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AHHOTALILA

B nocnenHee BpeMAa npu MCCNeA0BaHUM CUMHANM3aLMM B HEMPOHHBIX CETAX aKTMBHOE BHMMaHWe yAenseTcA acTporiuu.
AcTpornuanbHble KNeTKKU, UK acTPOLMTbI, PAaCCMaTPMBAIOTCA KaK TPETUIM KOMMOHEHT B PEryNALUMM CMHANTUYECKON nepe-
Aaun. TakoM KOMMMEKC HOCWT YCIIOBHOE Ha3BaHWMe TPEXYaCTHOro cuHanca. lpy nccnenoBaHUM ponv acTporimm B TPEX-
YaCTHOM CMHarnce paspabaTtbiBaeTcA 60MbLIOE KONMYECTBO MaTeMaTUYeCKMX Mogenen. [nA noaTBepHaeHUA OMHAMUKM,
Hab/lo1aeMoV B paHee NpejsiorKeHHON MaTeMaTMUYECKOM MoeNy CPeHenoneBon akTUBHOCTM [1], HamMK bbinv NpoBeaeHb
HeMpOoBMONOrnyecKme 3KCNepUMEHTLI MO OLiEHKE BIIUSHWUA ONTOMEHETUYECKOW aKTUBALMM acTPOLMTOB Ha CUHAMTUYECKYI0
nepefavy B cpe3ax runnokamna uHbpegHon nuHum Mblwew C57BL/6. 3a 1 MecAL [o NpoBefeHWA 3KCNepMMEHTOB B 6OKo-
Bble *KEeNYO0YKM MO3ra 3KCMepUMeHTanNbHbIX Mblllel Obin 3aKkonoT Bupyc AAV GFAP ChR2 eYFP, HeobxoamMbI ansa aKc-
MPeccum acTpoLmMT-creLmuyHbIX CBETOUYBCTBUTENbHLIX KaHanoB (channel rhodopsin). Mocne 3Toro aKcnepuMeHTabHble
MbILLK, @ TaKKe KOHTPO/IbHaA rpynna Mblllen (6e3 MHbeKLMI BUpYCa) Obinv MCNONb30BaHbI ANf NPOBeAEHUA IKCNepUMeH-
TOB C MCMONb30BaHWEM MeTofa MaTy-Knamn. B sKkcnepuMeHTax Benacb 0QHOBPEMEHHAA PErumcTpauma CNOHTAaHHOM Hew-
POHaNbHOM aKTUBHOCTU (NOKasIbHbIE MOMEBLIE NMOTEHLMANbI) U perncTpaumna cuHanTuyecknx TokoB (FTAMK-Tokm). Mokasa-
HO, YTO MOCNe aKTMBALMM acTPOLMTOB, SKCMPECCUPOBAHHbIX CBETOUYBCTBUTENbHBIM KaHanoM, HabniopaeTca yBenndeHue
'AMKepruyeckux TOKOB, 3aperncTpMpOBaHHBIX NMPU CUHANTUYECKOM Nepefade CUrHanoB Mex[ay HempoHaMu. 3To cBufe-
TENbCTBYET O TOM, YTO aCTPOLMTBI Yy4acTBYIOT B MOLOYNALMM CMHANTMYECKOM Mepedayu nocpefcTBOM, BEPOATHO, BbICBO-
boXKOeHWUA rnMonepedaTyMKka B CUHANTUYECKYIO Lefb. TakMM 00pasoM, NonyyeHo 3KCMepUMeHTanbHoe NOATBepHaeHue
CYLLeCTBOBaHWA NATTEPHOB CPEAHENOJIEBOM aKTUBHOCTM, NONYYEHHbIX paHee B EHOMEHOOrMYECKOW MOLENN, OMUCHIBAKD-
LLien AMHAMKKY NonynALMKU HerMpoHoB. [laHHaA Mofenb 0CcHoBaHa Ha Mofenu Llofabikca—MapKpama M y4MTbIBaeT OCHOBHbIE
0COHEHHOCTM HEMPOH-T/IMANbHOr0 B3aMMOEeNCTBMA Yepe3 TPEXHACTHBIN CUHanC. B Moaenm yunTbiBaeTcA KpaTKOBPEMEH-
HaA CMHaNTUYecKaA nnacTMyHocTb Modenu Llogbikca—MapKpaMa, a Take acTpouuTapHasa NoTeHUMaLmMA CUHANTUYECKOM
nepeaayn. 3a CYET aKTMBALMM acTPOLIMTOB MOZeNb NeMOHCTPUPYeET boraTbii Habop AMHAMUYECKUX PEKUMOB, OMUCHIBaIO-
LMX Pa3NMYHble NaTTEPHbI AKTUBHOCTU CETU B paMKax CpeaHEenoeBoro noaxoaa.

B [aHHbI MOMEHT Mbl MUMEEM HECKONBKO 3KCMEPUMEHTaNbHBIX TMMNOTE3 0 TOM, KaK acTpoLMThbl BbICBOGOXKAAIOT rivonepe-
AATYMK B CMHANTUYECYIO LLeMb M KaKOM MMEHHO 3TO FMMonepeaaTyymK, UK e MMeeT MeCTO CAIOMHbIV KacKaj nocneaoBa-
TENbHOM aKTMBALMM ryTamMaTapritveckmx u 3ateM FAMKepruyeckmx peuentopoB. [laHHble rMnoTe3bl TpebyloT npoBeaeHUs
AOMNOJTHUATENBHBIX IKCMEPUMEHTabHBIX paboT No GapMaKonorMyeckon oLeHKe BKNada KaHanos U TPaHCTopTepoB, Y4acTBy-
IOLLMX B MOOYNALMM CUHANTMYECKOM Nepeaayy npy onToreHeTUYeCKon akTMBaLIMM acTPOLIMTOB.

Mony4eHHble pe3ynbTatbl 6yayT MCMOb30BaHbI 1A YTOUHEHWA MaTeMaTU4YeCcKon MOAeNM CpeHen NoneBoi HeMpoHanbHOM aK-
TMBHOCTM U JOCTUMEHWA e€ 60oNbLuei 61oNormyecko NpaBaonogobHoCcTU. Mcnonb3yeMblid NOAX0A 3aKN0YaeTCA B OTbICKaHWK
YPaBHEHUM AMHAMMYECKOW CUCTEMBI HA OCHOBE AaHHBIX NYTEM peLLeHUs 3a4a4M MOEHTUPUKALMM Pa3PEKEHHBIX HENMHEMHBIX
AVHaMUYECKMX cucTeM [2]. B pamKax 3Toro nopxofa ypaBHeHWs, ONUCBIBAOLLME OUHAMMYECKYIO CUCTEMY, BOCCTaHaB/MBAIOTCS
13 3aLUYM/EHHBIX AaHHbIX U3MepeHW. EQUHCTBEHHOE NPeanonoMeHNe 0 CTPYKTYPE AMHAMUYECKOW CUCTEMbI COCTOUT B TOM,
YTO CYLLLECTBYET BCEr0 HECKONIBKO BarKHBIX Y1EHOB, YNPaBAAOLLMX AMHAMUKOM, Tak YTO YPaBHEHWA pa3pereHbl B MPOCTPaH-
CTBE BO3MOMKHbIX QYHKLMIA. [INA onpeaeneHns HavMeHbLUIEr0 KONMYECTBa YIEHOB B AMHAMUYECKUX YPaBHEHUAX, HE0OXOAMMBIX
ANA TOYHOr0 NpeCTaBeHWA AaHHbIX, UCMOMb3YETCA Pa3perKEHHaA perpeccua. 310 NO3BONAET NOCTPOUTL MaTeMaTUYECKME MO-
A€M, KoTopble ABMAKTCA MaKCUMabHO TOYHBIMM U NPU 3TOM MUHUMATBHO CIOMHBIMU, YTO NO3BONAET M3berKaTb nepeobyye-
HWA. 0TMETMM, YTO ONMCaHHbIN MeTO, NPUMEHMM K NapaMeTpU30BaHHbIM CUCTEMAM U CUCTEMaM, M3MEHSIIOLLMMCA BO BpEMEHM
WM HaxoAALLMMCA NoJ BHELIHUM BO3aeicTBMeM. []Ba onMcaHHbIX Noaxoa bbinv NpUMeHeHbl K 3afjave npefckasaHnA OuHa-
MWKM CPedHEro nons HeMpPOHHOW NONYNALMK, Nocne Yero bbiiia cpaBHEHa TOYHOCTb MOCTPOEHHOMO MPOrHO3a.
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Effects of optogenetic astroglia activation
in modulation of synaptic transmission
and rhythmogenesis of the hippocampus
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ABSTRACT

In the field of neuronal signal transduction research, astroglia have become increasingly important. Astrocytes, or astroglial
cells, are recognized as the third element in synaptic transmission regulation. This complex is conventionally known as
a tripartite synapse. A multitude of mathematical models are being developed to investigate the function of astroglia in
the tripartite synapse. Neurobiological experiments were carried out to confirm the dynamics observed in the previously
proposed mean field activity mathematical model [1]. The experiments focused on evaluating the effect of optogenetic
activation of astrocytes on synaptic transmission in C57BL/6 inbred mouse hippocampal slices. One month prior to
the experiments, the AAV GFAP ChR2 eYFP virus was injected into the lateral ventricles of the brains of the experimental
mice. This procedure was crucial for the expression of astrocyte-specific photosensitive channels, also known as channel
rhodopsin. The patch-clamp method was used to conduct experiments on both the experimental mice and a control
group of mice that did not receive virus injections. Spontaneous neuronal activity (local field potentials) and synaptic
currents (GABA currents) were simultaneously recorded in the experiments. After activating astrocytes that expressed
the photosensitive channel, an increase in GABAergic currents became evident during the transmission of synaptic signals
between neurons. This suggests that astrocytes likely modulate synaptic transmission by releasing a gliotransmitter into
the synaptic cleft. Thus, the study confirmed the presence of mean field activity patterns in a phenomenological model that
describes the dynamics of a population of neurons. This model was developed based on the Tsodyks—Markram model and
considers the primary attributes of neuron-glial interaction through a tripartite synapse. The model includes the short-
term synaptic plasticity of the Tsodyks—Markram model and the astrocyte potential of synaptic transmission. The activation
of astrocytes results in a diverse range of dynamic modes that describe various patterns of network activity under the mean
field approach framework.

Currently, multiple experimental hypotheses exist regarding astrocytes’ release of a gliotransfer into the synaptic cleft and
its specific type. Alternatively, a complex cascade of sequential activation of glutamateergic and GABAergic receptors may
occur. Additional experimental work is necessary to assess the pharmacological contribution of channels and transporters
involved in modulating synaptic transmission during astrocyte optogenetic activation.

The obtained results will refine the mathematical model of mean field neuronal activity to increase its biological
plausibility. The methodology used involves identifying sparse nonlinear dynamical systems from data by solving for
the system’s equations of motion [2]. These equations are reconstructed from noisy measurement data, allowing for
a more accurate representation of the dynamic system. The only assumption regarding the arrangement of a dynamical
system is that there exist only a handful of significant factors regulating the dynamics, leading to equations that are
sparse within the realm of potential functions. Sparse regression is used to ascertain the minimum number of terms
required in dynamic equations for precise data representation. This strategy enables the construction of mathematical
models that are both as accurate as feasible, and maximally uncomplicated, eliminating the need for retraining. Notably,
this method is suitable for parameterized systems and systems subjected to external influences or changes over time.
The two approaches were used to forecast the dynamics of the mean field of a neural population. The accuracy of the
forecast was subsequently evaluated.
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