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AHHOTALMA

HusKkouacToTHaA anekTpuyecKkan CTUMYNALMA MO3ra MUCMOMb3yeTcA ANA NOAABEHUA CYAOPOXKHON aKTUBHOCTM Y flogen
C pe3ncTeHTHbIMM (opMamu anunencum [1]. Hu3KouacToTHaA CTUMyNALMA onpefenéHHbIX TUMOB KNETOK, HanpuMep onTo-
reHeTUYecKan aKTMBaLMA TOPMO3HbIX NapBanbbyMUHOBbIX (PV) MHTEPHEMPOHOB, MOXKET paccMaTpMBaTLCA KaK NepCrekTUB-
HbI MeTO[, NleYeHNA pe3ncTeHTHbIX dopM anunencum [2]. B naHHoi paboTte Mbl MccnefoBanu BAUAHWE $OTOCTUMYNALMK
PV-nHTepHEMPOHOB Ha 3NMNenTUOPMHYI0 aKTUBHOCTb B FMMNOKAMIEe U SHTOPUHANBHOM KOpe M03ra MbILLK.

Pabota BbinonHeHa Ha 4-MecAuYHbIX Mblwax Bé.129P2-Pvalbtm1(cre)Arbr/J (The Jackson Laboratory, CLLIA), akcnpeccu-
pytowmx Cre-pekoMbuHasy B PV-uHTepHelipoHax. MbiaM no cTepeoTakcuyeckuM KoopauHataM (AP: —4 MM, ML: 3,5 MM,
DV: 3,5 MM) BBOZIM/IM a[ieHOACCOLMUPOBAHHBIN BUPYCHBIA KOHCTPYKT (AAV9-EF 1a-DI0O-hChR2(H134R)-mCherry), Hecywwimi
reH KaHanopogoncuHa 2-ro tuna (ChR2), B none CAT runnoKkamna Ha rpaHuLE C SHTOPUHANBHOWM KOPOW. IKCMEepUMEHTDI
npoBOAMNM Yepe3 4-5 Hepl Ha NepexmMBaloLLMX Cpe3ax roloBHOMO Mo3ra. AKTUBALIMIO MHTEPHEMPOHOB, SKCTPECCUPYHOLLMX
ChR2, npoBoaMnM CBETOM C ANMHOM BOMHbI 470 HM C UCMONb30BaHWEM NA3ePHOr0 AMOA-BONIOKOHHOMO UCTOYHMKA CBETA.
3nmnenTUOPMHYI0 aKTUBHOCTb BbI3bIBaNM B CPe3e anmnivKaumei NposnuienTMYeckoro pacteopa ¢ 4-aMMHONUPUAWHOM
(100 MKM). Buoduamnyeckme CBOMCTBA HEMPOHOB PEFUCTPMPOBAM METOLOM «MITY-KNaMM» B KOHOUIypaLUum «Lenas KneT-
Ka», 3NnnenTUdOPMHYI0 aKTUBHOCTb B CPe3e — METOA0M OTBEeJEHMUA MONEBbIX MOTEHLMANOB.

Mbl onpegenvnu onTUManbHYK YacToTy U ANUTENbHOCTb GOTOCTUMYNALMM, BO3AEMCTBYIOLLYI0 HA 3NUNENTONoLobHY0 aK-
TMBHOCTb B FMMMOKaMne Mblllei. Mbl npoBepunu, Kak dotocTuMynaums PV-MHTEpHEMPOHOB BAMAET Ha NMUpaMUAabHbIE
HeWpOoHbI B TUMMOKaMIe, UCMob3yA MeTog naty-Kknamn. OueHnBanu cneaymoLme napaMeTpbl: UHTEHCUMBHOCTb, MPOAOIHKM-
TeNbHOCTb M YacToTa GoToCTUMYNALMM PV-MHTEpHEMPOHOB B HOPMasbHbIX YCNOBUAX. Tak, NPK HU3KOM YacToTe GOTOCTUMY-
NAUMM Mbl HabNK AN CUHXPOHM3MPOBAHHBIE OTBETHI MMPAMMOANbHBIX KNETOK. A oNTUManbHaA AnuTeNnbHOCTb GOTOCTUMY-
NAUMM He JoMmKHa bbina npesbilwath 25 MC. 3aTeM Mbl PeLUMAY NPOBEPUTD, KaK BbibpaHHble MapaMeTpbl GOTOCTUMYNALMUM
BIMAIOT HA CYZOPOMKHYI0 aKTUBHOCTb B cpe3e. [InA 3Toro Mbl UCMONb30BanM METOA PErncTpaLmm NosieBbIX NOTEHLMANOB.
B none CA1 runnokamna gotoctumynauma ¢ yactoton 1 My n gnntensHoCTbio CBETOBOM BCMbIWKKM 10 MC BbI3biBana pery-
NAPHYI0 MHTEPUKTANbBHYI0 aKTUBHOCTb. 3Ta MHOYLMPOBaHHAA MHTEPUKTA/IbHAA aKTUBHOCTb MOTHOCTBIO NOAABMANA BO3HUK-
HOBEHWE MKTaNbHbIX Pa3pAgoB B cpe3e Mo3ra. [locne npekpaLleHna GoToCTUMYNALMM YacToTa COBCTBEHHBIX INUNENToNo-
R06HbIX cobbiTmi B none CA1 runnokamna coKpaluanack B CpaBHEHUM C [OCTUMYALMOHHBIM YPOBHEM.

Hamu obHapyeHo, 4to dpoTocTumynauma PV-1HTEpHEMPOHOB NPUBOAUT K BO3HUKHOBEHWMIO pPaspAfoB B OTBET Ha BbIK/IO-
YeHMe CBeTa, YTO CBUETENLCTBYET O CUHXPOHHOW aKTUBALMK NUPaMMOHbIX HEMPOHOB. HU3KMe YacToTbl GOTOCTUMYNALMUM
PV-uHTepHerpoHoB 6onee 3dp¢eKTUBHLI ANS MOAYNMPOBAHUA 3NMNenTUPopMHoi akTuBHocTM B mone CA1 runnokamna.
Wcnonb3oBaHne HU3KOYACTOTHOW OMTOreHETUYECKOW CTUMYNALUMKM PV-MHTEpHEMpOHOB NpefCcTaBAAETCA MepCrneKTUBHBIM
MoSX0A0M B KOHTPOJIE M NOAABAEHUN CYJOPOKHON aKTUBHOCTY.
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WUctounuk dpuHancupoBanua. PaboTa noaaeprkaHa rpaHToM Poccuiickoro HayyuHoro goHaa Ne 23-25-00427.
KoHdnuKT uHTepecoB. ABTOpLI AeKNApUPYIOT OTCYTCTBME ABHBIX M MOTEHLMAMbHBIX KOHIMKTOB MHTEPECOB, CBA3AHHbIX C My6-
JIMKaLMEN HaCTOALLEN CTaTb.
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Application of low-frequency photostimulation
of parvalbumin interneurons to control epileptiform
activity in the hippocampus

A.M. Trofimova*, T.Y. Postnikova, E.Y. Proskurina, A.V. Zaitsev

Sechenov Institute of Evolutionary Physiology and Biochemistry of the Russian Academy of Sciences, Saint Petersburg, Russian Federation

ABSTRACT

Low-frequency electrical brain stimulation is used to reduce seizure activity in individuals with intractable forms of epilepsy
[1]. Promising treatment methods for resistant forms of epilepsy involve low-frequency stimulation of specific cell types,
including inhibitory parvalbumin (PV) interneurons through optogenetic activation [2]. The present study examined the impact
of PV interneuron photostimulation on epileptiform activity in the entorhinal cortex and mouse hippocampus.

This experiment was conducted using 4-month-old B6.129P2-Pvalbtm1(cre)Arbr/J (JacksonLab) mice with Cre recombinase
expression in PV interneurons. The CA1 field of the hippocampus, at the border with the entorhinal cortex, was injected
with Adenoassociated viral construct (AAV9-EF1a-DI0-hChR2(H134R)-mCherry) containing canalorhodopsin type 2 gene
(ChR2) using stereotactic coordinates (AP: —4 mm, ML: 3.5 mm, DV: —3.5 mm). Experiments were conducted on surviving
brain slices 4-5 weeks after harvesting. ChR2-expressing interneurons were stimulated using a laser diode-fiber light
source emitting 470-nm wavelength light. Pro-epileptic solution containing 4-aminopyridine (100 pM) was applied to induce
epileptiform activity in the slice. The patch-clamp method in a whole-cell configuration was used to record the biophysical
properties of neurons, while the field potential withdrawal method was used to record epileptiform activity.

We determined the optimal frequency and duration of photostimulation that affects epileptiform activity in the hippocampus
of mice. We conducted a patch-clamp study to examine the effects of PV interneuron photostimulation on pyramidal neurons
in the hippocampus. Under normal conditions, the intensity, duration, and frequency of PV interneuron photostimulation
were evaluated. Thus, we observed synchronized responses of the pyramidal cells at low photostimulation frequency.
The optimal duration of photostimulation should not exceed 25 ms. We sought to investigate the impact of selected
photostimulation parameters on seizure activity in a slice. We recorded field potentials and analyzed their patterns.
In the CA1 field of the hippocampus, we observed that photostimulation with a frequency of 1 Hz and a light flash
duration of 10 ms induced regular interictal activity that suppressed the occurrence of ictal discharges in the slice.
In the CA1 field of the hippocampus, we observed that photostimulation with a frequency of 1 Hz and a light flash
duration of 10 ms induced regular interictal activity that suppressed the occurrence of ictal discharges in the slice. After
the photostimulation stopped, the frequency of intrinsic epileptic-like events in the hippocampus’ CA1 field decreased in
comparison to the pre-stimulation level.

Photostimulation of PV interneurons leads to discharges in response to the deactivation of light, indicating synchronous
activation of pyramidal neurons. Low-frequency photostimulation of PV interneurons is more effective in modulating
epileptiform activity in the CA1 field of the hippocampus. The use of low-frequency optogenetic stimulation of PV interneurons
appears to be a promising method for controlling and suppressing seizure activity.
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