MATEPNAJTTE KOHOEPEHLIM TOM 8, N2 4, 2023 [eHBI 1 KNEeTHN
CONFERENCE PROCEEDINGS 18 (4) 2023 Genes & cells 618
1

DOL: https://doi.org/10.17816/qc623424 ' o.)

UccnepoBanne pyHKLMOHMPOBAHUA HEUPOrMbpUAHOM S
CUCTEeMbl Ha OCHOBE pafMOTEXHUYECKOro reHeparopa
O®utuXbio—Harymo u uBbIX HeMPOHOB rUNMNOKaMna MbiLLK

M.B. MaTBeeBa*, A.A. ®eaynuHa, A.B. benbTiokoBa, K.E. Manbuesa, C.A. ['epacuMoBa,
M.A. MuwieHKo, A.H. Muxannos, B.b. KasaHues, A.B. Jlebegea

HauuoHanbHbI UccneoBaTenbckuin Huyeropoackui rocyaapcTBeHHblin yHuBepcuteT uMenn H.W. NlobadeBckoro, HuskHuiA HoBropog,
Poccuitckan ®Oepepauma

AHHOTALMA

B HacToAwee BpemMA npu neveHnn HelMpodereHepaTUBHbIX 3ab0NieBaHMiA, KOTOpbIe NJ10X0 NOAAAINTCA MeAMKaMEHTO3HOM
Tepanuu, NpoV3BOSAT 3MEKTPUYECKYI0 CTUMYNALMIO MO3ra NocpefCcTBOM MHBA3WMBHOIO BMELLATENbCTBA B MOBPEMAEHHbIE
CTPYKTYpbl HEPBHOM TKaHW. Pa3paboTKa v pa3BUTHE MHBA3UBHBIX TEXHONOT U HEMPOHHBIX MHTEP(ECOB C 3aMKHYTHIM KOH-
TYPOM NM03BOAMAMN [06UTLCA 6ONBLUMX YCNEXOB B BOCCTAHOBNEHWW HEMPOHHBIX CBA3EM, MOCKOJbKY 3TV TEXHONOrUKU UMEIOT
bonee TOHKYIO M YETKYIO HACTPOMKY CTUMYNALMM, pearvpyloLLyIio Ha U3MEHEHNA GU3MONOTUYECKOr0 COCTOAHMA, YTO BaXKHO
B MpoLiecce BOCCTAHOBAEHUA GYHKLMI HEPBHOM TKaHWU. [JocTUMKEHUA B 3TUX 0611acTAX OTKpPLIBAIOT NEpPCreKTUBLI ANA neve-
HWA LIMPOKOr0 CreKTpa 3aboneBaHNiM ABUraTenbHOM CUCTEMBI U HelpogereHepaTMBHbIX 3aboneBaHui Mo3ra.

B maHHOM mccnenoBaHUM NPUMEHANN HEMPOrMOPUIHYI0 3aMKHYTYI0 CUCTEMY, COCTOALLYI0 U3 paguOTEXHUYECKOr0 reHepa-
Topa OuTuXbio-HaryMo 1 uBbIX NepemBaloLLMX CPE30B MMMMOKaMNa Mo3ra MbilK. [11A NpUroToBNeHNUs NEPErKMUBAIOLLUX
CPe30B MMMoKaMna 1crosb30Bajv No0BO3PeNbIX Mblllen-camuoB nMHumu C57BL/6 B Bo3pacte 2-3 Mec. [ns npuroTos-
NIEHWA 1 MHKYBMPOBaHMA CPE30B IMMMOKaMMa UCMo/b30Bau PacTBOP MCKYCCTBEHHOM CMIMHHOMO3r0BOM Huakoctv (ACSF),
coctas (MM): 126,0 NaCl; 3,5 KCl; 1,2 KH,PO,; 26,0 NaHCO;; 1,3 MgCl * 6H,0; 2 CaCl, * 6H,0; 10 D-rntoko3a npu nocTosH-
HOM HacblLeHUn KapboreHoM (95% 02 n 5% C02). PerncTpaumio anNeKTpUYECKON aKTUBHOCTM HEPOHOB MO3ra NpoBOAUNM
C MCNONb30BaHWEM OMTUYECKMX U 3NIEKTPOPU3NONOTrMYECKUX METOLIOB.

B sKcnepuMeHTax no conpsKeHWo HerMpoHonogobHoro reHepatopa OuTuXblo—HaryMo 1 6uonoruyeckmnx HepPBHLIX KNETOK
B 3aMKHYTOM KOHTYype 6bin nonyyeH 3gdeKT, Koraa akTMBHOCTb HEPBHBIX KNETOK MO3ra nepeknioyana reHepaTop B aBTOKO-
nebatenbHbli peruM. BeisBaHHbIe KonebaHuA B HeponofobHOM reHepaTope AaBanu 3QdEKTUBHbIA CTUMYN ANA aKTUBa-
LM HepBHbIX BOJIOKOH B cOCTaBe NephopaHTHOro myTu runnokamna. B pesynbTate yaanock 3aduKcnpoBaTh yMeHbLLEHWE
4acToThl UMMYNbCOB FeHepaTopa, YTo 6biI0 CNPOBOLMPOBAHO 0TBETAMM HMBbIX HEVPOHOB Ha MPUXOLALLMIA CTUMYI C HER-
poriogobHoro reHepatopa. [laHHble pe3ynbTathl NOKa3blBalT CMOCOOGHOCTb KUBbIX HEMPOHHBIX CETEN YNpaBRATb UCKYC-
CTBEHHBIM CUTHaJOM C NOMOLLbI0 MOACTPOMKM ero NapaMeTpoB K U3MEHEHUAM COBCTBEHHOW aKTUBHOCTU U MOLTBEPHAAIOT
paboTocnocobHOCTb UCMOMb30BAHNA CUCTEM C 3aMKHYTbIM KOHTYPOM Npy 06EAMHEHWUM HMBBIX U UCKYCCTBEHHBIX HEM-
poHoB. HacTosiLiee vccnefoBaHue TpebyeT AanbHEMLLMX SKCMEPUMEHTOB AJ1A CO3LaHMA 6onee $U3NO0NOrMYHBIX YCHOBMIA
(YHKUMOHMPOBAHWA NPeROKEHHON HeMpornbpuaHom cucteMbl. KpoMe Toro, AaHHas HemMporubpuaHan cuctema bynet
YCOBEpLUEHCTBOBATbCA M 06/1ajaTb afanTUBHLIMK CBOMCTBAMM 3a CYET UCMOJb30BaHUA MEMPUCTUBHBIX YCTPOMCTB. Ycnexu
B 3TOM HamnpaBneHWM MOMOrYT PeLUMTb aKkTyasbHylo MPo6bieMy BOCCTAHOB/EHWA YTPadeHHbIX GYHKLMA MO3ra Ha KNeTOYHOM
1 CETEBOM YPOBHAX.
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WUcTtounuk ¢duHaHcupoBaHUA. ViccrefoBaHMe BLINOHEHO B paMKax Hay4HoW MporpamMMbl HaLMOHambHOro LeHTpa Guamn-
K1 1 MaTeMaTukm «/iccnepoBanue v pas3paboTka HeMPOMOP®HBIX U HEMPOrMOPUAHBIX CUCTEM UCKYCCTBEHHOMO MHTE/IEKTa»
(Oorosop N° 96-2022/181 ot 13.07.2022 r.) B paMKax Hay4HOM nporpaMmbl HavumoHanbHoro LeHTpa GU3MKK M MaTeMaTuku
(HanpaBneHue «/ICKYCCTBEHHbIA MHTEMEKT M 60MbLUME [aHHble B TEXHUYECKMX, MPOMBILL/IEHHbIX, MPUPOAHBIX 1 CoLManbHbIX
cucTEMax»).

KoH¢nuKT uHTepecoB. ABTOPLI AEKNApUPYIOT OTCYTCTBIME ABHbIX M NOTEHUMAMbHBIX KOHDIMKTOB MHTEPECOB, CBA3aHHbIX C My6-
JIMKaLWeN HaCTOALLIeV CTaTbu.
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Investigation of the functioning of a neurohybrid
system based on the FitzHugh—-Nagumo radio
generator and mouse hippocampal neurons
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ABSTRACT

Currently, for the treatment of neurodegenerative diseases that are unresponsive to drug therapy, invasive electrical
stimulation of damaged neural tissue structures is employed. The advancement of invasive technologies in closed-loop
neural interfaces has facilitated the restoration of neural connections. These technologies boast finer and more precise
stimulation settings that effectively respond to changes in physiological states, imperative for the process of restoring
nervous tissue function. Advancements in these domains create opportunities for treating various motor system disorders
and neurodegenerative brain diseases.

In this study, we used a neurohybrid closed system that comprised a FitzHugh—-Nagumo radio generator and viable slices
of the mouse brain hippocampus. For the acquisition of these viable hippocampal slices, we used sexually mature male
mice of the C57BL/6 mouse strain at the age of 2-3 months. An artificial cerebrospinal fluid (ACSF) solution was used to
prepare and incubate hippocampal slices, consisting of the following in millimolar (mM): 126 NaCl, 3.5 KCl, 1.2 KH,PO,,
26 NaHCO,, 1.3 MgCl*6H,0, 2 CaCl,*6H,0, and 10 D-glucose, while maintaining 95% 02 and 5% CO2 carbogen saturation.
The electrical activity of brain neurons was recorded using both optical and electrophysiological methods.

In experiments that paired a neuron-like FitzHugh—Nagumo generator with biological nerve cells in a closed circuit, an effect
occurred when the activity of brain nerve cells caused the generator to switch to a self-oscillating mode. The induced oscillations
in the neuron-like generator acted as an effective stimulus for the activation of nerve fibers in the perforant pathway of the
hippocampus. The frequency of generator impulses decreased due to the response of living neurons to the incoming stimulus
from the neuron-like generator. However, this decrease was rectified. This study demonstrates the capability of live neural
networks to manipulate an artificial signal by modifying its parameters through adjustments to their own activity. This confirms
the efficacy of implementing closed-loop systems that integrate both living and artificial neurons. Future experiments should
focus on creating more physiological conditions to enhance the performance of the proposed neurohybrid system. Additionally,
the neurchybrid system will be enhanced and possess adaptable features with the incorporation of memristive devices.
Advances in this direction will help solve the urgent problem of restoring lost brain functions at the cellular and network levels.
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