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JlucepTauMOHHUAT TpyA € HamucaH Ha 132 ctpanuum U € oHariiegeH ¢ 30
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1. YBO I

Enunencusita € eAHO OT Hail-pa3NpoOCTPaHEHUTE HEBPOJOTUYHH 3a00JISIBAaHUSI.
Tsa 3acara 1% ot Hacenenunero Ha 3emsra - okoao 50 MHUIMOHA QyIIX IO CBETA, a 3a

boarapus - okono 70 xumsaan.

Enunencusita ce pasriiexxjga KaTo XpOHUYHO, MYNTH(HAKTOPHO 3a0o0jsiBaHe,
XapaKTEepHU3UpaIlo €€ C TpailHO NpenpaslojOKEHWE Ha MO3bKa KbM CHOHTAHHH,
NOBTApSIIM CE€ ENMUJIENTUYHU MPUCTHIHN, ChC CHI'BTCTBAIM HEBPOOMOJIOIMYHU,

KOTHUTHBHH, TICUXOJIOTHYCCKHU U cormanuu nocneaunu (Fisher et al., 2005).

[IpyurHaTa 3a €NWIENTUYHUTE NPUCTHIIM € HapylIeHWEe Ha OajaHca MEXIy
IpoLecuTe Ha Bb30YKJaHE U 3a]Ibp’KaHE B MO3bKa, C JOMUHUPAHE HA Bb3OYIHUTE,
KOETO IIPEIMU3BUKBA CUHXPOHHM, BHUCOKO AaMIUIMTYJHM IIOCIEpaspeaud B T.H.
EMUJICIITOT€HHO OTHMILE, JIOKAIM3UPAHO B MO3BbYHU CTPYKTYPH C MO-HUCBK Mpar HA
BB30ynuMocT. EnumnentudopmeHara akTHUBHOCT MOXE Ja €€ pPa3NpOCTpaHUu KbM

CbCCIHH UJIH ITO-0THAJICUCHU 007aCTH NN Ja 00xBaHE OeJansa MO3bBK.

Temnopannara enunencus (TE) e Hail-uecTo cpelianara cuMnroMatuyHa popma
Ha (apmakopesucrentHa emwmiencus (Litt et al., 2001; McKeown and McNamara,
2001).

[Ipe3 mocnegHuTe rOAWMHU, B EKCIIEpUMEHTAJIHATa IPAKTUKA CE HAJOKHUXa
penuia MoJeNu, KOUTO ¢ U3BECTHO MPHUOIMKEHWE CUMYJIMpaT KIMHUYHATa KapTUHA
Ha 3abossiBaHeTo. EquH oT Hali-eukacHuTe Mozenu 3a u3ydaBaHe Ha TE e kauHar
(KA) -unnynupanus noct-EC, xapakrepusupany ce ¢ ocTpa, JaTeHTHa U XPOHUYHA

¢baza.

HespotokcuuasT KA (C1oH1sNO,), n3ommpan oT SMOHCKO BOJOPACTIO, € aHAJIOT
Ha TJIyTaMara, KOWTO aKTUBHUPAWKHU mo3puHuTe KA penentopu (KARS),
OCBIIECTBSIBA CBOSI €MUJICNITOICHEH €(eKT, MPEeIU3BUKBANKH CEJICKTUBHO YBPEKIaHE
B xuiyca Ha xunokammna, CA3 u CAl nosero u HEBpOHAIIHA CMBPT IIPU T'PU3AYH.
Ceobp3Banero Ha KA ¢ KARS Bogu 110 0cBOOOXKIaBaHEe Ha BHTPEKICTHUHHS Caz+,

MOBHINIABAHE HUBATa Ha PCAKTUBHUTE KUCIOPOIHH BHIOBE (reactive oxygen species,



ROS) u peakTrBHUTE a30THHU BHIO0Be (reactive nitrogen species, RNS). ITopuimenarta
KOHIICHTpAIIMS Ha Ca2+, ROS u RNS Boau 10 MuTOXOHApragHa IucPyHKIMs, SapeHa
koHaeH3anus u JIHK-pparmenranms. Haif-uecTto u3non3BaHuAT HA4MH, 110 KOHUTO C€
BbBekIa KA e mHTpameputoHeanHo (um). BpBexmaHEeTO HAa TOKCHHA MPEAN3BHKBA

EC npoasmkaBali HIKOJIKO Yaca.

B nuTepaTtypaTta mma qaHHM B TIOJIKpETIa Ha TEOPUSITA, Y€ XOPMOHBT MEJIATOHHH
MpUTS)KaBa AHTHUKOHBYJICHBHA AaKTUBHOCT KAaKTO TMpW TAIMEHTH CTpajamyd oT
eTMUJIeTICHsI, TaKa U MPU EKCIIEPUMEHTATHU KMBOTHHCKH Mojienu (Anton-Tay, 1974;
Molina-Carballo et al., 1997; Albertson et al., 1981; Yamamoto and Tang, 1996;
Liang and Patel, 2005; Borowicz et al., 1999). Jlo roasma cTerneH OHOJOTHYHHTE
edeKTH Ha MeJaTOHWHAa CE€ OIOCPENICTBAT OT AKTHUBUPAHE HA MEJIATOHWHOBUTE
perenTopy, a JAPYTH ca BCICACTBHE HA pOJSITAa My Ha MOIICH aHTHOKCHIAHT.
XOpMOHBT UMa MPSKO OTHOIIIEHHUE KbM PETYJIMPAHETO Ha IIUKbJIa ChbH-00bpCTBAHE U
CUHXpOHU3ANMATA HAa OWOPUTMHUTE Ha BaXHU (U3HUOJOTHYHU TIPOIECH

003ailHUIUTE, BKIFOUUTETHO MIPU YOBEKA.

[IpoBeneHuTE OT HAC M3CICABAHUSA M PE3YJNTATUTE OT TAX, 3AJI0KEHU B
HACTOSAIIMSA JUCEPTAlMOHEH TPYI, MMAT 3a LE Ja U3ACHAT U Ja PaslIMpAT 3HAHUATA,
OTHOCHO BJIMSIHUETO HA MPOIBIDKUTEITHOTO TPETHUPAHE C XOPMOHA MEJATOHHH BBPXY
€NWIECNTOreHe3aTa CBbP3aHa C PAa3BUTUETO HA CIOHTAaHHUTE TI'bPYOBU IPHUCTHIIH,
KOMOpOUHA Jenpecusi, OMOXMMHUYHU M MOPQOJOTMYHM TPOMEHHM B JIMMOWYHATa
cucrteMa. B nucepranusata akLEHTHT € MOCTAaBEH BBPXY MapaJeIHUs aHAJIU3 Ha JIBE
NOPOJM ILTbXOBE, HOpMOTeH3MBHH WIStalr W CIOHTAaHHO XUIEPTCH3WBHH IUTHXOBE
(SHR), mensm pma W3SCHM pojsTa HA XUICPTOHUSATA 3a PA3BUTHETO Ha
enuJIeNTOreHe3ara, OT €Ha CTpaHa, a OT JApyra, npeanonaraemara e€(QUKacHOCT Ha
MEJaTOHMHA BBPXY NATOPU3MUOJIOrUATA HA EMUJIENICUATA MPU MOJEN HAa €CEHIMaJIHA
XUMEPTOHUS, KAaKTO W MEXaHU3MUTE, OMNPENENSIIM pPa3BUTUETO HAa KOMOpPOHUAHA

Jenpecus mpe3 XpoHUYHaTa (pa3a Ha eMUIICTICHS.



2.ILEJ U 3AJIAUU

Ilen Ha HacToOsIIUSA IUCEPTALMOHEH TpyHd Oe H3CieBaHE poJisiTa Ha
MEJIaTOHMHA BBPXY YECTOTaTa Ha CHOHTAaHHA enwiIenTu(OpMEHa aKTHMBHOCT U
CBHIIBTCTBAILUTE EMUJIENTOreHe3aTa MOBEICHYECKH, OMOXUMHUYHU U XHUCTOJIOTUYHH
WU3MEHEHUS, TIPA EKCIEPUMEHTAIICH MOJIEN HAa TEMIIOPAJIHA EIHJICIICUS, NHIYIIMPaH
C KanMHOBa KHCEJIMHA TpHU JBE IMOPOAM ILTbXOBE, HOpMOTeH3uBHU (Wistar) u
cnoHTaHHo xunepren3uBHu (SHR).

3a OCBILECTBSIBAHETO HA Ta3M LN CU MOCTABUXME HSKOJKO OCHOBHHU 33J1a4M:
Ja ce nmpoy4var eheKTUuTe Ha MHOTOKPATHOTO TPETUPAHE C METATOHUH, MPU TUTHXOBE
ot nopoaa Wistar u SHR Bbpxy:

1. HupkaguaHHUTE PUTMUYHU TOPOMEHHM B YECTOTaTa Ha CIOHTAHHO
noBTapsmure ce rbpyoBu npuctbiu (CIITTI);

2. JICHOHOIHUTE BapHallud B TOBEJIECHYECKUTE pEaKLIMU: JBUraTellHa
AKTUBHOCT, M3CJIEJOBATEIICKO MOBENCHUE, CHCTOSIHUE HA TPEBOXKHOCT,
JENPECUBEH THUII MIOBEICHUE U ITPOCTPAHCTBEHA [TAMET;

3. IIpomenu B HuBata Ha 5-HT BBB (hpoHTaTHA KOpa M XUTIOKAMIIA,

4. XUCTOJOTUYHU W3MEHEHUSI B OINPEICICHM MO3BbYHH CTPYKTYpH,
BCJIEJICTBUE HA EMWICNITOICHE3ATA;

5. HuBata Ha mapkepu Ha OKCHJIATUBEH cTpec npenus3Bukal ot EC.

33 MATEPUAJIUNU N METOAHU

3.1. ExcnepuMeHTAIHM *KUBOTHU
3a BCHYKHM EKCIIEPUMEHTH Ca H3MOJ3BAaHH MJIATU IOJIOBO 3P MBKKU
IUTBXOBE OT JBE mopoau, HopMmoTeH3uBHu Wistar urexoBe u SHR, ¢ Terio oxoso

250-300 g. oTriiexxaanu Ipu CTaHIAPTH3UPAHU YCIOBUSI.

W3cnenBanusTa ce U3MBIHABAT ChIVIACHO HOPMATUBHATA ypenoda 3a paborta ¢

CKCIICPUMCHTAJIHHU KMBOTHHU B B’I)HFapI/ISI H IIpaBWJIaTa Ha Ernynara xomucus KpM
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WUBH, BAH (peructpauus FWA 00003059 US Department of Health and Human

Services).

3.1.1. Ilopooa Wistar
[IrexoBete ot mopoma Wistar ca nuHUsA, MoJlydeHa 4pe3 KPbCTOCBAHE Ha
IUTHXOBE AJIOMHOCH, MMPUHAJISKAITY KbM BU0Be Rattus norvegicus,. u3non3Banu B
OHMOJIOTHYHU ¥ METUITUHCKU M3CJICIBAHNA.
3.1.2. Ilopoda cnonmarHo XunepmeH3u8HuU NIbX08e
SHR ce pasriexxgaT kaTo >KMBOTMHCKHA MOJIENI Ha €CEHILIMaJHa XUIEPTOHUS U Ce
U3II0JI3BAT 3a MPOyYBaHE Ha CHhPACYHO-CHIOBH 3a00JISIBaHMs, a CHIO M KaTO MOJEI Ha

3a00JIsIBaHE C XUIICPAKTUBHOCT U I[e(l)I/II_[I/IT Ha BHUMAaHUCTO.

In vivo memoou

3.2. ExcnepuMeHTa/JIHA MOCTAHOBKA U BbBeKIaHe HA BellecTBA
KuBoTHUTE ca pasneneHHM B 4YeTUpU OCHOBHU Trpymu: C-veh (KoHTpoJHA,

Tperupana ¢ pasrsopuren, N=20); C-mel (koHTpoJIHA Tpyma, TPETHpPaHA ¢ MEJIATOHUH,
n=20); KA-veh (rpyna ¢ enunencus n= 20); KA-mel (rpymna ¢ enuiencust TpeTUpaHa ¢
menatonuH, n= 20). Tperupanero ¢ menatonuH (Sigma-Aldrich, brarapus) 3amousa
Tpu 4vaca cien Hayainoto Ha EC, B go3a or 10 mg/kg, 3a mepuon ot 8§ ceamuIIu.
KoHTponuuTe rpynu ce TpeTHpar ¢ YelIMsHa BOja. 3a M3Cle[ABaHE Ha OKCHIATUBEH
CTpec, TPETHUPAHETO C MEJIATOHWH CE€ WU3BBHPIIN C TIOMOIITa HA UMIUIAHTUPAHU MHHHU-
comotuunu nomru Alzet, 3a mepuon ot 2 ceamunu npeau EC, B no3a 10 mg/kg/nen,

chbC ckopocT Ha uHby3us 0.5 pl/h.
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[Mpean3BHKBAHE HA MHdpry3na Ha MENaToHHH ¢ MHHH-
CIHACOTHYEN CTATYC > ocMoTHYE ToMou 14 ape npciaH
EC. Hewanutipane 24h cnen EC.
Hzcnenprane Ha OKCHIATHBEH CTPEC,

l l }

O 1 ne B censaua esea BEC l&min ceanmmun cnen BC 14-mat o 20 cearnnu cnga EC

L 4

T|}|.}"I'Hpﬁ]1¢ O MCIATOHHH TI.‘.CT A OTUHTAHE Il QREICHYICCKH XHCT{IHDFHUHD
(10mg/kg) 3 uaca cnen NPeAnoYHTAHHETS KL TECTOBS HACIE ARAHE,
HasanoTo wa EC SHXHPHN PASTEOPH .

HPLS

Ot 1-a a0 20 cenvuna cnen EC

Buago (24 gaca wa aen) u EED (6 yaca wa acH) sanuc

Cxema 3.2.1. Cxema HA eKCIIEPUMEHTAJIHA IOCTAHOBKA

[ToBenenueckure TectoBe 3anouBat 0koJio 14 mau cinenq EC BbpXy MIbXOBETE €
OTYETECHH CIIOHTAaHHM MOTOpPHH rbpuoBe. JBamecer cenmuim cien EC, mrbxoBere ce
nepdy3upar 3a MocjaeABaIlo XKUCTOJOTHUSHO U3C/ICIBaHE WU ACKAMMTUPAT C U30JIUpaHe

Ha MO3BYHH CTPYKTYpPH 32 OMOXMMHUYCH aHAIIN3.
3.3. OnepaTuBHa NpPoueAYPa 32 UMIJIAHTHPAHE HA €JIEKTPOAU

Onepauunte 3a HUMIUIAHTUPAHE HA ENHAYpPaTHU KOPOBH M XHUIOKAMITAIHH
enexktpoau 3a EEI' peructpanusa ce mu3BbpmBar Ha netus aeH cien EC, mox mbeiaHa

ymoiika, ciell pukcupane B crepeotakcuyeH anapar (Narishige Sci. Inst. Labs, Japan).

3.4. Ilpenu3BUKBaHe HA eNMUJIENITHYEH CTATYC Ype3 HHIKEKTHPaHe ¢ KANHOBA

KHCCJIMHA

EnunentuyHusaT craTtyc ce mpeau3BUKBa upe3 W.N. BhBexaaHe Ha KA (Ascent
Scientific, UK) upe3 tutpupane B HeedekTuBHA 1032 OT 2.5-5 mg/kg Ha Bceku enuH
yac, cbriacHo npotokosa Ha Hellier et al. (1998) ¢ wmanku moaudukanum
(Tchekalarova et al., 2010), npu MakcumanHa gomycTuma o3a g0 30 mg/kgmrbx.

KonTponmunarta rpyma ce TpeTHpa C €EKBUBAJCHTHUS 00eM U Opoil WHKEKINH
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¢uznonornueH pa3rBop MHTEH3MBHOCTTAa Ha MOBEACHUECKUTE I'bPUOBETE CE€ OLICHSBA
BBb3 OCHOBA Ha Mojuduimpana ckaia Ha Racine (1972). Kputepuii 3a nocturane na EC
e dJectoTaTa Ha mnoBeaeHuYeckuTe rbpyoBe oT kimac I, IV wwumu V munumym 9

IIpHUCTHIIA 3a Yac, B IPOABJIKCHUC TPU Yaca.

3.5. Bugeo u EEI' perucrpanmusi Ha CHOHTAaHHA enuientugopmena

AKTHBHOCT

JleHOHOIIHUTE BUACO-3amucH (24 yaca/meH 3a okojo 20 cenmuiy 3amouBar 48
yaca cien EC) ce peasiuzupar npu cTaHAapTHU YCIOBHSI, B U30JIMPAHO TTOMEIIIEHUE, C
MOMOIIITa Ha MH(payepBeHa YyBCTBUTENHA LBeTHa Kamepa. EEI peructpaumsra ce
M3BBPIIBA [IPE3 JIEH, C MPOABILKUTEIHOCT HA €KCIIEPUMEHTA €IMH YacC Ha )KUBOTHO, 3a
nepuop ot netr mecena cinen KA-unayuupanus EC. EEI' nannurte ce 3amucBar H

oOpaboTBarT upe3 crneuuanuupan mnporpameH npoaykT (Acknowledge software

ACK100W BIOPAC Inc., USA).
3.6. [loBeaeHYEeCKH TEeCTOBE

Bcuuku nmoBeneHuecku TectoBe ce nposexaar 14-16 cenmuuum cinen EC, kato
WHTEPBAIIBT MEXy BCEKHM TECT € Hail-Maiko aBa aHu. Habmonenuero, obpadboTkara u
aHAJTU3bT Ha CKCIICPHMMEHTAJHUTE JaHHU CE€ OCBIIECTBSIBA 4Ype3 CICIUATU3UpaHa

Bujieo-3anucnaiia cuctema (SMART PanLab software, Harvard Apparatus, USA).

3.6.1.Tecm 3a omuyumane Ha npeonoyumauue KvM CIAOKU pPA3MEOPU-

denpecugen mun nogeoeHue (AHxeooHUs1)

TecThbT € 3a OllcHKA HA JENPECUBEH THII MOBEICHUE, ChITIACHO MPOTOKOJIA HA
Willner (1987). Ilpe3 mbpBus JeH- ajmanTaius ¢ JABE OYyTHJIKHA BOJA, BTOPH JICH-
MPETECT, BOJIaTa B €JHA OT MOWIIKUTE ce 3aMeHs ¢ 1% 3axapeH pa3TBop 3a 24 yaca. Ha
TpeTus JIeH B HayajaoTto Ha ceriaTta (aza (08:00 yaca), mowIKuTe ce 3apexaaT C

ennakbB 00em ot 100 ml Boga u 3axap. /IBeTe MOMIIKH ¢ BOJA M 3aXapeH pa3TBOP Ce
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OTUYMTAT JBYKpATHO Mpe3 12 yaca U ce 3apexkaar CbC ChIIOTO KOJIUYECTBO TEYHOCT 3a

nepuoj ot 12 Jaca (3a cBeria daza ot 08:00-20:00 4. u TeMHa ¢aza- 20:00-08:00 u1.).
3.6.2. Tecm omeopeno none

AmnapatsT ce ¢bCTOM OT cuBa KyTHs oT nojuctupe (100 x100 cm x 60 cm,
pasrpadeHa Ha 25 eIHaKBU KBajapara), pa3zelieHa Ha 2 30HU- BBHINHA (TIepudepHa) u
BbTpemiHa 30Ha (TeHTHp). lleHTpanHata 30Ha Ha amapata ce pasriiexaa KaTo
aBEepCUBHA 3a JXUBOTHUTE 30HA. [IpOIBIDKMTENHOCTTa Ha TecTa € MEeT MUHYTH.
[IpecroiisaT B majeHa 30HA Ce OTYWTA C aBTOMAaTHYHA BUCO-3alKCBaIa cucteMa Smart

Video Traking Software- Panlab.

3.6.3. [losouenam kpwvcmocan rabupunm
AnapaTbhT ce ¢bcTOM OT jBe oTBopeHH pamena (50 X 10 cm), nBe 3aTBOpeHH pamMeHa
(50x10x50 cm) u nentpanna miardpopma (10x10 cm). TecTsT € ¢ NPOABIDKUTECITHOCT
IeT MUHYTH. J/[BHraTeIHaTa akTHBKOCT U BPEMETO 3a MPECTOH B JaJicHa 30Ha CE OTYHTA
C TOMOINTAa Ha aBTOMATHUYHA BHJCO-3amucBaiia cuctema Smart Video Traking

Software- Panlab
3.6.4. Tecm 3a oyenka Ha OenpecusHo CbCMOosHUEe- NPUHYOUMETHO NY8AHe

TecThT 3a MPUHYINUTETHO TUTYBaHE € PYTUHEH CKPUHUHTOB METOJI 32 OTYHUTAHE
Ha aHTUACIPECAaHTHA aKTMBHOCT Ha BelecTBaTa W BbBeldeH oT Porsolt et al., 1979.
OnuThT ce MpoBeXk/aa B JIBE cecuu npe3 24 yacoB uHTepBai: A./ 1 neH (TpeHUpPOBKA) 3a
15 MuHyTH TpecTol B UIUHABpa 0€3 oTunTane Ha pesynrar; b./ 2-pu aen (tect) 3a 5

MUHYTH. Upe3 TecTa ce oTurTa BpeMETO Ha UMOOMITHOCT B CEKYH/IH.

3.6.5. Tecm 3a uszcnedsane Ha XUNOKAMN-3A6UCUMA NPOCMPAHCMBEHA

namem- ocemM-pameHer paoudaieH 1aoupunm

I/IBCJ'IeI[BaHeTO Ha IPOCTPAHCTBCHATA IIaMCT CC HU3BBPIIM C IIOMOIITa OCCM-

pameHen paauanen ynabupunt (Harvard Biosci. Comp., USA). Cenem nHU mpeau
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CTapTa Ha TPEHUPOBKATA U IO BPEME HA CHIIMHCKUS TECT, IUTBXOBETE CE MOCTaBAT Ha
JMETa, C 11eJ1 HaMaJIsIBaHE Ha TEJIECHOTO TEryo ¢ okoio 15%. Cnen TpuHEBEH Nepuos
Ha amanranusra (Olton and Samuelson, 1996), xuBoTHUTE ce TeCTUpAT HA anapaTa, B
MpoAbJKEHHE Ha 18 MHU, O eIuH TecT Ha JeH. YeTupu OT paMeHaTa Ha amapara ce
0003Ha4aBaT ¢ pa3IMYHU CUMBOJIM. B Kpas Ha BCSIKO OT T€3M MapKUpaHU paMeHa ce
MOCTaBsg MO €JHa IIeJieTa KaTo MOJIOKUTENHO TNojkpersieHue. Kpurepuid 3a
[PEYCTAHOBSBAHE HA TECTA € U3SDKJAHETO HA BCUUKH MEJETH OT MapKUPaHUTE paMeHa
1o jpecetr MUHYTH. [logoOpsiBaHETO Ha mameTTa ce OTYMTa C HamaliiBaHEe Ha Opos
IPELIKUTE B mpoleca Ha TecTtupaHe 10 18-ua neH. Biauszane B paMoTO ¢ XpaHa ce

OTHUTaA KaTo rpemKa Ha OHepaTHBHaTa I1aMCT.
In vitro memoou

3.7. XMCTOJIOTHYEH METOJ 3a M3CJeJABaHe HAa HeBPOHAJIHAa 3ary0a B
MO3bYHH CTPYKTYpH (XHIOKaMma, Xujayc Ha gyrus dentatus m mmpudopmena
KOpa)

HBanecet cenmuiu cieq uuaaynupane Ha EC ¢ KA, gact ot xuBotHuTe (N=5)
ce mojyiaraT Ha nepdy3us MoJA IbJIHA YHOIKa, Mpe3 Bb3XOIAllaTa aopTa, KaTo
KaHIoJaTa ce BKapBa Ipe3 JsiBaTa Kamepa Ha cbpieTo. [IbpBoHauaiHO KpHBOHOCHATA
cucTeMa ce mpoMuBa 3a okojo net Munytu ¢ 0,05 M docdaTtHo Oydepupan pa3TBop
Ha HatpueB xjopua (PBS), cien koero ce m3nomsBa (ukcarop, cheTosil ce ot 4%
napapopmangexun (Merck) 8 0.1 M docdaren O0ydep (PB) 3a okomo 20 MHHYTH.
Cnen nepdy3usta, MO3BKBT C€ OTIIPENApUpPBA KATO CE OCTaBA 3a €Ha HOUI B CHIIUS
¢ukcarop Ha 4° C. Cnex mocTukcanuara ce INpaBd KOPOHAPEH CPe3 Ha MO3BIIMTE,
MPUTOTBAT C€ ThKaHHU OsiokueTa, mpomuBar ce B 0.1 M docdharen Oydep,
JIEXUIIPATUPAT CE€ MPEe3 BB3XOAAIIA PEAULIa OT aJKOXOJIU U Clell MOTaIsIHE ¢ KEIPOBO

MacCJIO 3a IIPOCBCTIIABAHC CC BKIIIOUBAT B napa(I)HH.

[Tpurotsst ce cpesu, ¢ momorra Ha Reichert Jung 3ampassiBann MUKpOTOM €
nebenuHa 5 M, KOUTO C€ MOCTaBAT BHPXY XPOM-KEJIATUHUPAHU MPEIMETHU CTHKIIA.

[Ipean omBeTsiBaHe, Haps3aHUAT MaTepuan ce nenapadunupa. CpesoBere ce
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OLIBETABAT C XEMAaTOKCHJIMH U €03uH. MarepuaiuTe ce M3CIeABar, Ype3 CBETINHEH
MUKpockon u ortorpadupar ¢ mudpos goroamapar. OTunta ce HEBpOHAJIHA 3ary0a B
cenTo-remnopaiHa U temnopaiHa dyact Ha CAl, CA2, CA3 nosera Ha aop3aieH

xunokamra u xmryca Ha GD.

3.8. BucokoedexkTuBHA TeUHA XpoMaTorpadus

Cnen nexanuTanus MO3bLUTE OBp30 ce OTIpenapupar BbpPXY JIe[ M C€ H30JIMpa
(¢poHTasIHa KOpa W XWIOKaMIla. ThKaHHUTE Cpe3u ce 3ampassiBaT B TEUYEH as3oT,
auodunusupar u cpxpasaBat npu -70 °C npenu aHanmsa.

['oTOBUTE TBKAHU CE€ MPUTENTIAT U XOMOTEHU3UpPAT B IPEABAPUTEIHO OXJIaJEHa
mpaBueHa kucenuHa 0.5 M, ¢ momomra Ha MICRA D-8 (ART, Germany)

XOMOT'€HU3aTOoP.

XomMmorenara ce rieaTpodyrupa Ha 13 000 obopora B munyta npu 4 °C 3a 20 MUHYTH,
cinen koero 10 My OT cynmepHaraHTaTa ce W3MOd3Ba 3a aHanui. [Ipobute ot nBere
xemucepu ce aHamuzupaTr 3a HuBa Ha S-HT, umero chabpkaHue ce u3MepBa ¢
nomomra Ha LC/MS/MS. WsamepBanusara ce wu3BbpmiBar upe3 LTQ Orbitrap
Discovery® cnektpodoTomMeTbp. AHAIU3UPAHUTE KOMIOHEHTH ce pasnensiT B ZIC®-
HILIC (Merck, Germany) aHanuTu4Ha KOJOHa, ¢ oaABUxkHA (a3a 70% aileTOHUTpUII,
chabpxanl 15 MM MpaBueHa KucelrHa pu ckopocT Ha motoka 200 mi/mMuH. JlaHHUTE

ce obpadoTsar ¢ momoinra Ha Xcalibur® codryep.

3.9. buoxumMuuyHu MeToau (OTYMTAHE HA JIMINHIAHA TNEPOKCHAAIUS W
AKTHBHOCT HA €H3MMa CYNepPOKCHI THCMYTAa3a)
Anecresupanute ¢ CO; XMBOTHU C€ JCKAMTUPAT HA YETBBPTUA YaC CIE]
uxektupaneto ¢ KA. M3pbpimiBa ce Obp3a IUCEKIUS Ha MO3BIUTE BBHPXY Jei 3a
OwnatepaiHO OTAeNsHEe Ha (pOoHTaTHA KOpa M XWUMOKaMIil. ThKaHHUTE TPoOU ce

3aMpassiBaT B T€UEH a30T U ce cbxpansaBaxa npu -70 °C npean OMOXUMHUYHUS aHAU3.
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3.9.1. H3zmepsane na runuonama nepokcuoayusi

TwranauTe podu ce xomorenuzupar B ctyaeH 20 MM HEPES 6ydep (pH 7.2) u
eKCTpaxupar ¢ xjopodopm. EkcTpaxupanuTe TUMUAHA IEPOKCHUIN CE aHAIM3UPAT Ype3
U3M0JI3BaHE Ha KUT 3a aHaiu3 Ha aunuand nepokcuau (Cayman Chemical Company,
CAIll), cbriacHo mpenocTaBeHUTE UHCTpyKIuuTe. JKenesHute MOHM ce KanTupar ¢
U3II0JI3BAaHE HA THUOIIMAHATEH MOH KAaTO XPOMOTEH, M 4Ype3 OTYuTaHe Ha abcopOuusra
npu abbkuHa Ha BhJHAaTa 500 nm. CTeneHTa Ha JIMIKIHA IEPOKCUIAIUS CE U3pa3siBa B

nmol.

3.9.2. U3mepsane na yumo3oana OUCMymasa
TvkanHuTe npodu ce xomorennsupanu B crynen 20 MM HEPES 6ydep (pH 7.2)
u neaTpodyrupat npu 1.500 g 3a 5 munytH, npu 4 °C. ¢ 1en pa3aeisiie Ha IUTO30IHa
CYNEpOKCH]I TUCMYTa3a, CyliepHaTaHTaTa OTHOBO ce neHTpodyrupana npu 10.000 g 3a
15 mun.,, npu 4 °C. Or nomydeHara CymnepHaTaHTa Ce€ H3CJIEeaBa LUTO30JIHATA
CYNEpOKCH]T TUCMyTa3a, 4pe3 u3noi3Bane Ha KuT 3a aHanu3 SOD (Cayman Chemical

Company, CAILI). Pesynratute ce uzpazsasat B U/ml.

3.10. CratucTuyecka oopadoTKa M aHAJIN3

3a craructhdecka oOpabOTKa Ha JAaHHUTE € W3MOJI3BaH CHElUaIM3UpaH coPTyenp
SigmaStat 11.0. Bcuuku naHHM ca MpeACTaBEHW KAaTO CpeaHa CTOWHOCT £ CpelHa
cratuctuiecka rpemka (SEM). B 3aBUCMMOCT OT pasnpesesieHUeTO Ha JTaHHHTE,
pesyaTtature ce o0paboTBaT ¢ mapaMeTpuyHu (MPU HOPMAJIHO pasNpeliesieHUe Ha
nanaute: Shapiro-Wilk) wim HenmapameTpudHH (IIPH HEMPABHIIHO paslpeeiicHue Ha
nauaute: Kruskal-Wallis, cien koero Mann-Whitney U tect) TectoBe. Eqnodakropen
ANOVA aHamu3 € H3M0JM3BaH 32 M3YUCIECHHE IMIPOTpecHsTa B YECTOTATa Ha
CIIOHTAaHHUTE T'BPUYOBH MPUCTHIH (pakTop Mecer) U u3cienBaHe Ha MPOCTPAHCTBEHA
namert. J[By(akTopeH BapualoHeH aHaJINU3 € W3MOJ3BaH 3a 00pad0oTKa HA TAHHUTE OT

XHCTOJIOTUMHUYHUTE U OMOXUMHUYHM TToka3aTenu (pakropu: Enmiencust u BemecTBo).
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TpudaxTopen BapuanmoHeH aHaIM3 € M3MOJ3BaH 3a 00padOTKa Ha JaHHHUTE OT: TeCTa
3a MPEANOYUTAHUE KbM CIIAJIKM Pa3TBOPH, TECT 3a NPUHYIUTEIHO IJIyBaHE, TECT
OTBOPEHO TIOJIe, TEeCT MOBAUTHAT KpbcTocaH JabupuHT (¢akropu: Enmnerncus,
BemectBo, ThmMHa-cBeTna ¢aza) U TeCT 3a M3CIEABAHE HAa 3aBUCHMMA OT XHUIIOKAMIIA
npoctpancTBeHa nametr (RAM) (dakropu: Enunencus, BemectBo, Cecus). Benuku

croitHOCcTH ¢ P<0.05 ce cunTaT 3a CTaTUCTUIECKU JOCTOBEPH.
4, COBCTBEHHU PE3VIJIITATHU

4.1. UuaynupaHe Ha eNUIeNTHYEH CTATYC

Beuuku mibxoBe, HaBie3nu B npoabikutenieH EC cnen 3-4 MHXEKTUpaHUS C
KA ce xapakrepu3upar ¢ MHTEH3UBHU MOBTapAIU ce npunaabuu (kmac [V / V, T.e.>
9 MoTopHU mpuNagbka/4yac B MpoAb/DKeHHWEe Ha moHe 3 yaca). Jlozara Ha KA,
HeoOxoquma 3a mnpenm3BukBane Ha EC e 16.25 + 5.52 mg/kg. HaGmromaBanoTo
MOBEJICHHUE TI0 BpeMe Ha HWHXEKTUpaHeTo ¢ KA € ChbOpOBOJEHO OT JIUIEB
apromatuzbM, “wet dog shake” u xionycm Ha rnaBara. Ciex ToBa Te3u
MOBEJICHUYECKH PEaKIMU Mporpecupar A0 BTOPUYHHU T'€HEPAIU3UPAHU MPUCTHIH, T.€.
KJIOHYyC Ha mpeneH kpainuk (ximac III), mocrmeaBaHo OT u3NpaBsHE Ha 3aJHU
kpaitauiy (kiaac 1V), cnasmu Ha npeHUTE KpallHUIM U 3ary0a Ha paBHOBecHE (KJiac

V) ceritacHo Moauduipana ckajia Ha Racine (1972).

Enextpoenuedanorpadckure 3amnucu mo Bpeme Ha rbpuyoBeTe ot kiac [V/V npu
IUTHXOBE C MMIUIAHTUPAHU EJIEKTPOJU JIEMOHCTPUPAT CHOPAJUYHU CHANWKOBE, IMHUK-
BBJIHA TIOCepa3pean, enuaenTudopMeHa akTUBHOCT, XapaKkTepu3upalia ce ¢ BUCOKa

amuntyaa (dur. 4.1.1. A,b- A6, b0).
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®ur. 4.1.1. Kourponuu EET 3anucu mpu Wistar (A) u SHR (B) ot nsiBa u nsicHa mapueTaina
kopa (Cx-L u Cx-R) u naB m pmecen- xwumokamn (Hip-L u Hip-R) npu nBa musxa or
ermunentuaHata rpyna (KA-veh)- A u oT enmwienthyHaTta rpymna, TpeTHpaHa ¢ MEJIaTOHUH
(KA-mel)- b; Aa, npenu KA: necunxponusaius B EEI" 3annca- aktuBHa dasa; A0, Mo Bpeme
Ha KA-npegussukanuss EC (octpa ¢a3za); AB, mo BpeMe Ha JlaTeHTHaTa (a3sa:
cyOkonByncuBHa EEI" akTUBHOCT (MK-BBJIHU U TETa BBJIHU); AT, XpOHUYHA (ha3a: CHOHTAaHEH
enwienTuyeH npunaabk no Bpeme Ha EEIDT 3ammca, npuapykeH C INOBEAEHYECKH U
nsuratenHu npomeHu. Tunuuna EEI" akTMBHOCT (BMCOKA aMIUIMTY1a, HUCKO-YECTOTHU BBJIHU
U OCTpH CIaliKOBe), OTUYETEHU 0 BpeMe Ha ueTBbpTUs Mecel] cien EC, npenussukan ot KA /
MOTOpHH, MOBTApAIIM ce mpunaabiu npu enwientuynara rpyna (KA-veh), mo Bpeme Ha
nepuona Ha Habmogenue. b: ba, mpemu KA: mapymenuss B EEI' (aktuBHa ¢aza) mpu
enuIenTHYHATA Tpyma, Tpetupana ¢ meaatonud (KA-mel); b6, mo Bpeme Ha octpaTa ¢asza Ha
EC; no Bpeme Ha naTeHTHata ¢aza: BUCOKO-aMIUIUTYAHM JeJNITa/TeTa BbIHU, 0€3 BUCOKO-
YeCTOTHUTE BBJIHY; br, xpounuHa ¢asa, EEI o Bpeme Ha 4-Tn mecer.
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4.2. IlpoyuBaHe BJIMSIHUETO HA XOPMOHA MEJATOHHH BBPXY Pa3BUTHETO Ha
eNMUJICTICUSITA M JCHOHOIIHOTO pa3npeaejeHHe HA CIIOHTAHHO NMOBTAPAIIMUTE Ce
rep4yoBe npu nopoau Wistar u CHoHTAaHHO XHUNIEPTEeH3UBHH MJIbX0OBE

JlatrenTHata (pasa U mpu JIBETE MOPOAU ce XapakTepusupa ¢ HopmaieH EEI
3amuc, ¢ peaKku aOHOPMEHU NPOSBH, MPUAPYKEHH OT I03a Ha BIEMCHSABAHE Ha
#UBOTHOTO (Pur. 4.1.1. (A,b- AB). Cnen EC u TpeTupaHeTo ¢ MEJIaTOHHH, CE OTYUTA
npeoOnanaBaHe  Ha JenTta/teta  BbiIHOBa aktuBHOocT B EEIT 3amucure 6e3
MOBEJICHYECKHU U3sBEHU KOHBYJICUBHU I'bpuoBe (Dur. 4.1.1. bB). JlareHTHUAT TIepron
70 TOsBa Ha WBPBUS CIOHTAHEH MPHUMAIBK, OIMPEICICH Ype3 H3I0J3BaHe Ha
IPOJIBIKUTETHO BHUAeO-HaOmoneHue (24 4/nen, 168 d/cenmuna) e 12,5 + 7,31 nuu
(cpenno + SD; obxBar 6-32) npu enwientuyHata rpyna KA-veh rpyna. HezaBucumo
OT BHCOKAaTa WHAWBHAyallHA BapHaOMIIHOCT B TO3W IapaMeThp, TPETUPAHETO C
MEJIATOHUH CTAaTUCTUYECKM 3HAYMMO YJIbJDKaBa JIATCHTHUS TMEpUOj JO TOsiBa Ha
CIOHTaHHa enwienTudopmMeHa akTUBHOCT Ha 60 + 32,87 nHu (cpeaHa CTOMHOCT =+
cTaHgapTHO oTkiIoHeHue /SD/; nuanason 8-109) (Mann-Whitney U-tect: T = 74.5, p
= 0.014).

CrioHTaHHUTE eNWICNTUYHU I'bpUoOBe, peructpupanu upe3 EEI" mpu mnbxosere,
ca TPUAPYKEHU OT IMOBEACHYCCKM M3MEHCHHS IO BpeMe Ha XpOHHMYHATa ¢aza Ha
enunencusta (¢ur. 4.1.1. (A,b- Ar). IloBeneHuecku, UHTEH3UTETa Ha T'bPUOBETE HE
ce pasnmuuaBa Mexay enwientuuHata rpyna (KA-veh) u enmnenthynara rpyna,
tpetupana ¢ menatonnH (KA-mel), mo Bpeme Ha XxpoHn4Ha (ha3a Ha CMUJICTICHITA.
[upkanuanHo pas3rpeesieHue Ha CIOHTAHHUTE MOTOPHH T'bPYOBE € OTYETEHO MEXKIY
O9-ra m 20-ta cemmmma cien EC, koraro IIBXOBET€ c€ XapaKTepU3HpaT C
OTHOCUTENHO BHUCOKa uectoTa Ha npuctbnute (dur. 4.1.1. A). Enunentuunara
Wistar rpyna (KA-veh) mokasBa Mmo-BHCOKa 4YeCTOTAa Ha CIOHTAHHUTE MOTOPHHU
rbpUOBE IO BpeMme Ha cBeriata ¢asa (Mann-Whitney U-tect, p<0.005) m mmar
otueTeHu o611 Opoit MmotopauTe rHEpuoBe 1 241 (76%) mo Bpeme Ha cBeTinara ¢aza Ha
JeHOHOIMEeTo, B cpaBHeHue ¢ 385 (24%) repuoBe mo Bpeme ThMHaTa (pasa Ha

neHonoueTo (dur. 4.1.1. A). B cpaBHeHHEe C eNUIENTUYHUTE IUTHXOBE TPETUPAHU C
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pastBopuren (KA-veh), mpu enmnentuynara rpymna, Tperupana ¢ memnatonuH (KA-
mel) He ce HaOJOaBa JACHOHOIICH PUTHhM Ha EKCIPECHUs] Ha CIIOHTAHHUTE T'bPUYOBH
npuctei (Mann-Whitney U-tect, p = 0.113). Karo msuto, 1047 ot mpumnagboute
(66%) ca HaOrOaBaHU 1O BpeMe Ha cBeTiaTa (pa3a Ha IEHOHOIIUETO, B CPABHEHUE C

oO1us Opoii Ha repUoBeTe - 551 (34%) no Bpeme Ha ThMHATa (asza (Dur. 4.1.1. A).

PasnpegeneHne Ha CNOHTaHHUTE NspPYCEU

A 0.4 NMPUCTBNX Npe3 O0EHOHOLWMETO
Wistar
0.3 A
=
[=
£ 024
3]
=
o
=
0.1 | T
0.0 4 -
T T T T T T T T T T T T 1
2 4 6 8 10 12 14 16 18 20 22 24
Bpeme
—®— KA-veh
—O— KA-mel
SHR
#
B 1.0 ~ -+ -+ "c')
209 =
o -+
0.8
£ o6
=
]
(="
=

0.4 A

0.2 4

0.0

2 4 6 8 10 12 14 16 18 20 22 24 Bpeme

®@ur. 4.2.1. (A, B) [{upkaauaHeH puTbM Ha pa3mpeelicHUe Ha CHOHTAHHO MOBTAPSIIH CE
repuoBe npu mopoxa Wistar- A.) 9-20 cenmuiu cieq EC; B.) npu mopoma SHR, 9-20
cenmuitu cieq EC. Bb3 ocHOBa Ha 4eTHpH IUTbXa OT JABETE emuienTHuHu rpynu- KA-veh u
KA-mel, cpexnnata dectoTa Ha T'bpyOBeTe (Ha Yac, ONpeAeiicHa 3a BCEKH JBa daca OT
neHoHomero). Cobkpamienus B JereHgara: KA-veh (rpymara ¢ emmnencus); KA-mel
(rpynara ¢ emuiencus, TpeTUpaHa ¢ MEJaTOHUH).
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CIOHTaHHO-TIOBTAPSAIIATE CE€ TBHPUOBH TPUCTBHIIM C€ HAOJIOMABAT IIPH
enmtentuunara SHR rpyna KA-veh u npu KA-mel rpynara. Ilpu KA-veh rpynara
I'bpYOBETE ca MoBeue OT 3 Ha jAeH npu 9 ot 13 mrbxoBe (69%), noxaro mpu KA-mel
rpymna ca ycranoBeHu 1pu 3 ot 17 (18%) mibxa. PasnpocTtpaHeHueTo Ha rbpuoBara
aKTUBHOCT KaTo (DYHKIIUS OT JEHOHOIIHUS ITUKBJI € ompesesieHa Mexay 9-ta u 20-ta
cenmuna cien EC, korato KHBOTHHTE IOKA3BaT IMOBUIICHA YECTOTa HAa I'bPUYOBETE
(®ur. 4.2.1.5). B cpriacue ¢ npenuinau usciaeaanus, KA-veh rpymna mokaspa Io-
rojsiMa MHTCH3WBHOCT Ha I'bpUOBETE MO Bpeme Ha cBemiara dasza. (Holm-Sidak

metoa, p<0.01) (Tchekalarova et al., 2010, 2011).

YecroraTa Ha mpucThIUTe Npu nopoaara Wistar e 3HaunTeIHO HaMalleHa caMo
Ipe3 ObpBUTE 8 ceamMuln cinen uHaynupane Ha EC, koeTo c¢pBmajHa ¢ mepuoaa Ha

tperupane ¢ Meaatonud (Mann-Whitney U-tect: T =230; p <0,001) (dur. 4.2.2. A).

Yectorara Ha TbpPUOBUTE TMPUCTHIM € CTATUCTUYECKH HaMalieHa [pHU
enWJIenTUYHAaTa Trpymna, Tpetupana ¢ wmenatonud (KA-mel), B cpaBHeHue c
CHWICTITUYHATA IpyIa TpeThpana ¢ padrBoputeln (KA-veh) mo Bpeme Ha mocieanuTe
nBa wecena- 13-16 u 17-20 cemmuna cinen EC  (¥p<0.05) (Pur. 4.2.2).
CraTuCTHYECKH JTOCTOBEpPHA MPOTPECHs Ha YECTOTaTa Ha I'bPUYOBETE, KaTo (DYHKITHSA

OT BPEeMETO € YCTAaHOBEHA caMo IpH ermmientHanuTe mrbpxose (KA-veh) (*p<0.05)

(Pur. 4.2.2).
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YecToTa Ha CNOHTAHHW MOTOPHWUTE MPUCTBMWU

357 Wistar
1 1-4 ceamuua
30 5-8 cegmuua
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®@ur. 4.2.2. (A, B) Yecrorara Ha pa3npenenenue repuoBete npu Wistar (n=13) (A) mrbxose
npe3 1-4, 5-8, 9-12, 13-16, u 17-20 cenmumu cien maaynupane Ha EC c KA. (A).
JBydakropnara ANOVA, noka3pa 3HauuTeseH eeKT Ha BPEMETO 3a YECTOTaTa Ha I'bPUYOBETE
[Fsg0 = 4.195, p<0.008]. *p<0.05 crpsimo KA-veh rpyna; “p<0.05 B pamkure Ha rpyma; (B)
npu nopogara SHR (n=13). Pesynrarute ca oOpaboOTeHH C MOMoOINTa Ha JBY(paKTOpHA
ANOVA u nokasBat goctoBepHocT Ha edekra Bpeme [Fi14,=4.37, p<0.002], BemectBo
[F114,=18.449, p<0.001], xakTo M B3amMojelcTBue MexkAy ¢akropute Bpeme u BemecTBo
[Fri0= 3.826, p<0.006]; *p < 0.05 cmpsiMmo KoHTponHaTa rpyma; "p<0.05, °p<0.05, *p<0.05
BbTpE B rpynata (cupsimo 1-4; 5-8 u 9-12 cenmunu cien craryca). CbKpalleHus B JIET€HJ1aTa:
KA-veh (rpynara ¢ enunencus); KA-mel (rpymara ¢ enuierncusi, TpeTupaHa ¢ MEJIATOHHH).

4.3. IlpoyuBaHe BJIMAIHMETO HA XOPMOHA MEJATOHMH BBbPXYy KOMOpOMIHATA
nenpecusi npu nopoau Wistar u CnOHTAHHO XHIEPTEH3MBHHU IIbX0BE

C nomomira Ha TecTa 3a NPEANOYUTAHUE KBbM CIAOKH PA3TBOPU € H3CIEABAH
edekTa Ha MEJTaTOHWHA BbPXY KOMOPOUIHATA JENpecHs. 3HAYUTEIHA Pa3JIuKa MEXKITY

rpynute npu nopogara Wistar, ce HaOnromaBa camo Mo BpeMe Ha cBetiiaTa (asa.
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Wistar rmrpxoBeTe ¢ emuIIeTiCUsl MOKa3BaT MOHMKEHO MPENNOYUTaHNE KbM 3aXapHHUS
pastBop (p<0.001) u nenomommm duykryarmu ("p<0.012), B cpaBHeHHE c
KoHTposute, yetupu Mecena cien EC (dur. 4.3.1.). ToBa nenpecuBHO OBeIEHUE HE

ce HabmoaaBa npu KA-mel rpynara mo Bpeme Ha cBeiiata ¢aza (p = 0.047) (Dwr.
4.3.1. A).

[Mpu SHR neHOHOUIHKUTE pa3IUyMs MPHU TECTa 33 MPEANOYUTAHUES KbM 3aXapHHU
pa3TBOPH C€ yCTaHOBSBAT NpU KOHTposiHata U KA-tperupana rpymna (dwur. 4.3.1. b)
(*p<0.05). TpeTHpaHeTo ¢ MEIATOHMH He MOBIHMSBA ACIPECHBHUS THII MOBEICHHC
BCJICJICTBHC CIUJICTITOICHE3aTa, Thi-KaTo ce HAOJ0aBa MOHKEHO MPEAOYNTAHNUE

KBbM CIIQJIKHUS pa3TBOp Ipe3 cBemiara ¢aza npu asere emwientuaau rpynu (KA-veh u

KA-mel) (*p<0.05).
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TecT 3a npeanoYnMTaHNA KeM Ccnagkuv pasTeopm

120 1 Wistar
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®ur. 4.3.1. (A, B) [lenonomnu Bapuarmu npu Wistar rrexose (A) B MPEIIIOYUTAHHETO KbM
3axapeH pa3tBop 13-16 ceagmuuum cnex EC. Pe3dynrtaturte ca npeacTtaBeHH KaTo CpeIHU
croitHocTl = SEM (n = 10). AHaiM3bT HA TaHHUTE € HAMPaBeH C MOMOIITa Ha TpudakTopHa
ANOVA, nokasBamia edekra Ha Enunencusita [Fy 74 = 4.41, p = 0.039], edexra Ha nelicTBue
Ha ®azarta [F, 7= 7.04, p =0.001], xakTo 1 B3aumoaeicTBueTo Mexay pakropute Enunencus
x @aza [F174 = 7.20, p = 0.009]; b.) IIpu SHR- edexr na dakrop Emunencus [F;g5=6.712,
p=0.011], edpexkr Ha Dazata [Figs- 18.812, p<0.001] u B3ammopelcTBHe Ha (GAKTOPUTE
Enunencus u ®aza [Fpgs- 5.629, p=0.020]. Pe3yntaTtuTe ca mnpeacTaBEeHHW KaTo CPEIHHU
croitnoctr = SEM (n = 10).*p < 0.05 crpsamo konTposanara rpyna (C-veh); °p < 0.05 cnpsmo
emtenTruaHaTa rpyna (KA-veh); #p < 0.05 BpTpe B rpymara (cBeTia cnpsiMo ThMHa (haza).

4.4. TlpoyuBaHe BJIMSIHHETO HA XOPMOHA MeJATOHHH BbPXY JABUraTeJIHATA
AKTMBHOCT M CHCTOSTHHETO HAa 0€3MOKOMCTBO, u3ciaeABaHO 4pe3 Tecta OF npm
nopoau Wistar u CHOHTAHHO XUTIEPTEeH3UBHH ILTHX0OBE

Konrponuure mrpxoBe oT mopoaa Wistar mokas3BarT JEHOHONIHH Pa3indus B
JIBUTaTe/IHaTa aKTUBHOCT, U3MEpPEHa KaTo OO0 U3MUHATO Pa3CTOSIHUE U BEPTUKAIHA

akTHBHOCT (Opoif m3mpasstHms Ha 3agum namm) ('p<0.05) (Pur. 4.4.1. A, B).
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TpeTHpaHeTo Ha KHBOTHHTE C MEIATOHHH NMPEMaxBa TO3M AeHOHOIEH puTbM (‘p>
0.05).

TecT OTBOpPEHO none- obLo U3MMHATO Pa3CTOAHME

A
12000 + Wistar
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®ur. 4.4.1. (A, B). /IeHOHOIIHN M3MEHEHHUS Ha JBUTATEIHATA aKTUBHOCT (0OOII0 M3MHUHATO
pasctosinue) y Wistar mursxose mpu tecta OF: (A). AHaIu3bT Ha JaHHUTE C TOMOIITA Ha
tpudakropua ANOVA nokaszBa edekt Ha dakropa Enunerncus u BemectBo [F173 = 4.04, p
= 0.048], kakTo B3aumojeicTBue Mexay ¢akropure Enwmiencus x BemectBo x ®aza [F7g
=3.89, p<0.05], edexr Ha dakrop Enmnencust [Fy7g = 122.546, p<0.001], edekt Ha dakTopa
BemtectBo [Fy7g = 11.598, p<0.001]. SHR (b) - ananu3sT Ha qaHHUTE, MOKa3Bala eeKT Ha
daxropa Enmmnencust [Fi 9= 13.208, p<0.001], edexr Ha dakropa BemectBo [Fyg6=22.229,
p<0.001] u edexr Ha dakropa Paza [F;g9e= 4.936, p=0.029]. *p<0.05 crpssMO KOHTpOIHATA
rpyna; “p<0.05 cnpsmo enunenTtuunara rpyma (KA-veh), #p<0.05 B rpyna (15:00 4. cpemry
03:00 u).
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OOmI0TO U3MHUHATO PA3CTOSHHE € HAaMaJIeHO IPY KOHTPOJIHATA TPyIia, TpETHpaHa
¢ menatonuH (C-mel) mo Bpeme Ha ThMmHaTa ¢aza (¥*p<0.05) (dur. 4.4.1. A). Wistar
wrexoBete ¢ emmierncusi (KA-veh) mokasBar XWIIEpakTHBHOCT 1O BpeMe Ha JBETE
da3u, AoKaTo TpW enmwiIenTHYHATa Tpyma, TpertupaHa ¢ MemaronuH (KA-mel) e
HaMaJleHa IOBHIIEHaTa ABurarenHa aktuBHocT ( p<0.05) (®wur. 4.4.1. A). Wistar
rpymata ¢ emwierncus (KA-veh) ce xapakrepusupa ¢ TIO-HUCKM HHBA Ha
O€3MOKONCTBO, B CpaBHGHHWE C KOHTpPOJIHATA Tpyma, KOETO Cc€ Ompeneis OT
M3MUHATOTO Pa3CTOSHUE B IIEHTpaJIHATa YacT Ha amapara, OT BPEMETO 3a MPECTO

TaM, KakTo u OT Opost Ha dekamuu (*p<0.05).

I[Ipu SHR, koHTposHaTa Tpyna >KHBOTHH II0Ka3Ba JCHOHOIHU pa3JIMKUd B
JIBUTATEITHATA aKTUBHOCT M B U3CIIEOBATEIICKOTO TTOBEACHUE, YCTAHOBEHHU CBITIO Upe3
OIIIIIOTO H3MHHATO pascrosuue (Pur. 4.4.1. B) ('p<0.05). TpeTupaHeTo ¢ MeIaTOHHH
npeMaxBa T03u AeHoHomeH pursM ("p>0.05), H3MHHATOTO PA3CTOSHHE ¢ HAMAICHO
IpyU KOHTpOJIHATA Tpyna, TpetupaHa ¢ wmenatoHuH (C-mel) u npe3 nBere dasu
(*p<0.05) (dur. 4.4.1. b). Enwnentuunara rtpyma (KA-veh) mnoka3Ba
XUMEPAKTUBHOCT, 0€3 TeHOHOIIHY (IyKTyand. Beripeku ToBa, Ta3u Tpyma NposBsBa
Mo-cJ1ab0 M3CJEeI0BATENICKO MOBEJACHUE 0 BpeMe Ha TbMHata (aza (*p<0.05) (PDwr.
44.1. b). MenaroHuHbT HaMalsBa IIOBHIIIEHATa JBUTaTeIHAa aKTHBHOCT JIO

KOHTPOJIHYU HMBa npu enunentuunara rpyna (KA-mel) (°p<0.05) (®ur. 4.4.1. B).

4.5. lIpoyuyBaHe BJIMAHMETO HA XOPMOHA MEJIATOHUH BBbPXY /JABHIaTeJIHATA
AKTUBHOCT U CbCTOSIHHETO HA 0€3M0KO0MCTBO, U3CJIEIBAHO Ype3 TeCTa MOBAUTHAT
KkpbcrocaH Jadupunt (EPM) npu mopoam Wistar u cnoHTaHHO XUNEPTEeH3UBHU
IUTbXO0BE

B tecra EPM, enunentuynara rpyna ot nopoaa Wistar moka3sa yBeinnuaBaHe Ha
Pa3CTOSHUETO U3MHMHATO B OTBOPEHUTE paMEHa M3MEPEHO B IPOLEHTH 0 BpEME Ha
neere (¢azu Ha aeHoHomuetro (*p<0.05) (dur. 4.5.1. A), xKoeTo € mNpHU3HAK 3a
MOHMW)KEHU HUBa Ha Oe3nokoicTBo nmpu KA-rpyna. AHajIOTM4YHO, €MUIENTUYHUTE
Wistar mipxoBe, MOKa3BaT U MO-HUCKO HUBO HA OE3IMOKOWCTBO, C MOBUIICH MPOIICHT

Ha M3MUHATOTO Pa3CTOSTHUE B OTBOpPEHHTE pameHa Ha amapata, (* p<0.05) (Pwr.
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4.5.1. B). IlocT-XOK aHaJIM3bT IMOTBBPKJIAaBa HWMIIYJICUBHUS THUI [OBEICHHUE,

xapaktepeH 3a KA-TpeTupanute miIbXoBe U npe3 ABeTe ¢a3u Ha JEHOHOILIUETO.

PascTosiHue U3MUHATO B OTBOpPEHUTe

A paMeHa cnpsiMo oG oTo
80
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60 + #
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40
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1

(3]
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®@ur. 4.5.1. (A, b). JleHoHOIIHN pa3nuYusi B HAIBOTO Ha O€3MOKONCTBO- CHOTHOIICHHE MEXKITY
Pa3CTOSIHHETO B OTBOPEHH paMeHa W ISJIOTO M3MHHATO pasctosiHue mpu Wistar mursxoBete
npu tecta EPM (A). Jlanaute ca mpeactaBeHd KaTo cpenna croinoct = SEM (p = 10);
AHanu3 Ha JaHHUTE € U3BbpIIeH upe3 Tpudakropua ANOVA, nokasBaa edexra Ha pakTopa
Enunencus [F;99=141.588, p<0.001]; mpu SHR (b) ce nHabmonaBa epekT Ha B3aUMOICHCTBUEC
Ha Qakropute Bemecto x ®aza [F;;=3,897, p=0.05]; *p<0.05 cnpsimo KOHTpOIHATA TPYIIa;
#p<0.05 B pamkuTe Ha rpyma (15:00 4. cpemry 03:00 1).
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Bpeme MIMHMMHATO B OTBOpPeHWUTe pamMmeHa
cnpsaMo obLWoTo Bpeme
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®ur. 4.5.1. (B, I'). /leHOHOIIHN pa3iavuus B aKTUBHOCTTA W HUBOTO Ha OE3MOKOMCTBO MpH
Wistar mipxoBeTe: ChOTHOIICHHE HAa BPEMETO, MPEKApaHO B OTBOPECHUTE paMEHa CIPSIMO
o61oro Bpeme npu Tecta EPM. JlannuTte ca npepcraBenn kato cpeaHa croiHocT £ SEM (p =
10); Ananu3 Ha maHHM € u3BBpIIeH 4pe3 TpudakropHa ANOVA, mokaspama edekra Ha
dakTopa Enunerncus [F1109=86.108, p<0.001]; mpu SHR (I') ce nabmomaBa edekt Ha pakTopa
Enunencus [Figs=8.751, p=0.004]; *p<0.05 cnpsmo koHTpoanara rpyma; p<0.05 crpsmo
enmnentuysara rpyna (KA-veh), “p<0.05 B pamkure Ha rpyma (15:00 4. cpenty 03:00 ).

3a paszmuka ot Wistar rurbxoBeTe, €MHCTBCHO XUIIEPTEH3WBHATA TOPOJA C
CMHWJICTICUS M TPETHPAaHAa C MEJATOHWH CE XapaKTepHu3Wpa ChC 3aHIKEHO HUBO Ha
0e3MoKOMCTBO (YBEIMYCHO M3MUHATO PA3CTOSIHUE U BPEME B aBEPCUBHUTE OTBOPCHU
paMeHa)  COpsAMO KOHTpOJHATa Tpyna W CNWICNTUYHATA Tpyla TpeTHpaHa C
pa3TBOPHTEN Tpe3 cBeTara (a3a Ha JCHOHOMHUS HUKBI mpu Tecta EPM (*°p<0.05)

(Qur.4.5.1 5, 1).
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4.6. IlpoyuBaHe BJIMSIHHETO HAa XOPMOHA MEJATOHHH BBPXY KOMOpPOHMIHA
Jenpecus - MpH TecT 3a mpuHyauTeaHo miayBaHe (FST) mpu mopoam Wistar u
CIIOHTAHHO XUIEPTEH3UBHU ILTHX0BE

TecTbT 3a MPUHYAUTETHO IIyBaHE € BTOPHUAT METOJM, C KOWTO € M3CIeaBaHa
komopounHata nenpecus npu KA momen Ha TE. KonrponmHata w emuientuyHa
rpyrmu, nopoga Wistar (C-veh u KA-veh) ce xapakrepusupar ¢ JACHOHOIIHU
duykryarmu  (p<0.05) Ha Bpemero 3a HemomBIXHOCT mpu Tecta FST. Ilpu
KOHTPOJHHUTE U CNUWJICNITUYHU IUTbXOBE, TpeTupanu ¢ MenatonuH (C-mel u KA-mel),
OTCHCTBA JICHOHOIIHHSI PUTHM IO OTHOIICHHE Ha Ta3M MOBEACHUYECKa peakius (Dur.
4.6.1. A). EnunentuyHuTe TUIHX0BE MPOSIBSABAT JIEIPECUBEH THIT TIOBEICHUE, N3pa3eH
Yype3 yBEJIMYECHO BPEME 3a HEMOABMXXHOCT MO Bpeme Ha cBemiara (asza (*p<0.05)
(®ur. 4.6.1. A). MenaroHuHBT 0OJIEKUYaBa JCIPECUBHOTO MOBEJECHNE HA IIIHXOBETE C

enuiencus 1o Bpeme Ha cetnara ¢dasa ("p<0.05) (dur. 4.6.1. A).

Ot ¢ur. 4.6.1. b ce Bwknaa, ue SHR mibxoBe, Tpetupanu ¢ menatonus (C-mel)
MOKa3BaT JICHOHOIIIHU Bapuallii, C HaMaJIeHO BpeMe Ha MMOOWJIM3alMsl 110 BpeMe Ha
TeMHaTa asa ('p<0.05). Ipymara, Tpetupana ¢ KA ce xapakrepusupa ¢ IeIpecuBeH
THUIl TIOBEICHUE, 0€3 JACHOHONIHM pasiuuus, okato KA-TpeTupaHnata ¢ MeJIaTOHHH

rpyna IIOKa3Ba JENPECHBEH THUI IOBEJCHHE CaMO II0 BpeME Ha cBemIara (Qasza

(*p<0.05).
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A TecT 3a NPUHYAUTENHO NNyBaHe
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®@ur. 4.6.1. (A, b). /IcHOHOIIHM pa3IWuMsl HAa TOKa3aTeNs BPEME Ha HEMOABHKHOCT Ha
nopoaa Wistar (A) npu tecra FST. JlanHuTe ca npecTaBeHn KaTo cpeaHa ctoiHocT £SEM (p
= 10); AHanu3bT HA JAHHUTE € HarmpaBeH ¢ nomoinra Ha Tpudakropsa ANOVA, edekr Ha
BemiectBoTo [Fy104 = 11.052 , p=0.001], edext Ha dakropa Pasza [Fi10s= 5.651, p = 0.019];
npu SHR (b)- epekr Ha dakropa Enunencus [Fyi10= 14.917, p<0.001], epext Ha da3ara
[F1110= 12.629, p<0.001] chmo Taka u B3aumoeiicTBre Mexay ¢akrop BemectBo u dasza
[Fii10= 4.439, p=0.038]. *p<0.05 cmpsiMo korTpomnuTe, "p<0.05 BHTpe B rpymara (15:00 w.
cpemty 03:00 1), “p<0.05 cpsamo enunentuynaTa rpyna (KA-veh).
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4.7. IlpoyuyBaHe BJIMSIHHETO Ha MEJIATOHMHA BBbPXY XHIOKAMII-3aBHCHMA
MPOCTPAHCTBEHA MaMmeT, u3ciaeaBaHa 4ype3 RAM tect nmpu mopoam Wistar u
CIIOHTAHHO XHUIIEPTEeH3UBHU ILTbX0BE

[Tpu KOHTpOJTHATA rpyma KUBOTHH, ITopoaa Wistar (HeTpeTupaHu U TpETHPaAHH C
MEJAaTOHUH) C€ YCTAHOBSIBA HAMAJIABaHE OpOs Ha IPEIIKUTE HA OIlepaTUBHATA MaMET
(emnodakropua ANOVA: C-veh, p < 0.001; C-mel, p =0.002) u oOmusaT Opoii Ha
BJIM3aHUs B pameHaTa Ha cecus (egHodakropna ANOVA, p <0.001), koeto nmoka3pa
no0pa crnocoOHOCT 3a 3ay4yaBaHe Ha rpynara (Qwur. 4.7.1. A). AHanu3 Ha pe3yaTaTuTe
gype3 Tpudakropua ANOVA mnokazBa gocroBepeH edekt Ha daktopa Cecus [Fsoo9 =
10.361, p<0.001] u edext Ha Ppakropa Emunerncus [Fi 60 = 42.779, p<0.001] xakTo 1
B3anMoeiicTBre Mexay ¢akropure Cecus x Emmternicus [Fs o9 = 11.955, p<0.001].
Wistar rpynara ¢ emmmencust (KA-veh) mokaspa BiomaBaHe Ha olepaTHBHATA IaMeT
0e3 oTuMTaHe HAa HamalsBaHe Ha Opos rpemku BBB Bpemero (P > 0.05) mokato

TPETHPAHETO C MEJIATOHUH Mo100psaBa To3u mokaszaren (°p < 0.05) (dur. 4.7.1. A).

[Ipu SHR, Awnamuz Ha pesynratute upe3 Tpudaktopua ANOVA mnokassa
noctoBepeH edekt Ha paktopa Enumnencus [Fq,3; = 21.988 , p<0.001] (Pwur. 9 b). 3a
pas3irKa OT IUTbXOBETe ¢ enuencus nopoaa Wistar, enuienTHYHUTE XUICPTCH3UBHU
IUTHXOBE TPETHPAHU C PA3TBOPUTENI UMAT HaMaJeH OpoW TpEeniKd Ha olepaTHBHATA
nameT B 14-16 u 17-18 cecun (°p < 0.05) (®ur. 4.7.1. B). Tperupanure ¢ KA u
MEJIATOHWH TUTBXOBE C CMWJICTICHS MMaT HapylIeHHWE B MPOCTPAHCTBEHATa IMaMeT
(moBuIIeH OpO¥ TpEIIKKM Ha olepaTHBHATA MaMeT M oOm[ Opoli Ha BIM3aHUATA B

paMeHaTa 3a Cecusi, B CpPaBHCHHE C KOHTpOJIHATA Ipyna *XHBOTHH) (€AHO(paKTOpPHA

ANOVA: C-veh=27.007, p <0.001; C-veh: H: 17.505, p =0.008).
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®ur. 4.7.1. (A, B) . Edbextn Ha MenaToOHMHA BbPXY MPOCTPAHCTBEHATA MaMET, OTYETEHU Upe3:
A.) Opoii Tpemku Ha omepaTHBHA mameT Ha nopoaa Wistar mpu tecta RAM (¢ uskitoueHue
Ha 1-Ba cecus, ocTaHanuTe ca 0OCTUHEHU IO TPU NIPHU OTYUTAHE). AHAJIU3BT € HAIpPaBeH upe3
ennodakroper aucnepauoneH anaanz ANOVA (C-veh: H = 30.286, p < 0.001; C-mel: H =
20.668, p =0.002); b.) npu nopona SHR (C-veh: H= 27.007, p<0.001; KA-veh: H= 17.505,
p=0.008). anHuTe ca mpeacTaBeHHu KaTo cpeaHa CTOMHOCTESEM, *p<0.05 cnpsmo
KOHTpoOJIHaTa rpymna; ~p<0.05 crnpsmo rpymara, TpeTUpaHa ¢ aHAIOTUYHH BEIECTBA.

4.8. IIpoyuBaHe eekTHTEe HA XOPMOHA MeJATOHMH BbpPXy HuBara Ha S5-HT B
XUIOKAMII U XHUCTOJOTHYHU n3MeHeHusi B pe3yartat ot EC npu nopoaute Wistar
u SHR

UYpes HPLC meton ce ycTaHoBsBa, ue mpu nopoaata Wistar, tpetupana ¢ KA ce
Ha0roaBaT MO-HUCKKM HHMBA Ha 5-HT B xumokamma, B CpaBHEHHWE C KOHTPOJIHATA

rpymna (C-veh) (*p<0.05) (dwur. 4.8.1. A). MHOTOKpAaTHOTO TPETUPAHE C MEJIATOHUH
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HaMajsiBa XUIMOKaMIamHuTe HuBa Ha 5-HT mpum konTpomHara rpyma (*p<0.05),

AO0KATO IpHU CHHWICIITHYHHUTC IINIBbXOBC, MCIATOHMHBT BB3CTAHOBABA TO3HU ,Zle(i)I/IIII/IT

(Qur. 4.8.1. A).

ITo otHomenue HuBaTa Ha 5-HT B xumokamn mpu mnopogara SHR,
MPOIBIDKATEITHOTO TPETUpPAaHE ¢ MEJIATOHWH TNPEIU3BHKBA HAMAIIIBaHE HHUBATa UM
npu koHTposHata (C-mel) u enunenTuunaTa rpymna, Tperupana ¢ MeiaaToHuH (KA-

mel) (®ur. 4.8.1. B) (*p<0.05).

5-HT HMBa B XxXMnokamn

A 10 Wistar
8
s
(=2
E
=
=%
4
2
]
— C-veh
C-mel
BB KA-veh
KA-mel
B 10 —
SHR
a8
& 4
[=2]
E
=
=%

®ur. 4.8.1. (A, B). Konnenrpamus Ha 5-HT B xunokamna npu nopona Wistar (A) 8 pM/mg,
u3MmepeH o merona Ha HPLC. Pesynratute ca mpeacraBeHu kKato cpeaHa croiHocT £SEM
(n=9-10); AHanmu3bT € u3BBpUICH C mnomointa Ha jaBypaktropua ANOVA u mnokaspa
B3auMoencTBue Mexay (axkropure Enmnmencust X BemectBo [Fj30=4.02, p<0.05]; npu
nopona SHR (b)- edexr Ha dakropa Enunencus [Fy4,=7,05, p<0.05] u ¢akropa BemectBo
[F1.41=8,254, p<0.05]; *p<0.05 cripsimo koHTponHaTa rpymna; °p < 0.05 copsMo enuIenTuuHaTa

rpymna (KA-veh)
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XUCTONOTHYHHST aHAJIM3 € W3BBPIIEH, 32 Jia Ce YCTAaHOBU CTEIEeHTa Ha
HEBPOHAIHO YBpPEXIaHE B CTPYKTypu OT juMOW4Hata cuctema. Durypa 4.8.2.
noka3Ba THMUYHOTO omBersiBaHe mo Nissl xumokammna, mupudopmena xopa (Pir) u
0azonaTepaaHOTO sIpo Ha amuraanata (BL) Ha KOHTpOJHHTE »XUBOTHH W JBETE

rpynu mibxoBe ¢ emuiencus (KA-veh u KA-mel).

Wistar

®ur. 4.8.2. Cpe3u ot xunokami, nupudopmena kopa (Pir), u GasomatepanHo sapo Ha
amurnanara (BL) , ouerenu mo Nissl npu xontposnun Wistar mursxose (A, I'), npu Wistar
wibxoBe ¢ enmiencus (b, 1) u emunentuann  Wistar rurbXoBe ¢ eMWICHICHS, TPETUPAHU C
menaronu cinen EC (B, E). Enunentuunarta rpyna moka3Ba rojsiMa 3ary0a Ha HEBPOHH B
xunokamn. HeBponanmna 3aryba ce nHabOmomaBa u B CALl mojero Ha Xumokammna u
nupudopmenata kopa (b u JI). Enwrentuunute Wistar mrbsxoBe, TpeTUpPaHHU ¢ MEJIATOHUH HE
CE pa3JInyaBaT ChIIECTBEHO OT KOHTPOJIMTE.

Cpe3oBere OT KOHTpoiHara Tpyma WIisrar mrpxoBe ce XapakTepusupa € T'hCTO
Pa3MoNIOKEHH ¥ MHTEH3UBHO OIBETECHH MUPAMUIAIHA HEBPOHH BB BCHUYKHU CIIOCBE Ha
xunokamma, Pir u BL (®ur. 4.8.2. A, T'). He ca otkputu MOP(OIOrHYHHU pa3Indus
mMexay koHtpoaHute rpynu (C-veh u C-mel). IIpu enunentuunara rpyna (KA-veh)
ce HAOJrO/IaBaT HEBPOHAJIHU YBPEKIAHUS HA T€3HM CTPYKTYpH M 3ary0a Ha HEBPOHU B

CAIl moneto Ha xunokamna u Pir (dwur. 4.8.2. b, J1).
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XucronornyHoto u3cnensane npu SHR mrbxoBe upe3 onpetsiBane mo Nissl Ha
cpe3d OT Jjop3ajiHa xurnokammanHa ¢opmanus, Pir m BL mokassar, de mnpu
KOHTPOJIHUTE TUThXOBE MUPAMHIAJIHUTE HEBPOHU BHB BCUYKHU CJIOEBE HA XUITOKaMIIa

(A), B Piru BL (I') ca recTO pa3nosioskeHu ¥ HHTEH3UBHO onBeTeHH (¢ur. 4.8.3.).

SHR

®dur. 4.8.3. Cpesu ot xunokami, mupudopmena kopa (Pir), u 6azonarepanna amuraaia (BL),
ousetenu 1o Nissl mpu kouTpomar SHR mexose (A, I'), npu SHR mrsxoe ¢ enwitencus (B,
) u enunentuyad SHR mbxoBe ¢ enuterncusi, TpeTHpaHU ¢ METATOHHUH CJe]l eMMICHTHYHUS
craryc (B, E). Kanu6poska: Scale bars = 200 um (A-F); 50 pm B npaBObI'bIHUTE MapKepH ¢
npesicTaBeHo no-rojsiMo yBenudenue (in B and E).

Tperuranero ¢ KA Boau 1o 3aryba Ha HEBPOHU BBB BCsKa OT U30POEHUTE TO-
rope crpykrypu- xunokamn (B), Pir m BL (/). I'bcToTara Ha HEBpPOHHUTE €
CTaTUCTHYECKU HaMajeHa B xurokamma, BL u Pir mpu rpynara ¢ enunerncus. (®wur.
4.8.3. A, b) (*p<0.05). Tperupanero ¢ MeIaTOHUH OKa3Ba MPOTCKTHUBEH €(PEKT 110

OTHOLICHHWC HAa HCBPOHAJIHATA 3ary6a, B pE3yiITaT OT CHWICIICHUATA, B U3CJIICABAHUTC
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ctpyktypu (Qur. 4.8.3. B, E), ¢ oTueTeHr CTOMHOCTH, OJU3KH 10 KOHTPOJIHUTE HUBA

B CA1 u CA3 nonero Ha xunokamna u Pir (°p<0.05).

HeBpoHanHoTo yBpexaane B xumokamma Ha Wistar € chImbTCTBAaHO W OT
aOHOPMEHO YBENMYaBaHE Ha JIATCPAIIHUTE BEHTPUKYIH. ['bcTOTara Ha HEBPOHUTE
(HEBpOHU Ha €AWHUIIA IUJIONI) € CTaTUCTUYecku HamalieHa B jBete CAl mosera Ha
xunokamia u Pir Ha enunentuydara rpyna (dur. 4.8.2. B, JI; ®ur. 4.8.3. A, 4.8.4.
A).

[Ipu enunentuynute SHR mirbxoBe, cTaTUCTHYECKHM IOCTOBEpPHA HEBPOHAIHA
3aryba ce HabmomaBa B CAl, CA2 u CA3 monero Ha xumokamma u GD, karto
TPETHPAHETO C MEIATOHUH MOKa3a cTaTucTU4IecK nmpoTekTuBeH egekT B CAL monero
Ha xunokamia (®wur. 13 b). B Pir u BL, cbiio ce Habr01aBa HEBpOHAIHA 3ary0a mpu
rpynute Tpetupanu ¢ KA, Ho B Pir, TpeTupaneTo ¢ MeIaTOHWH MOKa3Ba MPOTEKTUBEH

edext (dur. 4.8.4.1).
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1200 HeBpoHanHa 3ary6a B XMnokamn

Wistar

1000 H

800 ~

600 ~

400 H

HeBpoHu Ha eguHvLa nnowy

200 ~

CA1 CA2 CA3 Gyrus dentatus

[ C-veh

1200 A

SHR

1000 A

| *
*

800 A

600

400 A

HeBpoHu Ha eguHMLa nnowy

200 1

CA1 gyrus dentatus

®ur. 4.8.4. (A, b). Edext Ha npoabmkutenHOTO TpeTrpaHe ¢ MenatoHuH (10 mg/kg/nen B
NUTEeWHaTa BOJAA, B MNpoAabbKeHHE Ha 8 ceamuim) BbpXYy KA-unaynupanata TE npu
xuctonorndau cpesu (onpersBane mo Nissl). A./ HeBpoHanHa 3aryb0a B XHIIOKaMIia Ha
Wistar- CAl, CA2, CA3 nosieta Ha xunokamma u gyrus dentatus. Eqnodakropua ANOVA
[F218=7.235, p<0.025. B/ npu SHR [F;,0=7.235, p<0.005]. *p<0.05 cnpsimMo KOHTpoJHATA
rpyna; “p<0.05 cnpsAMo enuiIenTuYHaTa rpyna.
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HeBpoHanHa saryfa B NMpudopueHa Kopa U
GasonaTepanHa amiroana

Wistar
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nupudopmeHa Kopa 6asonarepanHa amuraana

®ur. 4.84. (B, I'). Edexr Ha mpoabmKUTENHOTO Tpetupane ¢ menatoHuH (10
mg/kg/nen B mnwurTeiiHaTa BomA, B MNPOABIKCHHE Ha 8 ceamuim) Bbpxy KA-
unaynupanara TE npu xuctonorununu cpesu (ousersiBane no Nissl). B./ HeBponaina
3ary6a B Pir u BL na Wistar. Eqnodakropaa ANOVA [F,15=42.528, p<0.001]. I'/ mpu
SHR [F120= 17.255, p<0.005]. *p<0.05 cupsmo koHTponHaTa rpyna; p<0.05 crpsmo
eMUJICIITUYHATA TPYyIIA.

4.9. IIpoyuBane epekTHTE HA XOPMOHA MEJIATOHUH BbPXY OKCHJIATUBHUS CTPeEC

4.9.1. EdpekTn Ha XOPMOHA MeJIATOHUH BbPXY HUBOTO HA JIMITU/IHA MEPOKCUIATUS

Kontponaure SHR mnoka3BarT mno-BUCOKO HHMBO Ha OKCHUJIATUBEH CTpPEC OT

HOPMOTCH3MBHUTE IIbXOBe Wistar ¢ TIOBHINICHA JIMIIHMJIHA TEPOKCHUAAIMS BbB
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dbponranna kopa (dur. 4.9.1.1. A, b). He ce naGmogaBaT mpoMeHW B JIMIMHIHATA
MEPOKCUIAIMS B Ta3H CTPYKTypa MPHU TPYIUTE C CMUJICTICHS U TIPH JBETE M3CIICABAHU
nopoau mrbxoBe. Kannar-unaynupanuat EC mpoBokupa 3HAUYNTETHO MOBUIIAaBaHE HA
HUBOTO Ha JIMMIKHA MEPOKCUIAIMS B XWIIOKaMma KakTo Ha mopoma Wistar (* p =
0.008), Taka u Ha SHR 1uIbXoBe JOKATO TPETUPAHETO C MEJIATOHWUH CTATHCTUYCCKH
3HaYMMO HaMmajsgBa oKkcuaTuBHMs ctpec (*P < 0.05 crnpsMo KOHTponHA rpyma, p

<0.05 cropsimo KA-veh rpyna) (®ur. 4.9.1.1. B, I).

NunuaHa nepokcuaauus BB (hpoHTanHa Kkopa
Wistar

nmol

] C-veh
C-mel
B KA-veh
KA-mel

29 SHR

30 4
25 4

20 A

nmol

15 4

10 A

%
%
_
_
%
/
%
Z

®wur. 4.9.1.1. (A, b). Jlununna nepokcunanus B GpponTamHus kopa (A) Wistar u SHR
(b). Hannute ca mpeacrtaBeHH kaTo cpeaHu crtoiHoctd = SEM (n = 10). AHanu3bT Ha
JTaHHUTE € HarpaBeH upe3 nBydakropHa ANOVA.
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JivnuaHa nepokcugaumsa B Xxunokamn

a5 - Wistar

nmol

SHR
35 4

30 A

25

nmol

15 4

10 4

=2 NS

®@ur. 4.9.1.1. (B, I'). Jlunuana nepokcuganus B xunokamn (B) Wistar u SHR (I).
JlanHute ca mpeactaBeHu kaTo cpeaHu cTtoilHocTH = SEM (n = 10). AHanu3bT Ha JaHHUTE
ype3 nBydpakropsa ANOVA, nokaspia oCHOBEH e()eKT Ha TPETHUPAHETO ¢ MenaToHUH [Fj 30 =
15,566, p <0,001] u B3aumoneiictBue Ha ¢akropure KA x BemectBo [Fi3 = 30,538, p
<0,001] 3a manaute ot mopoxa Wistar (B); B3ammopeiictBue Ha (aktoputre KA X BemiecTBo
[F13, = 16,371, p <0,001] 3a mannute ot mopoxa SHR (I); * p <0.05 cnpsmo C-veh rpyna; °p
<0.05 cnpsamo KA-veh rpyma.

4.9.2. Edextn Ha MeJATOHMHA BbPXY AaKTHBHOCTTA HAa IUTO30.IHA
cymepoxcua qrucmyrtasa (Cu/Zn- SOD)

Kontpoaaure SHR mokazBat mo-aucku HuBM Ha muTo3oiaHa SOD Cu / Zn BBB
dbpoHTanHa KOpa, 3a pasnuka oT KoHTposuTe Ha Wistar. Uunynupanuat EC ¢ KA nHe
MOBJIMsABA €H3MMHATa aKTUBHOCT Ha Wistar TurbXoBe, HO NMPUYMHSBA aJalNTUBHOTO i

yCUJIBaHE KakTO BbB (PpOHTAIHA KOpa, Taka u B xumokammna Ha SHR (*p <0.001) (dwur.
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49.2.1. b, T'). Xpounynoto Tperupane ¢ wmenatoHWH yBenmdaBa SOD Cu/Zn
aKTUBHOCTTA U B JIBETE M3CJEeIBaHU MO3BYHU CTPYKTypu Ha Wistar mrpxose cien EC
(p <0.001) (®ur. 492.1. A, B). Or apyra crpana, npu KA-tpermpann SHR
mMenatoHuHbT notucka KA-unaynupanara SOD Cu /Zn akTUBHOCT BBB ()pOHTAIHA
xopa (°p <0.001) (®Dur. 4.9.2.1. B). TperupaHeTo ¢ MEIATOHKMH IOBUINABA AKTUBHOCTTA

Ha SOD Cu/Zn npu kouTpostar SHR B xunokamn (*p = 0.016) (Pur. 4.9.2.1. T).

Cynepokcug aucmyTtasa Cu/Zn BbB (ppoHTanHa kopa

A Wistar

o
*

0.8 +

0.6 +

U/ml

04 +

0.2 +

0.0

/1 C-veh
C-mel
B8 KA-veh
KA-mel

B SHR

0.8

0.6 A

U/mi

0.4 A

0.2 A

0.0

®@ur. 4.9.2.1. (A, b). AKTUBHOCT Ha ITUTO30JIHAaTa cynepokcua aucmyrtaza (SOD Cu
/Zn) BbB dponTanHa kopa npu Wistar (A) u SHR (b). JlanauTte ca npeactaBeHu KaTo CpeIHA
croitHoct £ SEM (n = 10). Ananu3sT Ha nanaute upe3 apydakropHa ANOVA moka3sa
ocHoBeH edekt Ha KA-tpetupane [Fy 7 = 39,652, p <0.001] u edexr Ha menaronuna [Fp .7 =
14,684, p <0.001] 3a mamnute ot rpaduka (/). IIpu SHR (E) ce mposBu edekr Ha
B3auMozeincTBue Ha pakropa KA X BemectBo [Fi 30=24.533, p <0.001]; * p <0.05 cupsimo C-
veh rpyna; °p <0.05 cnpsimo KA-veh rpyna.
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Cynepokcup gucmyTtasa Cu/Zn B Xmnokamn
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®ur.4.9.2.1. (B, I'). AxTuBHOCT Ha 1UTO30JIHaTa cynepokcua aucmytasza (SOD Cu
/Zn) B xunokamn mpu Wistar (B) u SHR (I'). /lanHuTe ca mpencTaBeHHM KaTto CPEIHU
croitHoct £ SEM (n = 10). Ananu3sT Ha nanaute upe3 aBydakropHa ANOVA mokazsa
ocHoBeH edekT Ha KA-tpetupane [F; 35 = 17,648, p <0.001] u edext Ha B3auMoeiCTBIE HA
¢dakxTopa KA X BemectBo [Fj36 = 21,124, p <0.001] 3a nannute ot rpaduka (OK) u epekr Ha
¢axTopa enmencus [Fi 5= 11,078, p =0.003] u edexr Ha daxropa Bemectso [F1 25 = 12,260,
p=0.002]; *p <0.05 cnpamo C-veh rpymna; °p <0.05 crpsmo KA-veh rpyna.
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550 BChXJAAHE

AHanu3bT Ha MOJYYEHUTE PE3YJITATH NOKA3Ba, Y€ MPOIABILKUTEITHOTO TPETUPAHE
C XOpMOHa MenaToHuH B no3a 10 mg/kg, B npoabkeHue Ha § ceIMuUIM, ¢ HaYaio 3
yaca cinen npeausBukaH ¢ KA EC, oka3Ba IpOTEKTHBHO JIE€UCTBUE BBPXY HSAKOU OT
BpPEIHUTE BB3JCHUCTBUS Ha €NWICNITOI€HE3aTa, CBbP3aHU C MOBEJCHUYECKUTE POMEHH,
BKJIFOUMTEJIHO HMMIIYJICUBEH THUI MOBEIEHUE, KOMOpPOUIHA JAerpecHs U AepULIUT Ha
IPOCTPAHCTBEHATA [aMET, HAMAJICHH HMBA HA CEPOTOHMH B XHMIIOKaMmIla U YBPEXKIAaHE

Ha HEBPOHUTE B IMMOUYHUTE CTPYKTYPH.

Cropen HSKOW KJIMHWYHUA W3CJICABaHUS, MAIMEHTUTE C CMHJICTICHS ITOKa3BaT
MOBUIIIEHA YECTOTa Ha MPUNAABIIMTE IO BpeMe Ha MOKoW (TbMHa (aza), TOKaTo
HOIITHUTE >KHBOTHH, KaKBUTO Ca TUTBXOBETE, MOJIyYaBaT MO-YECTO T'bPUYOBH MPHUCTHITH
110 BpeME Ha HEaKTHBHATa 3a TAX, cBeTia (aza (Arida et al.,1999; Stewart and Leung,
2003; Goffin et al., 2007). B cbriacue ¢ JIuTepaTypHH JaHHU U TPEIAMIITHE PE3YITaTH
Ha Hamus ekui, mopojgata Wistar ce xapakrepu3upa ¢ IMpKaJdaHEH PUTHM Ha
pasmpeeicHie Ha CIOHTAHHUTE emuienThdHu repuoBe (Arida et al., 1999; Stewart
and Leung, 2003; Raedt et al., 2009). ITopomara SHR, kosTO € MOAXOIAI] MOJIET 3a
W3CIIeIBAaHC HAa BpbB3KATa MEXKAY XHUICPTOHHMS W CMUJICTICUS, II0Ka3Ba HAPYIICH
[UPKaIUaHEeH PUTHM, KOETO OT CBOSI CTpaHa MpaBH IMOPOJaTa MOIXOJS] MOJET 3a
u3cienBaHe U B XpoHoOumosiorndyeH acnekt (Minami et al., 1988; Fang et al., 2000).
JlecuHXpOHU3aNKUATa BHB (DU3UOJOTUYHHUTE UUPKAAWAHHA PUTMH TMPUAPYKaBaT
CBhPJIEYHO-CHIOBUTE OTKIIOHEHUSI TIPU TO3U MOJEN >KMUBOTHH. [lopanu Tasu mpuduHa,
TPETUPAHETO C MEJIATOHUH € aeKBaTeH IMOXO0]] 3a MPEBEHITUS CPEIly HapyIllaBaHe Ha
Te3u putMu. B chriacue ¢ nurepaTypHHUTE NAHHU U HAIW TPEAUIIHU HU3CJICIBAHUS
(Arida et al., 1999; Stewart and Leung, 2003, Tchekalarova, 2010, 2011) HacTosimute
IPOyYBaHUsS TIOKa3BaT JCHOHOITIHU KoJieOaHWs B IOsSBAaTa Ha CIIOHTAHHU T'HPYOBH
OPUCTBIIM Yy JBETE€ IMOPOAM ILIbXOBe, HopMmoreHsuBHuTe Wistar mibpxoBe u
enwientuund SHR mrsxoBe mpu KA Mozen Ha teMniopaiina enuiencusi. B cratusara cu
Hofstra et al. (2011) ycraHoBsiBatT, ye MPOM3XOABT HA TEMIOPATHUTE W (POHTATHH
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NPUCTBHIIM Ca CHHXPOHM3UPAHM NPU XOpaTa OT XOPMOHAJHUA Mapkep Ha
[MpKaJaHHATa CUCTEMa- MEJATOHWH, JIONYCKalKW, 4Ye IUpPKaJAMaHHUTE PUTMHU U
CMUJICITUYHUTE ThPUYOBETE Ca TSICHO CBbp3aHU. [IpoyuBaHusATa HM MOKa3BaT, 4e
MHOTOKpPaTHO TMpUJIaraHe Ha XOpPMOHA MEJIATOHMH IMpeMaxBa JECHOHOIIHUTE
GbayKTyaluu B IMposiBaTa Ha CIOHTAHHUTE I'bPUYOBH MPHUCTBHIN U MPH ABETE MOPOIU
IUTbXOBE. TpeTupaHeTo ¢ MEJATOHMH IO BpEeME Ha eMNWIeNTOreHe3aTa MnpemMaxBa
[MpKaJMaHHUs PUTHM Ha I'bpUoBaTa aKTUBHOCT M HaMajlsgBa 4eCTOTaTa Ha I'bPUYOBETE
10 BpeMe Ha cTaOMIHaTa XpoHUYHA (pa3za Ha enuiencusara. Berpeku ToBa, pe3ynraTuTe
OT HaIlleTO H3CJeABaHEe He OsfXa JOCTaThYHU, 3a J1a C€ pa3Kpue BIUSIHHETO Ha
[UpKaJMaHHUTE PUTMH BBPXY I'bpuOBaTa aKTUBHOCT, 3aIlIOTO HE OsfXa H3MEpPEHU
MJIa3MEHUTE HUBA HA MEJIATOHWHA U HETOBOTO OTPaXE€HUE BHPXY paslpe/eICHUETO Ha
r'bpuoBeTE. 3a IIeNITa € HeoOX0AUMO J1a OBIAaT HANMpaBeHU OBJICIIN U3CIICIBAHUS, 32 Ja
ObJie JI0Ka3aHa XMIOTe3aTa 3a Bpb3KaTa MEXIy IIUPKAJIUAaHHUTE PUTMU M TOSBaTa Ha
IbPUOBE NPU EKCHEPUMEHTAIHUTE >XUBOTHU. bbaemmu wusclienBaHus W aHaIu3 Ha
XOpPMOHAJIHUSI MapKep, Ouxa MOTJIM Ja OTTOBOPAT Ha BBIPOCA 3a TOUHATA POJIA Ha
XOpPMOHA MEJAaTOHWH B EHJOTCHHUS MEXaHU3bM Ha UHUPKATUAHHUS PUTHBM Ha

I'bpYOBaTa AKTUBHOCT.

[Tpu Wistar mibpxoBe C eMMIICICHS, TPETUPAHW C MEJATOHWUH B IIEpHOA Ha
enWIeNnToreHe3ara B MPOIBDKEHHE Ha 8§ CeAMUIlM, ce Ha0JIoJaBa JIOCTOBEPHO
yBeJIMYaBaHE Ha JIATEHTHHUS TEPHOJl JO TOsBaTa HAa MBPBHs CIIOHTAHEH MPUMAIBK.
AHaNIM3bT HA YECTOTA HA CIIOHTAHHATa I'bpUoBaTa akTUBHOCT mpu Wistar murexosere 3a
nepuon ot 5 mecena cien EC mokasa, 4e MeIaTOHUHBT MPOSIBSIBA aHTUKOHBYJICUBEH
edeKT, YCTaHOBEH IO BpEME Ha TPETHpPAHE, a CJeI NPEyCTAaHOBSIBAHETO MYy, C€
HaOJIF01aBa 3acWiIBaHEe Ha I'bpUYOBaTa aKTHBHOCT. He3aBHCHMMO OT TOBa, MEIaTOHUHBT
HE cromara 3a TIpeloTBpaTsBaHE Pa3BUTHETO Ha enuiierncus. J[HeBHUAT MpueM Ha
menatonuH B no3a 10 mg/kg B mpoxbmkenue Ha 60 IHU, 3amodBaiikk 3 4aca Cien
Hayasio Ha EC, oka3Ba mo-eeKTHBHO NEWCTBUE BBPXY I'bpUOBAaTa AKTUBHOCT TPHU
nopoxata SHR, B cpaBuenue ¢ mopomara Wistar, Thil KaTo MOTHCKA aKTUBHOCTTA Ha

MNPUCTBIIUTE U CJICA IPCKpATABAHC HAa TPCTHUPAHETO, T.C. MPE3 UECTBHPTU U IIETU MCCCII
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cien EC. Moxe na ce Npenanosioku, 4ye Te3W MOpPOAa-3aBUCHMHU PA3IUYUS CIPSMO
edekra Ha MenmaroHuHA pu KA-Mozmen Ha TeMmrmopaiHa emujIericHsi, MoraT aa Obaatr
CBBpP3aHH C €IHOBPEMEHHOTO HaMaJsiBaHE Ha KPHBHOTO HAJSTaHe, HAOJI0/IaBaHO MU
ermmientuaHuTe SHR. XpOHUYHOTO XUMEPTEH3UBHO CHCTOSHUE MPEAU3BUKBA KPBHBHO-
Mo3buHa guchyHkius B xumokammna Ha SHR (Ueno et al., 2002). Ta3u mopoma ce
IpernopbyBa KaTo MOAXOJAI] MOJEN Ha ChOBa JEMEHIUS MOpaad TosBaTa Ha
HEOMaronpusiITH TPOMEHU B XUITOKaMIIa M aCTPOTJIMATHA PEaKIus, MOA00HN Ha Te3H,

Ha6JIIO,ZIaBaHI/I IMIpu HCBPOACTCHCPATHNBHU 3a00J19BaHUS C KOTHUTHBHO YBPCIKIAAHC

(Sabbatini et al., 2002).

B macrosmara paGota ca H3MOM3BaHM TOBEJCHYECKH TECTOBE JaBallld
uHpOpMaIUs 32 TPOMEHU B ChCTOSSHUETO Ha TPEBOXKHOCT, ACTIPECUBEH THI TTOBEACHHE,
JIBUTATEJIHA aKTUBHOCT, mameTTa. C MOMOINTa HA U3CIEJBAHUATA CE€ YCTAaHOBSIBA, Ye
Wistar TuTbXOBETE C CMHWIICTICHS C€ XapaKTepu3upaT C XUIEPAKTUBHOCT, TMOHMKEHO
HUBO Ha OE3MOKOWCTBO W JIMIICA Ha JCHOHOIIHA JMHAMHKA B IIOBEICHUYECKHUTE
orroBopu. IIpm Tasu mopoma METATOHUHBT OOJIEKYaBa XHUIEPIOKOMOIMATA H
IIPOMEHHUTE B HUBOTO HAa OE3MOKOWCTBO B pE3yJdTaT OT EMUJICIITOreHe3aTa MpH TecTa
OTBOPEHO TMoJIe. XHUIEPAKTUBHOCTTA, KOATO Oemie HaOiromaBana npu Wistar u SHR
IUTBXOBE C CMWJICTICHUS W TPETHPaHW C MeEJaTOHWH, O€¢ 3HAYMTETHO HaMmajcHa.
Menatonun-Tpetupanara rpyna SHR ¢ enunencusi ce xapakrepuszupa C MOHUKEHA
JIBUTATEIHA aKTUBHOCT M HaMaJlsIBAaHE HAa MMITYJICUBHUS THUN TMOBEJEHUE, MOAO0HO Ha

noka3aHus eeKT npH IIbXoBeTe mopoxaa Wistar.

MenatoHMHBT OKa3Ba €(eKT BBHPXY JBHUTaTelIHATA AKTUBHOCT W MPH TecTa
NOBAUTHAT  KPBCTOCAH  JAaOUPUHT, KaTo ce Ha0mogaBa  OOJEKYEeHUE B
xunepaktuBHocTTa ipu Wistar mibpxoBe ¢ enwiencus. BbIpeku ToBa, MOHMKEHOTO
HUBO Ha OE3MOKOICTBO, KOETO € XapaKTEepPHO 3a IUTbXOBE 10 BpeMe Ha XpoHHYHa (a3a
Ha eMUJIETICHUS, HE Ce MOBJIMIBA OT MEJIaTOHMHA MPU TO3M TecTa. B HamieTo u3cienBaue,
HaAOJII0JJaBaHUTE PA3NIMKK B e(eKTa Ha MEJIaTOHHH BbPXY TPEBOKHOCTTA IMPHU JBa

OT/ICJIHM TE€CTa, MOTaT Ja ObJaT CBbpP3aHU ChC creruduKaTta Ha U3IMoI3BaHus TecT. B
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CHOTBETCTBUE C TOBA, CE€ YCTAHOBSABA, Y€ €IHOKPATHO TPETHpaHE C MEJNATOHWH HMMa
AHKCHUOJIMTUYCH eEeKT U BOJIM JI0 HAMAIIIBAaHE Ha JIBUTaTenHaTa akTuBHOCT (Loiseau et
al., 2006). buxme Morim aa TPEANONIOKNAM, Y€ MO-MAIKOTO U3MHUHATO PAa3CTOSHUE B
IICHTpaJHaTa, aBEepCHBHA YacT IMpH TecTa oTBopeHo mone Ha Wistar rpymarta c
eNWICHICUSl, TPETUPAHU C MEJIAaTOHUH MOXKE J1a CE€ JBDKU NPEJUMHO Ha eeKkTa Ha
MEJIATOHWH BBPXY JIBUTATEIHATa aKTUBHOCT. 3a pasnuka ot Wistar mrexoBere, KbaeTo
MEJNIATOHUHBT  OJIArONpPHUATCTBA HAaMasIBAHETO HAa  bPYOBETE, BKIHOUYUTEITHO
JENpPECUBEHUsl THUIl TOBeneHue, nopoaara SHR ¢ enunencus (HETpEeTUpAaHUTE WU
TpPETUPAHUTE C MEJATOHUH) CE XapaKTepU3rpa ¢ HUCKO HUBO HAa TPEBOXKHOCT MPH TeCTa
NOBJUTHAT KPBCTOCAH JAOMPUHT. MeENaTOHMHBT HaMajlsiBa XUIEPAKTUBHOCTTA
XapaKkTepHa 3a TO3W MOJAEN Ha emwiercusi, mogoono Ha Wistar mrexoBere), 0e3 na
NOBJIMSIE HUCKOTO HMBO Ha Oe3nokoiicTBo mpu Tecta EPM, koero e xapakrepHo 3a
IUTbXOBE ¢ enwiencus. Paznuuusra B epekTuTe Ha MEJTaATOHWHA, YCTAHOBEHHU IIPH JIBaTa
TECTa 3a TPEBOKHOCT- TECT OTBOPEHO MOJIE W MOBAUTHAT KPHCTOCAH JTAOUPHUHT, MOXKE

Ada CC ABJIKAT Ha pas3indHaTa 4YyYBCTBUTCIHOCT Ha TCCTOBCTC IIPU TO3U MOICII (LOiSGaU

et al., 2006).

HSCJ’IGI{B&HHHT& HHX IIOKa3BaT, 4C KA MOACI Ha TCEMIIOpaJiHa CIIMIICIICUA C
noaxondil 3a u3ydaBaHC Ha KOMOp6I/ITHI/IT€ ACMIPCCUBHU CBCTOSAHHA, KOUTO Ca YCCTO

CpCIIaHu I10 BPpCMC Ha XpOHHNYIHATA (1)3321 Ha CITHUJICIICHATA.

Hopmorensusaute Wistar 1urbxoBe ¢ emwiiencus Cce€ XapakTepusupar c
JENPECUBHO IOBEACHUE, IIPOSIBEHO IIPU TECT 3a W3CIECABAHE HA AHXEIOHHUS IIpe3
cBeriaTa (paza Ha JNEHOHOIIHMS LMKBI U MOBEJCHHE Ha 3aydyeHa OE€3MOMOIIHOCT MpH
TECTA 3a NPUHYJINUTEIHO IUTyBaHe. 3a pas3jIiMKa OT IPYTd aBTOPHU, KOUTO Ca U3CIEABAIN
pa3BUTHETO HAa KOMOPOWIHA JempecHs MpU JpPYrd MOJEIW Ha ENWICNCUs, HUE
YCTaHOBSIBaM€, Y€ TO3M THUII MOBEACHUE CE€ XapaKTEpHU3upa ¢ JEHOHOIIHU (IYKTyaluu
U ce HaOyo/1aBa caMo IO BpeMe Ha HeaKTHBHHS nepuo npu Wistar mibXoBe, T.€. IO
BpeMe Ha cBeTJiaTa (aza, MepuoJ], KOMTO ce XapaKTepu3upa ChIIEBPEMEHO C MO-BUCOKA

yecToTa Ha npunagbuure. OT apyra cTpaHa, IpujiaraHero Ha MenatoHuH ciuen EC
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okaza OmarompusteH edext Bbpxy KA-mpenau3BuUKaHUTE  OTKJIOHEHHUS B
IIOBEJICHYECKUTE OTrOBOPH, KOETO Kopeinupa Jo0pe ¢ HaMmajleHaTa 4YecToTa Ha
CIIOHTAHHATAa T'bPYOBA AKTUBHOCT B NEPUOJA Ha IpuiaraHeTo my. Hammre pesynratu
ca B CBOTBETCTBHE C IMPEIWIIHHA IPOYyYBAHUSA, IPU KOWUTO € YCTAHOBEHO, 4Ye
MEJNATOHUHBT UMa €PEKT MPU MOJEIU Ha JAENPECHs Cel XPOHUYHO NMPUIIOKEHHUE, HO

HE ¥ ciie1 ocTpo BeBexkaane (Brotto et al., 2000; Hill et al., 2003; Micale, et al., 2006).

Konrponute SHR ce xapakrepusupar ¢ JenpecuBEH THIT TOBEJACHUE MPHU TECTa 3a
OpeAnoYrTaHlue KbM CIIaJKHd Pa3TBOPU 10 BpeMe Ha cBeriaTta (pa3a, B CpaBHEHHE C
untaktauTe Wistar msxose (Tchekalarova et al., 2011). MenatoHHHBT HE MOBIIHSBA

ACTIPCCUBHUSA THUII ITIOBCACHUC, pA3BUT 110 BPECMC HaA CIIMJICIITOICHE3AaTaA.

[Tpu Tecta 3a mpuHyaAWTeTHO IuTyBaHe, Wistar MmiIbXoBe ¢ CMMJICIICHS ITOKa3BaT
JIETIPECUBEH TUIl TOBEJICHHE, M3Pa3eH upe3 YABIDKEHO BpeMe Ha HEMOJBHXKHOCT IO
BpeMe Ha cBeTyiata ¢aza. TpeTHupaHeTo ¢ MENATOHWH 00JIeK4YaBa Ta3u MOBEJACHUYECKA

peaKknusd IPHU IIBXOBCTC C CITMIICIICHUA.

CroHTaHHUTE XUINEPTEH3UBHU KOHTPOJIHU IUTHXOBE, TPETUPAHU C MEJIIATOHUH Ce
XapaKTepu3upaT ¢ JCHOHOIIHN BapHalluy P TECTa 3a MPUHYIUTEITHO TUTyBaHe, C I10-
MajKO BpeMe Ha HEMOJBIKHOCT MO BpeMe Ha ThMHaTa ¢aza. EmmnenTtudnara rpymna
MOKa3Ba JICTIPECUBEH THI TOBEJEHUE, 0€3 JCHOHOIIHU pasznuyusi, nokaro mnpu KA-
TpETUpAHATa C MEJIATOHUH TPYIa € OTYETCHA JCTPECUBEH THI PEAKIIHS CaMO 10 BPEMe

Ha cBeTjaTa ¢asa.

[Ipenmonara ce, 4e AePUIMTHT Ha CEPOTOHMHEPTHUHATA CHUCTEMa HMMa pellaBalia
pons B Mexanusmute Ha nenpecus (Graeff et al., 1996) u mpeapasmnonokeHoCcT KbM
emtericust (Jobe et al., 1999). MenaTOHUHBT MOHSAKOTA CE U3IOJI3BA KATO aIOBAHT IPH
JieUYeHue Ha JIenpecus, Thil KaTO TO3U XOPMOH € KpaeH MPOAYKT OT MeTabonmu3ma Ha 5-
HT. CucreMHOTO mpuiaraHe Ha MEJATOHWH BBHB (PapMaKOJOTUYHH JO3H, IMOTHUCKA
ocBoOoxkmaBanero Ha 5-HT ot mo3bka (Chuang, and Lin, 1994). Ot npyra crpana,
MEJATOHMHBT Tpeau3BuUKkBa otaeisHeTo Ha 5-HT mo Bpeme Ha cBeTnara (asza B

xunokamma (Monnet, 2002). Ta3u 3aBucuma oT (pazaTa aKTUBHOCT Ha JCHCTBUETO HA
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XOpPMOHA BbPXY 0cBOOOXkaBaHeTo Ha 5-HT, € B moakpena Ha YCTAHOBEHHUS B HAIIIETO

H3CJICABAHC aHTUACTIPCCUBCH C(I)GKT Ha MCJIATOHHUHBT CaMO IIPE3 CBCTJIATa (1)8,38,.

ExcnepuMeHTalHM W KJIMHUYHU JaHHU, ca B ChIJACME C YCTAaHOBEHUS U B
HamuTe npoyuyBaHus Aeunut Ha S-HT B xumokamma Ha Wistar rurbxoBeTe, KaTo
TIOCJIC/ICTBHE OT Bph3Kara Mexny emmiencusta u aenpecusita (Tchekalarova et al.,
2011; Mazarati et al., 2009; Jobe et al., 1999; Montgomery et al., 2004; Kondziella et
al., 2007). B ToBa wu3cienBaHe, YCTAaHOBHXME, Y€ MEJIATOHHMHBT Bb3CTAHOBSBA
HapymieHnTe HuBa Ha S5-HT B Xumokamma mnpu IUIbXOBE € ENWJICNICUS, A NPU
KOHTpOJIHATa rpyla, HamajsBa TE3W HUBA. 1€3U TaHHU Ca B CHIJIACHE C MPEAUIIHUTE
U3CJICIBAaHUA, TOKa3Ballld, Y€ XPOHUYHO TMpUJaraHe Ha HUCKU JI03M MEJATOHHUH B

NMUTEeHHaTa BOAa, MpPCAN3BUKBA I[C(l)I/IHI/IT B MOHOAMHUHCPIruHOBUTC HCBPOTPAHCMHUTCPH

(Esteban et al., 2010).

Hamure wuscnenBanusi mokaspar, 4ye uHTakTHUTE SHR mposBsSiBaT aTUNU4HO
MOBEJCHUE U OMOXMMUYHU MapaMeTpH, MOJ00HN Ha TE3U MPU IUIHXOBE C CMUJICTICHS.
Kontponaure m enwnentuyan SHR uMar HUCKO HMBO Ha OE€3MOKOMCTBO, KOETO
Kopenupa ¢ nmoHrkeHd HuBa Ha S5-HT u momamuu B xunokamna (Tchekalarova et al.,
2011). Ot nmpyra ctpaHa e W3BecTHO, ue S-HTepurynara HeBpoMeaHaTopHa CHCTEMa
urpae Ba)KHa poJisl IPH JIETPECHsiTa, JOKATO aHTUJICTIPECUBHUS €PEKT Ha MeJaTOHWUHA
ce mpenanosara, 4e ce mnoctura ¢ momomra Ha 5-HT,, peuenrtopure, T KaTto €
J0Ka3aHo, Y€ XOPMOHBT JeicTBa kaTo aHtaronuct Ha 5-HT,, (Gorzalka et al, 1999;.
Raghavendra and Kulkarni, 2000). MenaToHHHBT Mpean3BUKBa OCBOOOKIaBaHe Ha 5-
HT B xumokamma, KOWTO MEXaHU3bM CE€ MPEIoJara, 4€ uMa Ompeaessiia poJisl 3a
aHTUJAENpecUBHAaTa €(PUKACHOCT Ha MHXMOUTOpUTE Ha 0OpatHOTO moemane Ha S-HT
(Mone et al., 2002). 3a pasnuka ot Wistar MiIbX0Be ¢ SIMHICTICHS, TIPH KOUTO €K30TCHHO
NPUJIOKEHUST MEJAaTOHWH  BB3CTAaHOBsABalle HapymieHus Oamanc Ha 5-HT,
MEJATOHMHBT HE TI0Ka3a BB3CTAHOBSBAIl MO3buHUTE HuBa edekt mpu SHR ¢
CMUJIETNICUS, ThA KAaTO WHTAKTHUTE XWUIEPTCH3WBHU ILTbXOBE CE XapaKTepHU3UpaT C

HapyuieHus B S-HTepurynara HeBpoMeauaTopHa CUCTEMA B XUITOKaMIl. /1 6160 JaHHU
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00siCHSIBAT Bph3KaTa MEXIy OCBOOOXmMaBaHeTo Ha HA u cekpernusra Ha METaTOHHUH
(Drijhout et al., 1996), xoeto mpenmoyiara, 4Ye JHEBHHAT PUTBM Ha CHHTE3a Ha
MEIIATOHMH  3aBUCH  OT AaKTHBHOCTTa Ha  CHMIIATHKYCOBUTE  BIaKHA  OT
cynpaxuazmatuadoto sapo. [Ipu SHR ce nabnronaBaxa Hapymienus B HAepruunara
HEBpOMEIUAIlMsi, KOETO Tpejroiara MPOMEHH B IMPKAIMAHHUTE PUTMH Ha

€HIOT€HHOTO 0CBOOOXKmaBane Ha HA.

Hammrte wu3cnenBaHus ca B ChIVIACHE C JIMTEPATyPHUTE JaHHU, IMOKa3BallH
HapyleHus Ha namerTa npu tecta RAM npu murbxoBe, TecTBanu neT Mecena cien EC
(Detour et al.,, 2005; Letty et al.,, 1995). Wistar mibpxoBeTe ¢ eHHJICIICUS CE
XapaKkTepu3upar ¢ AePUIUT WK HAPYIICHHUS HAa ONlepaTHBHATA IIPOCTPAHCTBEHA MTaMeT.
HapacHanuat Opoil Ha [OCETEHHTE paMeHa Ha CeCHsl OTpa3siBa BIIOIIABAHE Ha
BB3MOXKHOCT 32 O0y4YCHHE M CTpATErHs 3a OPUCHTUPAHE MPU ILTHXOBE C CIMJICTICHSL.
OcBeH TOBa, TE3U TUIHXOBE MOKA3BAT MO-BUCOKA JIBUTATEIHA AKTUBHOCT, B CPABHEHHUE C
KOHTpPOJIHATA TPYIa ITbXOBE. MHOTOKPAaTHOTO TPETUPAHE C MEIATOHMH HE MO00psBa
NpOCTpaHCTBEHaTa mameT Npu KoHTposHuTe Wistar rurbxose. VMma naHHHM, KOWTO
JIOKa3BaT, 4¢ MEJATOHWHOBOTO TPETUPAHE MOTHCKA IBITOTPAHHO MOTCHIMpPAHE Ha
(LTP) B xwumokamma, 3a KOETO € W3BECTHO, Ye KOpenupa ¢ JeQHUIUT Ha
npoctpancTBeHaTa namet (Niewoehner et al., 2007) wu nmpenusBukBa oTciabBaHe Ha
namerta npu KoHTposiHute IurbxoBe (Feng et al., 2002). B rpymara na Wistar
IUIbXOBETE C CMUJICTICUsI, TPETHPAHU C MEJATOHHH YCTAHOBSIBAME IMOJ00psSIBaHE Ha
MPOCTPAHCTBEHATAa MaMET ¢ HaMallsiBaHE Ha TIPEIIKUTE Ha OIepaTHBHATA MaMET, IO
BpeMe Ha 18-THeBHUTE TPEHUPOBKH. Te3M TaHHU ca B IPOTHBOPEYHE C KOHCTATAIIUATA,
Ye TPETHPAHETO C MEJIATOHWH YBpEXJaa BH3yalHO-pocTpaHcTBeHara mamer (Cao et
al., 2009; Soto-Moyano et al., 2006). Te3n HECHOTBETCTBUS MOTraT jJa Bb3HUKHAT OT
pa3IMYHUTE MEXaHU3MH, YIaCTBAIIX B e()EKTUTE HA MEIATOHUHA MPH (PU3HOJIOTHYHHU H

HaTO(l)I/ISI/IOJ'IOFI/I‘IHI/I YCIIOBUS.

CHOHTaHHO  XUNEPTEH3UBHUTE JKMUBOTHU  JIEMOHCTPUpAT  pa3Ivuusl IO

OTHOIIICHHEC Ha O6y‘H/IT€J'IHaTa CHOCO6HOCT, B 3aBUCHUMOCT OT HU3IIOJI3BAHUTC MCTOAHNKH.
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JlokaTo HSKOM aBTOpU CHOOINABAT 3a HAPYIICHA MPOCTPAHCTBEHA OPHEHTAIUS IMPH
SHR B cpaBHenue ¢ Sprague-Dawley mibxoBe (Gattu et al, 1997;. Diana, 2002;. De
Bruin et al, 2003) wn HOpMmoTeH3uBHM MIbXoBe Wistar (Nakamura-Palacious et al.,
1996.; Hernandes et al., 2003), npyru ycraHoBsiBaT 1mo-a00po npezacrtaBsHe Ha SHR B
cpaBHeHHE ¢ HOpMoTeH3uBHHM mopoau IIbxoBe (Lukaszewska and Niewiadomska,
1995). IIpu SHR ce mHabmomaBa yBpexaaHe Ha  XWIIOKAMII-3aBHCHUMaTa

IMPOCTPAHCTBCHA ITaMCT B CPAaBHCHUC C KOHTPOJIHATA I'pyIIa.

[Mlpu xontponmara Wistar rpyma ce HaOJOmaBaT T'bCTO PA3MOJIOKCHH W
WHTEH3UBHO OIBETCHU MUPAMUIAIHA HEBPOHU BHB BCHUUKHU CJIOEBE Ha XHUIIOKaMIIa,
nupudopmennss koprekc u BL na amurmanara. Ot apyra cTpaHa, c€ perucTpupar
HEBPOHAIHM YBPEXKIaHH Ha Te3W CTPYKTYpH H 3aryba Ha HeBpoHH B CAl monero Ha
xunokammna u Pir npu emmnentuynara rpyna Wistar. HeBpoHamHOTO yBpexIaHe B
XUIMOKAMIIa € CBIIBTCTBAHO M OT a0HOPMEHO YyBeJIMYaBaHE Ha JaTepaTHHUTE
BeHTpuKkyu. Emmnentuunute SHR chio ce xapakrepusupar che 3arydba Ha HEBPOHHU B
xunokamna, BL Ha amurpganata u u nupudopMeHa Kopa - CTPYKTYypHU, KOUTO ca
ys3BUMU KbM HeBpoTOKcHuHUA edekt Ha KA (Strafstrom and Sutula, 2005). B
JuTeparypaTa UMa JIaHHU 32 XUIMIOKaMITaJHU HEBPOIIATOJIOTHH, BKIIOUMUTETHO 3aryoa
Ha HEBpOHH, Haii-Beue B CAIl moisieto, U acTpoLMTHA PEAKTHUBHOCT IPU WHTAKTHU
Bb3pactHu SHR (Sabbatini et al, 2000; Pietranera et al, 2006). Chen and Buckmaster
(2005) nmokasmar, ue Tperupanute ¢ KA Sprague-Dawley miabxoBe mMar CepHO3HH
YBpEXKIaHHs Hal-4yecTOo B aMHrAagaTa M OOOHsSTEeNHaTa Kopa. Bwhpeku ToBa, mpH
mbxkkd SHR ce nabmonaBa no-3acuiiena HeBporenesa B GD, B cpaBHeHHE ¢ MBKKHUTE
Sprague-Dawley mbxoBe (Perfilieva et al., 2001). HeBporenesara B8 GD u actporiusrta
orkputu nipu SHR (Perfilieva et al., 2001. Pietranera et al, 2006) ce moTBbpK1aBa U OT
pe3yaTaTUTe MpH MOJCIM Ha JTuMOW4Ha enwierncus u npu xopa ¢ TE (Parent et al.,
1997). Te3u pesynraTu mpeanosaraT HaJUdde Ha MOPOAa-CHCIU(PUIHA PA3IAYHUS I10
OTHOIIIEHUE HA MO3BYHUTE YBpEKIAaHusl, npean3Bukanu ot EC.

MHOXECTBO M3CIEABAHUS MOJIKPEIAT UIEATa, Y€ MEJIATOHUHBT € MOTCHITMATHO

e(eKTUBEH MpHU JIEYEHUE Ha aKyTHU MO3bYHHU YBpexaaHus, EnudusHusT XOopMoH
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OKa3Ba aHTHUOKCHJIAHTHO, NIPOTEKTUBHO JIEHCTBUE W NpenoTBparsBa KA-WHIyIUpaHH
HeBpoHaHK Jie3nn U ROS-Meauupanara amonro3a Ha HepBHara kierka (Chung and
Han, 2003). B gombiaHeHWE KbM aHTHOKCHIAHTHTE, NPOTHBOBB3MAIUTSIIHA |
HEBPOIIPOTEKTUBHHA CBOMCTBA B PA3jMYHU UH 6UMPO W UH 6U60 YKUBOTUHCKHA MOJICIIH,
MEJaTOHUHBT 3HAYUTEITHO MOJA00psiBa O0YUYEHUETO U MMAMETTa MPH NaTO()U3NOIOTUIHA
ycnoBust (Mevissen and Ebert, 1998; Chung and Han , 2003; Costa-Lotufo et al., 2002).
Hammrte  w3cnenBaHuMs ~ TOKa3BaT, Y€  MEJIATOHMHBT  MPOSBSIBA  MOIICH
HEBPOIIPOTEKTUBEH €(eKT B CHenuUIHN MO3BYHH CTPYKTYPH, CBBP3aHH C
IPOCTpaHCTBEeHATa mameTr, kKakBuTo ca CAl moseTo Ha XWIokamiia U nupudopmeHa
KOpa W TpH JBeTe mopoau mibxoBe. Wang et al. (2011) momycka, ye MEIaTOHHHBT
yIPaXKHSIBA HEBPONMPOTEKTHBEH e(EKT Upe3 perenTop-Meauupan MexanusbM (MT;
pEerenTop), a ChII0 Taka W aHTHOKCHUAAHTEH MEXaHU3bM, 3al[0TO BHBEKIAHETO MYy B
HEBPOIIPOTEKTHBHA JI03a HE BBH3CTAHOBABA HAITBIHO eKclpecusta Ha MT,
penienTopute. XOpPMOHBT MEJIATOHUH CE CMsTa 3a OOCIIaBaIll areHT U U3CJICABAHETO MY
OM WMaso KIII0YOoBa POJIS 3a MPOTEKIUATA MPU HEBPOJCTCHEPATUBHHUTE 3a00JISIBAHUS
(Lauterbach et al., 2010). MenatoHUHBT MPOSIBSIBA HEBPOIIPOTEKTUBHU CBOWCTBA U TIPU
CBhCTOSHUSI Ha OKCHIATHBCH CTpPEC, HEBPOIATOJIOTHMH, BKIIIOUUTEIIHO W IiepeOpaiiHa
ucxemus (Borlongan et al., 2010; Letechipia-Vallejo et al., 2001), HeBpoTOKCHYHOCT
(Cabrera et al., 2000, Giusti et al., 1996), monenu Ha [Tapkuncon (Dabbeni-Sala et al.,
2001) u Amxaiimep (Clapp-Lilly et al., 2001). /Io6aBsiHeTo Ha METAaTOHUH B UH GUMPO
YCIOBHSL JOKas3a, Y€ TOM HMMa 3allMTHO JEWCTBHE, TbU KaTo IMpenoTBpaTsiBa
CMBPTHOCTTa Ha XWIIOKAMIIaJHUTE HEBPOHM, NPHUYMHEHA OT IMpeBaJIMpalna
riyramMaTepruyHa HEBpOTpaHCMHCHSA M a30T okcuauus mbT. Hung and Han (2003)
JI0Ka3BarT, 4e KyMyJIaTUBHA J03a MejaToHuH oT 10 mg/kg namansaBa KA-uHaynupanata
HEBPOHAJIHA CMBPT, IEPOKCHUIAIMATA HA JIMITHIATE ¥ aKTUBUPAHETO Ha MHUKPOTJIUATA,
KaTto HamassiBa u Opost Ha HapymieHusta B JIHK. Bwerpeku ToBa, HIKOM OT ONMHMCAHUTE
JNCHCTBUS Ha MEJATOHHWHA, KATO ITOTCHIIMAJICH HEBPOIPOTCKTUBEH arceHT, He ca
JOKa3aHU TMPHU JIPYTH MOJETH Ha CIMHJIENTOreHe3a, Karo TPaBMUYHO YBpEXKIaHE Ha

mo3bka (Kelso et al., 2011). [lo oTHonIeHre Ha JUIICaTa HA HEBPOIPOTEKTUBEH €(EeKT
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Ha MeNaTOHWHAa B m3cienBaneto Ha Kelso et al. (2011), Hsaxom aBTOpH pasriexaar
HSIKOJIKO Ba)XKHM BBIIPOCA, KOUTO MOTrar Ja ObJaT MpUYMHA 3a HECHOTBETCTBUETO B
pesynrarure uM. OT 3HaueHHe 3a e(eKTa Ha XOpPMOHA Ca M MPOJBIKUTEITHOCTTA Ha
MpUJIaraHeTo My U Bb3pacTTa Ha TPETUPAHUTE EKCIEPUMEHTAIHHM >XKMBOTHU. B Tazm
Bpb3Ka, BBIIPEKU Y€ MPUJIAraHEeTO Ha MEJATOHWH 4pe3 MUTeHHaTa Boja MO BpeMe Ha
cBemiiata (aza € U3MEPEeHO U CHIIOCTABEHO CIPSIMO 00IIaTa KOHCyMalus Ha BOAa IO
BpeMe Ha CBeTJiaTa M ThMHaTta (ha3a, U mpeobdiiajiaBaiiata KOHCyMalusl Mo BpeMe Ha
aKTUBHUS TIEPUO]], PE/IIIOJIara, 4e To31 e(PeKTHT Ha BEIIECTBOTO € MO-5ICHO U3Pa3eH 1o

BpeMe Ha ThMHaTa (aza.

N3noxxenute pe3ynrtaTu 3a okcugatueeH crpec (Dal-Pizzol et al., 2000; Gupta et
al., 2002) noka3Bar, ye KA-unaynupanusat EC Boau 10 NOBUIIIEHO HUBO HA JIMIIUAHATA
MEePOKCUAAIIMS B XUIIOKAMIT U TIPHU JIBETE M3CIEABAHU MOPOaU, HOpMOTEH3UBHU Wistar
n SHR mnbxoBe, 4 waca cinen Hayanoto Ha EC, kKoeTo € B chriacue ¢ NPEIUIIHU
JUTEPATYPHU JIAaHHU U B MOJKperna Ha xumnoTe3ara, ye ROS yyacTBaT B MexaHu3ma Ha
HEBPOTOKCHUYHOCT, TpeunHeHa oT KA mo Bpeme Ha octpara (aza. OcBeH ToOBa,
JUTEPATYPHUTE TaHHM ITOKA3BaT, Ue YBEIMUCHA JTUIHIHA IEPOKCUIAIINS B MO3BK MOXKE
Jla ce perucTpupa u npe3 kbcuute nepuoau (24-72 h cnen EC) (Dal-Pizzol et al., 2000,
Candelario-Jalil et al., 2001, Kubera et al., 2004). Hammre pe3yiratd moTBBPIKIaBaT
NPEIUIIHA OTKPUTHUS, Y€ €IHOKPATHO WHXEKTUpPAaHE C MEJaTOHUH MOXe Ja
npenotBpatu KA-unnynupanara nunuaHa nepokcuaanus npu mumku (Mohanan and
Yamamoto, 2002). Bbnpeku d9e, roisma dact OoT IN-VIVO W iN-Vitro wu3cieaBaHus
pa3KpuBaT, Y€ MEJATOHUHBT (YHKIMOHHpPA KATO AHTHOKCHUJAHT HAa CBOOOJTHU
panukanu (Galano et al., 2011), npu HaimieTo u3ciienBaHe MEJIATOHUHBT HE YCIsiBa J1a
HaMaJIi HHUBOTO Ha JIMIHJHA TMEPOKCUAAlMS TMoJ Oa3ajiHaTa CTOWHOCT TMpHU
KOHTpOJIHATA Tpyna XWUNEpTeH3WBHU IuTbxoBe. Bcewmuoct, Goneng et al. (2005)
pasKpuBaT, dYe TPETUPAHETO C MEJATOHWH HaMajlsiBa HUBOTO Ha JIUIUIAHA
MEePOKCUAAIMS caMO B XWUIIOKamIa, HO HE U BBB (pPOHTAHA KOpPA, B CPaBHEHHUE C

KOHTPOJIHUTE HOPMOTEH3MBHU IIbXoBe. [Ipenmomara ce, dYe HaOIIOMaBaHUTE
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HCCBOTBCTCTBUA CC ABbJKAT HA pPaA3JIMUHU MCEXAaHU3MHU, KOUTO Ca B OCHOBATa Ha

C(beKTI/IBHOCTTa Ha MCJIaTOHHMHA.

B naiero uscneaBane, MapKkepuTe Ha OKCUIAATUBHUS CTPEC, IIOKA3BaT MOBUILIEHO
HUBO Ha JIMIMIKJHA MEPOKCHIalUs U MOHMWkKeHa akTuBHOCT Ha SOD Cu /Zn nipu Mozen
Ha €CEHI[MaIHa XUTNEPTOHUS B CpPaBHEHHE C KOHTPOJHU IIbXoBe Wistar, U MOBHUIICH
okcunatuBeH ctpec npu SHR. Te3u pe3ynratu nmoTBbpaBaT MpeAUIlIHA KOHCTATAIUH,
ye koHTpoaHute SHR ce xapakrepusupaT ¢ HapyllleHa OKCUJIATHUBHA 3alllUTHA CHCTEMa
B cpaBHeHHe ¢ rrbxoBeTe Wistar Kyoto mpu ¢usmonornunu ycnosus (Polizio and
Pefia, 2005). Otuerenuss mnoBulleH okcuaatuBeH ctpec npu SHR monakpens
IPEANOJIOKEHUETO, Y€ aKTUBHOCTTA HAa AHTHOKCUIAHTHHUTE €H3WMHU € OT pelIaBaiio
3HAYEHUE 32 HApYILIEHHUs B peryjanusaTa Ha (PU3MOJOTMYHHUTE MPOLECU, CBBP3AHU C

naToreHesaTa Ha aprepuannara xunepronus (Harris, 1992).

Cyniepokcua nucmyrtazata (SOD) e eawH oT Hali-BaKHUTE aHTHOKCHJIAHTHHU
CH3UMH, KOWTO MpeJma3Ba OT OKHCIWUTEIHO YBpEXJIaHe upe3 KaTalu3upaHe Ha
TUMYTAIUATa Ha CYTIEPOKCHUICH aHUOH JI0 BOJOPOCH MEPOKCH/I, KaTO MO TO3W HAYHH

AOIIpHHACA 3a HaMaJIsIBAHC Ha O6p&3YBaH€TO Ha XHUIPOKCHIIHHK pPaauKalIn (C0y1€ u

Puttfarcken, 1993).

MutoxonapuanHata AucQyHKIus U Jokanuzupanara ROS wurpast pemnaBaiia
poJii B MEXaHM3MHUTE, BOJECIIM JO HEBpOHAJIHA KJIEThbYHA CMBPT MO BpeMe Ha
enunentoreHe3a (Kunz, 2002). Hskonko npoydBaHHsl IMOKa3BaT  HapyIlICHUE Ha
MUTOXOHApUanHata GyHKIUs npu rpusauu, npeaussukano or KA (Liang and Patel,
2005, Milatovic et al., 2001). YcranoBuxme, 4ye HEBpOTOKCMHBT KA mnpean3BHKBa
amanTuBHO ycuiBane Ha 1uto30iHus SOD Cu /Zn dyetupu yaca cien HavyanoTo Ha EC
BbB ()pOHTANIHA KOpa M xumnokamn Ha SHR, HO HE W HAa HOPMOTEH3UBHUTE ILTHXOBE.
JlannuTe OT JMTepaTypaTa Mokaspar, 4e rbpuoBeTe U EC morar na mpoMeHsT
OKCHJIATHBHHUA CTPEC 4pe3 aKTUBHpPAHE WM TOTHCKAHE Ha CBOOOJHUTE paJAUKAIHU
ensumu kato COJl B paznmuunu mo3bpuHM objactu (Devi et al., 2008). IloBuiienara

nuro3ojgHa akTuBHOCT Ha SOD mpm  SHR moke nma ce Apbkm Ha TMO-BHCOKATa
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NpEeApa3NoI0KEHOCT KbM HNPUCTBHIU clieq] uHkektupane Ha KA, B cpaBHeHHe C
wrbxoBere Wistar. JluteparypHuTe AaHHU MOAKPENST TEOpUATA, Y€ MPUCTHIUTE,
NpEAU3BUKBAIM TMPOMEHU B OKCHUJATHBHATA 3allUTHA CHCTEMA, C€ BIMSAT OT
MPEIUITHA HUBAa HA OKCHUJATHUBEH CTPEC, MO3bUHA OOJACT, I[aM U BPEMEBU TOUKH.
Candelario-Jalil et al. (2001) paskpuBaT, dYe CHCTEMHOTO IpHWjaraHe Ha
eK3UTOTOKCHYHa 103a KA HamansBa akTUBHOCTTAa Ha xumnokammnamaus SOD 1o
OTHOIIICHHE Ha 0a30BUTE HHMBA, yCTaHOBEHHW 24 daca ciea mnpwiaraneto Ha KA. Ot
Jpyra cTpaHa, HOBHUIIIEHOTO XUIIOKaMIIaTHO HUBO Ha JIMMKIHA nepokcuanus cien KA
i nwtokapnuH-uHaynupan EC npu xeHcku mrpxoBe Wistar € mo-u3paszeno Ha 12—
14 gac cnen EC, HO ce Bb3cTaHOBsIBa 0 Oa3zanHo HUBO npu KA moxen win HamansiBa

IIPH MAJIOKApIIMHOB Mojien 7-9 muu wim 75-80 muu cien kpas Ha EC (Dal-Pizzol et al.,
2000).

Hamure pesynraTtu nmokasBaT, ye €(pUKaCHOCTTa Ha MEJATOHWHA MO OTHOILIEHUE
Ha AKTUBHOCTTa HAa LMTO30JIHUA U MuUTOXOHApuanHus SOD cwmo e nopopa- u
CTpYKTypa-crelu(puyuHa, KaTo IO-CHJIEH aHTHOKCUJAHTEH e(eKkT ce HalionaBa B
XUIOKaMIla Ha HopMoTeH3uBHHTE Wistar rurbxoBe. llociiemHuTe JaHHU TOAKPEIST
ujesaTa, 4€ B JIOIBJIHEHUE KbM HEINPEKbCHATaTa 3allliTa OT MEJATOHWHA, 4Ype3
KackajaTa 3a OTCTpaHsBaHE Ha CBOOOAHHUTE PaJUKaId, HIKOM OT aHTHOKCHUIAAHTHHUTE
JeNCcTBUS OMxa MOTJIM Ja ca pe3ynrar ot HeroBute metabonutu (Galano et al., 2013).
OcseH ToBa, koHcTaTarusaTa Ha Chang et al. (2012) pa3kpuBa, 4e METaTOHUHBT MOXKE
Jla YIpakHsiBa CBOSI HEBPONMPOTUBEH edeKT upe3 mHxuOupane Ha KA-unayuupanara
aBToparusi W TOCIEBalla MHUTOXOHJpHUaidHa 3ary0a, KakTo W Ja HaMalh Oo-
CUHYKJIEMHOBaTa  arperauus  4Ype3  [OBUIIABAHE  HAa  O-CUHYKJIEHMHOBOTO
youkButunupane B [IHC. Bbnpeku ToBa, CpaBHEHHMETO Ha aHTUKOHBYJCAaHTHAaTa W
aHTHOKCHUJAHTHaTa e(pUKAaCHOCT Ha MEJaTOHUHA B JIBETE NOPOJIM IpeiIoiara JIMIca Ha
npsika Bpb3Ka MEXKIY AHTUKOHBYJICAaHTHaTa U AHTUOKCHUIAHTHATa €(PEKTUBHOCTU Ha

MCJIaTOHHH.
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KoHmnenTpanusara Ha MeEJTAaTOHWH € TI0-BHCOKAa B MO3BUYHUTE BEHTPHKYIIH,
OTKOJKOTO B TepudepHaTa Tuta3ma cieqn ek3oreHHoto My npuioxenue (Tan et al.,
2010). ITlopamu Onm30CcTTa CH 10 BEHTPUKYJIHUTE, XUIIOKAMIIBT € €JHa OT HaM-
XapaKTEPHUTE MO3BbYHU CTPYKTYpPH, KOUTO MOTAT Ja ObAAT MOAATINBH HA ACHCTBUETO
Ha MeJIaTOHWH. ToBa MOXe /1a 00SICHH, 3aIl[0 B HAIIIETO U3CJICJBAHE MEIIATOHUHBT € TI0-
e¢(eKTHBEH B XUIIOKaMIIa, OTKOJIKOTO BbB ()poHTamHa Kopa. Criope Te3u KOHCTATaIHH,
MOJICTBT HAa OKCHIATUBHOTO YBpEXKIaHe, WHAyHupaH oT KA, wu3riexna CHUIHO

CTPYKTYPHO CTielIM(PUYECH.

B zaxmouenne, npu Wistar I1urbXoBe ¢ emWICNCHS, MPOABKUTEIHOTO
npuiarade Ha MenatoHuH ciell EC oka3Ba aHTUKOHBYJICUBEH €(eKT, oOJieKYaBalKu
CIIOHTaHHAaTa TbPYOBA AKTUBHOCT IO BpPEME HAa TPETHpPAHE. 3a pa3iIuka oOT
HOpMOTeH3uBHUTE  Wistar  TUITbXOBE,  XOPMOHBT  MEJATOHUH  YINPa)xKHsBA
AHTUETIMIICTITOTEHEH €(EeKT Yy XUIMEPTEH3UBHUTE IIbXOBE, HAMaJIsIBailkil 4yecToTaTra Ha
CIIOHTAHTUTE T'bPUYOBU MNPHUCTHIMU U CJIEJ MNPEYCTAHOBSIBAHE HA TpeTHpaHeTo my. OT
JIpyra CTpaHa, JOKaTO TO3M XOPMOH KOpPHUIHpa MOBEICHYECKUTE HaApYILICHHS Mpe3
xpoHnyHata (a3za Ha Wistar mrbXxoBe, TOM He Bb3cTaHOBsiBAa KA-mpenu3BUKaHUTE
MPOMEHHU B JICHOHOIIIHUTE PUTMH, MOBEACHUECKUs W mameToB aepuuut npu SHR.
Bbopekun ye TpeTMpaHeTo ¢ MEIATOHWH Npu JBeTe nopoau mirbxose cien EC He
MOTHCKAa Pa3BUTHETO Ha XpoHWYHaTa (a3a Ha eMWIeNcus, TOW OKa3Ba
HEBPOMPOTEKTUBEH €(PEKT B YSA3BUMHU CIPSIMO HEBpOTOKCHMHA KA MO3bYHU CTPYKTYypH
KaTo xumnokamn u nupudopmeHa kopa. OOsicHeHHe 3a jurcata Ha €(UKACHOCT Ha
MesnaToHnHa npu SHR mo oTHOIIEHNE Ha TOBEICHUYECKUTE OTKIIOHEHUS U OMOXUMUYHH
MapaMeTpu, BCIEACTBUE ENUJICNITOTCHE3aTa MOXKE Ja € HaIWYheTO Ha TaKuBa
Hapyuenus u npu uaraktHuTe SHR. Cnenoarenno, KA-unayuupanure pa3cTpoicTsa
B JICHOHOUIHUTE ITOBEJACHYECKM PUTMH MOXKE J1a HE € OT pellaBall0 3HAYEHHUE 3a
EMWJICNTOTeHe3aTa MPU NpujaraHe Ha MEJIATOHWH, HO UMa POJisl 32 HEBPONPOTEKIIMATA

H I'bpYOBaTa aKTUBHOCT IIPpH MOJICII Ha KOMOp6I/II[HOCT Ha XUIICPTOHUA U CIIUJICIICHA.
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6.U3BOAM

1. MenaToHUHBT, TpUIarad Mpe3 enujenToreHe3ara, okasBa Mmopojia-
3aBHCHM €(eKT M0 OTHOIICHHE Ha CIIOHTAHHATA I'bPUYOBO-TIPUCTHITHA AKTHBHOCT,
AHTUKOHBYJICHBEH Tpu HOpMoTeH3uBHH WiStar mibXoBe W aHTHUENIIIEITOTCHEH
IIPU MOJIET Ha KOMOPOUIHA XUTIEPTOHUS U CTTUJICTICHS.

2. Tperupanero ¢ MenatonuH cinen EC He MOTHUCKa pa3BUTHETO Ha
XpoHHuHaTa (asa Ha enuierncusara npu asere mopoau- Wistar u SHR, Ho
npemMaxBa JCHOHOIIHUTE KoJieOaHHWS Ha CIOHTAHHAaTa I'bpPUOBa AKTHUBHOCT H
yBEJIMYaBa JATEHTHUS ME€PUOJ 3a I0siBaTa HA MbPBHUS CHOHTAaHEH TI'bpPYOB
OPUCTBI, KOETO JlaBa OCHOBAaHME Jla C€ pasriexkia Karo oOeliaBalll areHT
U3IMO0JI3BaH KaTo a(I0OBaHT MpPH TepanusiTa Ha 3a00JIIBaHETO.

3. [IpoabIKUTEIHOTO TMpUJIaraHe Ha MEJAaTOHMH [0 BpeMe Ha
eNWJIENTOreHa3aTa OKa3Ba OJIarOTBOPHO BIMSHHUE BBPXY HMIIYJICUBHOTO
MOBEJEHUE, XapaKTepHO 3a XpoHHMuHata (a3a npu moxaen Ha TE u mpu nBere
HIOPOAM ILTBXOBE.

4. XOpMOHBT  YIpaXKHsBa  AHTUACNPECHMBHA  AKTUBHOCT  IpHU
HopMmoTeH3uBHUTE Wistar mrbXxoBe ¢ eMWIIeTICUsl TOCPEACTBOM Bh3CTAaHOBSBAHE
Ha 5-HT HuBa B Xxumnokamn 10 KOHTPOJIHU CTOMHOCTH.

S. [Ipu mmpxoBe mopoma SHR  MenaTOHWHBT HE TMOBIHSIBA
KOMOpOHIHaTa Jemnpecusi, KOeTO Kopeiupa ¢ JUIcBaTa Ha e(peKT Ha XOpMOHa
BBPXY HapylIEeHOTO OocBoOOXkaaBaHe Ha S5-HT B xumokamm mnpe3 XpoHHYHATa
daza.

6. HeBponpoTekTuBHUAT e(deKT B XUMokammna u nupudopMeHa Kopa,
OKa3BaH OT  MeEJaTOHMHA, TMpPU  OPOABIDKUTETHO  MpUJIaraHe  mpes
eMUJICTITOTeHEe3aTa, KakTo pu HopMoTeH3uBHU Wistar mrexoBe, Taka u mpu SHR
IUTbXOBE HE € HEOOXOAMMO YCJIOBHE 3a €(PUKACHOCT Ha XOPMOHA BBPXY
NaMETOBUTE HapYUIEHUs, Thil-KaTO T€ ce MOBJIUABAT OJArOTBOPHO OT IMpemnapara

eIMHCTBEHO MMpu HopMoTeH3uBHata Wistar mopoza mibxose.
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7. EdexTtuBHOCTTA Ha XOpMOHa B TmpenoTBparsBaHero Ha KA-
UHAYLUUPAHUTE TPOMEHM B MapKEepUT€ Ha OKCHJATUBHUSA CTpeC M
HEBPOTOKCUYHOCTTA € MO-u3pa3eHa mpu IurbxoBe Wistar, otkonkoro mpu SHR,
KOETO MpeJIoJiara JIMICca Ha MpsiKka Bpb3Ka MEXKIY 4eCcTOTaTa Ha MPUCTBHIIUTE M

HHUBOTO Ha OKCHIATUBCH CTPCC.

/. CHPABKA 3A ITPUHOCHUTE B ITUCEPTAIIMOHHUSA TPY

1.

3a OBbpBH BT € yCTaHOBEHO, ye MonensT Ha TE munynupan ¢ KA ce
XapakTepu3upa ¢ KOMOpPOHUIHA JENpecus U € MOAXOMIII 3a IPOyYBaHE HA HOBU
TEparneBTUYHU MOIXOAM 32 TPETUPAHE Ha ChIIBTCTBAIMTE XPOHUYHATA (a3a Ha
ENUJICTICHS HAPYLICHMUS.

[lonyyenn ca OpPUTHMHAIHU JaHHW, Y€ HWHTAKTHUTE U ENUJICOTUYHH
CIIOHTAaHHO XWIIEPTEH3UBHU IUIBXOBE CE€ XapaKTepU3upar C IMOJ00HHU
NOBE/IEHYECKH, OMOXUMUYHHU U MOP(OJIIOTUYHH TOKa3aTelu, KOEeTo Mperoara,
4e Ta3u MOpoAa € MOAXOIAI] MOJEI 3a U3CIeABaHE HA KOMOPOHIHA XUIIEPTOHMS
Y CIUJICTICHS.

[lonyyenn ca OpUTMHAIHM JaHHW, Y€ NOPOABIDKUTEITHOTO TPETUPAHE C
menatonnH cneq EC oka3Ba aHTuenwienToreHeH e(eKT Npu MOJeN Ha
KOMOpOHM/IHA XWIEPTOHUSA U ENWIENCUs, KONTO KOpelupa ¢ HWHTEH3UMBHA
HEBPOMNPOTEKIIMS B XUIIOKAMII U MUpU(OpMEHa KOpa.

3a OBpPBH I'BT C€ YCTAHOBSIBA, Y€ MEJATOHUHBT IPOSBSIBA MOPOJO-3aBUCUMU
pa3inuku B e€(EeKTUTE CU MO OTHOUICHHE Ha CIIOHTAHHATa I'bpYOBa aKTUBHOCT,
MOBEACHYECKM PEaKuud M MOP(OJOTMYHM NPOMEHH B JIMMOMYHATA CHCTEMA,
KOETO MpeamnoJiara pojsTa Ha MEJIATOHWHOBAaTa CUCTEMa IIPU MOJENI Ha
KOMOpPOUIHA AETPECUS] U CTTUIIETICHUS.

[Tomy4yeHn ca OpUrMHAIHM JAHHM 32 JMICAaTa Ha NpsKa BPb3Ka MEXKIY
AHTUKOHBYJICUBHHS M aHTHOKCHJIAHTEH e€(eKT Ha MenaToHuHa npu mozen Ha EC

npeau3Bukan ¢ KA npu ase nmoponau mrbxose, HopmoteH3susau Wistar u SHR.
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SHPUJIIOXEHMU I

8.1. CnuchbK HA MyOJMKAIUUTE, BKIKYEHU B TUCEPTANMOHHUSA TPY/
Cmamus 6 cnucanue c ISI umnaxm-gaxmop

« Tchekalarova J., Petkova Z., Pechlivanova D., Moyanova S., Kortenska L.,
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Summary

Epilepsy is one of the most common neurological diseases. It affects 1% of the
Earth's population - about 50 million people in the world and about 70,000 in Bulgaria.

Epilepsy is a chronic, multifactorial disease, characterized by an enduring
predisposition of the brain to spontaneous, recurrent epileptic seizures with
neurobiological, cognitive, psychological and social consequences (Fisher et al., 2005).

The cause of epileptic seizures is a disturbance of the balance between excitatory
and inhibitory processes in the brain, with the dominance of excitations. Epileptiform
activity can spread to adjacent or more distant areas or to cover the whole brain.

Temporal lobe epilepsy (TLE) is the most common symptomatic form of
pharmacoresistant epilepsy (Litt et al., 2001; McKeown and McNamara, 2001).

In recent years, numbers of models have been applied in experimental practice
with some approximation simulating the clinical picture of the disease. Kainate (KA) -
induced post-status epilepticus (EC) model is one of the best described and most
frequently used model of TLE that is characterized by acute, latent and chronic phase.

Neurotoxin Kainic acid (KA) (C10H15NO4), isolated from Japanese algae, is a
glutamate analogue, that activates brain KA receptors (KARs). Its performs
epileptogenic effect that is accompanied by a selective damage in hippocampal
formation, including the hilus, CA3 and CAL1 fieldsin rodents. Binding of KA to KARs
receptors induce a release of intracellular Ca2 * and an increase of reactive oxygen
species (ROS), and reactive nitrogen species (RNS). The increased concentration of
Ca*, ROS and RNS leads to mitochondrial dysfunction, nuclear fusion and DNA
fragmentation. The most common route of administration of KA is intraperitoneal (ip).
The introduction of a toxin causes a continuous SE for several hours.

In the literature, there is evidence that the hormone melatonin has anticonvulsant
activity in epileptic patients and experimental animal models (Anton-Tay, 1974;
Molina-Carballo et al., 1997; Albertson et al. Yamamoto and Tang, 1996; Liang and
Patel, 2005; Borowicz et al., 1999). The biological effects of melatonin are mediated by
activation of melatonin receptors, others are due to its role as a powerful antioxidant.
Hormone has a direct influence on the regulation of the sleep-wake cycle and the
synchronization of the circadian rhythms of important physiological processes in
mammals, including humans.

We aimed to investigate and expand the knowledge about the effects of lomg-
term treatment with melatonin on epileptogenesis, associated with the development of
spontaneous seizures, comorbid depression, biochemical and morphological changes in
the limbic system.

The thesis focused on the parallel analysis of two strains rats- normotensive
Wistar rats and spontaneously hypertensive rats (SHR) with an idea to clarify the role
of hypertension in the development of epileptogenesis. The effect of melatonin on the
pathophysiology of epilepsy in a model of essential hypertension, as well as the
mechanisms undelying the comorbid depression in the chronic phase of epilepsy was
studied.
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1. Aims:

To investigate the role of melatonin on the frequency of spontaneous
motor seizures and the concomitant behavioral, biochemical and morphological
changes in limbic structures in KA-post SE model of TLE in normotensive
Wistar and spontaneously hypertensive rats

2. Tasks:
To investigate the effects of long-term treatment with melatonin in Wistar

and SHR rats on:

1. Changes in the circadian rhythm and frequency of spontaneous recurrent
seizures;

2. Diurnal variations in behavioral responses, including motor activity, exploratory
behavior, anxiety, depression, and cognition.

3. Changes in 5-HT levels in the frontal cortex and hippocampus;

4. Morphological changes in certain brain structures;

5. Levels of markers of oxidative stress induced by SE.

3. Materials and methods

3.1. Animals
The experiments were performed on male young adult rats- normotensive
Wistar rats and SHR, weighing about 250-300 g.

In vitro methods

3.2. Experimental groups and drug treatment

The rats were randomly distributed in four experimental groups (n=20) as
follows: C-veh, C-mel, KA-veh, KA-mel. The melatonin treatment (Sigma-
Aldrich, Bulgaria) started 3h after the beginning of SE at a dose 10 mg/kg, for a
period of 8 weeks. Controls were given a tap water. For the study of oxidative
stress, melatonin was applied subchronically for a period of two weeks via
osmotic minipumps Alzet osmotic at a dose of 10 mg/kg/day, pumping rate
0.5 ul/h. The method of melatonin infusion via s.c. osmotic mini-pumps
provided constant steady-state hormonal concentration.

Behavioral tests started at the 14" week after SE when the rats had
developed a chronic epileptic state. After about 20 weeks post-status, the rats
were transcardially perfused for histology.

3.3. Surgery
The rats were implanted with epidural and deep electrodes
for electroencephalography (EEG) recording on the fifth day post-SE, under full
anesthesia.
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3.4.

3.5.

3.6.

Induction of status epilepticus with kainic acid

SE was induced by repetitive KA (KA, Ascent Scientific, UK) injections
(5 mg/kg/h, i.p.) according to the protocol of Hellier et al. (1998). Matched
controls were treated with an equivalent volume and number of injections of
saline. Kainic acid was diluted in sterile saline (0.9% NaCl) at 2.5 mg/ml.
Seizure intensity was evaluated by a modified Racine's scale. Treatment with
KA continued until sustained convulsive seizures of class Ill, IV, or V (i.e.,
> 10 motor seizures/h) were observed in rats.

Video and EEG monitoring of spontaneous recurrent seizures
Video monitoring was performed under environmentally controlled
conditions (12-h/12-h light/dark cycle), continuous 24 h/day for 20 weeks.
Video monitoring was accomplished using an infrared-sensitive colored camera
(S-2016, AVTECH, Taiwan, no. AVC307R) connected to a computer.

The EEG of the KA-treated rats implanted previously with electrodes
were recorded for at least of an hour three times a week. Rats were allowed to
habituate in a Faraday's cage for 20 min and then were connected to a socket in a
swivel mounted on the cage's ceiling. The behavior of the rat was
simultaneously video-monitored. The EEG files were recorded by means of the
Acknowledge software ACK100W (BIOPAC Inc., USA).

Behavioral tests

All behavioral tests were carried out under artificial diffused light during
the light phase and in red dim light during the dark phase. The behavior of the
rats in the OF, EPM, and FS tests was recorded using an infrared sensitive CCD
camera and a video tracking system (SMART PanlLab software) from Harvard
Apparatus, USA.

3.6.1. Sucrose preference test

The impairment of the ‘“hedonic” state of an animal (ability to
experience pleasure) is considered as a manifestation of clinical depression.
On the first day (habituation), each cage was supplied with two identical
graduated water bottles with a volume of 100 ml. On the 2nd (pretest) and 3rd
(test) days, water in one of the bottles was replaced with 1% sucrose solution.
The test started at 08:00 a.m. and was conducted during the following 24 h.
During the test, both bottles were weighed after 12 h and replaced by a second
pair of pre-weighed bottles. Taste preference was expressed as the percentage
of the volume of sucrose solution of the total volume of fluid consumed
during 12 h (light phase — 8:00-20:00 h and dark phase — 20:00-8:00 h).
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3.6.2. Open field test
The apparatus consisted of a gray polystyrene  box
(100 x 100 cm x 60 cm) divided into two zones: outer square (periphery) and
inner square (center). The rat was placed in the center of the box and was
allowed to explore it for 5 min.

3.6.3. Elevated-plus maze test
The apparatus consisted of two open arms (50 x 10 cm), two enclosed
arms (50 x 10 x 50 cm), and a central platform (10 x 10 cm) elevated 50 cm
above the floor level. At the beginning of the test, the rat was placed on the
central platform facing an open arm. The test lasted 5 min.

3.6.4. Forced swim test (FST)
The test was carried out in a clear and transparent cylinder (50 cm tall,
25 cm diameter) filled to a level of 30 cm from the bottom with 24 °C tap
water. The water in the apparatus was changed from rat to rat. The immobility
time in seconds was recorded by experimenter.

3.6.5. Radial arm maze (RAM) test

Visuospatial learning and memory was assessed using an 8-arm radial
maze (RAM) (Harvard Biosci. Comp., USA). The stainless-steel RAM
consisted of a central octagonal platform (30 cm in diameter) from which
eight identical arms (42 x 12 x 12) radiated from the platform. A variety of
environmental cues (wall pictures, table, cupboards, door, and window) were
available for facilitation of spatial navigation. Seven days before the start of
training and during the test, rats were put on a diet for 15% reduction in b.w.
Before the memory testing, all animals were habituated (shaping) to the maze
and the experimental set-up for up to 3 days. Following habituation, the
animals were trained in the standard RAM task with one session per day for
18 trials. Four arms were baited with one piece of sweet food pellet placed at
the end of each arm. The session ended when all baits were found or after
10 min had elapsed. Memory acquisition was assessed through the decrease in
the number of errors between each trial. Reentry into a baited arm from which
the food pellet had already been retrieved was scored as working memory
errors. Entry into an unbaited arm was scored as reference memory errors.

In vivo methods

3.7. Histology
After about 20 weeks post-status, under deep anesthesia the rats were
transcardially perfused initially with 0.05 M phosphate buffered saline at pH 7.3
followed by 4% paraformaldehyde in 0.1 M phosphate buffer at pH 7.3. The
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brains were dissected out and postfixed overnight at 4 °C in the
same fixative solution. After postfixation, the brains were sliced in the coronal
planeand cryoprotected in 20% phosphate-buffered sucrose solution. After an
overnight incubation at 4 °C, the brains were cut using a Reichert Jung
freezing microtome, and 30-um thick serial sections were taken in subsets of 4.
Every first section of the subset was mounted on chrome-gelatin-coated slides,
and Nissl staining with cresyl violet was performed. Sections were analyzed for
major cell loss with special attention to the dorsal and ventral hippocampus,
the piriform cortex, and some nuclei of the amygdala. The staining intensity and
density of nerve cell bodies in the hippocampus, amygdala, and piriform cortex
were estimated by the Nikon NIS Elements Digital Imaging software. The
relative neuronal densities of the selected brain areas were quantified by
determining the percentage of the measurement grid occupied by stained cells.
The resulting values provide a relative index of the number of stained neurons in
the selected brain areas.

3.8. High-performance liquid chromatography

Additional subgroups of rats were decapitated, brains were quickly
dissected on ice, and the frontal cortex and hippocampus were bilaterally
removed. The tissue samples were frozen in liquid nitrogen, lyophilized, and
stored at — 70 °C before analysis. Dry tissues were accurately weighed and
homogenized in pre-cooled 0.5 M formic acid using a MICRA D-8 (ART,
Germany) homogenizer. The samples were centrifuged (13,000 rpm at 4 °C) for
20 min, and an aliquot of 10 ul of the supernatant was used for analyses. Each
pooled sample (from both hemispheres) was analyzed for 5-HT content as
measured by LC/MS/MS. The measurements were performed by electrospray
ionization in positive mode on an
LTQ Orbitrap Discovery® spectrometer (ThermoFisher, Germany) connected to
a Surveyor® HPLC system (ThermoFisher, Germany). The analyzed
compounds were separated on a ZIC®-HILIC (Merck, Germany) analytical
column in isocratic elutionmode with a mobile phase of
70% acetonitrile containing 15 mM formic acid at a flow rate of 200 pl/min. The
quantitative analyses were performed using the “selected ion monitoring” mode
with external calibration. The data acquisition and processing were performed
by means of the Xcalibur® software.

3.9. Biochemical methods
Biochemical tests were conducted 4 h after KA injection. The animals
were sacrificed by decapitation under a light anesthesia (CO,). Brains were
quickly dissected on ice and the frontal cortex and the hippocampi were
bilaterally removed. The tissue samples were frozen in liquid nitrogen, and
stored at — 70 °C before analysis.
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3.9.1. Measurement of lipid peroxidation

The extent of lipid peroxidation was determined quantitatively by direct
measurement of hydroperoxides in redox reactions with ferrous ions.
Therefore the tissue samples were homogenized in cold 20 mM HEPES
buffer (pH 7.2) and extracted with chlorophorm. The extracted lipid peroxides
were assayed with LPO assay kit (Cayman Chemical Company, USA)
according the instructions provided. The resulting ferric ions were detected
using thiocyanate ion as the chromogen and by reading the absorbance at
500 nm. The extent of lipid peroxidation was expressed as nmol.

3.9.2. Measurement of cytosolic superoxide dismutase
The tissue samples were homogenized in cold 20 mM HEPES buffer
(pH 7.2) and centrifugated at 1500 xg for 5min, at 4 °C. To separate
cytosolic SOD, the 1500 xg supernatant was again centrifuged at
10,000 xg for 15 min, at 4 °C. The resulting supernatant was tested for
cytosolic SOD with SOD assay kit (Cayman Chemical Company, USA). The
results were expressed as U/ml.

3.10. Statistical analysis

All results were presented as mean = SEM. Parametric (for normally-
distributed data) or nonparametric tests (for data not normally distributed) were
used for the statistical analysis (SigmaStat® 11.0). Experimental data were
evaluated by one-way ANOVA on ranks within groups (RAM test), two-way
ANOVA (seizure, histological, and HPLC data), and three-way ANOVA (OF,
EPM, and RAM tests). Post hoc comparisons between groups were conducted
by Bonferroni t-test or Mann—Whitney U-test. A p-value < 0.05 was accepted as
indicating a statistically significant difference.

4. Results and discussion

The analysis of the obtained results indicates that chronic treatment with
melatonin at 10 mg / kg for 8 weeks starting 3 hours after KA-induced SE
protects against some of the deleterious effects of epileptogenesis associated with
behavioral changes, including impulsive type of behavior, comorbid depression
and spatial memory deficiency, decreased serotonin levels in the hippocampus,
and neuronal damage in limbic structures.

In agreement with other data and previous results of our team, Wistar rats
are characterized by a circadian rhythm of distribution of spontaneous epileptic
seizures (Arida et al., 1999, Stewart and Leung, 2003, Raedt et al., 2009). The
SHR rats, which are a suitable model for the study of the relationship between
hypertension and epilepsy, show a disturbed circadian rhythm, which in turn
makes the strain a plausible model for study and chronobiological aspect
(Minami et al., 1988; Fang et al., 2000).
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Desynchronization in physiological circadian rhythms accompanies
cardiovascular abnormalities in this animal model. For this reason, treatment
with melatonin is an adequate approach to preventing disturbance of these
rhythms.

Melatonin treatment during epileptogenesis removes the circadian rhythm
of seizure activity and reduces the frequency of seizures during the chronic phase
of epilepsy. However, the results of our study were not enough to reveal the
influence of circadian rhythms on seizure activity, because the plasma levels of
melatonin and its effect on the distribution of seizures, were not measured.
Future studies and analysis of the hormonal marker could answer the question of
the exact role of the melatonin hormone in the endogenous mechanism of the
circadian rhythm of seizure activity.

In Wistar rats with epilepsy, treated with melatonin during the period of
epileptogenesis (for 8 weeks) increase the latent period for onset of the first
spontaneous seizure. The analysis of the frequency of spontaneous seizures in
Wistar rats for a period of 5 months after the SE showed that melatonin exhibited
clear anticonvulsant effect exhibited during the treatment period that disappear
after discontinuation of the treatment.

Unlike Wistar rats, daily intake of melatonin at a dose of 10 mg / kg for 60
days, starting 3 hours after the onset of the SE, has antiepileptogenic effect in
SHR , as melatonin suppresses seizure activity also after the stop of treatment. It
can be assumed that these strain-dependent differences in melatonin effect in the
KA model of temporal epilepsy may be associated with the simultaneous
reduction in blood pressure observed in epileptic SHR.

In the present work, behavioral tests have been used to investigate changes
in motor and exploratory activity, anxiety, depressive behavior and cognition.
Epileptic Wistar rats are characterized by hyperactivity, low anxiety level, and a
lack of diurnal rhythms of behavior. Melatonin alleviates hyperlocomotion and
changes in the level of anxiety as a result of epileptogenesis in the open field test
in normotensive rats. The hyperactivity observed in Wistar and SHR rats with
epilepsy and melatonin was significantly reduced. The melatonin-treated SHR
group with epilepsy is characterized by decreased motor activity and alleviated
impulsive-like behavior similar to that shown in the Wistar rat.

The effects of melatonin on motor activity are confirmed in the elevated
plus maze test (EPM) in epileptic Wistar rats. However, the decreased level of
anxiety that is characteristic of rats during the chronic phase of epilepsy is not
affected by melatonin in this test. In our study, observed differences in the effect
of melatonin on anxiety in two separate tests may be related to the specificity of
the test used. It has been found that, single treatment with melatonin has an
anxiolytic effect and reduces motor activity (Loiseau et al., 2006).

In Wistar rats melatonin mitigated also depressive-like behavior. Epileptic
SHR (untreated and treated with melatonin) are characterized by low anxiety in
the EPM. Like in Wistar rats, melatonin reduces the hyperactivitywithout
affecting the low level of anxiety. Normotensive Wistar rats with epilepsy are
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characterized by depressive behavior during the light phase in the sucrose
preference test (SPT) and forced swimming test (FST).

Treatment with melatonin after the SE had a beneficial effect on the KA-
induced abnormalities in behavioral responses, which correlated well with the
decreased frequency of spontaneous seizure activity during the time of
application.

The SHR controls are characterized by a depressive-likebehavior in SPT
during the light phase, compared to intact Wistar rats (Tchekalarova et al., 2011).
Melatonin does not affect the depressive-like behavior developed during
epileptogenesis.

In the FST, Wistar rats with epilepsy show a depressive-likebehavior
expressed by a prolonged immobility during the light phase. Melatonin treatment
alleviates this behavioral response in rats with epilepsy.

Control SHR rats, treated with melatonin, are characterized by diurnal
variations in the FST, with decreased immobility during the dark phase. The
epileptic group shows a depressive behavior without diurnal rhythm. The KA-
treated melatonin group has experienced a depressive-likeresponses only during
the light phase.

In agreement with our and other previous studies in models of epilepsy
(Tchekalarova et al., 2011, Mazarati et al., 2009, Jobe et al., 1999, Montgomery
et al. 2004; Kondziella et al., 2007), here we have found that the KA model is
associated with a 5-HT deficiency in the hippocampus in Wistar rats. While the
long-term treatment with melatonin in Wistar rats caused a decrease in the levels
of 5-HT in the hippocampus it restored the deficiency of 5-HT in hippocampus in
rats with epilepsy. These data are in agreement with previous studies, showing
that chronic administration of low doses of melatonin in drinking water causes
deficiency in monoaminergic neurotransmitters (Esteban et al., 2010). However,
we report that the disturbed serotoninergic system in the hippocampus in naive
hypertensive rats is not corrected by melatonin treatment during epileptogenesis.

Furthermore, epileptic Wistar rats are characterized with impaired
hippocampus-dependent spatial memory that is demonstrated in the RAM test.
Increased number of session arms per session reflects worse learning skills and
orientation strategy in normotensive epileptic rats. Furthermore, these rats show
higher motor activity compared to the control group. Chronic melatonin
administration is unable to enhance the learning skills in control conditions. The
group of rats with epilepsy treated with melatonin can successfully acquired
spatial information as reflected by a decrease of working memory errors over the
18-days of sessions.

In the SHR, damage to the hippocampal-dependent spatial memory is
observed compared to the control group.

Neuronal damage in the hippocampus is also accompanied by an abnormal
increase in the lateral ventricles. The neuronal density (neurons per unit area) is
statistically reduced in the CA1 fields of the hippocampus of the Wistar rat with
epilepsy.
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In the epileptic Wistar and SHR the neuronal density is decreased in the
limbuc structures, including the CAl and CA2 fields of the hippocampus,
piriform cortex and the amygdala Our studies have shown that melatonin exhibits
a powerful neuroprotective effect in specific brain structures, associated with
spatial memory, such as the CA1 domain of hippocampus and piriform cortex in
both strains

The markers of oxidative stress, which showed an increased level of LP
and decreased activity of SOD Cu/Zn in a model of essential hypertension
compared to control Wistar rats, indicate an enhanced oxidative stress in the
SHR. These results confirm previous findings that the control SHR are
characterized by a disturbed oxidative defence system compared to Wistar rats.
The reported divergence in the defence system as a sequence of enhanced
oxidative stress in the SHR supports the assumption that the activity of
antioxidant enzymes is crucial for dysregulation of physiological processes
implicated in the pathogenesis of arterial hypertension (Harris, 1992).

The SOD is one the most important antioxidant enzymes, which protects
against oxidative damage by catalyzing the dismutation of superoxide anion to
hydrogen peroxide, thus contributing to decreased formation of hydroxyl radical
formation (Coyle and Puttfarcken, 1993). In vertebrates, copper/zinc-containing
SOD Cu/Zn and manganese-containing SOD Mn are the predominant isoforms
found either in the cytosol or the mitochondrial matrix, respectively. The
increased cytosolic SOD activity in SHR might reflect the higher seizure
susceptibility following KA injection of SHR compared to Wistar rats. Literature
data support the presumption that seizures that provoked changes in the oxidative
defence system are influenced by previous level of oxidative stress, brain area,
strain used and time points detected for the direction of changes. Our results
show that the efficacy of melatonin as concerns the activity of the cytosolic SOD
is also strain- and area-specific in the normotensive Wistar rats.

In conclusion, the long-term administration with melatonin after SE has an
anticonvulsant effect, alleviating the spontaneous seizures during the treatment
period in normotensive Wistar rats with epilepsy while it exerts an
antiepileptogenic effect in the spontaneous hypertensive rats, reducing the
incidence of spontaneous seizure attacks after discontinuation of the treatment.
However, while the hormone corrects epileptogenesis-induced behavioral deficits
in Wistar rats it is inefective in a model of essential hypertension. The strong
neuroprotective effect of melatonin detected in both the Wistar and SHR
suggests that there is no direct relationship between seizure activity and impaired
behavioral responses.
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