paboTe npy NoMoLLM reHeTUYeCKM Koanpyemoro ¢yopecLieHTHoro bruoceHcopa HyPer7 Hamu bbina
BnepBble NPOAEMOHCTPMPOBaHA AMHAMMKA NEPOKCMAA BOLOPOA B MAaTPUKCE MATOXOHAPUIA HEVPOHOB BO BPEMSA Pa3BUTUA
MULLIEeMUYECKOro NHCYNbTa B YCNTI0BUAX HOPMAIbHOI0 U NOBbILLEHHOI0 ypOBHEf/'I FTIIOKO3bl B KPOBW.

WccnepnoBakve NpoBoaMamM Ha Kpbicax nMHUM SHR ¢ HOPManbHBIM M MOBBILLEHHBIM IMKEMUYECKUMMM cTaTycamu. Moge-
nMpoBaHue caxapHoro auabeta 1 TMnNa NpoBOAUIW NPY NOMOLLM MHBEKLMIA CTPENTO30TOLMHA, TOKCUYHOrO ANA B-KneTok
MOAKeNyOO4HON *enesbl. [lnA akcnpeccun dnyopecueHTHoro buoceHcopa HyPer7 B MUTOXOHAPUAX HevipoHOB obnacTu
XBOCTATOro Afpa Noj KOHTPO/NEM CTepeoTaKcuca MHBELIMPOBAM CYCNEH3MI0 YacTUL, afeH0accoLMMpoBaHHOr0 BUpYCa, He-
CyLLero reH ceHcopa nof HempoHasbHbIM NPOMOTOPOM. HenocpeacTBEHHO MOCNe MHBEKLMM B CTPUATYM MO3ra KpbiC UM-
NNaHTUPOBANM ONTUYECKME BONOKHA C KEPAMUYECKMM afanTepoM AfA Nocnefyiollei perucTpaumum curHana MHauKatopa
H,0, Ha BbICOKOYYBCTBUTENBHOW YCTaHOBKe ANA BO3bYAEHWA M feTeKunn payopecLieHumu, cobpaHHon B nabopatopum
CMEKTPOCKOMUM U HenMHerHoW onTukn MIY. 3anuck curHana buoceHcopa NpoBOAWM HEMPEPBIBHO B PEXKMME peasbHoro
BPEMEHW C MOMEHTa BBEEHWA KMBOTHOrO B HapKo3. Bo BpeMA permctpaumm »UBOTHOMY Mof aHecTesuen NpoBoAUNU
XMPYPruyecKylo onepaumio, MOAENMPYA UHCYNLT NYTEM OKKMIO3WUW CPeAHEN MO3roBOM apTepuu, KOTopas CHabMaeT KpoBbIo
nonocaroe Tefo rof0BHOMO MO3ra.

Wcnonb3ya HyPer7 B uccnepnyeMoi Mofienn ULWEMUMYECKOrO MHCYNbTA, Mbl 06HAPYUIK, YTO OMHAMUKA U3MEHEHUA KOH-
ueHTpaummn H,0, B NopaxKEHHOM NOMYyLIAPUM Y KPbIC C HOPMaNbHBIM U MOBLILLEHHBIM TIMKEMUYECKUMM CTaTycaMu He OT-
NMYaeTCA Kak B OCTpoW dase MHCYNbTa, Tak M CMYCTA CYTKU Nocne OKKN3uKW. B obenx rpynnax uBOTHbIX Habniopanoch
OKMCNeHWe broceHcopa Kak Npu ULEeMUK, TaK v Npu penepdysnn, ofHaKo Hambonee BbipaeHHbIM 0TBET HyPer7 neMoH-
CTPMPOBAnN CMyCTA CYTKMU NOC/E OKKMIO3MM, YTO CBUMAETENBCTBYET O 3HAYMTENBHOM MOBBILLIEHUM KOHLEHTPALMMU NepoKCMaa
BOLOpOAA.
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TaKKe Mbl OLEHMBaNM MeTabosIMUECKYI0 aKTMBHOCTb HEMPOHOB FOSIOBHOMO MO3ra MyTEM OKpaluMBaHua 2,3,5-TpudeHunn-
TETPa30Mi XNIOpPMAOM CPe30B, MOMyYeHHbIX CMYCTA 24 Yaca Mocne OKKIMO3WUWU CPedHei MO3roBoM apTepui. Y HUBOTHbIX
C MOBBILLEHHBIM YPOBHEM T1I0K03bl B KPOBU 06BEM NOBpeAeHWA Mo3ra 6bin B 2,6 pa3a bonblue, YeM Y HUBOTHbIX C HOp-
MaibHbIM FNIMKEMUYECKUM CTaTycoM. Ha yBenu4yeHue TAMECTU NOCNeAcTBUM WULLEMUYECKOr0 MHCY/bTa Ha GoHe runep-
FIMKEMUM YKa3bIBaET M Gonee BbICOKWIA YPOBEHb CMEPTHOCTM MO CPAaBHEHWIO C KOHTPONbHOW rpynnoi (25%), B KoTopoi
He Habnloganu neTanbHoOro MCXofa A0 BbIBEAEHWUS HMBOTHOIO U3 SKCIEPUMEHTA.

B maHHOM mccnefoBaHMM Mbl MOKa3anu, YTo MOBbILLEHHbIN FIMKEMUYECKUIA CTaTyC He M3MEHAET AMHAMUKY KOHLEHTPaLIMK
H,0, Kak B ocTpoit da3e, Tak 1 CMYCTA CYTKW NOC/E OKKMIO3MMW, HO 3HAYMTENBHO YCYrybnAeT UweMnyecKoe NoBperaeHne
TKaHew rofI0BHOI0 MO3ra U YBENMYMBAET CMEPTHOCT.
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ABSTRACT

Diabetes mellitus is a significant risk factor for the development of complications following ischemic stroke. However,
the precise mechanisms through which elevated glycemic status impacts neuronal metabolism during ischemia remain
unclear. One probable reason for the exacerbation of post-ischemic consequences under hyperglycemia is oxidative stress,
the indicator of which may be H,0,. In this research, we used the genetically encoded fluorescent biosensor HyPer7 to
exhibit the hydrogen peroxide dynamics in the matrix of neuronal mitochondria during ischemic stroke under hyperglycemic
and normal glucose conditions.

The research was conducted on SHR rats with normal and high blood glucose levels. Type | diabetes mellitus was induced
by injecting streptozotocin, which is toxic to pancreatic B-cells. For the expression of the fluorescent biosensor HyPer7-mito
in the neuronal mitochondria of the caudate nucleus region, a suspension of adeno-associated virus particles carrying
the sensor gene under the neuronal promoter was administered under stereotactic control. After the rats were injected,
optical fibers with a ceramic adapter were implanted directly into their brain striatum, enabling us to register the H,0,
indicator signal using a highly sensitive fluorescence excitation and detection system developed by the Institute of Photonics
and Nonlinear Spectroscopy at Moscow State University. The hiosensor signal recording was continuously performed in
real-time from the moment the animal was anesthetized. While recording, anesthetized rats underwent middle cerebral
artery occlusion, which supplies corpus striatum.

Using HyPer7 in the ischemic stroke model described, we observed that the H,0, concentration dynamics in the affected
hemisphere of rats with normal and elevated blood glucose levels were similar during the acute phase of stroke and one
day after occlusion. Oxidation of the biosensor was observed in both animal groups during both ischemia and reperfusion.
However, HyPer7 exhibited the most marked response one day after the occlusion of the middle cerebral artery, indicating
a significant rise in hydrogen peroxide concentration.

Furthermore, the metabolic activity of brain tissue was evaluated through staining slices obtained 24 hours after
occlusion with 2,3,5-triphenyltetrazolium chloride. Rats with diabetes exhibited 2.6 times larger brain damage, indicating
that hyperglycemia exacerbates the consequences of ischemic stroke. Furthermore, there was a higher mortality rate in
the hyperglycemic group following ischemic stroke. This indicates that the consequences of ischemic stroke were more
severe under hyperglycemia, with 25% of the animals in the hyperglycemic group dying before the experiment ended,
whereas none of the control group animals died.

Our study found that an elevated glycemic status does not impact the creation of H,0, during the acute phase of stroke or
one day after occlusion. However, it significantly intensifies damage to brain tissue and raises mortality rates.
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