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3nunencusa ABNAETCA OJHWUM U3 Hambonee TAXKENbIX HEBPONOTrMYECKMX 3aboneBaHmit. CyLecTByloLLMe NPOTUBO3NMUNENTU-
YecKue npenaparbl CNocobHbl 611I0KMPOBaTh OCTPLIN SMMNENTUYECKUI MPUCTYM, HO, KaK MPaBWUNO, OHW He MOTYT NpefoTBpa-
TUTb XPOHUYECKYIO 3NUenTU3aLmio Mo3ra. PaspaboTka HOBbIX METOZ0B JIeYeHMA, COCOBHBIX BIUATL Ha TeYeHWe anunen-
TOreHe3a, ABMAETCA aKTyanbHOM NpobneMon.

[onroe BpeMs U3y4eHWe NaToreHesa anunencum bbino cOCpPefoTOYEHO HA UCCIeN0BaHUM HapYLLIEHWA HEMPOHATbHOM aK-
TMBHOCTW. CornacHo TpaguLIMOHHbLIM NpeSCTaBIEHUAM, B €r0 OCHOBE JIEXKUT HapyLLeHMe banaHca Mexay akTUBHOCTLIO BO3-
byrkpatowwmx (rnytamar) u TopMo3Hbix (FAMK) HelpomeauatopHbix cucTeM Mo3sra. 0fHaKo B MocnefHWe rofbl NoABMIOCH
MHOr0 [aHHbIX O POJM FNNANbHBIX KNETOK B MaTOreHe3e 3nunencum U GopMUpoBaHUM NOCT-CY[OPOKHbIX HEBPONOrUYe-
CKUX HapyLeHu# [1]. B yacTHoCTW, [JoKa3aHo, YTO NPOSYLIMPYEMbI acTpOLMTaMU TPAHCNOPTEP BO36YHAAIOLLMX aMUHOKUC-
not 2 (EAAT2) perynupyeTt akTUBHOCTb IlyTaMaTeprMyeckoi cMCTeMbl, CNocobCTBYA BbIBOAY FyTamMaTta U3 BHEKETOUHOMO
MPOCTPaHCTBA B CMHANCaX LEeHTPaNbHON HEPBHOM CUCTEMBI. ACTPOLIMTapHBIE U MUKPOT/INANbHBIE KNETKW NPOU3BOAAT Helli-
POMpPOTEKTOPHbIE GENKM, CrnocobHble 0cnabnATb NOBPEHAEHWE HEMPOHOB Npu 3nunentoreHese. Kpome Toro, actpouuTsl
Y MUKPOT/IMA UFPaloT KIIYEBYHO Pofib B PErYAALMM HEMPOBOCMANEHMA, CYLLECTBEHHO YCyrybnAtLLero pa3sutue anunen-
TMYECKMX NpoLeccoB. [py 3TOM NOKa3aHo, YTO acTPOLUTLI U MUKPOIMA MOMYT HAXOAWUTHCA B Pa3fINYHbIX (YHKLUMOHANBHBIX
COCTOAHMAX, KpalHue 13 Kotopblx A1 1 M1 geHoTMNbI NpoayLMpyIOT NPeUMYLLECTBEHHO NpoBOCNanuTeNbHble, a A2 n M2
(eHoTUNBI — NpOTUBOBOCMANMTENbHbIE (aKTopbl. BblABMHYTA rvMnoTesa, YTo YCMELLHONM CTpaTermen NeveHus 3abonesa-
HWI, NaTOreHe3 KOTOPbIX CBA3aH C HEMpOBOCNANEHMEM (BKIIOYaA 3NMIENCUI0), MOXKET BbITb MCMOMb30BaHME NpenapaTos,
CNOCOBHBIX CTUMYNMPOBATh MOAPU3ALMIO STUX FNIMANbHBIX KNeTok oT M1 u A1 K M2 1 A2 deHoTunam [2].

Pag nuTepaTypHbIX OaHHBIX NMO3BOMAET Npeanonarartb, YTo NOA06HBIMY CBOMCTBAMM MOryT 06afaTb arOHUCTbI peLenTo-
POB, aKTUBUpPYEMbIX nponmdepatopamu nepokcucom (PPARs) [3]. PPARs (a, B/6 1 y) — 3To AgepHble TPAHCKPUMLMOHHbIE
(aKTopbl, UrpaloLLmMe KNHYEBYH Pojib B MEXaHW3MaX KULLIEYHO-HEPBHbIX B3aMMOAENCTBUIN, OCHOBHOW QYHKLIMEN KOTOPbIX
ABNAETCA PEryNALMA NUNULHOMO U SHEPreTMYECKoro 06MeHoB. OIHAKO OHM TaKKe CMoCobHbI PerynnpoBaTth BOCMANMTESb-
Hble U OKUCIIUTENbHbIE CUTHAMbHBIE MYTW, BOBMEYEHHBIE B NATOreHe3 pAfa HePBHO-MCUXMYECKMX PacCTPOMCTB, BKIOYas
anunencuio. HelponpoTeKTopHbIE CBOMCTBA arOHUCTOB HEKOTOPbIX aroHUCTOB PPARS paHee 6binv onvcaHbl B MOLENM BU-
Cco4HoM 3nunencum (B3).

B HacToAlleM wuccnegoBaHuM Mbl M3ydanu gerctBue aroHucta PPARy nuornutasoHa u npobuotuka Bifidobacterium
longum, cTumynupytowero akcnpeccuio PPARy B Mosre [4], Ha NpodyKumMio B CTPYKTypax Mo3ra MPHK acTpornuanbHbix
Y MUKPOTrNINanbHbIX 6eNKoB, CNOCOBHBIX BINATD Ha TEYEHWE IMUIENTOreHe3a.

Pab6ota npoBoamnack Ha Kpbicax camuax Buctap ¢ ucnonbsoBaHneM nUTUA-NunoKkapnmMHoBov Mogeny B3. [laHHas mogenb
CUMTAETCA OQHOM M3 JYYLIMX 3KCMEpPUMEHTaNbHBLIX MoJenel YenoBeyeckon B3, Tak Kak OHa Mo3BONIAET BOCMPOM3BECTM
pa3nuuHble $hasbl ANMNENTOreHe3a 0T HaYabHbIX 3TanoB 3aboneBaHUsA, Korha CyLoporu eLé He NpoABNAETCA, [0 XPOHU-
yecKow dasbl, CBA3AHHOM C GOPMUPOBAHMEM CMOHTaHHbIX PeLMaNBMPYIOLLMX cydopor [5].

Wcnonb3ys MeTon 06paTHOM TPaHCKPUNLMM M NOSIMMEPa3HOM LIEMHOM peakuuy B peasbHOM BPEMEHM, Mbl MOKa3anu,
yto npu B3I B BUCOYHOI KOpe M rMNMOKaMMe 3KCNEPUMEHTANbHBIX FKUBOTHBIX KaK B NIAaTEHTHYH, TaK U XPOHUYECKYI0 pasy
MOLeNy 0TMEYaeTCA YCUNIEHWe SKCMPeCcCUM reHoB npoBocnanuTenbHbix 6enkos (Nlrp3, IL1b, Tnfa) u MapKepoB aKkTuBa-
LM MUKPOrAIMAnbHBIX U acTpornuanbHbix KneTok (Aif1, Gfap). 3T n3aMeHeHMA CONpOBOMKOAIOTCA Pa3BUTMEM Helpofe-
reHepaTUBHbIX NPOLIECCOB B MO3re Y GOpMUPOBaHMEM XapaKTePHbIX ANA IMTUN-NUAOKAPNMHOBOW MOAENMW HApYLLEHWI
noBefeHuA.
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BeepneHue nuornmtasoHa (8/6, 7 Mr/Kr yepes 75 MUHYT nocne MHAayKumMu Mogenu B3 v 3ateM no 1 Mr/Kr B TeueHune 7 gHen,
1 pa3 B AeHb, C mocnedyiowMM 3abopoM Mo3ra anA HMOXMMMYECKOro aHanu3a) NoKasano YCWUNEeHUe IKCMPeccun rexa
MPOBOCMANMTENIBHOrO LIUTOKMHA aHTaroOHUCTa PeLienTopoB UHTepnenkuHa-1 (/l7rn) u HeponpoTeKTopHbIX 6enkos S100a10
u Tgfbl.

TpuauatuaoHesHoe nepopanbHoe BaeaewHue Bifidobacterium longum B pose 10° KOE/kpbicy (3a6op MaTepuana Yepes cyT-
K1 nocne nocnegHero BBeAEHUA) TaKKe YCUIMBANo aKcnpeccuio reHa /l7rn B BEHTPanbHOM rvnmnoKaMne, BUCOYHON Kope
Y MUHAMNMHE 3KCIEPUMEHTANbHBIX KpbIC B JIMTWIA-NUOKapnvHoBoi Modenu B3. Mpy aToM ncnonb3oBaHHble npenaparbl
0CnabnAny BblpaXKeHHOCTb HEMPOAEreHepaTMBHBIX U HEKOTOPbIX NOBEAEHYECKMX HapYLUEHWW, XapaKTepHbIX 41A UCMONb-
30BaHHOM Mogenu B3.

MonyyeHHble pe3ynbTaTbl YKasbiBalOT Ha TO, YTO MCMOJb30BaHWE Tepanuu, HampaBfeHHOW Ha PerynAauMio SKChpeccum
acTporinanbHbIX M MUKPOTINanbHbIX 6E/IKOB, BOBEYEHHBIX B PErYNALMIO SMUNENTOrEHE3a, MOMKET ObiTb NEPCMNEKTUBHBIM
npu pa3paboTKe HOBbIX KOMM/IEKCHbIX METOLOB NleveHns anunencumn. Bnuaxue aronnctos PPARa n PPARB/6 Ha akcnpec-
CMI0 JaHHbIX FeHOB 0CTaETCA ManoMCCef0BaHHbIM U NMPeACTaBAAeT MHTepPeC ANA AaNbHENLLero N3yyeHus.

KnioueBbie cnosa: anunencua, J'II/ITVII;I—I'II/IJ'IOK&pI'II/IHOBHH Mo[esb; reHbl acTpornnanbHbiX U MUKPOrIUabHbIX 6EJ'IKOB;
HeMpoBoCnaneHve; peLenTopbl, aKTMBMPYeMble NMponMdepaTopamMm NepoKcMcoM; NUornuTasoH; Bifidobacterium longum.
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Pharmacological impact on the expression

of microglial and astroglial proteins involved

in the regulation of epileptogenesis as a possible
new strategy for epilepsy therapy

0.E. Zubareva®, A.l. Roginskaya, A.A. Kovalenko

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

ABSTRACT

Epilepsy is a debilitating neurological disorder. While current antiepileptic medications can alleviate acute seizures, they do
not typically prevent long-term brain damage caused by the chronic condition. Consequently, there is a pressing need for
novel therapies that directly target epileptogenesis to address the comprehensive course and etiology of epilepsy.

For a considerable amount of time, research on the origin of epilepsy has chiefly concentrated on anomalies in the performance
of neurons. As per typical theories, this is rooted in the unevenness between the performance of the excitatory (glutamate)
and inhibitory neurotransmitter systems within the brain. Nevertheless, significant evidence has emerged in recent times that
suggest the contribution of glial cells in the onset of epilepsy and the creation of neurological disorders following a seizure [1].
The astrocyte-produced excitatory amino acid transporter 2 (EAAT2) was found to regulate glutamatergic system activity, aiding
the elimination of extracellular glutamate at central nervous system synapses. Astrocytes and microglia produce proteins that
protect neurons from damage during epileptogenesis. In addition, astrocytes and microglia regulate neuroinflammation, which
can worsen the development of epilepsy. Moreover, research demonstrated that astrocytes and microglia can have distinct
functional states, with the A1 and M1 phenotypes generating mainly proinflammatory factors, while the A2 and M2 phenotypes
produce anti-inflammatory factors. Drugs that stimulate polarization of glial cells from M1/A1 to M2/A2 phenotypes were pro-
posed to be a successful strategy for treating inflammatory diseases, including epilepsies [2].

Numerous scientific findings indicate that peroxisome proliferator-activated receptor agonists (PPARs) exhibit similar prop-
erties [3]. PPARs (a, B/ and ) are nuclear transcription factors that are integral to the mechanisms of gut-nerve interactions,
primarily regulating lipid and energy metabolism. However, PPAR agonists are capable of regulating inflammatory and oxi-
dative signaling pathways involved in the development of various neuropsychiatric disorders, such as epilepsy. Furthermore,
prior research described the neuroprotective qualities of certain PPAR agonists in a temporal lobe epilepsy (TLE) model.

In this study, the effects of pioglitazone, a PPARy agonist, and Bifidobacterium longum, a probiotic that stimulates PPARy
expression in the brain [4], on astroglial and microglial mRNA protein production in brain structures that may impact
epileptogenesis were investigated.

The study used the lithium-pilocarpine model of temporal lobe epilepsy in male Wistar rats. This model is highly regarded as
an effective experimental approach for studying different stages of epileptogenesis from the earliest phases of the disease,
prior to seizure manifestation, to the chronic phase accompanied by the development of spontaneous recurrent seizures [5].
During epileptogenesis in experimental animals, we observed an increase in the expression of proinflammatory proteins
(Nrlp3, Il1b, and Tnfa) and markers of microglial and astroglial cell activation (Aif! and Gfap) in the temporal cortex and
hippocampus. This was demonstrated through the use of reverse transcription and real-time polymerase chain reaction
during both the latent and chronic phases of the model. The development of neurodegenerative processes in the brain and
formation of behavioral disorders, which are characteristic of the lithium-pilocarpine model, accompany these changes.
Pioglitazone administration, at a dosage of 7 mg/kg via intraperitoneal injection, was performed 75 minutes after induction
of the TLE model. This was followed by a daily dose of 1 mg/kg for 7 consecutive days. Brain sampling for biochemical
analysis was conducted after the seven-day treatment period. Findings indicated the upregulation of the interleukin-1
receptor antagonist gene, /l7rn, as well as expression of neuroprotective proteins S100a10 and Tgfb1.

Over a 30-day period, rats in the lithium-pilocarpine TLE model were orally administered a dose of 10° CFU/rat
of Bifidobacterium longum. This resulted in an enhanced expression of the IL1rn gene in the temporal cortex, ventral
hippocampus, and amygdala, as well as a reduction in the severity of neurodegenerative and behavioral disorders associated
with the TLE model. The sample was taken 24 hours after the final administration.
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The results suggest that therapy targeting the expression of astroglial and microglial proteins could be a promising approach
for developing new and comprehensive treatments for epilepsy. Further research on the effects of PPARa and PPARB/6
agonists on the expression of these genes is necessary, as it remains poorly understood.

Keywords: epilepsy; lithium-pylocarpine model; astroglial and microglial protein genes; neuroinflammation; peroxisome
proliferator-activated receptors; pioglitazone; Bifidobacterium longum.
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