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B nocnennue rofpl akTHBHO 00CYKAAETCSl POJIb B NATOT€HE3€ SMUIETICUH aCTPO- U MHUK-
PONIIHATIBHBIX KIIETOK U CBA3aHHOTO C HUMU HEHPOBOCIANICHUS. DTH KIETKH MOTYT OBITh
B Pa3HBIX (YHKIMOHAIBHBIX COCTOSHHMSAX, KpaiHHe U3 KoTopelx Al m M1 ¢enorums
MIPOAYLUPYIOT IPEUMYILIECTBEHHO MPOBOCHANUTENBHBIE (CIOCOOCTBYIOIINE JITHIETITO-
reHe3y) Oenku, a A2 1 M2 (eHOTHIBI — IPOTHBOBOCIIATUTENbHBIE ([IPEIOTBPALIAOIINE
srmnentoreHes) Oenku. Ilpenmonmaraercs, 9TO WCHOIB30BAHHE IIPEHNapaToB, CIOCOO-
HBIX CTUMYJIHMpOBaTh moisipu3amo or M1 u Al x M2 u A2 ¢enotunaM, MOXeT CTaTbh
yCIIEIIHON cTpaTterueit JedeHus snuiencuu. K takum npemnaparam OTHOCSATCS arOHHCTBI
SIIEPHBIX PELENTOPOB, aKTUBUpPYyeMbIX mponudeparopom nepokcucom (PPARs). Ienbio
JaHHOM paboTHI CTal0 M3yYCHHE HM3MEHEHHH SKCIIPECCHH MUKpPO- M aCTPONIHAIBHBIX
0eJIKOB, BOBJICUCHHBIX B PETYJIALHIO SIHIETITOTCHE3a, B 1OP3aJIbHOM THIIIIOKAMIIe KPBIC
B JIMTUI-IIJIOKapIIUHOBOW MOJIETM BHCOYHOM SMMIEIICUU M MCCIEAOBaHUE BIUSHUA Ha
9TH mpouecchl aronncta PPAR Gera/nenpra kapaapuna. Kapaapud BBOAWIN Ha Hadallb-
HBIX dTanax JMWIenToreHesa (B TeueHne 7 mHer mocie mHAykuuu TLE monenn), gepes
IIBa Mecsina (XpoHUUYecKas (haza MOJIEIH) IPOBOAMIN aHAIN3 SKCIIPECCHU T'€HOB HHTepeca
B nop3anbHoM rumnmnokamne merogom OT-IIIP B peansHoM Bpemenu. [IpoBenenHoe uc-
CIIEJOBaHUE BBISIBUIO U3MEHEHHE KCIIPECCUU T€HOB acTpo- U MUKPOIIMANBHBIX OENKOB
B TIPOIIECCE SIMIENITOIeHe3a, B OCHOBHOM CBSI3aHHOE C YCHJICHHEM HeHpOBOCIAINTENb-
HBIX TIPOIIECCOB U OCIa0IeHIeM HEHPOIIPOTEKTOPHBIX CBOUCTB 3THX KiteTok. Y TLE kpbic
YBEJINYMBAJIACh KCIIPECCHs] T€HOB MapKepoB akTuBaimu actpo- (Gfap) U MHKpOIINH
(Aif1), mpo- (111b, Nirp3) u npotuBoBocmanuTenbHbIX (I/1rn) GenkoB, MapkepoB (HEeHOTH-
nma Al actpouutoB (Lcn2, Gbp2) u poctoBex (hakTopoB (Bdnf, Fgf2). Dkcnpeccus reHa
3amuTHOTO M2 dhenotrna Argl curmkanack y TLE kpeic. Hanbonee sipkuit a3¢hdexr Bene-
HUSI KapJapHHa IPOSIBUICS B YCUIICHUH 3KCIIPECCHHU reHa Mapkepa A2 deHoTHna acTpo-
utoB S100al0.

Knrouesvle cnosa: nATHR-TUIOKApIMHOBAs MOJENb BHCOYHOHM OSIMJICIICHU, KapIapuH
(GW 501516), tus, nmpoBocnanuTeabHbie TeHbl, M1/M2 nonspusarus, A1/A2 nonspu-
3anus, Tpopudeckre GaKTopsl

DOI: 10.31857/S0869813924050115, EDN: BKJEX]J



BJIIMAHUE KAPJAPUHA HA DKCIIPECCHUIO 815

BBEJEHHUE

DIUIIETICHUs SBISIETCS OMHUM U3 Haubolee paclpoCTPaHEHHbIX U TSXKEIIBIX HEBPOJIOTHYe-
ckux 3aboeBanuii [ 1]. Oxomo 30% OOMBHBIX AMHUIICTICHEH OKa3BIBAIOTCS HEUYBCTBUTEIEHBIMU
K CYIIECTBYIOIIUM MeTozaM JiedueHus [2]. Micrionb3yeMble B KIIMHUKE NPenaparsl yCTPaHAIOT
CHMITTOMBI 3a00JIEBaHUs, HO OHH HE TO3BOJISIIOT IMTOJHOCTHIO MPEJOTBPATUTD SMMIICIITOTCHES
[3]. Bonee uem y 17% nanueHTOB NpHEM HCIOIb3YyEMBIX B KIMHUKE MPOTHUBOIIMICITHYE-
CKUX MPENnapaToB NPUBOIUT K Pa3BUTHIO HEXKENATEIbHBIX TOOOYHBIX HEPBHO-TICUXUYECKUX
HapymieHui [4]. [ToaToMy MONCK HOBBIX METOIOB JICYCHHS, CTIOCOOHBIX IIPEIOTBPAINATE Pa3-
BUTHE SMUJIETITUYIECKUX MIPOIIECCOB U CBA3AHHBIX C HUMH HapyLICHUH, BISETCS aKTyaJbHOM
POOIEMOiA.

TpanuIMoHHO pa3BUTHE SMHICNTUYECKUX HApyIICHUH B MO3Te CBA3BIBAIOT ¢ AucOa-
JIAHCOM aKTHBHOCTH BO30Y>KIAIOIINX M TOPMO3HBIX CHCTEM B HEWPOHHBIX ceTsX [5], omHa-
KO B IOCJIeJHEE BpeMs MOSBISICTCS. Bce OOJbIIe AaHHBIX O PONU B MATOr€HE3€ SIHIICTICHU
MHKpPO- U aCTPOITIMAJIBHBIX KJIETOK, a TAK)KEe CBA3aHHBIX ¢ HUMH IIPOIIECCOB: HelffpoBocmae-
HUS ¥ METa0ONHYECKUX HapyIIeHHi [6, 7]. Poib HelipoBOCIaIieHHS B TATOT€HE3€ OCTPHIX CY-
JIOPOT | MIJIETICHH JJOKa3aHa ¢ TIOMOIIbIO IPUMEHEHHS IIPOTUBOBOCTIAIUTENILHON Tepanun
[8], ucrronp30BaHMS KUBOTHBIX, HOKAyTHBIX 110 TEHY PELENTOPA MPOBOCHAIUTEIBHOTO IIUTO-
KHMHA MHTepielkuHa-1 [9] u B apyrux mozaemnsx. ACTpo- U MUKpPOTTIMAIbHBIE KJIIETKU UTPAIOT
KITIOUEBYIO POJIb B HHAYKLHH BOCHAINTENBHBIX peakuuii B Mo3re [10]. [Ipu aTom orn MoryT
OBITH B pa3nUYHBIX (DYHKIMOHAIBHBIX COCTOSHHUSX, KpaifHUEe N3 KOTOPBIX COOTBETCTBEHHO
Al u M1 ¢eHoTHNBI TPOLYLIUPYIOT MPEUMYIIECTBEHHO NPOBOCHAIUTENIbHBIE (CIIOCOOCTBY-
IOIIMe SMHIenToreHesy), a A2 1 M2 (eHOTHITEI — IPOTHBOBOCIIATIMTENBHBIE (IIpeJOTBpala-
IOIKE DMUIECTITOreHe3) Oenky. BeIIBUHYTa THIIOTE3a, COTIIACHO KOTOPOW YCHENIHOW cTpa-
Teruen JedeHus 3a00eBaHNi, TaTOreHe3 KOTOPBIX CBA3aH ¢ HEHPOBOCHAICHNEM, BKIIOYAs
STMIICTICHIO, MOKET OBITh UCIIOIb30BaHKE MTPENaparoB, CIIOCOOHBIX CTUMYIIUPOBATH MOJISIPH-
3aruio oT M1 u Al xk M2 A2 pernorunam [11, 12].

Cpenu npemnaparoB, CHOCOOHBIX BIMATH Ha MOJSPU3ALUIO IIHANBHBIX KJIETOK, CHU)KATh
BBIPAKCHHOCTh HEHPOBOCHAIUTENBHBIX MPOLIECCOB, PETYINPOBATH JUIUIHBIA 1 SHEPreTH-
Yecknii 0OMeH, B HAcTOsIIEEe BPeMsI aKTHBHO M3Y4alOTCSI aTOHUCTHI SIIEPHBIX PELETITOPOB,
akTHBUpYyeMbIX nponudeparopom nepokcucom (PPARs) [13, 14]. PPARs ObiBatoT Tpex TH-
noB — anbda (a), 6era/nensra (B/9) u ramma (y). Bee Tumsl PPARS skcnipeccupyrorcest B pas-
JIUYHBIX KJICTKaX OpraHu3Ma, BKJIIOYas KJICTKH MO3ra: OHH OOHAapy>KeHbI B Heifponax [15],
omurogeHaponutax [16], mukpormun [17] u actponnrax [18]. EcTecTBeHHBIMU THTaHIAMHU
3THX PEIENTOPOB SBISIOTCS CBOOOHBIC KUPHBIC KUCIIOTHI, diiKo3aHou bl U 1p. [19]. Bei-
SIBIICHO, YTO TepamneBTudeckne 3(pdekTsr keToreHHoi amersl omocpenyiorcs PPARs [20].
HeitponpoTekTopHble CBOWCTBA CHHTeTHYeCKHX aroHucTtoB PPARS mokasaHbl B Mozemsax
pa3NUuHbIX HeHpomaTosoruii, Bmodas smuiencuto [21, 22]. Haubonbiiee yucino pador,
BBITTOJTHEHHBIX Ha MOJEISAX SMHIICTICHH, TOCBSIICHO OIMCAHUIO 3aIIUTHBIX CBOMCTB aroHM-
ctoB PPARY [23]. B wactHOCTH, 3TH 3 )EKThI ObUIH MTOKa3aHbI HA MOJEIIN OCTPBIX CYAOPOT,
WHAYIMIPOBAHHBIX MEHTIICHTETPa30noM [23], 1 Ha MOJENTH XPOHHIECKOW BHCOYHOM 3IH-
nencui [24]. 3amurtHoe neiictBue aronuctoB PPARY npu snuencuu peanusyeTcs yepes mo-
JIaBJIeHHE OKUCIIMTEIHLHOTO CTpecca U HelipoBocmaneHus [24, 25]. 3HaYuTenbHO XyKe B 9KC-
MEpUMEHTAIBHBIX MOJIETISIX SIIJICTICUH MCCIeI0BaHbl CBOicTBa aroHncToB PPARs npyrux
TUINOB — ajib(a u OeTa/nesnpTa, HECMOTPSI Ha TO, YTO OHU TAKXKE MOKA3bIBAIOT IPOTHBOBOC-
TAJIUTENbHBIC CBOWCTBA B IPYT'MX MOJAEISIX HEPBHBIX 3a00eBaHui [26].

B naHHOW pabore Mmbl wuccienoBanu dddektsl aronucra PPAR (/0 xapmapuna
(GW 501516) B XPOHUYECKOM JUTUHA-NUWIOKAPIMHOBON MOZAEIN BHUCOYHOM SHUIIENICHH
y KpbIc. [laHHast MOZIeINb 110 MaTOPHU3NOIOTHUECKUM, TTATOMOP(OIOTHYECKIM, OHOXHUMHUYe-
CKHM ¥ MOBEICHYECKUM ITOKA3aTEISIM JOCTATOYHO TOYHO BOCIIPOM3BOAUT HATOJIOTHUECKHE
MPOIICCCHI, HAOMIONAONINECS IPH PA3BUTUN BUCOYHOM dMHIICTICUU Y Jrozei [27, 28]. B wact-
HOCTH, TIOCJI€ HHAYKIUH ITaTOIOTHIECKOTO Mpoliecca (y YelloBeKa — TpaBMa WIIM Apyras ma-
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TOJIOTHSI, TIPOBOLIMPYIOIIAs MMICIITOTCHE3, B MOJIENIH — BBEICHUE MIJIOKApIIHA) CHadaIa
CYIOPOTH HE MPOSIBIISIFOTCS (JTATEHTHBIN MIEPHUO/), a 3aTEM Pa3BUBAIOTCS CIIOHTAHHBIE PELH-
JUBHPYIOIIIE CYIOPOrd (XpOHHYECKHUI Meproi). B mpoBeqeHHOM HccieqOBaHUU MBI OlLie-
HWJIN BIIMSHHUE BBEACHUI KaprapuHa B jaTteHTHRIH nepuox TLE Monenu Ha Habmonaembie
B XpPOHMUYECKHUN NIEPUOJl MOAEIU U3MEHEHUS 3KCIPECCUU F€HOB MUKPOITIMAJIBHBIX U aCTpO-
IJIMAJIBHBIX OCJIKOB, BOBJICYCHHBIX B PETYIISIUIO AMUJICHTOTeHE3a.

METO/IbI UCCIIEAOBAHUA

JKusommnwie

Pabora BrImoTHEHa HA 7—8-HEEIbHBIX caMIax KpbIc ayTOpenHoi tnHuK Bucrap, Macca
tena 110-210 T (cpennee— 140.2 +27.7 1). JKUBOTHBIX COZtepKajy B CTAHIAPTHBIX YCIOBHAX
o 4—6 KphIC B KJIeTKe Ipu 12-9acOBOM CBETOBOM ITUKIIE (HOYB — ¢ 8 Bedepa 10 8 yrpa). Ha
MIPOTSDKEHUH BCETO HKCIICPUMEHTA )KUBOTHBIE MMETH CBOOOJHBIN JOCTYII K KOPMY M BOJIE.

Jlumuti-nunokapnuHo8as mMooeins u 8edeHue KapoapuHa

CxeMa 3KCIIEpUMEHTa TpeacTaBieHa Ha puc. 1. J[ng mMomenupoBaHUS BHCOYHOHN SITH-
nericuu (TLE) xpbicam BHyTpuOpromnHHO (B/0) BBomuiu 127 mr/kr xiopuaa jutus (LiCl,
Sigma-Aldrich, CIIIA), 4TO MO3BOJSAIO CHU3UTH /103y MUJIOKAPIHUHA U YMEHBIIUTh CMEPT-
HOCTb KMBOTHBIX [29]. 23 ¥ crycTsi KpbicaM BBOJHIIM (—) CKONOJIaMHH MeTHIOpomua (B/0,
1 mr/kr, Sigma-Aldrich) anst mpegorBpauienus nepudepryeckux 3QGEeKToB MUIOKapIUHA
n 4yepe3 | 4 — aroHuCT MyCKaprHOBBIX PEleNTOpOB MuiokapnuH (B/0, Sigma-Aldrich). ITu-
JIOKAPTIMH BBOAMIM TO3TAHO 1o 10 Mr/kr kaxapie 30 MUH 10 pa3BUTHS 4- CTaJUU CYI0pOT
(rearing) mo momuduipoBanHoi mkane Racine [30]. CymmapHast 103a nMuitokaprnuHa coc-
taBisia 20—40 mr/xr. KpbIchl, y KOTOPBIX mociie 4eTBepToi mHbekuuu (40 mr/kr) cymopo-
T'M HE Pa3BHJIMCh, ObUIN MCKIIIOYEHBI U3 3KcnepuMeHTa. CyJoporu ocTaHaBiauBain yepes 90
MUH BBesieHHeM nuaszenama (8/0, 10 mr/kr, Sigma-Aldrich). KoHTpoasHBIM )KHBOTHBIM BBO-
quin pactBop LiCl. Panee HamMu ObuTO MOKa3aHO, YTO MOA0OHas cxeMa MHIYKIMH MOJEIH
BbI3bIBaeT pa3BuTHe TLE y OONBIIMHCTBA 3KCIIEPUMEHTABHBIX KUBOTHEIX [§].

Jamee KprpICH cry4aiiHBIM 00pa3oM OBLTH pasfeneHbl Ha 4 Tpymisl (Bcero 47 jKUBOT-
HBIX): 1) KOHTpONBHAs HeledeHas rpymma Kpbeic (Cntr+Veh; n = 6), KOTOpBIM BBOIWIICS pac-
TBOpHUTeNS (1 MI/KT MumeTtmicynbdokcun, DMSO, B/0); 2) skcniepuMeHTa bHas TpyIna 0e3
Teparnuy — KPBICHI, KOTOPBIM BBOAMIIHN IrutokapnuH ¢ pactBoputeneM (TLE+Veh; n = 7); 3)
KOHTPOJIbHBIC )KUBOTHBIE C BBeeHHeM Kapaapuaa (GW 501516; 2.5 mr/kr, B/6), pacTBOpeH-
Horo B DMSO (Cntr+GW; n = 7); 4) sxcniepuMenTanbHasg rpymnmna ¢ gedenuem (TLE+GW; n
= 7). DMSO ncnonp30Baics B KaueCTBE paCTBOPUTEIIS, IOCKOIBKY KapJapuH HEPaCTBOPUM
B Bozie. Kapnapun BBoannu 1 pa3 B ieHb B yKa3aHHOM 703€ B TEUEHHUE NIEPBON 3KCIIEPHMEH-
TanapHOM Henenu. IlepBas uHBEKINS ObUIA cIeaHa yepe3 CYTKH MOCie BBEICHHS MUIOKap-
MUHA. YKa3aHO YMCIIO0 BEDKUBIIHMX J)KUBOTHBIX, HCIIOJIb30BAHHBIX JIJIsi OHOXMMUYECKOTO aHa-
n3a. HemHorum Gonee 30% JieueHbIX U HEJIEYSHBIX KPBIC, KOTOPHIM BBOIWIIN MUJIOKAPIINH,
norudiau B mpolecce dKcrnepuMenTta. KapiapuH He BIMsI Ha BBDKHBAEMOCTH JKUBOTHBIX.
Jist yiydnieHus BBDKMBAEMOCTH B IIEPBBIE JIHU M10CJIE BBECHUS THIOKAPIIHHA SKCTICPUMEH-
TaJbHBIE KPBICHI MOJYYaIH CIEUUAIbHBIA YXOA: X KOPMHJIH BIXXKHBIM KOPMOM ((ppyKTHI,
Kai). JKUBOTHBIM, KOTOPBIE CHJIBHO TEPSUIN BEC, BBOJMIN BHYTpUMBIIIEUHO 15%-HbIii pac-
TBOP INIIOKO3BI.

Obpamuas mpanckpunyusi ¢ Rociedyoueti NOTUMePa3Hol YenHoU peakyuen

UYepes 120 mueit nocite naaykimy TLE KUBOTHBIX JekanuTHpoBaiyd. Mo3r OBICTPO U3BIIe-
Kay 1 3aMopaxuBaid mpu temreparype —80 °C. Brinenenne TkaHn Mo3ra IPOU3BOAMIN Ha
cpesax, CIeNIaHHBIX Ha 3amopaxkuBaromeM Mukporome OTF5000 (Bright Instruments, JIytoH,
Bemmkobpuranms) npu temmeparype —20 °C. Jlop3ansHyto 061acTh runmokamma (puc. 1) BeI-
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Cardarine (GW 501516): ﬁrg‘rllfr Vel n— 6

2.5 mg/ke/day, i/p 2) TLE+Veh, n =7
3) Cntr+GW, n =7

Days after {—lﬁ 4) TLE+GW,n=17

pilocarpine —1 0 7 120
administration [24

L
LiCl Pilocarpine Real-time RT-PCR,
T analysis of gene expression in
the dorsal hippacsmpus:

0. > Gfap, AifI,
] = Y e Il1b, Illrn, Thfa, Nirp3;
e Len, Gbp2, S100a10, Ptx3;
e L * Nos2, Argl,
AR ' » Fgf2, Gdnf, Bdnf;
* Ppara, Ppard, Pparg.

Puc. 1. Cxema skcniepumenta. Cntr+Veh — xonTponbHas rpynmna 6e3 BBeaeHus kapaapuHa; TLE+Veh — skcme-
pUMeHTanbHas rpynna Oe3 BBeneHus kapaapuna; Cntr+GW — KOHTpoJbHas Tpymna ¢ BBEICHHEM KapIapuHa;
TLE+GW — skcrniepuMeHTasbHas TpyIina ¢ BBeleHHeM KapiapuHa. Ha cpe3e Mo3sra npencraBieHa cxema Bblzesie-
HUSI JOP3aJIBHOTO THUIIOKAMITA.

JIeTSUA COIIAacHO ariacy Mo3ra Kpsic [31]. unmokammt Ob11 BEIOpaH A7t aHAINM3a KaK CTPYK-
Typa, Urparoias KIoueByto poib B pa3Buthu TLE [32]. CxeMa BblaeneHNs MpeACTaBIeHa Ha
puc. 1. Toranenyto PHK BbIensun ¢ ucnions3zoBanueM pearenra ExtractRNA (Evrogen, Mo-
cKkBa, Poccust) B COOTBETCTBUM ¢ MHCTPYKLMSAME NPOU3BoANTENS. KOHIIEHTpaluio 1 YHCTOTY
PHK ompenernsumi ¢ momornsto ciekrpodoromerpa NanoDrop™ Lite (Thermo Fisher Scientific,
Yontem, Maccauycerc, CI1IA) Ha ocHOBe nortomenust npy 260 HM ¥ COOTHOIIEHHUH MOTJIONIe-
Hus 1pu 260/280 HM COOTBETCTBEHHO.

Janee npoBoxwim obparnyto Tpanckpunuuio. Jiins cuareza k/IHK mbl ucnonb3oBanu
1 mxr Toransroi PHK, omuro-dT (0.5 mxr Ha 1 Mxr PHK) u 9-mepHble cityuaiinbie npaiime-
psI (0.25 mkr Ha 1 Mmxr PHK, OOO "Cunre3 IHK", Mocksa, Poccus), 100 equauni; oOpatHOH
TpaHckpunrassl M—MLV (Evrogen) B cOOTBETCTBUH C IPOTOKOJIOM ITpou3BoxuTens. Peax-
U0 poBoaAwIH B 00meM oobeme 20 mxit. [Tonyuennyro k/JHK passogumu B 10 pa3 mepen
nposenenueM I1LIP.

TP npoBoauiu ¢ ncronbs3oBanreM TexHonorun TagMan Ha repmonkiepe C 1000 Touch
B couetannu ¢ CFX384 Touch™ (Bio-Rad, I'epkynec, Kanudopuns, CILIA) B obuiem o0be-
me 6 Mk ¢ 0.8 mxn kIHK, 0.5 enunann Taq M-nonmumepasst (Alkor Bio, Cankr-IletepOypr,
Poccns), 3.5 MM MgClL, u cnenuduueckumMu NpsMbIMA U 0OpPaTHBIMM TIpaiiMepaMy ¥ 30H-
namu. IlocnenoBaTeTbHOCTH MpaiftMEPOB U 30HIOB, a TAK)KE MOJHbIE Ha3BaHUS TEHOB IPHBE-
neHbl B Tab. 1, orn 0butd u3rotoBiensl OO0 "THK-Cunres". Bee npo0Obl ObLIH poaHau-
3UpOBaHHBI B 3 TIOBTOPAX.

B paGore ananmusupoBanu MPHK reHoB 0enkoB, ypoBeHb SKCIPECCUH KOTOPBIX H3Me-
HSETCS B DIIMJICNITOreHe3e (CM. CCBUIKM Janee): 1) MapKepoB aKTHUBAIMM aCTPOTIHAIBHBIX
(Gfap) [33] n mukpornuanbhbix (Aif1) [34] knerok; 2) npoBocnanutensHbix (/11b, Nirp3,
Tnfa) v npoTuBOBOCTIANUTENBHBIX (///7n) OenkoB [3, 35]; 3) MapkepoB MPOBOCHIATHUTEILHO-
ro (A1) (Len2, Ptx3) u HeliponporektopHoro denoruna (A2) actporuu (S100al0, Gbp2)
[12, 36]; mapkepoB npoBocnanuTensHoro M1 (Nos2) [37] u mpoTuBoBOCHanUTeNbHOTO M2
(Argl, Tgfbl) dbenorunos mukpornu [38, 39]; 4) Heiiporpoduueckux pakropos Fgf2 [40],
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Bdnf [40, 41], Gdnf [42]. Kpome TOTO, MBI OIICHWJIH BIHMSHUE KapAaphuHA HA HKCIPECCHIO
reHoB PPARSs (Ppara, Ppard, Pparg) [23, 26].

OTHOCHTENbHAs IKCIPECCHs T€HOB MHTEpeca Oblla paccyMTaHa metomom 2724Ct [43].
Hopmanu3auusi JaHHBIX ObLIa BBIMOJHEHA MO0 CPEJHEMY FE€OMETPHUYSCKOMY 3HAYCHHIO IS
Tpex Haubosee cTabHIBHBIX PeePEHCHBIX I'€HOB, BBHIOPAHHBIX M3 9 pedepeHCHBIX TCHOB
(Actb, Gapdh, B2m, Rpll3a, Sdha, Ppia, Hprtl, Pgkl, Ywhaz). PepepeHcHbIC TeHBI OBLTH
0TOOpaHbl Ha OCHOBE BCECTOPOHHETO PAH)KUPOBAHHSI, MOJIYYSHHOIO C ITOMOIIBIO OHJIANH-
nHcrpymenra RefFinder® (http://blooge.cn/RefFinder/) B coOTBETCTBHU ¢ OMMCaHHBIM pa-
Hee MpoTokoioM [44]. B mpoBeZCHHOM KCCIICHOBAHHUU I HOPMAJIM3AIlUK JaHHBIX ObLTH
UCIIOJIb30BaHEbI ciieyonue pedepercHsle reusl: Sdha, Gapdh v Ywhaz.

Taoauua 1. Mcnonb30BaHHBIE IOCIIEI0BATEIBHOCTH IPAMEPOB U 30HA0B

Ten IlocnenoBareabHOCTH MpaiiMepoB U 30HA0B 5’ — 3’
Actb (actin beta) TGTCACCAACTGGGACGATA

NM 031144 GGGGTGTTGAAGGTCTCAAA

[45] (mpaiimepsbr) FAM-CGTGTGGCCCCTGAGGAGCAC-BHQ1

[44] (30Hn)

Gapdh (glyceraldehyde-3-phosphate TGCACCACCAACTGCTTAG

dehydrogenase) GGATGCAGGGATGATGTTC

NM_017008 R6G-ATCACGCCACAGCTTTCCAGAGGG-BHQ2
[46]

B2m (beta-2-microglobulin) TGCCATTCAGAAAACTCCCC

NM 012512 GAGGAAGTTGGGCTTCCCATT

[47] ROX-ATTCAAGTGTACTCTCGCCATCCACCG-BHQI

Rpli3a (ribosomal protein L13a)
NM_173340

[48] (mpaiimepsr)

[44] (30um)

GGATCCCTCCACCCTATGACA
CTGGTACTTCCACCCGACCTC
FAM-CTGCCCTCAAGGTTGTGCGGCT-BHQ1

Sdha (succinate dehydrogenase complex
flavoprotein subunit A)

NM 130428

[49] (mpaiimepsr)

[44] (30m)

AGACGTTTGACAGGGGAATG
TCATCAATCCGCACCTTGTA
R6G-ACCTGGTGGAGACGCTGGAGCT-BHQ2

Ppia (peptidylprolyl isomerase A)
NM 017101
[44]

AGGATTCATGTGCCAGGGTG
CTCAGTCTTGGCAGTGCAGA
ROX-CACGCCATAATGGCACTGGTGGCA-BHQ1

Hprtl (hypoxanthine
phosphoribosyltransferase 1)
NM 012583

[48] (mpaiimepsr)

[44] (30H1)

TCCTCAGACCGCTTTTCCCGC
TCATCATCACTAATCACGACGCTGG
FAM-CCGACCGGTTCTGTCATGTCGACCCT-BHQ1
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IIpooonawcenue mabnuywr 1

Ten

IlocaenoBaresIbHOCTH NPaliMepoB U 30HA0B 5’ — 3’

Pgkl (phosphoglycerate kinase 1)
NM_053291

[50] (mpaiimepsr)

[44] (30m1)

ATGCAAAGACTGGCCAAGCTAC
AGCCACAGCCTCAGCATATTTC
R6G-TGCTGGCTGGATGGGCTTGGA-BHQ2

Ywhaz (tyrosine 3-monooxygenase/
tryptophan 5-monooxygenase activation
protein zet)

NM 013011

[50] (mpaiimepsr)

[44] (30H7)

GATGAAGCCATTGCTGAACTTG
GTCTCCTTGGGTATCCGATGTC
ROX-TGAAGAGTCGTACAAAGACAGCACGC-BHQ1

111b (interleukin 1 beta)
NM_031512
[51]

CACCTCTCAAGCAGAGCACAG
GGGTTCCATGGTGAAGTCAAC
FAM-TGTCCCGACCATTGCTGTTTCCTAG-BHQ!1

Aifl (allograft inflammatory factor 1)
NM 017196.3
[51]

CAACACACTGCAGCCTCATC
AAGCTTTTCCTCCCTGCAAA
Cy5-CCCCACCTAAGGCCACCAGCGTCTGA-BHQ3

Gfap (glial fibrillary acidic protein)
NM 017009.2
[52]

TGGCCACCAGTAACATGCAA
CAGTTGGCGGCGATAGTCAT
HEX-CGGTCCAAGTTTGCAGACCTCACAG-BHQ2

1l1rn (interleukin 1 receptor antagonist)
NM_022194.2
[52]

GGGGACCTTACAGTCACCTAAT
GGTTAGTATCCCAGATTCTGAAGG
ROX-AGTCAGCTGGCCACCCTGCTGGGA-BHQ2

Nlrp3 (NLR family pyrin domain
containing 3)
NM 001191642

CAGACCCTCATGTTGCCTGT
AGACCTCGGCAGAAGCTAGA
FAM-CCAGACTGGTGAACTGCTGCCTCA-BHQ1

Len?2 (lipocalin 2)
NM_130741.1

AGCTACGATGTGCAAGTGGC
CCCCTTGGTTCTTCCGTACA
FAM-CGACACTGACTACGACCAGTTTGCCA-BHQ!I

Argl (arginase 1)
NM_017134.3
[53] (mpaiimepsr)

AGCTGGGAATTGGCAAAGTG
AACTCAGGTGAATGGGCCTT
HEX-TGGAAGAGACCTTCAGCTACCTGC-BHQ2

S8100a10 (S100 calcium binding protein
A10)
NM 031114.1

CATTTCACAGGTTTGCAGGGG
GCACTGGTCCAGGTCTTTCA
Cy5-AGGACCCTCTGGCTGTGGACA-BHQ3
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Oxkonyanue mabnuywl 1

Ten

IlocaenoBaresIbHOCTH NPaliMepoB U 30HA0B 5’ — 3’

Ptx3 (pentraxin 3)
NM_001109536.2

AAACTTCGCCTCTCCAGCAA
CATGGTGTGGGGTCCTCG
HEX-TGCTCTCTGGTCTGCAGTGTTGGC-BHQ2

Gbp?2 (guanylate binding protein 2)
NM_133624.2

AGTCAATGGGCCACGTCTAA
AGTGGGTGATGGCCTTTTGT
HEX-AGCAGTGGGTCTCTCCCCTGCA-BHQ2

Nos?2 (nitric oxide synthase 2)
NM 012611.3
[54]

CAGAAGCAGAATGTGACCATCAT
CGGAGGGACCAGCCAAATC
ROX-CCACCACACAGCCTCAGAGTCCTT-BHQ2

Ppara (peroxisome proliferator activated
receptor alpha)

NM_013196.2

[55] (mpaiimepsr)

[52] (3onm)

AATCCACGAAGCCTACCTGA
GTCTTCTCAGCCATGCACAA
FAM-AGGCCCGGGTCATACTCGCAGGAA-BHQ!1

Ppard (peroxisome proliferator activated
receptor delta)

NM 013141.2

[52]

CAAACCCACGGTAAAGGCGG
TGGCTGTTCCATGACTGACC
HEX-CCAGGCCTGCAGGCGCCACGCCA-BHQ2

Pparg (peroxisome proliferator activated
receptor gamma)

NM 013124.3

[56] (mpaiimepsr)

[52] (3oum)

CCTGAAGCTCCAAGAATACC
GATGCTTTATCCCCACAGAC
HEX-CCCTCATGGCCATCGAGTGCC-BHQ2

Gdnf (glial cell derived neurotrophic
factor)
NM_019139.2

GACCGGATCCGAGGTGC
GCGCTTCGAGAAGCCTCTTA
HEX-TGCCTTCCCGCTGCCCGCCG-BHQ2

Bdnf (brain derived neurotrophic factor)
NM_001270630.1

CCATAAGGACGCGGACTTGTAC
GAGGAGGCTCCAAAGGCACTT
ROX-CTTCCCGGGTGATGCTCAGCAGT-BHQ2

Fgf? (fibroblast growth factor 2)
NM_019305.2

AGCGGCTCTACTGCAAGAAC
TGGAGCTGTAGTTTGACGTGT
R6G-AGACGGCCGCGTGGACGGCGTCCG-BHQ2
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Cmamucmuueckas obpabomxka pe3ynvmamos

CraTucTHYCCKHN aHANIW3 TPOBOAWIICS C HCIONb30BaHMeM mporpamm SPSS Statistics
23 (IBM, CHIA) u GraphPad Prism (GraphPad Software, CILIA). BriOpocs! onpenensiinu
C TIOMOIIBIO KBAPTHIBHOTO MeToAa. [yl MpoBepKr HOPMaIbHOCTH pacTpeaeIeHUH UCTIONb-
3oBanmu Kputepuii Koamoroposa — CmupHOBa. OXHOPOJHOCTD AWCIIEPCHH OLEHUBAIN MO
merony JIuBuns. Jlns 1aHHBIX ¢ HOPMAJIbHBIM PACIpENEICHUEM HCIIOIb30BAIC IBYX(ak-
TopHBIIT ANOVA (Mozenb X JieueHHe) ¢ aoCTePHOPHBIM TeCTOM MHOXKECTBEHHBIX CpaBHe-
Huii Cujaka, AJ1si HCHOPMaJIBHO PacIpe/eNIeHHBIX TaHHBIX M JUIS TPYII ¢ OOJIbIION pa3HH-
nei B mucriepeusx — rect Kpyckana — Yoimica ¢ OC/IEAyONMM alloCTePHOPHBIM TECTOM
MHOKECTBEHHBIX cpaBHeHMH [lanHa. JlaHHbIE Ha rpaduKax MPEICTaBICHBI B BUJE CPEAHETO
W CTaHIAPTHBIX OMIMOOK (B CIlydae HOPMAJIFHOTO paclpeeeHus] JaHHBIX) TH00 B BUIE Me-
JIMaHbl ¥ KBapTHIIEH (AJ1s1 HCHOPMAJIbHO PAcIpeNeNCHHBIX AaHHbIX). Pasmiums cunranu cra-
TUCTUYECKU 3HAYUMBIMU TipH p < 0.05.

PE3VIJIBTATBI UCCJIEAOBAHUA

[TockonbKy SMMIENTOTCHE3 CONMPOBOXKAACTCS ACTPO- W MHKPOIIIMO30M, CBS3aHHBIMU
C Pa3BUTHEM CIIOHTaHHBIX PELUIMBHPYIOIINX CYIOpOr [57], MBI OLIEHHUIHN 3KCIPECCHIO Te-
HOB MapKepoB aKTUBannu acTpounToB (Gfap) n Muxporiiu (Aifl) y Ne4eHBIX U HEIEYEHBIX
TLE xpsic. [Tokazano, 4To sKCnpeccus Ha3BaHHBIX TEHOB PE3KO BO3pacTaeT B mpoiiecce Gop-
mupoBanusa TLE (p < 0.001). Kapaapus He oka3blBaj BIUSHUS Ha 3KCIIPECCHUIO 3THX FEHOB
(puc. 2), aHajorn4HBIC N3MEHEHHS HaOIOaiCh KaK y JIEUEHBIX, TaK U HEJICYCHBIX KPBIC.

() (b)
Gfap Aifl
H=17.2; p <0.001 Finteraction(laz?’) =024;p= 0.63
Fireatment(1,23) = 3.26; p=0.09
Frp(1,23) = 17.98; p < 0.001
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Puc. 2. OTHOCHTENBHAS JKCIIPECCHs T'CHOB Mapkepa aKTHUBALUH acTpouuTtoB Gfap (a) M MHKPOINHANBHBIX Kie-
ToK Aifl (b) B HOp3aJIbHOM TUIIIOKAMITE SKCIIEPHUMEHTAIBHBIX U KOHTPOJIBHBIX KpbIC; * p < 0.05, nByxdaxTopHBIH
ANOVA (Mozenb X JIYeHHE) C anoCTEPHOPHBIM TECTOM MHOKECTBEHHBIX CpaBHeHHH Cuiaka WM HemapaMeTpu-
yeckuit ananor ANOVA rect Kpyckana — Yoyuiuca ¢ anocTepuoOpHbIM TECTOM MHOXXECTBEHHbIX CpaBHEHU J{aHHa.
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YuuTsIBas BaKHYIO pOJIb HEHPOBOCTIAJICHHUSI B Pa3BUTHH 3IIJICHTHYECKUX Tporieccos [3],
MBI TaK)Ke OLIEHUIIN DKCIIPECCHIO TEHOB TIPOBOCTIANTUTENBHBIX U TPOTHBOBOCIIAIUTEIBHBIX Oe-
KOB B I'MIITOKAMIIE SKCIEPUMEHTANILHBIX KUBOTHBIX. TLE KpPBICHI OTIIMYaINCh NOBBILICHHON
OKCIpecCHeil IPOBOCIIATUTENbHBIX TeHOB [/1b (seizure —F | =9.23; p <0.01) u Nirp3 (H =
14.37; p < 0.01) (puc. 3), omHAKO anOCTEPHUOPHBIC CPABHEHUS HE BBISIBIIIN JOCTOBEPHOTO OT-
JIMYUS] JICYEHBIX M HEJICYEHBIX KCIEPUMEHTANIBHBIX KPBIC OT KOHTPOJIS IO TTOKA3aTessiM JKC-
npeccun rera {/1b. Io yposaio MPHK Nirp3 moctoBepHble pa3anuusi MEXITy KOHTPOIBHBIMA
u TLE xpbicamu 0OHapy KeHbI TONBKO B IPYMIAX )KUBOTHBIX, KOTOPBHIM BBOJMIIN KapapuH (p <
0.01). Dxcrpeccust IPOBOCTIATUTEILHOTO TeHa T7fa JOCTOBEPHO HE M3MEHSIIACh HU B OJTHOM U3
rpymn (puc. 3). [Ipoxykiss MPHK rena npoTnBoBOCTIaIMTEIEHOTO IMTOKUHA AHTArOHUCTA Pe-
uentopos nHTepneiikuna-1 //7rn ycumsanace y TLE kpsic (seizure —F, ), = 20.55; p <0.001).
OTH U3MEHEHHUs B PaBHOM CTEIIEHH OTMEYAIUCh KaK Y JIEYEHBIX, TaK M HEJICUSHBIX KUBOTHBIX

(puc. 3, p <0.05).

(@) (b)
111b Nirp3
Finteraction(1,19) = 0.16; p = 0.69 H = 14.37; p < 0.01
Fireatment(1,19) = 0.41; p = 0.53
Fre(1,19) =9.23; p <0.01 ok
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Finteraction(1,23) = 0.04; p = 0.84 Finteraction(1,23) = 1.78; p = 0.2
Ftreatmem(l’23) = 099: pP= 0.33 Ftreatment(1=23) = 003,p =0.85
Frie(1,23) = 20.55; p < 0.001 Fre(1,23) = 1.28; p=0.27
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Puc. 3. OTHOCHTENIBHAS SKCIIPECCHS TEHOB MPOBOCTIANUTENbHBIX OenkoB [11b (a), Nirp3 (b), Tnfa (d) u nmporuso-
BOCHAIUTENILHOTO LUUTOKUHA [//rn (C) B TOP3aJIbHOM THUIIIOKAMIIE SKCIEPUMEHTAIBHBIX U KOHTPOJIBHBIX KpBIC; *
p <0.05, ** p <0.01, nByxdakropubiii ANOVA (Mozenb X JICYEHHE) C anOoCTEPHOPHBIM TECTOM MHOXKECTBEHHBIX
cpaBHeHHni Cujaka i Henapamerpuaeckuii ananor ANOVA tect Kpyckana — Yoirca ¢ anocTepuopHEIM TECTOM

MHOKECTBEHHbBIX CpaBHEHU JlaHHa.
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OIHAM U3 OCHOBHBIX BOIIPOCOB, OTBET Ha KOTOPBI MBI XOTEJIN MOIYIUTH B HACTOSILIEM HC-
ClIeI0OBaHNM, OBIIO M3yYeHHE BO3MOKHOTO BIMSHUSA KapJapHrHa Ha MOIIPU3AIMIO aCTPO- U MH-
KPOIJIMY, OCKOJIbKY paHee ObLIO NOKa3aHO, YTO SIHJICNTOreHe3 CBA3aH C yBEIMUYEHUEM JOIH
DIMAJBHBIX KIIETOK ¢ npoBocnanutensHbiMu Al 1 M1 denorunamu [11]. Mbr npennonarany,
YTO KaplapyH MOXET 00paTHTh 3TOT MPOIECC, HAIPABHB MOJISPH3ALMIO B CTOPOHY 3aIIUTHBIX
A2 n M2 ¢erorumoB. [ pemenns 3TOro BOIpoca MBI IPOBEITN aHAJH3 KCIPECCHN TEHOB
MapKepHBIX OEJIKOB, XapaKTEPHBIX COOTBETCTBECHHO IS IPOBOCTIANIMTENBHBIX U 3aIIUTHBIX (he-

HOTHIIOB acTpo- (pHc. 4) 1 MUKPOIIHH (pHUC. 5).

Relative expression

Relative expression
ImRNA, log2

(@

Len2
Finteraction(1723) =0.79; p=0.38
Fireatment(1,23) = 1.70; p = 0.21

Frie(1,23) =9.24; p <0.01
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Finteraction(l,zz) = 0.87;p =0.36
Fireatment(1,22) = 0.06; p=0.82
Frpge(1,22) = 2.61; p <0.12
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(b)

Gbp2
Finteraction(1,23) = 1.13; p = 0.30
Fireatment(1,23) = 0.44; p = 0.52

Frie(1,23) = 20.89; p < 0.001
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(d)
S100a10

Fintcracli()n(lszz) =15.55;p=0.02
Ftremmcnt(lvzz) = 11567[7 <0.01
Frie(1,22) = 6.12; p = 0.02

k3

1.57

1.0+ v
O_i_::lj;..—:y? ...... .

s
&

Puc. 4. OTHOCHUTENBHAS YKCIPECCHs TeHOB MapkepoB IpoBochanuTensHoro Al ¢genoruna (a, b) u Heipornporek-
Toproro deroruna A2 (c, d) acTporuu B 10p3aIbHOM THIIITOKAMIIC SKCIEPUMEHTAIBHBIX ¥ KOHTPOJIBHBIX KpbIC; *
p <0.05, ** p <0.01, nByxakropubiii ANOVA (Mozenb X JICYEHHUE) C anoCTEPHOPHBIM TECTOM MHOXECTBEHHbBIX
cpaBHeHuii Cujaka.
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Hamu nokxasaHo, 9To SKCIpeccHst TEHOB MapKepoB IpoBocHanuTebHOro Al ¢enormma ac-
TpouuToB Len2 u Gbp2 ysenmmamsaercst y TLE kpeic (cootserctento F . = 9.24; p < 0.01
uF ,,=20.89; p <0.001). Otnt M3MEHEHNS HOCHIIM OXHOHANPAB/ICHHBIN XapaKTep y JICYCHBIX
W HEJICUECHBIX KPbIC, XOTS TSl Len2 MeXTPYIIIOBBIE CPAaBHEHHMS BBISIBIISIOT JIOCTOBEPHBIE Pa3Ii-
YMs B TPYMIAX )KUBOTHBIX, KOTOPBIM BBOIWIIN KapaapuH, a [uisi Ghp2 — B rpynmnax HeJleueHbIX
kpoic. [Iponykims MPHK Genka 3ammtaOTO A2 dheHOTHIIA PrX3 3HAYMMO HE U3MEHSIIACH, A OKC-
npeccus TeHa apyroro mapkepa A2 S100a10 3aBucena kak ot TLE (F, ,, = 6.12; p = 0.02), Tax
u ot siedenns kapaapusoM (F ) = 11.56; p <0.01), B3anmoneiicteue daxropos (F, ,, = 5.55; p
=0.02). MakcumanbHOE YBEIMUEHUE IKCIIPECCUH ITOTO I'eHa Mapkepa A2 acTpOLMTOB OTMeYa-
ercs y nedeHsix TLE kpsic.

(a) (b)

Nos2 Arg]
Finteraction(1,23) = 0.51; p = 0.49 Finteraction(1,23) = L11; p = 0.30
Ftreatment(l’23) =132%p= 0.26 Ftreatment(1723) =0.32; p=10.58

Frpe(1,23) =3.20; p=0.09 Frip(1,23) =5.40; p = 0.03
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Finteraction(l’zo) =0.03;p=10.84
Ftreatmem(lnzo) =0.04;p=0.84
Fr1p(1,20) = 25.00; p < 0.001
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Puc. 5. OTHOCHTENBHAS YKCIPECCHS TEHOB MapKepoB IPOBOCHAIHTEISHOr0 M1 (a) M IPOTHBOBOCHIAIHTEIEHOTO
M2 (b) ¢eHOTHIIA MUKPOIIIHH, a TaK)KEe MX COOTHOLICHHE (C) B IOP3aJbHOM THMIIIOKAMIIE SKCIIEPUMEHTAIBHBIX
U KOHTPOJBHBIX KpbIC. * p < 0.05 B aByx(akropuoM ANOVA (Mozeib X JI€UEHHE) C aOCTEPUOPHBIM TECTOM MHO-
KECTBEHHbIX cpaBHeHUH Culaka.
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Okcnpeccust TeHa Mapkepa M1 mukpormin Nos2 HemHoro yemnmmBaiack y TLE kpric, on-
HAKO PasIHIHs HE IOCTHralH cTatueTiaeckoii suaanmoctH (F,, = 3.20; p = 0.09, puc. 5). lpu
stoM TLE npuBoguia k ymensiieHuto nponykimu MPHK mapkepa 3ammraoro M2 ¢denortuna
Argl (F,,, = 5.40; p = 0.04). M3BectHo, 4TO B Makpodarax 1 MUKpOInH (hepMEHTHI apruHasa
(ren Argl) n nagyrmoensHast NO-cuHTasza (TeH Nos2) KOHKYpupyIoT 3a cyocrpar L-apruaus,
YTO MOXXET aKTUBHPOBAaTh BHYTPHKIECTOUHBIE KacKaJlbl, CBI3aHHbBIC C MPOMYKIMEH 3alUTHBIX
(M2) wm npoBocnamrensHBIX (M1) daxropos [58]. Ilo3ToMy MBI JOMOIHUTETHHO TpOaHa-
JIM3UPOBAJIM COOTHOIICHUE Argl/Nos2 Kak mokasareib 0ajgaHca HeHpOIMPOTEKTOPHBIX U TIOBPE-
Kraroux MexaHnsmoB. Coorrowenne Argl/Nos2 camkanocs (F ) = 25.00; p < 0.001), uro
CBUJIETENILCTBYET O IpeBanupoBaHuy akTuBHOCTH M1 Mukpormuu y TLE xpeic. Kapnapus 3Ha-
YMMO HE BIIMSUT Ha 9T U3MEHEHHMSI.

Jlanee MbI UcclieOBaIN SKCIPECCHIO TEHOB HECKONBKHUX TPOPUUECKHUX (PaKTOPOB, BOBIIE-
YeHHBIX B PETyJHIIHIO dmmientorenesa — Bdnf, Gdnf u Fgf2 (puc. 6). Oxcnpeccns Bdnfu Fgf2
ysemmunBaiacek y TLE xuBotHbIx (coorercrBento F, ) =12.52; p <00l u F , =828; p <
0.01), mpu 3TOM IPU MEKTPYIIIOBOM CPABHEHHHU JJOCTOBEPHBIE OTIIMYMS OT KOHTPOJIS ist Bdnf
BBISIBJICHBI y HEJCYEHBIX, a U1 F'gf2 —y Ie4eHBIX KPBIC.

(@)
Bdnf
Finteraction(1,21) = 0.52; p = 0.48

(b)
Gdnf
Finteraction(1,23) = 0.06; p=10.80

Ftrealmem(],21) =0.35;p= 0.56
Fre(1,21) = 12.52; p < 0.01

Fireatment(1,23) = 0.65; p=0.43
Frig(1,23) =2.16; p=0.16
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Finteraction(lazz) =1.62; p=0.22
Fireatment(1,22) = 0.55; p = 0.46
Frie(1,22) =8.28; p < 0.01
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Puc. 6. OtHOCHUTENBHASL DKCIPECCUs TEHOB Heliporpoduyeckux (paxropoB Bdnf (a), Gdnf (b) u Fgf2 (c) B nop-
3aJIbHOM TuHnokamie kpoic; * p < 0.05; aByx¢axropusiii ANOVA (Monenb X JIeYeHHUE) € aroCTEPHOPHBIM TECTOM
MHOJKECTBEHHBIX cpaBHEeHHiT Cniaka.
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MBI TakKe UCCIIEOBAIIN, MOXKET JI BBEJICHHE KapAapHHa MOBIUATH Ha SKCIPECCHIO TCHOB
PPARSs y Hammx *uBOTHBIX (puc. 7). MccnenoBanue noka3zano, uro TLE He Bimsna Ha sKkcnpec-
cuto reHos Ppard u Pparg. Dxenpecenst Ppara canmxanack y TLE kpsic (F ), = 5.16; p = 0.03),
OJIHAKO 3TO CHIDKEHHE HAOIONAIOCh TPEUMYIIIECTBEHHO B TPYIIIE HEJEUEHBIX KphIC (arocre-
puopHbIe cpaBHeHUs, kpuTepuid Thtokn, Mexay Cntr+Veh nu TLE+Veh rpymmamu — p = 0.07;
Mexny Cntr+GW u TLE+GW rpymmamu — p = 0.94). JlocToBEepHOTO BIVSHIA KapIaprHa B MC-
TIOJTF30BAaHHOM HAMU J03€ M CXeMe BBEACHHS Ha dKcnpeccuro reHoB PPARs He oO6Hapy»keHo.

TaxuM 00pa3oM, MPOBEACHHOE UCCIIENOBAaHUE BBIIBUIIO, YTO SKCIIPECCUs OOIBIIMHCTBA
HCCIIeIOBAHHBIX T€HOB (TOKa3aTenel akTHBALlMM MHUKPO- M aCTPONIMANBHBIX KJIETOK, Map-
KepoB HelpoBocnanenus, M1, Al, M2, A2 ¢eHoTHIIOB, pOCTOBBIX (hPaKTOPOB) N3MEHSETCS
B XPOHHYECKYIO (ha3y JUTHUI-NIIOKApIHHOBOM Mozxenu. KapaapuH ycuianBan 3KCHPECCHIO
reHoB Nirp3, Len2, S100al0, Tgfb2 n Fgf2, a Taxoke ocinadisit noBeimernyo y TLE kpsic
sKkcmpeccuro reHoB Gbp2, Bdnf.

(a)
Ppara
Fimeraction(lazz) = 2-12;p =0.16
Ftreatment(lzzz) = 3-15;P = 009

(b)
Ppard
Fimeraction(]azo) = 0.63;]) =0.44
Ftreatment(LZO) = O-ll;p =0.75

Frie(1,22) = 5.16; p = 0.03 Frie(1,21) = 1.24; p=0.28
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Puc. 7. OtHocurenbHas sxcrpeccus reHoB PPARs: Ppara (a), Ppard (b), Pparg (¢) B 10p3albHOM TMIIIOKaMIIE
KpbIc; nByx(akTopHslit ANOVA (Mozenb X JiedeHue).
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OBCYXXIEHUE PE3YJIBTATOB

B nmannoO#t paboTe B JIMTHH-MMIOKAPIIMHOBOM MOJENH BHCOYHON AIMIICTICHH y KpBIC
MBI H3YYHMJIM M3MEHEHUs SKCHPECCHU B KIIETKaX THUINIOKAMIIA T€HOB acTpO- U MUKPOIIIH-
aJbHBIX OEJKOB, BOBICUEHHBIX B PETYJALMIO SMHJICHTOIeHe3a, a TaKXKe OLICHWIN BO3MOXK-
HOCTb IPEJOTBPAILECHUS Pa3BUTHUS ITUX HAPYLIECHUH ¢ TOMOIIbIO BBeAeHUs aronncta PPAR
Oera/menvra KapaapuHa. Jlo3a n cxema BBeleHMs KapJapvHa ObUTM HONOOpaHbI B HalleM
MpebIIYIIEeM HCCIEIOBaHUN Kak 3¢ QeKTuBHbIC A1 yMeHbleHus TLE-uHaynnpoBaHHbIX
HapyleHui noseaeHus [59].

[IpoBeneHHOE MCCIEIOBaHNE BRISBUIIO N3MEHEHNE IKCIIPECCUN OONBIIOT0 YHCIIa UcCie-
JIOBAaHHBIX TNIMAJIBHBIX TEHOB B XpoHHUecKyto a3y TLE moxenn. B wactHOCTH, SnumnenTore-
He3 ObUT CONPSDKEH C YBEIMYCHUEM KCIIPECCHH TE€HOB MapKepOB akTHBAIMK acTpo- (Gfap)
u Mukporuu (Aif1). Immansueiii pubprsapaenid kucisiii 6enok (GFAP) cunraercs map-
KEpPOM pPEaKTHUBHOTO acTporino3a [60], a BOCIATUTEIbHEIN (pakTOp ajuloTpaHCIUTaHTara |
(AIF1)—mapxepom mukporimo3sa [61]. [ummokammaasHEII acTpo- U MUKPOIIIHO3, TAKXKE KaK
U TIOBBIIEHHE 3Kcnpeccuu reHoB Gfap u Aifl, xapakrepHs! i kauHukd TLE [62] u Heon-
HOKpATHO OBUTH OMHCAHbI B JIUTHH-IIJIOKAPIIMHOBON Mozpenu [63]. ACTpo- ¥ MHUKpOIIIHO-
31C HE TOJBKO SBJISIOTCS CIEACTBHEM SITHIIETITOTeHe3a, HO M MOTYT YCHJIMBATh AajbHeHiIee
pa3BuTHE nmIIenTHYecKuX nporeccoB [64]. Kapnapun ne Bnusn Ha TLE-unaynupoBanHoe
ycuieHne dKcrpeccun reHoB Gfap u Aifl.

Cam 110 ce0Oe akT aKTHBAIlMK MHUKPO- M aCTPOIIHAIBHBIX KJIETOK HE MO3BOJISIET CYIUTh
00 UX CBOWCTBaX, MOCKOJIBbKY OHH MOTYT HaXOOHUTHCS B PAa3IMYHBIX (PyHKIMOHAIBHBIX CO-
CTOSIHUSX ((peHOTHIAX), TMOJSPHBIMH M3 KOTOPBIX SIBISIOTCS COOTBETCTBEHHO IIPOBOCIA-
nurenbHble M1 1 Al u 3ammrHble M2 u A2 QeHOTHITBI, XOTSI M CYLIECTBYET LEbIH psif
MIPOMEKYTOYHBIX COCTOSTHUH, M KJIETKA MOTYT IEPEXOIUTH OT OAHOTO (PEHOTHIA K APYTOMY
[12, 65]. [IpenapaTsl, CHOCOOHBIC YCHUIIUTH MOJSAPU3AIIUIO B CTOPOHY 3aIUTHBIX ()CHOTHIIOB,
paccMaTpUBAalOTCS KaK MEPCHEKTUBHBIE AT JIEYCHHS Pa3lINYHBIX HEPBHBIX 3a00ieBaHuUi,
naTtoreHe3 KOTOPBIX CBs3aH ¢ HeHpoBocnaitenueM [86—88]. Takumu cBoHCTBaMH MOTYT 00-
nanath aroHucTsl PPARs. Ha KynpType MUKpOTITHABHBIX KIETOK, CTUMYJIMPOBAaHHBIX OaKTe-
PHAIBHBIM 3HIOTOKCHHOM (4TO ycmnusaeT M1 nomspuzaruio), OblI0 ITOKa3aHo, 4To 100aB-
JICHUE B KYJBTYypalibHylo cpeny aronucra PPARy pocurnrazoHa criocoOCTBYeT CIBUTY OT
M1 x M2 denorumy. ItoT 3¢ deKT OBLT CBA3aH € yIydIIeHHEM ayToparui Yepe3 aKTHBAIIIO
curHanpHOro Myt LKB1/AMPK [14].

HeiipoBocmanenue urpaer KJI04eByI0 poiis B anmientorenese [3, 66]. Oqraxo B Mofe-
JISIX STMJIETICHN CIIOCOOHOCTH aroHncToB PPARS BIUMsITE Ha MONSPU3AIMIO TIHATBHBIX KJle-
TOK paHee He u3yJaiach. B maHHO# paboTe MbI HCCienoBaIu BiusHue aroHrcta PPAR Gera/
JIeNbTa Ha SKCIPECCHUIO MIPO- ¥ MPOTUBOBOCHAIUTEIBHBIX TEHOB, 4 TAKXKE TEHOB MapKepOB
A1/A2 n M1/M2 deHoTHroB B mutuii-muiokaprnuaoBoit mogenn TLE.

Hamu moxasano, uro B xpormdeckyto (asy TLE mMonenu y >KMUBOTHBIX UMEET MECTO pas-
BUTHE BOCIAIMTENIBHBIX MPOLECCOB — YCHINBAETCA 3KCIPECCHUS T'eHa MPOBOCHAIUTENBHOTO
IIUTOKWHA HHTepIelikuHa 1 Oera (//1b), ocHOBHOTO KOMIIOHEHTa nHpmamMmmMacoM (Nlrp3), map-
KepoB actpouutapHoro Al ¢eHoruna aunokanuHa (Len2) v nHTEpGEPOH-HHIY TUPOBAHHOTO
TyaHWIAT-CBA3bIBatomiero oenka 2 (Gbp2). AHanorudHasi TEHISHINS HaOIIoqaiachk B OTHO-
IIEHUH MapKepa MUKporransHoro ¢penotuna M1 unaynmbensHoit NO-cunTa3b! (Nos2), 9to
HapsAy C YBEIUYCHHEM COOTHOIICHUS Nos2/Argl cBUOETeNbCTBYET O capure M1/M2 mnons-
pH3aIMy B CTOPOHY NpoBOCTIANINTENbHOTO M1 peHOTHITA. DTH M3MEHEHNS HAOMIONAICH KaK
y J€UYEHBIX, TaK U Y HEJICUCHBIX KUBOTHBIX. [10IydeHHbIe pe3y/bTaThl XOPOIIO CONIACyOTCs
C JaHHBIMH, TTOJTyYeHHBIMH paHee HamH [3, 52], u ¢ maHHBIMH IpyTHX aBTOPOB [36, 67], BBI-
BUBIIMMH YCHJIEHHE SKCIIPECCUH POBOCHAINTENbHBIX TeHoB //1b, Nlrp3 w Len2 nipu snmen-
ToreHese. Kapmapia He3HAUNTEIFHO YCHIIMBAIT SKCTIPECCHIO TeHOB Nirp3 u Len2, HO ocnabisi
TIOBBIICHHYIO 3KcnpeccHio reHa Gbp2 n ve Biwsin Ha TLE-uHAyIMpOBaHHOE YCHIICHHE 3KC-
npeccuu rexa //1/b, moaToMy MbI HE MOXKEM CJIeJIaTh OHO3HAYHbIN BBIBOJ O BIIMSHHUU Kapja-
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pHHA Ha 3KCIIPECCHIO MPOBOCIAIUTEIBHBIX TCHOB 1 TEHOB — MapPKEPOB ITPOBOCHIATHTEIBHBIX
¢enoTnnoB. PaHee MpOTHBOBOCTIAIMTENIFHBIE CBOWCTBA KapAapruHa OBIIM IMPOIEMOHCTPHPO-
BaHbI Ha KYJIBType KJIETOK SMOPHOHAILHOTO MO3I'a KPBIC, CTUMYJIMPOBAHHBIX OaKTepHAILHBIM
sunonosucaxapuaoM [68]. OTcyTcTBUE BBIpaKEHHOTO JEUCTBHS KapJapHHA Ha 3KCIPECCUI0
MIPOBOCHAJIMTENIFHBIX TEHOB B HAIIIEM MCCIEIOBAHUN MOXKET OBITH CBSI3aHO C TEM, UYTO MBI HC-
MOJIB30BAJIH IPYTYIO 3KCIIEPUMEHTAIBHYO MOJIENb, H3y4Jalll OTCPOYEHHBIE 3P (HEKTHI TeueHNs,
MCIIONB30BAJN YKUBOTHBIX JIPYTOro BO3pacTa M Ooree HU3KYIO 103y npemnapara. [Ipu aTom cre-
JIyeT OTMETHTH, 4To GDp2 HE TONBKO SBIISIETCSI MapkepoM Al acTpOLMTOB, HO OH TAK)Ke MOBBI-
II1aeT aronTo3 HeHPOHOB B MATOJIOTMYECKUX YCIOBHAX [69], TOATOMY BBI3BaHHOE KapAapHHOM
ocnabnenue dKcnpeccur rena Gbp2 MOXKET UrpaTh MOJIOKUTEIBHYIO POJIb IJIs1 TIPEI0TBpaIliie-
uust TLE-uHIymmpoBaHHOM THOEIN HEPBHBIX KIIETOK.

B oTnnume ot reHoB — MapkepoB mpoBocnanuTesbHBIX Al 1 M1 denoTunos, sxcnpeccus
KOTOPBIX YCHJIMBaiach B XpoHnueckyro ¢azy TLE monenu, skcripeccusi reHOB 3alUTHBIX
6enxoB A2 1 M2 (eHOTHIIOB y IKCIIEPUMEHTAIIBHBIX KPbIC MEHSUIACh Pa3HOHAIPABICHHO:
nponykiust MPHK aprunassr 1 (4rgl, mapkep M2) cHMXKanach, SKCIPECCHs TeHa MEHTPaK-
cuHa 3 (Ptx3, mapkep A2) 3HaUNMO HE W3MEHSIACH, 4 SKCIPECCHsS TeHa MPOTUBOBOCIIANN-
TEJIFHOTO IIUTOKMHA aHTaroHucTa peuentopoB IL-1 (///rn) yBenuuuBanack B THUIIIOKAMIIE
Kak JICYCHBIX, Tak U HenedeHbIX TLE kpbic. Ycunenue skcnpeccuu rena ///rn B TUNIokamiie
KPBIC B XpPOHUYECKYIO (ha3y JUTHUI-ITHUIOKAPITUHOBOM MOJeNH paHee ObUIO MoKazaHo [52].
Dkcrpeccus TeHOB Argl u Ptx3 B MTUTHI-TMIIOKapITHHOBOW MOIEIHN HCCIICOBaHA BIIEPBEIE.

HawnGomnee sipkue 3¢ GeKTh KapapruHa IOKa3aHbl B OTHOLIEHHH 3KCIPECCHH F'eHa MapKe-
pa A2 denoruna S/00al0, ona yBenmuuBaiIach TOIBKO Y JIEUEHBIX )KUBOTHBIX. Panee ycuie-
Hue dkcnpeccuu rera S700al() 6bUI0 BBISIBICHO B THITIIOKAMIIE KPBIC B KAMHATHON MOJICITH
BrcogHOI anmnencu [70]. JlaHHBINA 6€JO0K TpaJUIIMOHHO PacCMaTPHUBAETCs Kak Mapkep A2
acTpounToB [71], XOTS €ro 3KcIpeccus Takke OOHapyKeHa B HEKOTOPBIX APYTHX KIETKax
moazra [72]. benok S100A10 B komIuiekce ¢ aHHEKCUHOM A2 BOBJIEYEH B OpraHU3ALUIO JIU-
ITUJTHBIX MUKPOZIOMEHOB Ha KJIETOYHOH MEMOpaHe, OH y4acTBYET B CBSI3BIBAHUN aKTHHOBBIX
(hMITAMEHTOB U KapKacoB IIUTOCKENIETa, B MEeMOPaHHOM TpaHcopTe u pudpunonuse [73, 74],
YTO OOBSCHSET €r0 BOBJICUYEHHOCTh B HelpopenapaTuBHble mpoiecchl. OqHako B HAHOOIb-
met crenern GyHKIH S100A10 B Mo3re 00CYKIAIOTCS B CBSI3H C €T0 BO3MOXKHOU POJIBIO
B IIaTOTEHE3€ ACMPECCUBHBIX PACCTPOMCTB [75]: HexBaTKa 3TOro Oellka BHI3BIBACT JIETpEC-
CHBHO-TI0I00HOE TIOBEJICHNE, a JICYEHUE aHTHCTIPECCAaHTAMH YCHIMBAET SKCIIPECCUIO TeHa
S§100a10 B runmokamme [75]. B HenaBHO TpoBeIeHHOM HCCIEJOBaHUN HaMU ObUTH BBISBIIE-
HBI aHKCHOIUTHYeCKUe 3Q(EeKThI KapaapruHa B INTHH-NHIOKAPIIMHOBOH MOIENH SIIUIICTICHH
[59]. Bo3mokHO, XOTSI OBI YacTUYHO 3TH 3(PPEKTH OMMOCPEAYIOTCS YCHICHHEM DKCIIPECCHU
rena S100al0.

Hamu Taroke Obuta MccienoBaHa dKCIIPECCHs TeHOB TpeX pocToBbIX (aktopoB — BDNF,
FGF2 u GDNF, mpoxynupyeMbIX MUKPO- U aCTPOIIHAIBHBIMH KiIeTKaMu [76—78] u BoBie-
YEHHBIX B PETYISINIO SMMICNTOTeHe3a. B 1aHHOM HccIenoBaHN HaMH MTOKa3aHo, 9TO KC-
npeccus reHoB Bdnfu Fgf2 ysennunBaercsi y TLE kpsic, a sxcnipeccust rena Gdnf He n3me-
Hsiercs. Panee ycusnenue skcnpeccuu rena Bdnf ObLI0 0Ka3aHO B BUCOYHBIX 00IaCTIX MO3ra
MAIMEeHTOB ¢ 3MWIencuer [79] u runnokammne 3KCrepUMeHTAIbHBIX )KUBOTHBIX B MTUJIOKap-
nuHoBor Monenu snwiencun [80]. Poms BDNF mpu snuientoreHese B HACTOSIIEE BPeMs
akTUBHO qucKyTupyetcs [81]. C omHON CTOPOHBI, CBA3BIBASCH C MEMOPAHHBIM PEIETITOPOM
tupo3nnkuHasel B (TrkB), oH 3amyckaeT cepurio KacKaJIHBIX PEAKLUH, KOTOPbIE NPUBOMIST:
1) x dhochoprmpoBaHHIO U AKTHBAIMU IIMKIMYECKOTO aJICHO3MHMOHO(OC)AT-CBA3BIBAO-
wero 6enka (CREB), koTopblit onocpenyeT TpaHCKPHIILMIO T'€HOB, CBSI3aHHBIX ¢ quddepeH-
IIUPOBKOM HEMPOHOB M MX BBDKUBaHKEM [82]; 2) K CHIKEHHUIO BO30YINMOCTH MTUPAMHUIHBIX
HelipoHOB YHTOpHHANEHOU KOPHI [83]. OTH 3¢ hexTst BDNF mpensTcTBYOT SIIIeITOTeHE3Y.
C apyroii croponsr, BDNF MoxeT crtocoOCTBOBATh pa3BHTHIO SMIICIITHYECKUX MPOIIECCOB.
IToxa3zano, uTo BHyTpUrunmnokammnaisHoe BBeaeHne BDNF MoxeT HHIynupoBats cynoporuy,
BEPOSITHO, 33 CUET CTHUMYJISAIMM IPOPACTaHUS MIIUCTHIX BOJOKOH (BaKHBIM MaToreHeTHYe-
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ckuit Mexaam3M stwutenicud [84]). B menom npenmonaraercs [81], 9aTo B puznonorndeckux
koHIeHTparmsix BDNF cnocoOcTByeT BEDKMBAaHHIO HEWPOHOB, OJHAKO H30BITOYHAS 3KC-
npeccusi BDNF MoxeT 3HaunTEeNbHO MOBBIIIATh BO30OYAMMOCTh HEHPOHOB W YBEIMUYHBATH
BOCIPUUMYMBOCTH K 3nuiienicu. B HameM uccnegoBanuu TLE npuBoguia K MHOTOKpar-
HOMY YCHJICHHIO DKCIIpecCHU reHa Bdnf B KleTKaxX T'MIINOKaMIa, KapIaphH 0cialiisul 3Tu
HapyUIEHHS, YTO, BEPOSTHO, MOXKHO PACCMaTPHUBAaTh KaK aHTHUAMMICHTOTCHHBIN AP (EKT.

Heitporpoduueckuii pakrop ruanpHor kiertouHoi suaun (GDNF) sBisercs MOUTHBIM
(hakTOpOM BBDKMBAHHMS JJIs1 HEKOTOPBIX THIIOB HelpoHOB. [ToBbimienue ypoBuss GDNF mytem
WHBEKLUHA B TUIIOKAMI BUPYCHBIX areHTOB, MPOAYLUPYIOIIMX TOT OEJIOK, CHIKAET BbIpa-
KEHHOCTb CY/IOPOT B SKCIIEPUMEHTAILHBIX MOJIEIIsIX anuiericuu [85]. Panee OblI0 mokasaHo
ycuIleHre 3Kcrpeccruu reHa Gdnf B TUIIIOKaMITE KPBIC B TIEPBbIE YaChl ITOCTIE CYJ0pPOT, UHIYIIU-
POBaHHBIX BBEJICHHEM KaWHOBOM KHCIIOTHI [86] b0 munokaprnuHa [87]. Bo3MoxkHO, 4TO yCH-
JIEHUE 3KCIPECCHUU 3TOTO TE€Ha OTPaXaeT 3allyCK 3alllUTHBIX CUCTEM MO3ra Ha paHHUX dTamax
SMWIIETITOTeHe3a. B IpoBeieHHOM HaMu SKCIIEPUMEHTE MBI He HAOIIONAIN YCHIIEHHS SKCIIpec-
cun reHa Gdnf B XpOHUUECKYIO (hasy JTUTHI-IHIIOKAPITHOBON MOJIEN BUCOYHON SIHIICTICHHL.

MBI nokazanu Takxke, 4To y KUBOTHbIX ¢ TLE B mop3aJlbHOM THIIOKaMIE BO3PACTaET
skcmpeccus rera Fgf2, u 31oT 3QdeKT cribHee BBIPaKEH y KPBIC, KOTOPHIM BBOAMIIH Kap-
nmapuH. FGF2 sBusiercss MHOTO(GYHKIIMOHATEHBIM (PAKTOPOM POCTa, BOBJICYCHHBIM B PETy-
JISILUIO TPOLIECCOB HEHpPOTreHe3a, HEHPOBOCHAIIEHNS M CHHANITHYECKON TutacTuyHocTy [88],
HapymeHHOH npu smmtentoreHese [89]. HeliponpoTekTopHEIE U pereHepaTHBHEIC CBOMCTBA
FGF2 moka3aHbl Ha MHOTHX MOJEINSAX HEpBHBIX 3aboneBanuil [88]. Dkcmpeccus reHa Fgf2
B THITITOKAMITE BO3PACTacT BO MHOTHUX MOJEIISIX OCTPHIX cymopor u smwtencun [90]. Tak ke
kak 1 BDNF, FGF2 MoxeT oka3pIBaTh pa3HOHAIIPaBIEHHOE ACHCTBIE HA Pa3BUTHE DITHJICTI-
TUYECKHX IPOIECCOB, C OMHONH CTOPOHBI, YCHJIMBAS IPOLECCH BO3OYXICHHSA, C IPYTOH —
npezpoTBpaias rudens Heiiponos [90]. B yacTtHoCTH, OBUIO 1MOKAa3aHO, YTO BHYTPHUMO3TOBOE
BBesieHHe (apmakonorndeckux 103 FGF2 npoBoumpyeT MKTaabHYI aKTHBHOCTH B HEHpO-
Hax runmnokamna [91]. OxHako XxpoHuueckoe BBeneHue Hu3kux 103 FGF2 He uzmenser -
KECTh KaWHaT-WHyLUPOBAaHHBIX CYAOPOT, HO MPEJOTBPAIIaeT CBA3aHHYIO C HUMHU THOeNb
HEWpOHOB B rummokamie [92], a Takxke OIOKMPYET pa3BUTHE TMOBEJEHYECKUX HapyIICHHN
B JJaHHOW Mojenu snunencuu [91]. B Hamem uccnenoBaHNM 0TMEUAeTCsl OTHOCUTENBHO He-
OoJiblIoe yBEIMYEHUE SKCIIPECCUH I'eHa Fgf2, He3HaYnTeIbHO YCHIEHHOE KapiapuHoM. Pa-
Hee HaMH I0Ka3aHo, YTOo KapAapuH ocnalinser noseneHuyeckue Hapymenuid B TLE moxenn
[59]. O1n dakTs! MO3BONAIOT paccMaTpHUBaTh MOBHIIICHUE YKCIIPECCHH TeHa Fgf2 B HalleM
9KCIIEPUMEHTE CKOpee KaK HeHpOIpOTEKTOPHBIH 3P deKT.

B npoBeneHHOM HaMM UCCIIEIOBAHUY BIIEPBBIE NTOKAa3aHO, 4TO Ipu pa3sutuu TLE B nop-
3aJIbHOM THIIIOKAMITE KPBIC CHIDKAETCs SKCTIpeccusi reHa Ppara. Panee ObuI0 OKa3aHo, 4TO
aroructsl PPAR0 ocimabnsioT pa3BuTHEe HEMPOBOCTANICHHS B PA3TUYHBIX YKCIICPAMEHTAIIb-
HbIX Mozesix [93, 94]. Takke BbIsiBIEHO, uTO akTuBauusi PPARo cHMKaeT BBIpa)KeHHOCTh
HUKOTHH-WHIYIIHPOBAaHHBIX CYAOPOT y KPBIC [95] 1 yMEHbBIIAeT YacTOTY IPUCTYTIOB Y TaIld-
€HTOB C (hapMaKOPE3UCTECHTHOW HOYHOH JI0OHOM smmtenicueit [96]. TlosToMy BEISIBICHHOE
HaMH YMEHBIIICHHE SKCIIPECCHH TeHa Ppara CBUICTEILCTBYET O IMOJABICHIH €CTECTBEHHBIX
HEHPOIPOTEKTOPHBIX MeXaHU3MOB Y Kpbic ¢ TLE.

B menom mpoBeneHHOE HAMHU HCCIIEAOBAaHHE BBISBIIIO W3MEHEHHWE aKTHBHOCTH acTpO-
W MUKPOIJIMU B TIPOIECCE AMMJIETITOTEHE3a, B OCHOBHOM CBSI3aHHOE C YCHJIGHHEM HEWpo-
BOCTIAJTUTEIHHBIX MIPOIECCOB U OCIAOICHHEM HEWPOMPOTEKTOPHBIX CBOMCTB ITHX KIIETOK.
Brusinue kapaapiHa Ha 3TH HapyIIeHHs ObLIIO YMEPEHHBIM, OCHOBHOH ero 3¢ (GeKT MposiBUII-
Csl B yCHJICHUH SKCIIPECCUU TeHa 3aIMTHOTO Mapkepa A2 actporutoB S100al0).

BKJIAJIbI ABTOPOB

[TnanupoBanue pabotsl 1 3kcnepumentoB (O.E.3.), mpoBeneHne 3KCIEPUMEHTOB U cOOp TaHHBIX
(A.PX., AN.P), obpaborka nanusix (A.P.X., A.M.P.), HanucaHnue u pefakTHPOBAHHE MAaHYCKpPHUIITA
(O.E3., APX)).
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OMHAHCHMPOBAHUE PABOTBI

Jlannas pabora puHaHCHpOBanack 3a cueT cpeacTB Poccuiickoro HaydHoro ¢onaa (mpoekt Ne 23—
25-00480). Huxakux JOMONHUTENIBHBIX TPAHTOB HA MPOBEICHUE WIIN PYKOBOJACTBO JaHHBIM KOHKpET-
HbBIM HCCJIEIOBAHHEM IIOTyYEHO HE ObLIO.

COBJIIOJJEHUE OTUYECKHUX CTAHIAPTOB

Bce skcriepinMeHTHI, TPOBOANMEIE C KUBOTHBIMH, OBUTH COTTIACOBAHBI M YTBEPIKIEHBI KOMICCHEH 110
ouoatuke UDDB PAH (TIpotokoi Ne 1-16 / 2023 3acenanus Ne 1 komuccun mo 6nostike UODb PAH
or 26.01.2023 r.). Bce sxcnepuMeHTHl IPOBOAATCS B COOTBETCTBUH € PyKOBOACTBOM MO OOpAILICHUIO
¢ 1a0OpaTOPHBIMHU KUBOTHBIMH, JIEHCTBYIONMMHE B VIHCTHTYTE 3BONIOIMOHHON (DU3HOTIOTHN U OHOXH-
MHH. 10 pykoBozcTBO coorBercTBYeT [Anpexruse EC 2010/63/EC 06 skcnieprMeHTax Ha )KHBOTHBIX.

KOH®JIUKT UHTEPECOB

ABTOpEI 3TOM pabOTHI 3asBIIOT, YTO Y HUX HET KOH(INKTAa HHTEPECOB.

CIIMCOK JIMTEPATYPBI

1. Fiest KM, Sauro KM, Wiebe S, Patten SB, Kwon C-S, Dykeman J, Pringsheim T, Lorenzetti DL,
Jetté N (2017) Prevalence and incidence of epilepsy. Neurology 88: 296-303.
https://doi.org/10.1212/WNL.0000000000003509

2. Loscher W, Klitgaard H, Twyman RE, Schmidt D (2013) New avenues for anti-epileptic drug
discovery and development. Nat Rev Drug Discov 12: 757-776.
https://doi.org/10.1038/nrd4126

3. Soltani Khaboushan A, Yazdanpanah N, Rezaei N (2022) Neuroinflammation and Proinflamma-
tory Cytokines in Epileptogenesis. Mol Neurobiol 59: 1724-1743.
https://doi.org/10.1007/s12035-022-02725-6

4. Chen B, Choi H, Hirsch LJ, Katz A, Legge A, Buchsbaum R, Detyniecki K (2017) Psychiatric and
behavioral side effects of antiepileptic drugs in adults with epilepsy. Epilepsy Behav 76: 24-31.
https://doi.org/10.1016/j.yebeh.2017.08.039

5. Akyuz E, Polat AK, Eroglu E, Kullu I, Angelopoulou E, Paudel YN (2021) Revisiting the role of
neurotransmitters in epilepsy: An updated review. Life Sci 265: 118826.
https://doi.org/10.1016/j.1£5.2020.118826

6.  Boison D, Steinhduser C (2018) Epilepsy and astrocyte energy metabolism. Glia 66: 1235-1243.
https://doi.org/10.1002/glia.23247

7. Pracucci E, Pillai V] Lamers D, Parra R, Landi S (2021) Neuroinflammation: A Signature or a
Cause of Epilepsy? Int J Mol Sci 22: 6981.
https://doi.org/10.3390/ijms22136981

8. Dyomina AV, Zubareva OFE, Smolensky 1V, Vasilev DS, Zakharova MV, Kovalenko AA, Schwarz AP,
Ischenko AM, Zaitsev AV (2020) Anakinra Reduces Epileptogenesis, Provides Neuroprotection,
and Attenuates Behavioral Impairments in Rats in the Lithium-Pilocarpine Model of Epilepsy.
Pharmaceuticals (Basel) 13: 340.
https://doi.org/10.3390/ph13110340

9.  Dubé C, Vezzani A, Behrens M, Bartfai T, Baram TZ (2005) Interleukin-1beta contributes to the
generation of experimental febrile seizures. Ann Neurol 57: 152—155.
https://doi.org/10.1002/ana.20358

10. Kwon HS, Koh S-H (2020) Neuroinflammation in neurodegenerative disorders: the roles of mi-
croglia and astrocytes. Transl Neurodegener 9: 42.
https://doi.org/10.1186/s40035-020-00221-2

11. Deng X-L, Feng L, Wang Z-X, Zhao Y-E, Zhan Q, Wu X-M, Xiao B, Shu Y (2020) The Runx1/
Notchl Signaling Pathway Participates in M1/M2 Microglia Polarization in a Mouse Model of
Temporal Lobe Epilepsy and in BV-2 Cells. Neurochem Res 45: 2204-2216.
https://doi.org/10.1007/s11064—-020—-03082-3

12. Fan Y-Y, Huo J (2021) A1/A2 astrocytes in central nervous system injuries and diseases: Angels
or devils? Neurochem Int 148: 105080.
https://doi.org/10.1016/j.neuint.2021.105080



BJIIMAHUE KAPJAPUHA HA DKCIIPECCHUIO 831

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Hong F, Pan S, Guo Y, Xu P, Zhai Y (2019) PPARs as Nuclear Receptors for Nutrient and Energy
Metabolism. Molecules 24: 2545.

https://doi.org/10.3390/molecules24142545

Ji J, Xue T-F, Guo X-D, Yang J, Guo R-B, Wang J, Huang J-Y, Zhao X-J, Sun X-L (2018) An-
tagonizing peroxisome proliferator-activated receptor vy facilitates M1-to-M2 shift of microglia
by enhancing autophagy via the LKB1-AMPK signaling pathway. Aging Cell 17: €12774.
https://doi.org/10.1111/acel.12774

Krémarik-Bouillaud P, Schohn H, Daug¢a M (2000) Regional distribution of PPAR in the cerebel-
lum of the rat. ] Chem Neuroanat 19: 225-232.
https://doi.org/10.1016/S0891-0618(00)00065-X

Granneman J, Skoff R, Yang X (1998) Member of the peroxisome proliferator-activated receptor
family of transcription factors is differentially expressed by oligodendrocytes. J Neurosci Res 51:
563-573.

https://doi.org/10.1002/(SICI)1097-4547(19980301)51:5<563:: AID-JNR3>3.0.CO;2-D
Bernardo A, Ajmone-Cat MA, Levi G, Minghetti L (2003) 15-deoxy-deltal2,14-prostaglandin
J2 regulates the functional state and the survival of microglial cells through multiple molecular
mechanisms. J Neurochem 87: 742-751.

https://doi.org/10.1046/j.1471-4159.2003.02045.x

Cristiano L, Bernardo A, Cerui MP (2001) Peroxisome proliferator-activated receptors (PPARs)
and peroxisomes in rat cortical and cerebellar astrocytes. J Neurocytol 30: 671-683.
https://doi.org/10.1023/A:1016525716209

Grygiel-Gorniak B (2014) Peroxisome proliferator-activated receptors and their ligands: nutri-
tional and clinical implications —a review. Nutr J 13: 17.
https://doi.org/10.1186/1475-2891-13-17

Knowles S, Budney S, Deodhar M, Matthews SA, Simeone KA, Simeone TA (2018) Ketogenic diet
regulates the antioxidant catalase via the transcription factor PPARY2. Epilepsy Res 147: 71-74.
https://doi.org/10.1016/j.eplepsyres.2018.09.009

Senn L, Costa A-M, Avallone R, Socala K, Wlaz P, Biagini G (2023) Is the peroxisome proliferator-
activated receptor gamma a putative target for epilepsy treatment? Current evidence and future
perspectives. Pharmacol Ther 241: 108316.

https://doi.org/10.1016/j.pharmthera.2022.108316

Pérez-Segura I, Santiago-Balmaseda A, Rodriguez-Herndndez LD, Morales-Martinez A, Mar-
tinez-Becerril HA, Martinez-Gomez PA, Delgado-Minjares KM, Salinas-Lara C, Martinez-Davi-
la I4, Guerra-Crespo M, Pérez-Severiano F, Soto-Rojas LO (2023) PPARs and Their Neuropro-
tective Effects in Parkinson’s Disease: A Novel Therapeutic Approach in a-Synucleinopathy? Int
J Mol Sci 24: 3264.

https://doi.org/10.3390/ijms24043264

Adabi Mohazab R, Javadi-Paydar M, Delfan B, Dehpour AR (2012) Possible involvement of
PPAR-gamma receptor and nitric oxide pathway in the anticonvulsant effect of acute pioglitazone
on pentylenetetrazole-induced seizures in mice. Epilepsy Res 101: 28-35.
https://doi.org/10.1016/j.eplepsyres.2012.02.015

Yu X, Shao X-G, Sun H, Li Y-N, Yang J, Deng Y-C, Huang Y-G (2008) Activation of cerebral per-
oxisome proliferator-activated receptors gamma exerts neuroprotection by inhibiting oxidative
stress following pilocarpine-induced status epilepticus. Brain Res 1200: 146-158.
https://doi.org/10.1016/j.brainres.2008.01.047

Peng J, Wang K, Xiang W, Li Y, Hao Y, Guan Y (2019) Rosiglitazone polarizes microglia and
protects against pilocarpine-induced status epilepticus. CNS Neurosci Ther 25: 1363-1372.
https://doi.org/10.1111/cns.13265

Tang X, Yan K, Wang Y, Wang Y, Chen H, Xu J, Lu Y, Wang X, Liang J, Zhang X (2020) Activation
of PPAR-B/d Attenuates Brain Injury by Suppressing Inflammation and Apoptosis in a Collage-
nase-Induced Intracerebral Hemorrhage Mouse Model. Neurochem Res 45: 837-850.
https://doi.org/10.1007/s11064—-020-02956-w

Ahmed Juvale II, Che Has AT (2020) The evolution of the pilocarpine animal model of status
epilepticus. Heliyon 6: e04557.

https://doi.org/10.1016/j.heliyon.2020.e04557

Curia G, Lucchi C, Vinet J, Gualtieri F, Marinelli C, Torsello A, Costantino L, Biagini G (2014)
Pathophysiogenesis of mesial temporal lobe epilepsy: is prevention of damage antiepileptogenic?
Current Med Chem 21: 663—688.

https://doi.org/10.2174/0929867320666131119152201

Bojja SL, Singh N, Kolathur KK, Rao CM (2022) What is the Role of Lithium in Epilepsy? Curr
Neuropharmacol 20: 1850-1864.

https://doi.org/10.2174/1570159X20666220411081728



832

XAPUCOBA u np.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Furtado MA, Castro OW, Vecchio FD, Oliveira JAC de, Garcia-Cairasco N (2011) Study of
spontaneous recurrent seizures and morphological alterations after status epilepticus induced by
intrahippocampal injection of pilocarpine. Epilepsy and Behavior 20: 257-266.
https://doi.org/10.1016/j.yebeh.2010.11.024

Paxinos G, Watson C (2007) The rat brain in stereotaxic coordinates. 6th ed. Elsevier/Acad Press.
Amsterdam, Boston.

Dubey V, Roy A, Dixit AB, Tripathi M, Pandey S, Jain S, Chandra PS, Banerjee J (2023) Dendritic
reorganization in the hippocampus, anterior temporal lobe, and frontal neocortex of lithium-pilo-
carpine induced Status Epilepticus (SE). J Chem Neuroanat 133: 102329.
https://doi.org/10.1016/j.jchemneu.2023.102329

Jurga AM, Paleczna M, Kadluczka J, Kuter KZ (2021) Beyond the GFAP-Astrocyte Protein
Markers in the Brain. Biomolecules 11: 1361.

https://doi.org/10.3390/biom11091361

Jurga AM, Paleczna M, Kuter KZ (2020) Overview of General and Discriminating Markers of
Differential Microglia Phenotypes. Front Cell Neurosci 14: 198.
https://doi.org/10.3389/fncel.2020.00198

Wu C, Zhang G, Chen L, Kim S, Yu J, Hu G, Chen J, Huang Y, Zheng G, Huang S (2019) The Role
of NLRP3 and IL-1f in Refractory Epilepsy Brain Injury. Front Neurol 10: 1418.
https://doi.org/10.3389/fneur.2019.01418

Shin HJ, Jeong EA, Lee JY, An HS, Jang HM, Ahn YJ, Lee J, Kim KE, Roh GS (2021) Lipocalin-2
Deficiency Reduces Oxidative Stress and Neuroinflammation and Results in Attenuation of Kai-
nic Acid-Induced Hippocampal Cell Death. Antioxidants 10: 100.
https://doi.org/10.3390/antiox10010100

Sharma S, Puttachary S, Thippeswamy T (2019) Glial source of nitric oxide in epileptogenesis: A
target for disease modification in epilepsy. J Neurosci Res 97: 1363-1377.
https://doi.org/10.1002/jnr.24205

Munder M (2009) Arginase: an emerging key player in the mammalian immune system. Br J
Pharmacol 158: 638-651.

https://doi.org/10.1111/j.1476-5381.2009.00291.x

Cherry JD, Olschowka JA, O’Banion MK (2014) Neuroinflammation and M2 microglia: the
good, the bad, and the inflamed. J Neuroinflammat 11: 98.
https://doi.org/10.1186/1742-2094—-11-98

Simonato M (2014) Gene therapy for epilepsy. Epilepsy Behav 38: 125-130.
https://doi.org/10.1016/j.yebeh.2013.09.013

AlRuwaili R, Al-Kuraishy HM, Al-Gareeb Al, Ali NH, Alexiou A, Papadakis M, Saad HM, Bati-
ha GE-S (2024) The Possible Role of Brain-derived Neurotrophic Factor in Epilepsy. Neurochem
Res 49: 533-547.

https://doi.org/10.1007/s11064—023-04064-x

Chiavellini P, Canatelli-Mallat M, Lehmann M, Goya RG, Morel GR (2022) Therapeutic potential
of glial cell line-derived neurotrophic factor and cell reprogramming for hippocampal-related
neurological disorders. Neural Regen Res 17: 469-476.
https://doi.org/10.4103/1673-5374.320966

Livak KJ, Schmittgen TD (2001) Analysis of relative gene expression data using real-time quanti-
tative PCR and the 2-AACT method. Methods 25: 402—408.
https://doi.org/10.1006/meth.2001.1262

Schwarz AP, Malygina DA, Kovalenko AA, Trofimov AN, Zaitsev AV (2020) Multiplex qPCR assay
for assessment of reference gene expression stability in rat tissues/samples. Mol Cell Probes 53:
101611.

https://doi.org/10.1016/1.mcp.2020.101611

Bonefeld BE, Elfving B, Wegener G (2008) Reference genes for normalization: a study of rat brain
tissue. Synapse 62: 302-309.

https://doi.org/10.1002/syn.20496

Lin W, Burks CA, Hansen DR, Kinnamon SC, Gilbertson TA (2004) Taste receptor cells express
pH-sensitive leak K* channels. J Neurophysiol 92: 2909-2919.
https://doi.org/10.1152/jn.01198.2003

Yamaguchi M, Yamauchi A, Nishimura M, Ueda N, Naito S (2005) Soybean oil fat emulsion
prevents cytochrome P450 mRNA down-regulation induced by fat-free overdose total parenteral
nutrition in infant rats. Biol Pharm Bull 28: 143-147.

https://doi.org/10.1248/bpb.28.143

Swijsen A, Nelissen K, Janssen D, Rigo J-M, Hoogland G (2012) Validation of reference genes for
quantitative real-time PCR studies in the dentate gyrus after experimental febrile seizures. BMC
Res Notes 5: 685.

https://doi.org/10.1186/1756—-0500-5-685



BJIIMAHUE KAPJAPUHA HA DKCIIPECCHUIO 833

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Pohjanvirta R, Niittynen M, Lindén J, Boutros PC, Moffat ID, Okey AB (2006) Evaluation of vari-
ous housekeeping genes for their applicability for normalization of mRNA expression in dioxin-
treated rats. Chem Biol Interact 160: 134-149.

https://doi.org/10.1016/1.cbi.2006.01.001

Langnaese K, John R, Schweizer H, Ebmeyer U, Keilhoff G (2008) Selection of reference genes
for quantitative real-time PCR in a rat asphyxial cardiac arrest model. BMC Mol Biol 9: 53.
https://doi.org/10.1186/1471-2199-9-53

Rioja I, Bush KA, Buckton JB, Dickson MC, Life PF (2004) Joint cytokine quantification in two
rodent arthritis models: kinetics of expression, correlation of mRNA and protein levels and re-
sponse to prednisolone treatment. Clin Exp Immunol 137: 65-73.
https://doi.org/10.1111/j.1365-2249.2004.02499.x

Zubareva OE, Dyomina AV, Kovalenko AA, Roginskaya Al, Melik-Kasumov TB, Korneeva MA,
Chuprina AV, Zhabinskaya AA, Kolyhan SA, Zakharova MV, Gryaznova MO, Zaitsev AV (2023)
Beneficial Effects of Probiotic Bifidobacterium longum in a Lithium-Pilocarpine Model of Tem-
poral Lobe Epilepsy in Rats. Int J Mol Sci 24: 8451.

https://doi.org/10.3390/ijms24098451

Su J-C, Zhang Y, Cheng C, Zhu Y-N, Ye Y-M, Sun Y-K, Xiang S-Y, Wang Y, Liu Z-B, Zhang X-F
(2021) Hydrogen regulates the M1/M2 polarization of alveolar macrophages in a rat model of
chronic obstructive pulmonary disease. Exp Lung Res 47: 301-310.
https://doi.org/10.1080/01902148.2021.1919788

Sang N, Yun Y, Li H, Hou L, Han M, Li G (2010) SO2 inhalation contributes to the development
and progression of ischemic stroke in the brain. Toxicol Sci 114: 226-236.
https://doi.org/10.1093/toxsci/kfq010

Cernecka H, Doka G, Srankova J, Pivackova L, Malikova E, Galkova K, Kyselovic J, Krenek P,
Klimas J (2016) Ramipril restores PPARB/S and PPARY expressions and reduces cardiac NADPH
oxidase but fails to restore cardiac function and accompanied myosin heavy chain ratio shift in
severe anthracycline-induced cardiomyopathy in rat. Eur J Pharmacol 791: 244-253.
https://doi.org/10.1016/j.ejphar.2016.08.040

Chistyakov DV, Aleshin SE, Astakhova AA, Sergeeva MG, Reiser G (2015) Regulation of peroxi-
some proliferator-activated receptors (PPAR) o and -y of rat brain astrocytes in the course of
activation by toll-like receptor agonists. J Neurochem 134: 113-124.
https://doi.org/10.1111/jnc.13101

Johnson AM, Sugo E, Barreto D, Hiew C-C, Lawson JA, Connolly AM, Somerville E, Hasic E,
Bye AM, Cunningham AM (2016) The Severity of Gliosis in Hippocampal Sclerosis Correlates
with Pre-Operative Seizure Burden and Outcome After Temporal Lobectomy. Mol Neurobiol 53:
5446-5456.

https://doi.org/10.1007/s12035-015-9465-y

Rath M, Miiller I, Kropf P, Closs EI, Munder M (2014) Metabolism via Arginase or Nitric Oxide
Synthase: Two Competing Arginine Pathways in Macrophages. Front Immunol 5: 532.
https://doi.org/10.3389/fimmu.2014.00532

Subkhankulov MR, Sinyak DS, Guk VA, Postnikova TYu, Roginskaya Al, Zubareva OE (2024)
Cardarin Effect on the Formation of Histopathological and Behavioral Abnormalities in the Lith-
ium-Pilocarpine Model of Temporal Lobe Epilepsy in Rats. J Evol Biochem Phys 60: 316-331.
https://doi.org/10.1134/S002209302401023X

Xu Z, Xue T, Zhang Z, Wang X, Xu P, Zhang J, Lei X, Li Y, Xie Y, Wang L, Fang M, Chen Y (2011)
Role of signal transducer and activator of transcription-3 in up-regulation of GFAP after epilepsy.
Neurochem Res 36: 2208-2215.

https://doi.org/10.1007/s11064—-011-0576-1

Flores-Cuadrado A, Saiz-Sanchez D, Mohedano-Moriano A, Lamas-Cenjor E, Leon-Olmo V,
Martinez-Marcos A, Ubeda-Baiion I (2021) Astrogliosis and sexually dimorphic neurodegenera-
tion and microgliosis in the olfactory bulb in Parkinson’s disease. NPJ Parkinsons Dis 7: 11.
https://doi.org/10.1038/s41531-020-00154-7

Kandratavicius L, Peixoto-Santos JE, Monteiro MR, Scandiuzzi RC, Carlotti CG, Assirati JA,
Hallak JE, Leite JP (2015) Mesial temporal lobe epilepsy with psychiatric comorbidities: a place
for differential neuroinflammatory interplay. J Neuroinflammat 12: 38.
https://doi.org/10.1186/s12974-015-0266-z

Kyriatzis G, Bernard A, Bole A, Khrestchatisky M, Ferhat L (2024) In the Rat Hippocampus,
Pilocarpine-Induced Status Epilepticus Is Associated with Reactive Glia and Concomitant In-
creased Expression of CD31, PDGFRp, and Collagen IV in Endothelial Cells and Pericytes of the
Blood-Brain Barrier. Int J Mol Sci 25: 1693.

https://doi.org/10.3390/ijms25031693

Robel S, Sontheimer H (2016) Glia as drivers of abnormal neuronal activity. Nat Neurosci 19: 28-33.
https://doi.org/10.1038/nn.4184



834

XAPUCOBA u np.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Robel S (2017) Astroglial Scarring and Seizures: A Cell Biological Perspective on Epilepsy. Neu-
roscientist 23: 152—168.

https://doi.org/10.1177/1073858416645498

Rana A, Musto AE (2018) The role of inflammation in the development of epilepsy. J Neuroin-
flammat 15: 144.

https://doi.org/10.1186/s12974-018-1192-7

Pohlentz MS, Miiller P, Cases-Cunillera S, Opitz T, Surges R, Hamed M, Vatter H, Schoch S,
Becker AJ, Pitsch J (2022) Characterisation of NLRP3 pathway-related neuroinflammation in
temporal lobe epilepsy. PLoS One 17: €0271995.

https://doi.org/10.1371/journal.pone.0271995

Defaux A, Zurich M-G, Braissant O, Honegger P, Monnet-Tschudi F (2009) Effects of the PPAR-
beta agonist GW501516 in an in vitro model of brain inflammation and antibody-induced demy-
elination. J Neuroinflammat 6: 15.

https://doi.org/10.1186/1742-2094-6-15

Alese OO, Mabandla MV (2019) Upregulation of hippocampal synaptophysin, GFAP and mGluR3
in a pilocarpine rat model of epilepsy with history of prolonged febrile seizure. ] Chem Neuroanat
100: 101659.

https://doi.org/10.1016/j.jchemneu.2019.101659

Dahal A, Govindarajan K, Kar S (2023) Administration of Kainic Acid Differentially Alters As-
trocyte Markers and Transiently Enhanced Phospho-tau Level in Adult Rat Hippocampus. Neuro-
science 516: 27-41.

https://doi.org/10.1016/j.neuroscience.2023.02.010

Fei X, Dou Y-N, Wang L, Wu X, Huan Y, Wu S, He X, Lv W, Wei J, Fei Z (2022) Homerl promotes
the conversion of Al astrocytes to A2 astrocytes and improves the recovery of transgenic mice
after intracerebral hemorrhage. J Neuroinflammat 19: 67.
https://doi.org/10.1186/s12974-022—-02428-8

Milosevic A, Liebmann T, Knudsen M, Schintu N, Svenningsson P, Greengard P (2017) Cell- and
region-specific expression of depression-related protein p11 (S100a10) in the brain. J Comp Neu-
rol 525:955-975.

https://doi.org/10.1002/cne.24113

Ogweno G, Murungi E (2023) Evolving Paradigms in Laboratory Biomarkers of Fibrinolysis
Phenotypes and Association with Post-Traumatic Vascular Thrombosis. In book: Advances in the
Diagnosis and Management of Vascular Thrombosis. IntechOpen.
https://doi.org/10.5772/intechopen.111678

Okura G, Bharadwaj A, Waisman Dm (2023) Recent Advances in Molecular and Cellular Func-
tions of SI00A10. Biomolecules 13(10): 1450.

https://doi.org/10.3390/biom13101450

Svenningsson Per, Kim K, Warner-Schmidt J, Oh Y, Greengard P (2013) p11 and its role in depres-
sion and therapeutic responses to antidepressants. Nature Rev Neurosci 14(10): 673—680.
https://doi.org/10.1038/nrn3564

Yamagata K, Hakata K, Maeda A, Mochizuki C, Matsufuji H, Chino M, Yamori Y (2007) Ad-
enosine induces expression of glial cell line-derived neurotrophic factor (GDNF) in primary rat
astrocytes. Neurosci Res 59: 467-474.

https://doi.org/10.1016/j.neures.2007.08.016

Fahmy GH, Moftah MZ (2010) FGF-2 in Astroglial Cells During Vertebrate Spinal Cord Recov-
ery. Front Cell Neurosci 4.

https://doi.org/10.3389/fncel.2010.00129

Ferrini F, De Koninck Y (2013) Microglia Control Neuronal Network Excitability via BDNF
Signalling. Neural Plasticity 2013: e429815.

https://doi.org/10.1155/2013/429815

Martinez-Levy GA, Rocha L, Rodriguez-Pineda F, Alonso-Vanegas MA, Nani A, Buentello-Gar-
cia RM, Briones-Velasco M, San-Juan D, Cienfuegos J, Cruz-Fuentes CS (2018) Increased Ex-
pression of Brain-Derived Neurotrophic Factor Transcripts I and VI, cAMP Response Element
Binding, and Glucocorticoid Receptor in the Cortex of Patients with Temporal Lobe Epilepsy.
Mol Neurobiol 55: 3698-3708.

https://doi.org/10.1007/s12035-017-0597-0

Schmidt-Kastner R, Humpel C, Wetmore C, Olson L (1996) Cellular hybridization for BDNF,
trkB, and NGF mRNAs and BDNF-immunoreactivity in rat forebrain after pilocarpine-induced
status epilepticus. Exp Brain Res 107: 331-347.

https://doi.org/10.1007/BF00230416



BJIIMAHUE KAPJAPUHA HA DKCIIPECCHUIO 835

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Gliwinska A, Czubilinska-Lada J, Wieckiewicz G, S'wigtochowska E, Badenski A, Dworak M,
Szczepanska M (2023) The Role of Brain-Derived Neurotrophic Factor (BDNF) in Diagnosis and
Treatment of Epilepsy, Depression, Schizophrenia, Anorexia Nervosa and Alzheimer’s Disease as
Highly Drug-Resistant Diseases: A Narrative Review. Brain Sci 13: 163.
https://doi.org/10.3390/brainscil 3020163

Cunha C, Brambilla R, Thomas KL (2010) A simple role for BDNF in learning and memory?
Front Mol Neurosci 3: 1.

https://doi.org/10.3389/neuro.02.001.2010

Gibon J, Buckley SM, Unsain N, Kaartinen V, Séguéla P, Barker PA (2015) proBDNF and
p75NTR Control Excitability and Persistent Firing of Cortical Pyramidal Neurons. J Neurosci 35:
9741-9753.

https://doi.org/10.1523/JNEUROSCI.4655-14.2015

Scharfman HE, Goodman JH, Sollas AL, Croll SD (2002) Spontaneous limbic seizures after intra-
hippocampal infusion of brain-derived neurotrophic factor. Exp Neurol 174: 201-214.
https://doi.org/10.1006/exnr.2002.7869

Kanter-Schlifke I, Georgievska B, Kirik D, Kokaia M (2007) Seizure suppression by GDNF gene
therapy in animal models of epilepsy. Mol Ther 15: 1106-1113.
https://doi.org/10.1038/sj.mt.6300148

Humpel C, Hoffer B, Stromberg I, Bektesh S, Collins F, Olson L (1994) Neurons of the hippocam-
pal formation express glial cell line-derived neurotrophic factor messenger RNA in response to
kainate-induced excitation. Neuroscience 59: 791-795.
https://doi.org/10.1016/0306-4522(94)90284—-4

Schmidt-Kastner R, Tomac A, Hoffer B, Bektesh S, Rosenzweig B, Olson L (1994) Glial cell-
line derived neurotrophic factor (GDNF) mRNA upregulation in striatum and cortical areas after
pilocarpine-induced status epilepticus in rats. Brain Res Mol Brain Res 26: 325-330.
https://doi.org/10.1016/0169-328x(94)90106—6

Woodbury ME, Ikezu T (2014) Fibroblast growth factor-2 signaling in neurogenesis and neurode-
generation. J Neuroimmun Pharmacol 9: 92-101.

https://doi.org/10.1007/s11481-013-9501-5

Postnikova TY, Diespirov GP, Amakhin DV, Vylekzhanina EN, Soboleva EB, Zaitsev AV (2021)
Impairments of Long-Term Synaptic Plasticity in the Hippocampus of Young Rats during the La-
tent Phase of the Lithium-Pilocarpine Model of Temporal Lobe Epilepsy. Int ] Mol Sci 22: 13355.
https://doi.org/10.3390/ijms222413355

Paradiso B, Zucchini S, Simonato M (2013) Implication of fibroblast growth factors in epilepto-
genesis-associated circuit rearrangements. Front Cell Neurosci 7: 152.
https://doi.org/10.3389/fncel.2013.00152

Liu Z, Holmes GL (1997) Basic fibroblast growth factor-induced seizures in rats. Neurosci Lett
233: 85-88.

https://doi.org/10.1016/s0304—-3940(97)00627-7

Liu Z, D’Amore PA, Mikati M, Gatt A, Holmes GL (1993) Neuroprotective effect of chronic infu-
sion of basic fibroblast growth factor on seizure-associated hippocampal damage. Brain Res 626:
335-338.

https://doi.org/10.1016/0006-8993(93)90598-h

Esmaeili MA, Yadav S, Gupta RKr, Waggoner GR, Deloach A, Calingasan NY, Beal MF, Kiaei M
(2016) Preferential PPAR-a activation reduces neuroinflammation, and blocks neurodegeneration
in vivo. Hum Mol Genet 25: 317-327.

https://doi.org/10.1093/hmg/ddv477

Ibariez C, Acuria T, Quintanilla ME, Pérez-Reytor D, Morales P, Karahanian E (2023) Fenofibrate
Decreases Ethanol-Induced Neuroinflammation and Oxidative Stress and Reduces Alcohol Re-
lapse in Rats by a PPAR-a-Dependent Mechanism. Antioxidants (Basel) 12: 1758.
https://doi.org/10.3390/antiox12091758

Puligheddu M, Pillolla G, Melis M, Lecca S, Marrosu F, De Montis MG, Scheggi S, Carta G,
Murru E, Aroni S, Muntoni AL, Pistis M (2013) PPAR-alpha agonists as novel antiepileptic drugs:
preclinical findings. PLoS One 8: e64541.

https://doi.org/10.1371/journal.pone.0064541

Puligheddu M, Melis M, Pillolla G, Milioli G, Parrino L, Terzano GM, Aroni S, Sagheddu C,
Marrosu F, Pistis M, Muntoni AL (2017) Rationale for an adjunctive therapy with fenofibrate in
pharmacoresistant nocturnal frontal lobe epilepsy. Epilepsia 58: 1762—1770.
https://doi.org/10.1111/epi. 13863



836 XAPUCOBA u np.

Effect of Cardarin on Gene Expression of Proteins Involved in Epileptogenesis in Rat

Hippocampus in the Lithium-Pilocarpine Model of Temporal Lobe Epilepsy

A.R. Kharisova®, A.1. Roginskaya?®, and O.E. Zubareva®*

aSechenov Institute of Evolutionary Physiology and Biochemistry, Russian Academy of Sciences,
St. Petersburg, Russia
* e-mail: ZubarevaOE@mail.ru

In recent years, the role of astro- and microglial cells and associated neuroinflammation
in the pathogenesis of epilepsy has been extensively discussed. These cells can be in dif-
ferent functional states, the extreme Al and M1 phenotypes producing predominantly
pro-inflammatory (promoting epileptogenesis) proteins, and the A2 and M2 phenotypes
producing anti-inflammatory (preventing epileptogenesis) proteins. It has been suggested
that the use of drugs that can stimulate polarisation from M1 and A1 to M2 and A2 phe-
notypes may be a successful strategy for the treatment of epilepsy. Such drugs include
agonists of peroxisome proliferator-activated receptor nuclear receptors (PPARs). The aim
of this study was to investigate changes in the expression of micro- and astroglial pro-
teins involved in the regulation of epileptogenesis in the dorsal hippocampus of rats in the
lithium-pilocarpine model of temporal lobe epilepsy (TLE) and to investigate the effect of
the PPAR agonist beta/delta cardarine on these processes. Cardarin was administered at the
initial stages of epileptogenesis (within 7 days after induction of the TLE model), and two
months later (chronic phase of the model) we analysed the expression of genes of interest
in the dorsal hippocampus by real-time RT-PCR. The performed study revealed changes in
gene expression of astro- and microglial proteins during epileptogenesis, mainly associated
with the enhancement of neuroinflammatory processes and weakening of neuroprotective
properties of these cells. In TLE rats the expression of genes of markers of astro- (Gfap)
and microglia activation (Aif1), pro- (I11b, Nlrp3) and anti-inflammatory (Il1rn) proteins,
markers of the A1 phenotype of astrocytes (Len2, Gbp2) and growth factors (Bdnf, Fgf2)
was increased. Gene expression of the protective M2 phenotype Argl gene was decreased
in TLE rats. The most striking effect of cardarine administration was manifested in the
enhanced expression of the marker A2 gene of the S100a10 astrocyte phenotype.

Keywords: lithium-pilocarpine model of temporal lobe epilepsy, cardarin (GW 501516),
glia, proinflammatory genes, M1/M2 polarisation, A1/A2 polarisation, trophic factors



