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VHCTUTYT BbICLUE HEPBHOM AEATENLHOCTM U Hepoduamonorum Poccuiickon akagemMmum Hayk, Mockea, Poccuitckan Oepepauma

AHHOTALMA

CornacHo onpepeneHuto MexayHapogHoi AHTuanunentuyeckon Jluru (ILAE), anmnencus — 310 «XpOHUYECKOe COCTOAHME
MO3ra, KOTOpOe XapaKTepu3yeTcA YCTOMYMBOWM NpedpacrofioKeHHOCTbI0 K BO3HWUKHOBEHWIO 3NWNENTUYECKMX MPUCTYMOB
1 HeMpOBMONOrNYeCKMMU, KOTHUTUBHBIMU, NCUXONIOMMYECKMMU 1 COLMaNbHBIMK NocneacTBUAMKY. [JaHHoe onpepdeneHue
HOCWT 06LLMI XapaKTep, HO 3@ HUM CKPbIBAETCA MHOMECTBO COCTOAHMM, 3TUONOTUA, CUMNTOMATKKA, MeXaHU3Mbl 3nusen-
TOrEHe3a KOTOPbIX MOTYT 3HAUYUTENbHO OTJIMYATLCSA, YTO 3aTPYLOHAET CO3[aHMe eAMHON Mogdenu 3aboneBaHuA. [ns npe-
0[J0NIEHNA [aHHOr0 MPEenATCTBUA B paMKax MOLENMPOBaHUA OCYLLECTBIAETCA BbIOOP KOHKPETHOrO TUMA 3NUAENCUM U ero
NPOSBNEHUS(-WI): INEKTPODU3NO0IOrNYECKOr0, MOPDONOrMYECKOr0 (B OCHOBHOM HelpofereHepauum) v noBegeHYecKoro
[1]. B naHHow paboTe ucnonb3yetcA MoAesNb 3MUAENTUYECKOr0 CTaTyca C BHYTPUIMMMOKaMNanbHbIM BBEAEHVEM KaUHOBOM
KMCNOTI, e BOCMPOM3BOLATCA acneKTbl 3IEKTPOPU3MONOrMYECKON aKTUBHOCTM U HelpoaereHepaumu. Bocnponssepe-
HWe cpa3sy ABYX acreKToB COHNMMKAET KaMHaTHYI0 MOLe/b UMEHHO C 3aboneBaHNeM NOA Ha3BaHUEM «3MUIIENCUAY.

OfHMM M3 HEMPOBMONOrMYECKMX MPOLLECCOB, CBA3aHHBIX C XPOHUYECKMM COCTOAHWMEM MO3Ta, XapaKTepU3YIoLLIMMCA YCTOM-
YMBOW NPeSPaCcnoNOHEHHOCTbIO K BO3HUKHOBEHWMIO ANUNENTUYECKMX MPUCTYMNOB, B HACTOALLEE BPEMA CHUTAETCA HEMPOBO-
cnanexune. HepoBocnaneHne — 370 peakumsa LieHTpanbHoi HepBHoi cucTeMbl (LIHC) Ha pasnuuHble HapylleHws, Takue
KaK MHCYNbT, TpaBMa, UHOEKLMA, ayTOMMMyHHble 3aboneBaHuWA, CTPeCC W NOoBbILLEHHaA BO36YAMMOCTb HEMPOHHOW CEeTH,
HanpuMep, BO BPeMA 3NUNENTUYECKUX Cyaopor. Takaa peakumA BKMo4aeT B ce6A 6MOCMHTE3 U BbICBOOOKAEHUE MONEKYN
C BOCMaNnMTENIbHbIMW CBOMCTBAaMU KNETKaMM MO3ra, B OCHOBHOM aKTUBMPOBAHHOW MUKPOIMIMEN U acTPOLMTaMK, a TaKKe
HeMpoOHaMM U KNeTKaMmM COCyaMCTOM ceTu Mo3ra [2].

B HacToALLee BpeMA B paMKax UCCeoBaHUA HEMPOBOCNANEHNSA, XapaKTEPHOro AA MHOTMX MaToNOrMYECKMUX COCTOAHUN,
paccMaTpuBaeTCA, B YaCTHOCTM, BIMAHWUE Ha Hero 3HAOKaHHabuHomaHow cuctemsl (3KC) [3], ogHaKo B MccnefoBaHMAX, No-
CBALLEHHBIX 3MMMENCUM, 0CHOBHOE BHMMaHMe COCPeiOTONEHO Ha TOM, Kak MogynAuma IKC BAMAET Ha ceTeBylo HeMpoHarb-
HYI0 aKTUBHOCTb 3@ CYET M3MeHeHWA paboTbl CMHANCoB (Bo3byMOalLWMX M TOPMO3HbIX) Yepe3 CB1-peuenTopsbl, a cBA3N
C He/ipoBoCnaneHneM NoCcBALLEHO INLLb HEBObLLIOE KONMYECTBO UCCNeaoBaHNM [4].

B HaweM uccnefoBaHMM Mbl aHaNM3MpOBanu OUHAMUKY HEMPOBOCMANEHWA NOCNe BBEAEHWUA KauMHaTa U BIMAHWUA Ha 3Ty
AVHAMMKY 3K30reHHbIX MOLYNIATOPOB 3HAOKaHHabMHOMAHbIX peLenTopoB. HelipoBocnaneHune OLEHMBaNM Mo YPOBHAM 3KC-
npeccuu pada Npo- U NPoTMBOBOCNANUTENbHBIX LmMToKUHOB (IL1h, 16, Cx3cll, Ccl2, Tgfbl, Zc3h12a, Tnfa) B ncunatepans-
HOM BEHTpanbHOM TUMMOKaMIe, KOHTpanatepaabHOM [OpCanbHOM UM BEHTPaNbHOM TUMMOKaMne, HEeOKOpTEKce, TBEpLOW
MO3roBOM 060/104Ke, KOPKOBOW U MMMNOKaMnasbHbIX 060/104Kax (Hepa3genéHHbIX NayTUHHOW U MArKOW MO3roBbIX 060-
NoYeK). IKCMPeccUio OLEHMBaNM C NOMOLLbI0 KonnyecTBeHHo TLP yepes 3 1 24 yaca nocne MHBLEKLMM KOHBYNbCAHTA.
Mbl 06Hapy*WUAK, YTO KaMHaT-MHAYLMPOBaHHbIE CYLOPOrM NPUBOAAT K OTHOCUTENBLHO ObICTPOMY pasBUTUI0 HeMpoBoCHa-
NIeHWs B TMMMOKaMMe, KOTOPOe MPaKTUYECKM MOMHOCTLIO MpeKpaluaeTcA Yepe3 24 yaca. B HeokopTeKce e Habnioganu
ApYrylo AVHAMUKY HerpoBoCnaneHus: cnabble M3MeHeHUA Yepe3 3 yaca u bonee cUbHbIE U3MEHEHWA IKCMPeccUM BoC-
nanuTeNbHbIX eHOB Yepe3 24 yaca. B atoin pabote BnepBble Ha ModenW BHYTPUIMMNOKaMManbHOro BBEEHWA KauHaTta
bbina nokasaHa Ha 6onbLIOM Myne reHoB 6oniee OTNOMEHHAA HEMPOBOCNANWUTENbHAA PeakLMA B HEOKOPTEKCE MO CPaBHe-
HWIO C FUMMOKaMMOM.

Kak aktmBauma KaHHabuHomaHbx peuentopoB CB1 1 CB2, Tak M MHrmbuposaHue KaHHabuHomaHoro peuentopa CB1 npu-
BOAM/IN K YCWUNIEHUIO HeMPOBOCNANeHnA, 0fHAK0 NPOBOCMANUTENbHBIN 3QGEKT aKTUBALMM KaHHABMHOMAHbLIX PeLenTopoB
Habnioganca NpeMMyLLECTBEHHO B HEOKOPTEKCE, TOrAa KaKk ad¢eKT uHrnbuposanua CB1 peuentopos 6bin cunbHee B rum-
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nokamne. Halm faHHble CBUAETENbCTBYIOT O TOM, YTO BbI3BaHHbIV BBEEHWEM KauHaTa HePOBOCNANMTENbHbIN OTBET MO-
pa3HOMy perynmpyeTcs 3HAOKaHHabUHOMIHOM CUCTEMOI B HEOKOPTEKCE M TUMMOKaMIe, a TaKiKe, YTo Hanbonee U3BECTHOE
aHTVUBOCMANUTENIbHOE BO3LENCTBME KaHHAbWHOMAOB BEPOATHO 3QHEKTUBHO NWLLb B OMpeaeNéHHOM AMana3oHe KOHLEH-
TPaUWii KaHHabWHOMAO0B U BpEMEHW BBEAEHUA OTHOCWUTENIbHO BO3LEWCTBUA, B MHBIX e CNy4anX KaHHabuHOMAbl MoryT
OKa3blBaTb W NPOTUBOMONOMKHbINA IGDEKT, yCUNMBanA HeilpoBOCTaNeHwe.

KnioueBble cnoBa: KanHoBad KMC/OTa (KauHaT); anunencus; HeﬁposocnaneHme; 3HO0KaHHabMHOMOHaA cucTeMa.
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Effects of intrahippocampal injection of kainate
on cytokine expression in cortico-limbic system
and the role of cannabinoid system in these effects

A.A. Karan*, Yu.S. Spivak, E.M. Suleymanova, K.A. Gerasimov, A.P. Bolshakov,
L.V. Vinogradova

Institute of Higher Nervous Activity and Neurophysiology of the Russian Academy of Sciences, Moscow, Russian Federation

ABSTRACT

According to the International League Against Epilepsy, epilepsy is a chronic condition of the brain that is characterized by
a predisposition to epileptic seizures along with related neurobiological, cognitive, psychological, and social consequences.
This is a general definition that does not take into account the diversity of epilepsies, including different aetiology, symptoms
and mechanisms of epileptogenesis, making the development of a unified disease model challenging. The modeling framework
addresses this challenge by selecting a distinct type of epilepsy and its associated manifestations, including electrophysiological,
morphological (mainly neurodegeneration), and behavioral aspects [1]. In this study, a status epilepticus model is used with
intrahippocampal kainic acid administration to reproduce electrophysiological activity and neurodegeneration. The process
of reproducing two aspects simultaneously brings the kainate model closer to the disease called “epilepsy”.
Neuroinflammation is a neurobiological process that is associated with a chronic brain condition that is characterized by
a persistent susceptibility to epileptic seizures. Specifically, neuroinflammation is the response of the central nervous system
(CNS) to various stimuli, including stroke, trauma, infection, autoimmune diseases, stress, and hyperexcitability of the neural
network resulting from epileptic seizures. This response involves brain cells, specifically activated microglia and astrocytes, as
well as neurons and brain vasculature cells, biosynthesizing and releasing molecules with inflammatory properties [2].
Currently, the study of neuroinflammation in relation to various pathological conditions includes an examination of the
influence of the endocannabinoid system (ECS) [3]. However, research on epilepsy primarily focused on the ECS’s effects
on network neuronal activity through CB1-mediated changes in synapse function (both excitatory and inhibitory), with only
a limited number of studies exploring the interactions between the ECS and neuroinflammation [4].

This study analyzed neuroinflammatory dynamics after kainate administration and the effect of exogenous endocannabinoid
receptor modulators on these dynamics. Neuroinflammation was evaluated through the measurement of expression levels
of pro- and anti-inflammatory cytokines (IL1b, 16, Cx3cl1, Ccl2, Tgfb1, Zc3h12a, Tnfa) in various areas including the ipsilateral
ventral hippocampus, contralateral dorsal and ventral hippocampuses, neocortex, dura mater, cerebral and hippocampal
meninges (undivided arachnoid and pia maters). Expression was quantified using quantitative PCR at 3 and 24 hours following
convulsant injection. The study showed that seizures induced by kainate resulted in swift neuroinflammation development
in the hippocampus, which resolved nearly entirely after 24 hours. A unique pattern of neuroinflammation was detected
in the neocortex, with minor alterations at 3 hours and more pronounced modifications in the expression of inflammatory
genes at 24 hours. Using the intrahippocampal kainate administration model, this study was the first to show a significantly
delayed neuroinflammatory response in the neocortex compared to the hippocampus across a broad range of genes.

Both activation of the cannabinoid CB1 and CB2 receptors and inhibition of the cannabinoid CB1 receptor increased
neuroinflammation. However, cannabinoid receptor activation showed a predominantly proinflammatory effect in
the neocortex, while CB1 receptor inhibition had a stronger effect in the hippocampus. Our findings indicate that cannabinoid
receptor modulators regulate the kainate-induced neuroinflammatory response in the neocortex and hippocampus differently.
Moreover, the well-known anti-inflammatory effect of cannabinoids is evident only within a certain range of cannabinoid
concentrations and the timing of drug administration. In some cases, however, cannabinoids may have the opposite effect
of increasing neuroinflammation.
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