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Caxerak

YBoa: Y 0BOj CTyIHju Cy HICIUTUBAHU eEeKTH eKcTpakTa Ousbke Satureja hortensis L. (SHL) na
OuxeBHOpiaHe MaHU(ecTaIlje HEYPOTOKCUYHOCTH W3a3BaHe IUCIIATHHOM KOJI MaIjoBa.

Marepujan u meroae: Ctynuja je crnpoBeneHa Ha 35 mamoBa Wistar albino coja, crapoctu 2
Mmecena, TeaecHe mace 200-250 g, mojesbeHuX y 7 Tpyma: KOHTPOJIHA, IUCIUIATHHA, [IUCIUIaTHHAt
SHL 50 mg/kg, uucrmatuaa+SHL 100 mg/kg, wmucmmatmaa+SHL 200  mg/kg,
mucutatnHa+cumumapu 100mg/kg o SHL 200 mg/kg. Llucnnatuna je npuMemHBaHA Y
nojenuHayHoj no3u (7.5 mg/kg), MoK je aHTHOKCHUIAHTHA CYIUIEMEHTAIMja CIpOBOheHa OpaTHO
TokoM 10 mana. buxeBuopaiHu TeCTOBU Cy M3BOEHH JIECETOT JaHa IMPOTOKOJIA, HAKOH Yera cy
KUBOTHIGEC XPTBOBaHE y IWJby noOHWjama y30paka XHIIOKaMITyca 3a ojpehuBame Mapkepa
OKCHJQTHBHOT CTpeca U aronTo3e.

Pesyararu: Pesyntatn OWXEBHOPATHOT HCIUTHBAaKka Cy TIOKAa3aJd AaHKCHOTEHH edeKaT
UCIUIATHHE KOju je 6uo yonaxkeH nmpumeHoMm SHL ekcrpakra (100 mg/kg) npu yemy je cinabuju
0JIroBop OWoO y rpymaMa TpetupanuM exctpaktoM SHL y moszama ox 50 u 200 mg/kg. Taxole,
CMamekhe HEYPOTOKCHYHOCTH W3a3BaHO LUCIUIATUHOM, Yy cMuchay mnoBehama Mapkepa
OKCHJIATUBHOT CTpeca U arolTo3e, je OCTBAPEHO MPUMEHOM ekcrpakrta y mo3u ox 100 mg/kg.
HeyponpotextuBuu edexkar SHL je 6uo cnuyan [1ejCTBY CHIIMMapuHa y HCTOj 103u. ExcTpakT
SHL Huje y3pokoBao 3HayajHE NPOMEHE HCIUTUBAHMX Ilapamerapa Kaja je HpHUMEHhHUBaH
CaMOCTAITHO.

3ak/bydyak: AHKCHOTeHM edekaT, Kao MaHudecTanyja HEYPOTOKCHUYHOCTH H3a3BaHe
LUCIUIATUHOM, j€ y OMXEBHOPAJHUM TECTOBMMa OHO YCIEUIHO yMameH OPAJTHOM MPUMEHOM
excrpakta SHL y ontumannoj no3u (100 mg/kg). Koprucuu edexktu oBe BpcTe aHTUOKCUAAHTHE
CyIUIEMEHTalluje Ccy Takole MOTBpHEeHH CMamEeHEeM OKCHJIATUBHOT ouTehema M anmonTOTCKUX
MeXaHu3ama.

KibyuHe peun: nucrnuarusa, Satureja hortensis L., 0MXeBUOpaIHU TECTOBH, OKCUJATUBHU CTPEC,
aronTo3a, XUIOKAMITYC



Abstract

Introduction: In this study we evaluated effects of Satureja hortensis L. (SHL) extract on
behavioral manifestations of cisplatin-induced neurotoxicity in rats.

Material and methods: The study was performed on 35 Wistar albino rats, 2 months old,
weighting 200-250 ¢, divided into 7 groups: control, cisplatin, cisplatintSHL 50 mg/kg,
cisplatin+SHL 100 mg/kg, cisplatin+SHL 200 mg/kg, cisplatin+silymarin 100 mg/kg, and SHL
200 mg/kg. Cisplatin was administered in a single dose of 7.5 mg/kg and antioxidant
supplementation was performed orally for 10 days. Behavioral testing was performed on 10" day
and then the animals were sacrificed in order to obtain the samples for oxidative stress and
apoptotic markers in hippocampus.

Results: The results of behavioral testing showed cisplatin-induced anxiogenic effect, that was
diminished with SHL extract in a dose of 100mg/kg, with much weaker responses to SHL
extracts in doses of 50 and 200 mg/kg. Also, the attenuation of cisplatin-induced neurotoxicity,
by means of increased oxidative stress and apoptotic markers, was successfully achieved with
SHL extract in a dose of 100 mg/kg. The neuroprotective effect of SHL was similar to silymarin
action in the same dose. When applied alone, SHL extract induced no significant effect in any of
parameters followed.

Conclusion: Cisplatin-induced neurotoxicity manifested by anxiogenic response in behavioral
testing can be successfully attenuated by oral administration of SHL extract in an optimal dose
(100 mg/kg). The beneficial effects of this kind of antioxidant supplementation were also
confirmed by decreased oxidative damage and apoptotic mechanisms.

Key words: cisplatin, Satureja hortensis L., behavioral tests, oxidative stress, apoptosis,
hippocampus
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1. VBOJI



1.1. lncnyiaTuHa

Manurau TyMOpH TNpeACTaBJbajy jelaaH ol HajBehux mpolsema caBpeMeHe MEAUIMHE U
Ha JIPYTOM MECTY Cy IO y4YECTaJOCTH Kao y3pOK CMPTH y Pa3BUjEHHM 3eMJbama. Y 3aBUCHOCTH
Ol BPCTE€ W CTaaujyMa MaJMTHE OOJeCTH, MAlMjeHTH C€ TPETUpajy OWiIo TpaaulruOHATHUM
TEpaNUjCKUM MeTofaMa (XHpypruja, XEMHO U paguoTepanuja) WM TMPUMEHOM HOBHUX
TEpanujcKuX NPUCTYyNa, Kao IITO Cy uMmyHoTepanuja (1), nuibHa Tepanuja (2), XOpMOHCKa
tepanuja (3), reHcka tepanuja (4) u oronunamcka tepamnuja (5). Xemuorepanuja Beh Buiie
JIeTieHHja TpeicTaBsba ehkacaH U MUPOKO pacTIpOCTPAEHI HAYHH JIeUeHha MATUTHUX TyMOpa y3

MPUMEHY jeTHOT WJIM BHILE IIUTOCTATHKA (6).

[MucrutatrHa je jenad oj HajOOJBHMX M MPBU MUTOCTATUK Ha 0a3u Merana (7). O mupokoj
yrnoTpedu OBOT IUTOCTATHKA HAj0OOJbE TOBOPE TMOaIy J1a roToBo 50% mamnmjeHara ca JujarHo3oM
MajurHe OOJIECTH KOjU Ce JIeUM XEeMHUOTepamujoM ao0uja mpemapaTe Ha 0asu IUIaTUHE, LITO
IpeJcTajba BEIMYMHY HpPOMETa Koja Ha TOAMIIKbEeM HUBOY u3Hocu 2 munujapae USD (7).
Jenumeme cis-[Pt(NH3).Cly] je mpeu cunterncao Mukene Ilejpone 1845. romune (“Ueber die
Einwirkung des Ammoniaks auf Platinchloriir””), 30or dera ce Beh gyxe Bpeme Ha3uBa
IlejponoBa co. Crpykrypa IlejpoHoBe conu je mpBM myT JeUHUTUBHO YTBph)eHa oa cTpaHe
Andpena Bepuepa 1893. ronune (8). Mnak, gyygecHa cnocoOHOCT na nHxubupa neody henmja je
ciIy4ajHO OTKpuBeHa ojl ctpaHe bapuera PosenGepra 1965. ronune (9). o otkpuha je mgomuuio
Tako ITO je oBaj Ouodusnuyap, npoyyaBajyhu yTuIila] eNEeKTHPYHOT TMOJba Ha pacT OakTepwuja,
KOPUCTHO IUIaTUHY 3@ €JIEeKTPOAE€ U aMOHHUjyM XJIOpuA Kao MenujyM. TokoMm oBuX
excriepumenara, PozenOepr je youmo na, ymecro na ce Oakrepujcke henuje nmene, monasu 10
noBehamwa wuxose BenuuuHe U 10 300 myta. HapounTo MHAMKATUBHO je OWJIO TO HITO C€ OBaKaB
edekar ry0ouo MpeKkuIoM eleKTpuYHOr noJba. Mako je mpBa mpertocTaBka Ouia aa ce henmjcka
neoba mpeKuja JIeNoBamkeM EJNEKTPUYHOr T0Jhba, HAKHAJAHO je yTBpheHo da je To edekar
jenvmema IUIaTUHE Koju ce ociolahajy ca enexkTpona. Y HAacTaBKy OBHMX HCTpaKuMBamba,
Pozen6epr je 1969. rogunHe mpBU MyT A0Ka3ao Ja IUCIUIATUHA MMa CIIOCOOHOCT WHXHUOHUIIM]e
hemnja capkoma u neykemwuje kox mumieBa (10). OBakBu pe3ynratd Cy MOTOM IMOTBpHEeHH Ha

Behem Opojy TyMopckux henuja xuBotuma (11). Pesynratu oBUX MHUILIMjATHUX UCTPAXKUBAGA CY



Ounm TonuKo 1o0pu Aa je amepuukd HalMoHamHM MHCTMTYT 3a pak OAJIY4YHMO J1a Ce 3aloyvHe
MPEKIMHUYKO, (PapMaKOJIOIIKO U TOKCHKOJIOIIKO, UCIIUTHBamkEe oBOT mpemnapara (12). Konauwno,
1971. rogune je HanmoHamHM MHCTHUTYT 3a paK 3arodeo MpBY KIMHUYKY CTYIH]Y, a OW HaKoH
ceqam roauna (1978. rogune) mmcruiatiHa Owia oxoOpeHa ona ctpane amepudkor FDA kao

Tepanuja y Jieuewhy KaplMHOMa TECTHCA U OBapujyma.

Nunnwmjanna eydopuja TOKOM Koje je IUCIUIaTHHA Ha3uBaHa ,,JiekoM 20. Beka“ umak Huje
ayro Tpajana. HanMe, Tepanuja HMCIUIATUHOM HHj€ IMOCTUTIIA MAKCUMAJIHO OUYEKHUBAHE pe3yaTare
W3 JIBa OCHOBHA pa3liora — PE3UCTEHIIM]a MpeMa Tepanuju U OpojHH HexeJbeHu edektu. Mmak,
LMCIUTATHHA j€ U JI0 JaHAlIbUX J1aHa, 3aXBajbyjyhu 3Ha4ajHUM MoauduUKalldjaMa y TeparujcKoM
npucTyy (IprUMeHa aHajora IMUCIUIATHHE U KOMOMHOBAWkEe ca IPYruM IUTOCTATHIIMMA), OcTala

jeIaH o]l TIIaBHHUX IIUTOCTATHKA KOJU CE KOPUCTE U y CaBPEMEHO] Tepaliji MAIUTHUX 000JbeHba.



1.1.1. Tepanujcke MHAUKALMje 32 NIPUMEHY LHUIJIATHHE

[ucnmatnHa ce y oOnmKy MoHOTepanuje (pehe) wim y KoOMOMHANMju ca ApYrHM
UTOCTAaTUIIIMA TIpUMEmYje y Tepanuju Beher Opoja mamurHux Tymopa. Ilonekax oBa Bpcra

Teparnuje MpeICTaBba jeANHY Kay3aIHy Tepanujy Koja ce IpUMEe’hYje y JIeUehy MaTUTHUTETA.

Kao mnaukanuje 3a npuMeHy MUCIUIaTHHE, Y OOJIMKY MOHOTEpanuje Wik y KOMOWHAIH]H

ca IpyruM XeMHoOTeCpareTuuuma, Ce rpemMa rnogannuma nu3 JIUTeparype Hajqemhe HaBOJC:

Kapuunnomu mayha — koju ce yOpajajy y Hajuemhe manurte Tymopa ca (aTalaHUM
ucxonoM (13). Mukpouenynapau kapuuHoMm Iutyha, Koju ydecTByjy ca oko 15% y ykynmHOM
Opojy kapumHoMa ruiyha, cy jemaH o HajMaJWTHUjUX 00MMKa MaymrHutera turyha. Om mpe
JleceTaK ToJWHa, TpenapaTd Ha Oa3u 1atuHe (Hajuemhe IUCIDIaTHHA W KapOOIUIaTHHA)
[IPEJCTaB/bajJy OCHOBHY Tepamujy y Jieuelhy MHKpPOLeNyJapHUX KapuumHoMa Iuiyha
(14). Pesynrati KIMHHYKUX CTy[AMja MOOMjEHHMX HA MalMjeHTHMa O0OJEIMX OJ OBe 0OyecTH
MOKa3yjy CHa)XKaH aHTUTYMOPCKU e(eKaT IMHCIUIATUHE, KOjU je, HaxajocT, mnpaheH OpojHUM
HEXeJbeHUM edekTuMa oBe Tepanuje. Kao Hajuemha HexesbeHa J€jCTBa MPUMEHE Tepariuje
[UCTUIATHHOM KOJI MUKPOIETyTapHUX KapIHOMa uryha ce HaBOJIE
HedporokcuarocT (15), myunnHa 1 moBpahame (16). Y nuby cMamema omrehema OyOpera ce
TOKOM OBAaKBE Tepamnuje BPIIM KOHTUHYUPAHH MOHUTOPHHT TPOJYKIIH]€ YpUHA, y3 00aBe3HY
(BeNMMKy) CYINCTUTYLHM]Y TEYHOCTH MH(QY3HOHUM pacTBopuMa. Tpeba HamomMeHyTH Aa ce y
KJIMYKO] TPaKCH, KOJ TEeXHUX MaHudecTanuja He(PpPOKCUYHOCTH IUCIIJIaTHHE, Ipena3d Ha
Tepanujy KapooruiaTuHoM, koja omoryhasa (y3 nmpuOIMKHO MCTH aHTUTYMOPCKH edekar) 1a ce
n30erte (mpobiieMaTH4HA) arpecuBHa XHUJpaTalija KakBa j€ HEONXOJHAa y LMJbY OYyBama
OyOpexxHe (yHKIMje KOJA Tepamje LUCIUIATUHOM. Mako XMpYpIIKM HPUCTYN y TpEeTMaHy
JIOKAJIM30BaHUX HE-MHUKpOIeNyJapHUX KapluHoMa Iutyha mpencraBiba Tepamnujy Hu300pa, y
cragujymuma Il u III oBe Gosectu ce, Kao aajyBaHTHA Tepamnwja, MPUMEHYje XeMUOTepanuja Ha
0a3m 1wmcriatnHe. OBakaB TEpanujcKd TMPHUCTYNT oMoryhaBa Ja ce CTOma IMeTOTOJUIIHET

MpeKrBIJbaBama moseha 3a 5.3% (17).

Kapuunomu jajauka — xoju npesicTaBsbajy TyMOpe ca HajBehoMm cTonmoM MopTanuTera y

TMHEKOJNOTHju. JlMjarHo3a ce yIJIaBHOM IIOCTaB/ba y KAacHUM CTaujymMuma OonecTH 300r


https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/nausea-and-vomiting

HelocTaTka edukacHe CTpaTerdje CKPUHHMHIA, Kao H  300T W30CTaHKa CrheruduyHe
CUMITOMATOJIOTHje Y paHuM (azama 6onectu. CTaHIapIHU TEPAIHjCKU MPOTOKOI 3a KacHe ¢a3ze
oBe 0OJIECTH TpENCTaB/hba XEMUOTEpanvja KOMOMHALMjOM LUCIUIATHHE M TaKcaHa, anu OoJect
nobuja peKypeHTHH ToK ko 75% mnanujeHata. YHOpkoc OpOjHUM HEXE/beHHUM epeKTuMa u
pa3Bojy pesucrennuje (18), mucmiaTuHa je u Jajbe IpBU U300p y Teparuju oBe 0OJIECTH, YaK U
KOJ PpEe3UCTEHTHUX O0O0nHMKa. Y [WJby CMambUBamba pPE3UCTEHIMjE, LUCIUIATHHA Y Tepanuju
KapLUHOMa jajHHKa MpUMeYyje Yy KoMOuHauuju ca Butapepurom (19), tpuxocraturom A wuiau 5-

aza-2'-neoxcunuruaom (20).

CkBaMO3HH KapUMHOMM IJiaBe W BpaTa — KOjU IPEICTaBJbajy BEOMa 4YECTy BPCTY
Manurauteta (21). Vopkoc ynanpehemy Ttepanujckor mnpuctyna (ykbydyjhu Xupyprujy,
3pademe M XEMHOTEepamnujy), OBM KapUMHOMH W JaJbe MMajy BHUCOKY CTONY MOPTAJIUTETa
(merorogumma croma je oko 50%) koja ce, Haxanoct, Beh roguHama He cMmamyje. Mako ce
caMOCTaJHa NpPUMEHE LUCIUIATMHE HHUje IOoKa3aja e(pUKacHOM Yy OBOj BpPCTH Tepamuje, KOJ
[IPUMEHE LUCIUIATUHE Y KOMOMHAIM]HU Ca METOTPEKCATOM, BUHOJACTUHOM, JOKCOPYOUIIMHOM WU
reMIUTa0MHOM Cy TOTBpheHn OO0JbM pe3ydaTaTH y TPETMaHy METAcTaTCKOT YpOTENIHUjaIHOT

KapuuHoma (22, 23).

Kapuunomu nojke — xoju ce cMarpajy jeJHUM O] Hajuemhux y3poka CMPTH y KEHCKO]
nonynaunju. CMatpa ce Aa je XeMmMuoTepanuja KJbydHa y Tepanuju KaplLUHOMa JOJKE U
POAYXEwY KHUBOTa oOosienux. Y Tepamnuju oBe OOJECTH c€, Y 3aBUCHOCTH O]l CIelU(UUYHUX
o0JIMKa, TpUMEBY]y pa3IUYUTH LUTOCTATUIM, YKJbY4dyjyhu u nucruiatury. MexaHuzam
AHTUTYMOpPCKOT e(eKTa IUCIUIaTUHE Yy Tepanuju KapLUuHOMa J0jK€ Ce MPUINCYje MHXUOULUJU
permmukanuje JJHK u naayknuju anmonTose (24). Haxanoct, oBy BpCTy Tepamnuje IpaTH BEITUKH

0poj 030UIJbHUX HEXEJbEHUX e(eKara.


https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/trichostatin-a
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/decitabine
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/decitabine

1.1.2. MexaHu3aM aHTUTYMOPCKOT JiejCTBa HUILIATHHE

[ucnnatuHe ce TpaHcmopTyje y henmujy mpeko pa3nuuuTux Mexanusama (25, 26) koju
ykibyuyjy edpaykcue ATPase (MRPs, ATP7A/B) u Hocaue jouckux tpancrnoptepa (CTR1, SLCs,
AQP2 u AQP9). Ynackom y henujy, nucruiaTiHa ce akTUBUpPA TakO INTO CE aTOMHU XJIOPUAA
3aMemyjy MoJekyauma Boje. OBakaB MeTaOOJNUT TMOCTaje BeOMa EJICKTPOQHIaH IITO MYy
omoryhaBa Be3uBame 3a Hykieodwmie, yKbydyjyhu © CylndXuapuiiHE Tpyle MNpOTeHHA H
aMHHOTPYIE HYKJICHMHCKHX KHCenuHa. BesnBame mucrmathuHe 3a N7 peakTUBHHU IICHTap Ha
MypuHCKUM octanuMa je pasnor omrehema JJHK tymopckux henmja u npexun hemujcke neobe.
1,2-ynakpcue Bese usmel)y nmypunckux 6aza ynyrap nanua JIHK ca nucnnatuaom (popmupame
aJlyKTa) Mpe/cTaB/ba HAJBUAJBUBHU]Y MPOMEHY KOjy LIMCIIATHHA OcTBapyje Ha Tymopckoj JHK
(oxo 90%), nok ce 1,3-yHakpcHe Be3e youaBajy MHOTO pehe. YrpaBo hopMupame OBaKBHX Be3a
3ayctaBjba henmuwjcku mukiayc y ¢azama S, Gl wm G2-M (27), mro 3a TOCIHEAWIy HMa

cnpeyaBame omrehema J[HK, aGepanTHy MUTO3y 1 TOKpETame alONTOTCKUX MEHaHu3ama (24).

Omnucano omreheme JIHK wu3a3BaHO IMchniaaTHHOM, NMpEKO akTuBanygje pS3 koja je
nocpenoBaHa Behum OpojeM (akropa (Bax, kacnaza-6/y...), 1oBoau 10 ociobahama IUTOXpOMa-
¢ U3 MuUTOXOHpHja. LluToxpoM-c y MHTepakiuju ca apoptosis promoting activating paxkropom
1 (APAF-1) moBomm mo akTuBalmje mpokacmasze-9 u (GopMupama armonTo30MHOT KOMIUIEKCA,
OJTHOCHO aKTHBalyje kacrnasze-3. CumynraHo noiasu, Takohe 30or omrehema JJHK, 1o cmamema

TPaHCKPHIIIKje aHTHATIONTOTCKUX (hakTopa u3 nopoaune Bel-2.

[TapanenHo ca mpoMeHama Koje OCTBapyje Be3uBameM 3a HykieapHu JIHK, mucrnaruna
nenyje u apyre hemujcke CTpyKType, YKJby4dyjyhu m MuToxouzapuje. MHumjanHe nocienuie
JeioBakba Ha  MHUTOXOHJpHUjE Cy ONUCaHe Kao TryOuTak Cya(QXUApWIHMX Tpyma
MUTOXOHJIPHJAJIHUX TPOTEHHA, UXUOMIMja Mpey3uMama KallijyMa U CMameme INOTeHlujana
MUTOXOHApHjanHe MeMmOpane (28). Iloctoje monmamm M Aa nucrulaTHHA noBehaBa MPORYKIH]Y
peakTUBHUX 00JMKa KUCEHHKa (29), ITO y3 CMamkemhe aHTHOKCHIAHTHOT KamaluTeTa (CMambenhe
aKTUBHOCTH AaHTHOKCHJAHTHUX €H3MMa W KOJIMYMHE TIyTaTHOHA) 3a TIOCIEANIy HMa
OKCHJATUBHO omTeheme KOje MPUMapHO HACTaje Y MUTOXOHJpHjaMa (HajBYIHEpaOWIHHUJU €O

henuje 3a HacCTaHAK OKCHJATUBHOT CTpeca), a TOTOM M Ha HUBOY unTaBe henuje.


https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/fibrinogen
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/fibrinogen

BaxHO je HAalOMEHYTH Ja OKCHJATUBHH CTPEC MOXKE HETaTHBHO JICNOBAaTH Ha hemnujy,
CyMapHO TJIeJJaHO, Ha JIBa HAYWHA — TUPEKTHUM JIEJIOBalkeM CI000THUX paauKana Ha hemujcke
CTpYKTYype, kKao u mnpeko aejcrea Ha JJHK koje ycnen mzasBanor omrehema IHK maMnmpa Hu3
KaCKaJJHUX PeaKilja ca MOKPETamheM ITPOANIONTOTCKUX KAaCKaJHUX peakifja v, KOHAYHO, JTOBOIU

1o henuwjcke cMpTH.



1.1.3. HexxesbeHa ejcTBa HUCIIATHHE

OCHOBHH MEXaHM3aM AaHTHUTYMOPCKOT [I€jCTBa KOjH C€ OCTBapyje MPHUMapHO MpPEKO
omrehema JIHK ce, HaxkanmocT, He orpaHryYaBa caMo Ha IUJBHO TKUBO (TymMopcke henuje), Beh cy
y Mam0j Win Behoj Mepu OBUM HUTOTOKCHYHUM €(EKTOM IUCIIATUHE TIoroleHe u 31pase henuje
y Pa3IMYUTUM OPTraHCKUM cuUcTeMHuMa. lIpema KIMHWYKUM MaHudecTanyjama, y3 TOTOBO HCTY
NaToO(QH3HOJIONIKY OCHOBY, TOKCHYHH €(EeKTH IMCIUIATHHE Cy CHCTEMAaTH30BaHU TaKO Jia ce Kao
HEXeJbeHH e(QeKTH NpUMEHe IUCIUIATHHE Yy JIMUTEpPaTypd HABOJIE pA3IMYUTH THIIOBH

TOKCHYHOCTH.

MyunuHa u noBpahame ce cMarpajy HajuermmhuM HeXXeJbeHUM e(DEeKTOM IMCIUIATHHE KOjH
HacTaje TOKOM xemuorepanuje. CTaTUCTHYKK TMOJAIM TOKa3yjy Ja Ce OBaj THUIl TOKCHYHOCTH
HUCIUIaTHHE (HAKOH MpUMemeHe 03¢ oa 120 mg/mz), 0e3 mpuMeHe aHTHEeMEeTHKa, MaHu(ecTyje
npoceynuM Opojem ox 11 emmzonma (30). ¥V uuipy chpedaBama OBUX MaHHdecTanuja
TOKCHYHOCTH ILHWCIUIATHHE ce y mpakcu npumemnyjy 5-HT3 penentopcku anraronuctu (31).
Benuke kuMHAYKE CTyAMje Cy MOTBPAMIIE Ja je BEpoBaTHONA HaCTaHKA OBOT HEXEJHEHOT e(eKTa
Beha Koj Teparnuje HUCIUIATHHOM Hero KOJ Teparyje IpyruM npenapaTima Ha 0as3u IulaTHHe, Kao

mTo je kapoomnaruxa (32).

HedpoTokcnyHOCT LUCHIATHHE je BeoMa YeCTO IJIaBHU PA3JIOr 3a KOMIIPOMHUTOBAHE
TEepanujCKuX MPOTOKOJIA Y KOjuMa Cce€ TMpUMEIYyje O0Baj IHUTOCTAaTUK. byOpe3m mpencraBsbajy
TJIABHU CHCTEM 3a €KCKPelHjy IHCIUIaTHHE, Ta 3aTO HE YyIu TEHJCHIMja aKyMyJlallije BeoMa
BHUCOKHMX KOHIIGHTpaluja IucIuiaTuHe y OyOpe3uma, y mnopehemy ca ApyruM oOpraHuma
ykbyayjyhu u jerpy (33). Hajsehu cremen akymynanuje LHCIUIATHHE C€ yodaBa y
MIPOKCUMAJTHUM TyOyJuMa, TJe ce MOCTHXE MeT myTa Beha KOHIIEHTpalfja o] OHE KOja IOCTOjU Y
cepymy (34). IIpernocTaBka je Ja OBaKo BeJIMKa aKyMyJialldja MUCILIATHHE JIOBOJH JIO0 CMambhEerha
KOHIIGHTpallMje KapHUTHHA Yy TYyOyJICcKMM henMjama, IITO HM3a3MBa YWTaB HU3 METAOOIMYKHUX
KoHcekBeHIH (35). Enumunncame nucmiatuae y 6yopesuma ce 0/1BHja MpolecuMa rioMepyscke
dunTtpamnuje u Tyoyncke cekpennje (36, 37). Lucrmarnaa akymynupana y OyOpeKHUM TyOyaInMa
MoJIeXe TIporiecuMa OuoTpanchopmalrje Mpu YeMy HacTajy KOWmYTaTH IHUCTEHHHI TIWIUHA |

APYTUX THOJA, 32 KOje Ce cMaTpa Jla MOT'y OUTH HEIOCPEIHHU Y3pPOIU TOKCUYHOCTH.



XenaToTOKCUYHOCT C€ OIHUCYje Kao jelaH OJl YEeCTHX HEeXEJbeHHX edekara Tepamnuje
UCIUIATUHOM KOjH HacTaje mpu yHocy Benukux 1o3a (38). IIpermocraBiba ce na je moehame
OKCHJATHBHOT CTpeca OCHOBHHM MEXaHU3aM XEMaTOTOKCHUYHOCTH uuciuiatuae. IlorBpheno je na
LUCIUIATMHA [JOBOAM JI0 CMamema peAykoBaHor riyraTMoHa (39), Kao U aKTUBHOCTH
aHTUOKCUJIAHTHUX €H3uMa, Ipud dYeMy Kao Iocjeauia Hacraje moBehame munuaHe
nepokcupamyje (40). Ensumm jerpe (y3 OwimpyOuH) ce cMmarpajy HajCCH3UTUBHHjUM
uHAMKaTopuMa omTehema jeTpe H3a3BaHOr LUCIUIATHHOM, je€p IbUXOBAa LUTOIIa3MaTcKa
nmokanuzanuja omoryhaBa Op3o mnoBehame KOHIIGHTpalUje y IUIa3MH HakKoOH omrehema
xernaroruTa (41). XemaToTOKCHMYHOCT LMCIIATMHE C€ IMojauyaBa ca moBehameM ekcripecuje
murtoxpoM P450-2E1 ensuma (42). Mopdonomnke mpoMeHe TOBe3aHE Ca XEMaTOTOKCHYHHM
eeKTMa UCIUIATHHE Cy OINMCAaHe Kao HEeKpOo3a W JIeTeHepalrja XenaTouTa, ca 3arnabeHCKOM

HHQUITPALIHjOM OKO MOPTHUX KPBHUX CYJIOBA y3 IUIaTalnjy cunycouna (43, 44).

Heyporokcuunoct npexacrtaBba Tpehu HajTekW OOJUMK TOKCHMYHOCTH LUCIUIATUHE, H
KJIMHUYKA EHTUTET KOju Hajuemhe JMMUTHpa NMPHUMEHY IMCIUVIATHHE Yy Tepaluju MaJUTHUX
6onectu. HajBume mnogataka NOCTOjU O TOKCMYHOCTH KOja Ce€ MCIOJbaBa Kao nepudepHa
Heypornatija uinu eHuedanonatuja (45). Knunuuke cryamje Ccy TMokaszaje Ja ce OBaj THII
TOKCHUYHOCTH IMCIUIaTHHE MoBehaBa ca TepamMjcKoM J030M, U HapOYMTO j€ 3acTyIJbEH Kaja
KyMyJIaTUBHA J03a Tpena3u 300mg/m2, y3 3alenexeHy axkyMmylanujy y TKUBY (46).
WHTepecanTHO je 1a cy HeypomaTcke MPOMeHe M3a3BaHe LIUCIUIATHHOM HpeBep3nouiHe ko 30-
50% manujenata. Cenzopuuke MaHudecTaluje HEyporaTthje u3azBaHe HUCIUIaTUHOM (47) cy
4ecTo yJIpyXKeHe U ca MaHH]ecTalijaMa OTOTOKCMYHOCTH 300r omtehemwa penenropckux henuja

Koprujesor oprana.

KapnnoTrokcuuHoOCT M3a3BaHa NMPHUMEHOM IHCIJIATHHOM C€ MOBE3yje ca OTIYIITAamhEeM
LDH u CK 13 kapAuOMHOIIUTa, KOje HacTaje Kao mocjenuia nopehama JMnuaHe NepoKCHIaIije
y MemOpaHama cpyanmx henuja (48). Mopdonomke wmaHHdecTanuje KapIAOTOKCHIHOCTH
M3a3BaHe IUCIUIATUHOM Ce€ youaBajy y (GOpMH JEeTreHepalldje M HEKpO3e CpUaHUX MHIIUhHUX
BJaKaHa, ca To0jayaHoM (UOPO3HOM peakIUjoM M BaKyOJIM3alMjOM LUTOIUIa3ME Y

KapauomuoruTuma (48).

[Ipema moganuma u3 nuTepaTrype, y HexxesbeHe edekre IuciiaTuHe koju ce pehe cpehy

YKIIMHUYKO] TIpakcu ce yOpajajy MaHudecTalnyje TOKMCYHOCTH Be3aHE 3a (DyHKIMOHAIHE
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nopeMehaje racTpOMHTECTHHAIHOT TpakTa, TOKCUYHE e(eKTe Ha PEnpoAyKTHUBHOM CHUCTEMY,

MU]jEJIOCYTIPECH]Y U ajeprujcke peakuuje (49).

1.1.3.1. HeypoTOKCHYHOCT HUTOCTATHKA HA 0a3M IJIATHHE

Tepanuja xemuoTepaneyTuiuMa Ha 0a3u IJIaTHHE, YKJbYydyjyhu M nucIuiatuHy (Cis-
diamminedichloroplatinum Il), kapoomnaruny (cis-diammine-1, 1-cyclobutane dicarboxylate
platinum Il) u okcanumnaruny (trans-R,R-cyclohexane-1,2-diamineoxalatoplatinum 1), je gecro

MOBE3aHa U ca BeoMa 030MJbHUM KIMHUYKUM MaHudecTanujama HeypoTOKCHIHOCTH (50).

Nako kapOoruiaTHa H3a3uWBa 3HAYajHO Mamkbe MaHU(eEcTaluje HEypOTOKCHYHOCTH Yy
nopehemy ca HUCIIATUHOM U OKCaIUIUIaTUHOM (51), HexeJbeHH e(eKTH Ha HEPBHHU CHUCTEM Cy
YOUYCHH KaJa ce MpHUMEmYje Y BHCOKUM Jl03ama. Pas3ior 3a oBy pas3iuKy ce Moke mpoHahw y
pesyaratuma In VItro cTyamje y Kojoj je mokasaHo Ja ce UCTH eekar, KakaB ce youaBa KOJI LIHC-
U OKCaJIMIUIaTHHE, Ha JI03HO-3aBUCHO NoBehame amonTose, AelaBa TEK MpH JeceT myTra Behum
KOHIIEHTpaljama KapOoIllaThHe, IITO ce oO0jalmbaBa 3HAYajHO MAambOM  MPOAYKLHjOM

KHUCEOHMUYKHUX pagukaia u cmameHuM omrehemem JJTHK (52).

Hacynpor Tome, cranmapaHa Tepanujcka NpUMEHa IHMCIUIATUHE W OKCAIHMIUIATUHE
MTOHEKA]] JIOBOJIH JI0 HEYPOIIATCKUX CUMITTOMA KOjU C€ TEIIKO MOTHOCE, IITO OTPAHNYaBa BbUXOBY
IPUMEHY y CMHCIYy ONTHMAalHUX e(pEeKTHBHHX J03a U Tpajama Tepanuje. ITokazaHo je ma ce
HajBehe mpoMeHe youdaBajy KOJI CEH30pPHHMX HEPBHMX BilakaHa Hajseher aujamerpa, y3 OpojHe
MopdodyHKIMOHATHE TpoMeHe TmpaheHe oxaroBapajyhum cyoOjektuBHUM ocehajuma (53).
Cumrnromarosorija oBe €THOJOTHje MOXKE MOHEKaJ TpajaTH jako Oyro (MecelnrMa, ma 4ak u
roauHama). lHTepecaHnTHO je 1a ce OBakBe Cy0jeKTHBHE MaHU(eCTalllje TTOHEKa  MOTY IojayaTH
HaKoH mnpekuaa tepanuje (54). 3HauajHO je HANOMEHYTH Ja ojpeleHe TeHeTCKe U KIMHUYKE
npenucnosuuje  nosehaBajy — BepoBaTHOhy  3a  HAacTaHak  TeIIKMX  MaHHUQecTanuja

HEYPOTOKCUYHOCTH TOKOM TpETMaHa Ipenaparuma Ha 6asu miatune (55).

Hajpehu ©Opoj cTymumja y KojuMa Cy HWCIUTHBAaHU JAUPEKTHU  MEXaHU3MH
HEYPOTOKCUYHOCTH TIperapara Ha 0a3W IUIaTUHE j€ CHPOBEICH Ha mnepudepHUM HEpBUMA.

CwMmatpa ce 1a je akymyJanuja IUIaTHHE y TaHTJIMOHUMA 3aIlbUX KOPEHOBA, Y3 (opMHpame Be3a
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mmehy mnatuHe W JIHK, xibyunu pasnor 3a pa3Boj HeypoTrokcwmdHocTd (56). IlltaBumie,
noTBpheHa je nupekTHa Kopenanuja u3mel)y Opoja OBUX Be3a U TE€KHHE HEYPOTOKCHYHOCTH (57).
[IpermocTaBka je aa je jenan ox ¢gaxropa Koju (GaBopusyje OBy BpCTy IpOMEHA YMH-CHHIIA J1a HA
HUBOY TaHTJIMOHA 33IlbUX KOPEHOBA HE TIOCTOjU MPENpeKa, y BUIy XeMaro-eHiedainne dapujepe,
3a TpaHchep mucruiatuHe (58). OBY MNpeTnocTaBKy I10javyaBajy CKOpAlllbH IOJAlM Ja Ce
npey3uMame Impenapara IJIaTHHE W3 KpBU y HEPBHO TKHMBO MoBehaBa ca mpekoMepHOM
excrpecujoM crienupuuynux tpancnoptepa - CTR1 u OCT2 (59). buso kako 610, HaKOH yiacka
y HeypoHe, W in Vivo u in Vitro ctyauje Cy MOTBpAWIE [a HUCIJIATHHA WHHUIUPA HEKOJIHKO
MpoanonToTckux (enomena, wMelhy kojuma Tpeba U3ABOJUTH akTUBauMjy pS53, Bax

TpaHCIIOKaIHjy, ociobahambe MUTOXOHAPH]aTHOT IIUTOXPOMA C, Ka0 M aKTHBAIH]jy Kacmasza-3 u 9

(60).

[IpomeHe koje cy BeoMa CIIMYHE OHUMA Koje ce youaBajy Ha HykieapHoj JJHK ce Hakon
Tepanuje nucratuHoM cpehy u kox murtoxonapujanHe JIHK. YcmocraBbame Beza usmely
nucruiatuie u JIHK y Mutoxonapujama je HOBOAMIO A0 HHXUOHIIM]E TPAaHCKPUIIHUjE U
peruvkanuje, mTo je npaheHo HU30M MOP()ONOMKUX U (YHKIMOHATHUX TPOMEHA Yy
MuTtoxoHiprjama. Kao nmocnenuiia Toda je 1oma3uso 10 TpeKu/a JJaHia 3a TPAaHCTIOPT eIeKTPOHA
u cMameHe npoaykiuje ATP y3 nacranak eHeprerckor nedunura. KonauHo, MUTOXOHIpHjaIHa
micyHKIMja H3a3BaHa IUCIUIATUHOM j€ Yy3pokoBaja moBehaHy NpoayKIHjy cio00IHUX

panukaia u noBehany akymynanujy kamujyma (61).

Kao mnoceban MexaHHW3aM HEYpOTOKCHMUHOCTM LUCIUIATHHE KOJU j€ JIeTeKTOBaH Yy
TaHTJIMOHMMA 33IFlbUX KOPEHOBA Tpeda MOMEHYTH U IIPOMEHE Ha HUBOY IPOBOJIJBUBOCTH jJOHCKUX
kaHana. HakoH mnpumeHe HUCIUIaTHHE [A0ja3u 10 noBehaHor uHQIyKca Kanujyma IpeKo
KaaujyMckux N KaHajla yciel BUXOoBe UP-peryianuje MHAyKoBaHe mucriatuHoM. [loBehame
KOHIIGHTpalLlMje WHTpAleNyJapHOr KajlMjymMa ce IIOBe3yje ca AaKTUBAIMjoM Kacmase-3 |
nocneanuHuM noBehaweMm anomnro3e (62). Takohe, y nurepaTypu je omucaH joul jeaaH
TpaHCMEMOpaHCKH MeXaHH3aM KOJUM C€ MOry O00jacCHHUTH MaHH(ecTalrje HEYpOTOKCHYHOCTH
nucratuHe. HanMme, moka3aHo je Ja mpuMeHa LMCIUIaTHHE J0BOJAM A0 MoBehaHe ekcrpecHje
TRPA1 peuentopa y raHrivoHMMa 3aJBbHX KOPEHOBA, YMME c€ O0jalllmbaBa XHUIEpPaITeTCKU
ONrOBOp Ha XJamHohy © JejoBamke MEXaHWYKUX Jpakd KOJ TaIMjeHaTa Ha Teparuju

nucriatTiHoM (63). Ha aHMManHOM eKCIepuMEHTaTHOM MOJIENy je MOTBPHEHO Ja Ce CIMYHE
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MaHHu]ecTaluje HEeypOTOKCHYHOCTH Ca XHIepalrerckuMm edektoM youdaBajy u y IHC-y.
KonkperHo, y HEypoHMMa TPUIEMHHAIHOT TaHIJIMOHA j€ HAaKOH MpPHUMEHE IHCIIIaTHHE
JIeTeKTOBaHO NoBehame peslaTUBHE T'eHCKE eKCIpecHje 3a BUCOKOCTenn(UYHE perentope THIa

TRPV1 u TRPA1 (64).

3a pa3nuky o]l OpOjHHX MOJaTa 0 HEYPOTOKCUYHOCTHU IHCILIATHHE U OCTAIUX IMpernapara
Ha 0a3u IJIaTHHE KOjU Cy JOOMjeHH Y HUCTpaKUBabUMa CIIPOBEICHUM Ha NepudepHuM HEPBUMA,
MOJAIl O HEXKEJbEHMM JIejCTBMMA IUCIUIATHHE KOju HacTajy aenoBameM Ha I[HC cy manexo
ockynHUju. Mako y MHHIMjaTHO (U3HOJIOMIKIM YCIOBHMa (IIPU MPBOM KOHTAKTY) LUCIUIATHHA
rOTOBO HE Tpoja3u XxemaroeHuedanHy Oapujepy, IOHOBJbEHA W/MIU  MPOIYKEHA
aJIMMHHCTpAllMja LUCIJIATUHE Y EeKCHEpUMEHTAIHUM YyClIOBUMa je oMoryhuna 0ospu yBUA Y
HEYpPOTOKCHYHOCT IUCIIATHHE Koja ce MaHuecryje nmpeko [[HC-a. Moryhe o6jammemne 3a 0Baj
napazokc Tpeda TPaKUTH y YNEHLCHHUIIN J1a aJJMUHUCTpAIMja UCIIaTHHE BeoMa Op30 J0BOIHU 110
Temkux omrehema nepedpaiHe BacKylapHu3alyje, MTo 3a MOCIeAnlly MOXe MMaTu moBehame
BacKyJapHe MPOIYCTJbUBOCTU U IOja4aHO MpEy3UMame LUCIJIATHHE Y TKHBO. YTHUIQ] KOJU
[UCIUIATHHA, KA0 U TOjeIMHU JPYTH IUTOCTATUIIN (KApMYCTHH, IIUTO3UH apabMHO3U...), UMa Ha
hemje [IHC-a cBakako nHuje 3aHemapsbuB. lllTaBuine, mokazaHo je na NMpuUMeEHa IUCIUIATHHE
noka3syje Behu HeraTtuBaH yTuiaj Ha nporenutopHe henuje [IHC-a u onuronenapouute Hero Ha
Masiurae henuje (65). YV ucToj cTyauju je moka3aHo Ja aJMUHUCTpalMja UcIIaTuHe noBehasa
henujcky cMpT y JEHTAaTHOM THpPYCy Xumokammyca u hemmjama corpus callosum-a.

Hereneparusue npoMene y [IHC-y HacTajy cBera HEKOJIMKO caTH HAKOH MPUMEHE IIUCIUIaTHHE.

V3 Beoma OCKYJHC MOJATKE O HEIMOCPCIHUM MCXaHU3MHMaAa TOKCUYHOCTU HUCIIIATUHE Y
HC-y (xoju ykJby4dyjy noBehame OKCHIaTUBHOT cTpeca, MHGIaMalllje U aroITo3e), OMUCAHO je
na, u3mely ocranor, mpuMeHa IUCIJIaTUHE Y3pOKYje YUTaB HU3 OMXEBHOPATHUX MaHH(pecTanmja
HEYPOTOKCHUYHOCTH, Kao INTO CYy KOTHUTHUBHa auchyHkuuja (66), mnosehame creneHa
nenpecuBHOCTH (67), omHOCHO MoBehame cTeneHa aHKCHO3HOCTH KOj Tionapa (68). V3 orpany
Ja Cy CBHM HaBEIEHW TOAANM O HENMOCPETHHM MEXaHHW3MUMa IIEHTPaTHE HEYPOTOKCHYHOCTH
LUCIIATUHE U BbUXOBHUM MOCeIUIaMa JOOHjeHH Ha aHUMAJIHUM eKCIIEPUMEHTAIHUM MOJIeNTuMa,
y pEaTHHM YCIOBHMa C€ MOpPaMoO OCJIOHMTH MCKJbYYHBO Ha HUXOBY BaJHMJHOCT, OJHOCHO
TPAHCIAIMOHOM METOJIOJIOTHjOM TIIOKYIIaBaTH Ja C€ HalpaBd aHalorHja ca JbyJICKOM

nonynanydjoM. Hawme, W3 HEIBOCMHUCIEHUX pasjiora KOju cy Oa3upaHd Ha OCHOBHHM
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MPUHIMIIIMA €TUYHOCTH, Yy KIMHUYKUM CTyAHjaMa HUje Moryhe HCIUTUBATH HEXKeJbeHe edeKTe
[IUTOCTATUKA HE3aBUCHO OJ1 MOTYhHX (OYCKWBAaHUX M BEPOBATHHUX) CUMYJITAHHUX yTHIIaja OCHOBHE

0oJiecTH Koja je 1 MHIAMKOBaJa IPUMEHY TaKBe Teparuje.
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1.2. AHTHOKCHAAHCH

VY OHOJNOIIKMM CHCTEMHMa C€ KOHTHHYHPAHO JeIIaBa OKCHUIATHBHU CTPEC, CIO0KEHH
IpoIec KOju KapakTepHIy aHTarOHUCTHYKE aKIMje JIBa CHCTEMa — CHUCTEMa 3a MPOAYKLHU]Y
co00IHUX pajuKaja M cHcTeMa Koju oMmoryhaBa eTMMHHALIM]y OBUX pEaKkTUBHHX (opmu, y

qucMmy y‘lCCTBy_jy CHIOI'CHHU U €I'30I'C¢HHU aHTUOKCHAAHCH.

Y cBuUM opraHuzMuMa Koju (YHKIMOHHIIY Y aepoOHHM YCIOBHMA, KHCEOHHK
Mpe/ICTaB/ba €CEHLMjaTHU eJeMEHT 3a OJBHjame MeTabonnukux ¢yHkuja. HctoBpemeHo,
KHCEOHUK IPEJICTaBJha U PEATHY OMACHOCT 3a CBE CTPYKTYpE Y KOjUMa Ce OJ[BUjajy METaOOIUYKH
mporecu 3axBasbyjyhu ocobmHHM aa dopMupa IEIMMUYHO OKCHIHWPAHE CJIEMEHTE KOjH UMajy
BHCOK CTEIEeH peakTMBHOCTH. OBa jeMIbEHa, KOja MPEICTaBJbajy BHCOKO pEaKTUBHE (opMme
KHCEOHHKa, ce Ha3uBajy reactive oxygen species (ROS) u yOpajajy ce y crnobojiHe pagukaie Wiu
BUXOBE MpeKypcope. MexaHn3aM BUXOBE TOKCUYHOCTH j€& TIOCIIEIUIIA ITOCTOjabha HeCTIapeHUX
€JIEKTPOHA y opOMTaMa, ITO 3aXBajbyjyhu HUXOBO] TEXKIbU 3a TpeNa3ak y cTa0WwiHy Gopmy, y
KOHTaKTy ca pa3IWYuTHM OHOMOJeKynnuMma henuje MOBOAM 110 HEXEJheHEe TpaHcopMaliuje
hemujckux crpykrypa (69). HaBenenu mpouecu MMajy pecrneKTaOWIHM MHTEH3UTET y CBakoj
nojequHayHoj henmuju 3axBasbyjyhM 4YMBEHMIM Ja y HBUMa KOHTHUHYHPAHO (YHKIMOHMIIY
CHCTEMH 3a TpaHC]ep HeCHapeHHX eJIeKTPOHA, HAPOUHUTO y MpoIlecuMa MpH KOjiuMa Ce eHepruja
nobuja y aepoOHUM ycloBMMa (JIOMHHAHTHO y MHUTOXOHIpHWjama). Mctune pamu, mopa ce
MIOMEHYTH U J1a CJI000JHHU PaJUKaId UMajy YATaB HU3 KOPUCHHUX (YaK M €CEHIMjaTHUX) yJIora y
OpraHusMy, MOMYT peakiifje MOoJIMMEepH3alrje aMUHOKHCEINHA Y CHHTE3H MPOTEHHA, pPeakiiuje
MOJTUMEpH3aIHje TIIyKO3€e y CHHTE3H TIMKOTeHa W OpOjHEe KaTallM3aTOPCKE YJIOre Y €H3UMCKUM

peaknujama uHTEpMearjapHor Metabousma (70).

Tokom mporeca KOju €€ HOPMAIHO OJBHja]y Yy OpraHusMy (HEYpOTpaHCMHCH]a,
penakcanuja Mumuha, nepucTanTHKa, arperanuja TpoMOouTa, (parounTosa...) HacTajy U Maje
KOJIMYMHE pPEaKTUBHHUX a30THUX Qopmu — reactive nitrogen species (RNS) (71). UuraB Hu3
MOJIEKYyJIa KOJH TPHUIIAJIajy OBO] BPCTU CIOOOAHUX pajuKaia Takohe MOXKe M3a3BaTH 3HAUYajHE

HeraTuBHE TpaHchopmalije naTpahenujckux OnomMoseKysa.
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Kontunyupana npoaykmnuja ciobogHux paaukaia je y hemujama koje GyHKIHOHHIIY Y
MIPUCYCTBY KMCEOHHKA JIOBEJIA 10 HEOIIXOAHOT MOCTOjamba CHCTeMa 3a 0J0paHy 0J] OKCHJATHBHOT
omrehema. CucreM oaOpaHe 0] MPEKOMEPHOT OKCHUJATUBHOI CTpeca YMHU HU3 Pa3IUYUTHX
XeMHUjCKUX (OpPMHU ca AaHTHOKCHIAHTHHM KapaKTEpPUCTHUKaMa, KOjU C€ 3ajeIHUYKU Ha3UBajy
aHTHOKcHaaHcu. J[lakie, 1o neUHHWIMjU, AHTHOKCHIAHCH TIPEJCTaBJbajy BEJIHKY TPYILY

CYIICTAaHIIM KOj€ ¥ Y MaJIUM KOJMYMHAMa CIIPEYaBajy WM yMamYyjy OKCUIAIH]y CYICTpara.

CymapHo rienaHo, y opranusmy (y (DM3HOJOMIKMM YCIOBMMA) IOCTOJU PaBHOTEXKA
u3mely mpoaykumje CroOOMHMX paAWKayia M KarmalnuTeTa aHTHOKCHJIAHTHE 3allTHTE.
HapymaBame oBOT eKBUIMOpHjyMa, Y CMHUCITY MOBehaHOr OKCHIATHMBHOI CTpeca M HACTaHKa
OKCHJATHBHOT olTehema, MOke OMTH Y3pOK, aJld U MOCJCIUIAa HU3a Pa3IMYUTHX MEXaHH3ama

KOjU (MHAIHO 3a pe3yaTar uMajy MopQoIomko 1 GpyHKIHOHAIHO omTehemne henuje.

Cno6oaHu paguKkany HacTajy yciel JejCTBa er3oreHux u enjorenux (akropa. ConapHa
paamjanmja, Kao IpUMEp er30reHor ¢gaxropa, 1oBoaU 10 omrehema Be3a u3Mely Ormomosekyna
MoJI yTHIajeM yiTpabyomuyactux 3paka. [lopen ¢usmukux ers3oreHux Qakropa, U OpoOjHH
XeMHUJCKH YTUIAju MOTy JoBecTH 1o mnopemehaja okcuiaTuBHOr exkBUaMOpujyma. Tako je
OIKCaHo J1a /10 omrehewa MOpdo-PpyHKIIMOHATHOT UHTEIPUTETA XEeNaToUTa MoXe Johu ycien
MIPEKOMEPHOT YHOCA €THJI AJIKOXOJIa MJIM CE€ XEMaTOTOKCUYHOCT MOXKE Pa3BHTH Kao IMOCITEeIUIa
JieioBama jarporennx (akrtopa (72). Y OBHM OKOJHOCTHMA j€ ETEKTOBAHO 3Ha4ajHO moBehame
OKCHJATHBHOT cTpeca Koje ce MaHu(ecTyje moBehaHoM MPOIYKLKjOM CI000JHUX paauKaa, ajlu
U KPUTUYHMM CMambCHEM KalaluTeTa aHTHOKCUAaHTHe 3amTure. [lopen MTUPEKTHO XeMUjCKU
MHIYKOBaHOT moBehama OKCHIAaTHUBHOT CTpeca, M caMud oA0pamMOeHM (aHTHOKCHUIAHTHU
MEXaHU3MH), yV [IHAJbY NIETOKCHKAIlMje CIPOBOAE KOHBEP3HM]y TOKCHYHHX CYIICTAHIM Yy Mambe

TOKCHYHE IIpU 4eMy, kao nparehu edekaT HacTaje nopehana mpoayKIyja cI1000JHUX paJuKaa.

U pa3Boj MHOTUX 000Jb€Ha CE€ Y3POUHO-TIOCIEIUYHO MOXKE MOBE3aTH Ca HapyIIaBamkeM
OKCHJATHBHOI OanaHca. 3amajbeHCKM MpOLEecH HHAYKYjy mnoBehaHy HpPOAYKIH]Y CI000THUX
paaukana o]l cTpaHe creuujanuzoBaHux henuja. EdextopHe hennje mmyHckor cucrema umajy
BEJIMKY CIIOCOOHOCT MPOAYKIMje CIO0OMHMX paaukaia, Kao J1e0 MPHUPOTHOT oa0paMOeHOr
crcTeMa, Koja ce MOXKe 3HayajHO oBehaTu y KOHTAaKTy ca MaToreHMM MUKpoopranu3mMuma. Tako
paznmuunrte henuje ca QarouutHoM criocoOHomhy (HEYTpOQHIN, MOHOIMTH WM Makpodarm)

kopucte cucteM NADPH 3a cTBapame cymnepokcu aHjoHa, Kao MpUMapHe peakTuBHE (opme, y
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IJbY eTMMUHUCama atoreHa. CynepoKCcH] aHjoH IMOTOM I'€HEPHIIE HU3 KAaCKaIHUX CH3UMCKHX
peakiuja ca MPOXYKIMjOM CEKYHIapHUX peaktuBHUX (Gopmu (monyr H,O, u HOy'), mro 3a
¢buHaATHY TOCIEHIly, MOpea >KEeJbEHOI YTHIdja Ha TaTOreHHM MHUKPOOpraHu3aM, HMa U

OKCHJATUBHO omrTeheme okoHOT TKHBa (73).

WHTepecanTHO je na W HapyllaBamke (U3MOJIOMIKMX YCIOBA Y TKHBHMAa MOXXE CaMo IO
cebu ma Oyme y3pok moBehanor okcuaaruBHOr omrehewma. Ha mpumep, Toxkom wuHpapkra
MHUOKap/ia, TIpH OKIY3Wju KOPOHAPHHUX KPBHUX CYAOBa, WHUIMJATHO J0Ja3d 10 CMambeHma
MPOTOKA KPBU W TOCIEAMYHE XHUIIOKCHjE€ y MPUTANMOHOM MOApydjy. HemocpmeHo HaKOH mITO
HACTYIM XHWITOKCHja, jaBJba C€ ,,l1apajokcamHo™ moBehame mnpoaykiuje peakTuBHUX (HopMuU
KHCEOHHMKA, IITO 3a IOCIEAUIly MOXe uMMaTH 4ak W Behe omreheme TkuBa Hero mro je
WHUIMjATHO W3a3BaHO XuMoKcujoM. Jla mapamokc Oynme jomr Behwu, mo3Haro je w ga y cirydajy
MTOHOBHOT YCITOCTaBJharha MIPOTOKA MOXKeE JIohu 110 ,,peniepdy3noHe moBpee™ Koja 3a MOCISIUILY
MOXKe MMaTH jaieko Behe okcuaatuBHO omteheme TkuBa Muokapna (74). Beoma cnuuan
penocnen pgorahaja, TOKOM Kora TIOCTOjU CHeNM(pUYHA TUHAMHKA UWHTEpakiuje wusmehy
naro¢uznosomkor gorahaja u mopemehaja OKCHIATUBHOT €KBWJIMOpHjyMa, C€ yodaBa M KOJI
npyrux nopemehaja u3a3BaHUX aKyTHOM MCXEMH]JCKOM PEaKIIMjoM, MOIMYT OJroBapajyhux Bpcra
1epeOpoBacKyIapHUX HHCynTa. Beoma (pekBEeHTHM KIMHUYKK EHTHTETH KOju ce cpehy y
CaBpPEMEHOj MPaKCH, Kao IITO Cy METa0OJIMYKH CHHAPOM, aujaberec THUma 2, aTepockiieposa u
XUMEepTeH3rja, ce Takole KapaKTepully 3HAYajHUM HapyllaBamkeM OKCHIATUBHOT OanaHca y
CMHCIly TpeJAOMHUHAIMje MNPOAYKILHMje CIOOOAHMX paJuKaja Koja IpeBa3wiIa3d KamaluTeTe

aHTUOKCUJIaHTHE 3amTuTe y henujama (75).

[Toce6HO MecTO y OTEHITUpaky 3Ha4Yaja OKCUAATUBHOT omTehema y henuju, Kao u yiaore
AHTHOKCHJIaHTHUX MeXaHu3aMma, TMpPeACTaBba Be3a u3Mel)y OKCHAATUBHOT CTpeca U
KapiuHoreHe3e. XeMHjCKH HHyKOBaHA KapIMHOTEHE3a MpEeCTaBba CIOKEHHU TPOIeC Y KOMe
TOKOM BuIie ¢aza gojazu g0 MyTanuja u nosehama mponudeparnuje hemuja. Heperynucana
v/unv noBehaHa MPOIYKIIUja CIIOO0IHUX paaukana (peakTuBHE GOpMe KMCEOHUKA M a30Ta Koje
HACTajy MOJ YTHIIajeM €Tr30TeHHX WM €HJOTeHUX (pakTopa) MOXKe OBECTH 0 MyTaldja IpeKo
OKCHJIaTUBHUM cTpecoM u3a3BaHor omrehema JIHK u mpoMeHna y rerckoj ekcrnpecuju. [1o3nato
je na ce curHaiHM myTeBH, yKibyuyjyhu AP-1 u NFkappaB, aktuupajy peaktuBHuM (opmama

KHCEOHHKA IITO JJOBOJU JI0 MPOMEHE TPAHCKPHIIIIHje TeHa KOjU KOHTpouiry hemujcku pact (76).

16



1.2.1. Knacudpukanmja aHTHOKCHIAHACA

buno na ce nedunMITy Kao CyINCTaHIE KOj€ HEYTPAIHINY CIO00THE paANKaIe U HUXOBE

edexre (77), nim Kao OMIIO KOja CYICTaHIIA CIpedyaBa peakmuje cinodoauux paaukana (78), wim

MaKk Kao CYICTaHIIe KOje Cce CYNMPOCTaBJbajy CIO0OJHHUM paguKaanMa U crpedaBajy omrehema

Koja oHHM m3a3uBajy (79), jacHO je Ja aHTHOKCHUIAHCH TPEJCTaBJba]y BEIUKY TPYNY jeIUCHA

KOja je BeoMa XeTeporeHa IpeMa KpUTepHjyMHUMa XEMHjCKOT cacTaBa, IMOpEeKJia, MeXaHHh3Ma

JIeTIOBamba, Kao M IMpeMa MECTY TI€ OCTBAPYjy CBOje aHTHOKCUIAHTHE e(heKTe.

W3 naBeneHor pasznora ce, mpema nojanuma w3 gureparype (80), aHTOKCHAAHCH MOTY

kjacupuKoBaTy Ha cieaehe HauuHe:

A. IIpema MexaHu3My JIejCTBA:

[TpeBeHTUBHH aHTHOKCUAAHTH

Emsumu: cynepokcun nucmyrasa (1, 2 u 3), karanasa, TIIyTaTHOH NEPOKCHIa3a, CH3UMHU
3a penapauujy JHK

CekBecTpaTopy MeETaJHUX jOHA: anOyMuH, JakTodepuH, TpaHchepHuH, XanTorjioOuH,
LEpYyJIONIa3MUH, XEMOIIEKCUH, KapOTEHOMIH, CYNEpPOKCH] JAWCMYyTasa, KaTajasa,
TIyTaTHOH TIEPOKCHa3a, TIIyTaTHOH peaykra3za, MokpahHa KuciewHa, monu(eHOTHH
(dbnaBoHOMIH

CkeBeHiiepu: ackopOat, KapoTeHOUI1, MOKpahHa KUCJIenHa, d—ToKo(epos, moaudeHomu,

OounnpyOuH, anOymMuH, yOUKUHOH, pelyKOBaHH INIyTaTHOH U IPYT'H THOJIH

b. IIpema mecTy negoBama;

WNuTtpahenujcku: cynepokcun amcMmyTaza 1 u 2, karamasza, TIYTaTHOH TEpOKCHIA3a,
ensumu 3a penapanujy JJHK (momu (ADP-pu6030) monumepasa, pelyKOBaHH TIIyTaTHOH,
YOMKHUHOH (peITyKOBaHU OOJIHK)

Excrpahenmjcku:  cymepokcupa —awcMmyTasa 3, CeJeH, TIIYyTaTHOH TEPOKCHIa3a,
naktroepun, TpaHchepun, ackopbar, MokpahHa  KHCEIWHA, KapOTCHOWIH,

LepyJI0TUIa3MUH
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B. IIpema pacTBOpPJLUBOCTH

JIumocomyOWIHM:  XanTOTJOOMH, LEPYJIOIUIa3MUH, al0yMHUH, ackopOar, MokpahHa
KUCIIenHa, MoI(eHOIHH (IIaBOHOM M, PEIyKOBAHH IIIYTaATHOH M OCTAIH THOJIH

XuapoconyOuinHu: a-Tokodepo, KapoTeHOUAH, OUTHPYOHH, KUHUHH

I'. IIlpema cTpykTypaMa v 4ujoj 3alITUTH VIECTBY]Y:

JTHK-npOoTeKTHUBHHU: CYMEPOKCHI AUcMyTa3a 1 ¥ 2, TIyTaTHOH MEePOKCHIa3a, CH3UMH 3a
penapanujy JJIHK (momu (ADP-pu6030) monmmepasa, pelyKkoBaHH ITyTaTHOH, ITUCTCHH
[TpOoTEeUH-IPOTEKTHBHH: CeKBecTpalMja  MpejdasHUX  MeTaja  [PEBEHTHBHUM
AHTHOKCHIaHCHMA, AaHTHOKCHIAHCH Ca KOMIIETUTHBHHUM (3a CYIICTPAT) CKEBCHIIEPCKHM
MEXaHU3MOM, aHTHOKCHIAHTHH CH3UMH

JIMUA-IPOTEKTUBHU: 0-TOKO(Epos, ackopOar, KapOTEHOUIH, PEAYKOBaHH IIyTaTHOH,

TIIyTaTUOH NMEepPOKCUaa3a, OMInpyouH

J1. Ilpema nmopexiry/u3BopumMa (IIOPEKIIO U3 XpaHe):

Erzorenu: kaporeHouu, ackopOUHCKa KucenuHa, Tokodeponu (a, b, ¢, d), nomudenomnwu,
(dhonHa KUCIEnHA, [TUCTECHH

Enporenu: karanasa, CynepoKcH] AUCMYTa3a, IITyTaTHOH MEePOKCH1a3a, TIyTaTHOH —S-
TpaHcdepasa, pelyKOBaHH ITyTaTHOH, IIePYyJIOIUIa3MHH, TpaHCchepuH, GepuTHH,
TJIMKO3MJIa3€e

CHHTETCKH: N-aHCTI/IHHI/ICTeI/IH, NECHUOWJIIaMWH, TCTPALUKINHUA.
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1.2.2. MexaHu3aM JejCcTBA AHTHOKCHIAHACA

BpojHn aHTHOKCHIAHCH OCTBapyjy CBOjeé aHTHOKCHAaHTHe edekre nenyjyhm Ha
pa3nuYMTe HAYMHE, KOjH YKJbYUyjy M cielnehe MexaHW3Me: CKEBEHIIEPCKAa aKTUBHOCT IpeMa
CIIO0OTHMM paJuKaIMMa, XeJlalldja jOHa MeTalla, THXUOHUIMja eH3uMa 3a TIPOAYKITH]Y CI000THUX
panukana, akTUBalMja HWHTapahelujCKUX aHTHOKCHJIAHTHHX €H3UMa, MPEBEHIUja JIUIHIHE
nepokcuamnyje, npesenmuja omrehema [JHK u npeBennuja momudukanuje nporeuna (81). Y
HACTaBKy TeKcTa Ouhe TpeAcTaBbeHM MEXaHM3MH [I€jCTBAa HEKHX Off Haj3HaYajHUjUX

AdHTHOKCHJaHaca.

deHOMHA jeMbea YMHE MUPOKYy rpymy (mpeko 8000) cymncTaHmu ca pa3iHduTHM
XEMHUJCKUM CTpyKTypama M OuosiomikuM edexkruma (82). OBM aHTHOKCHJIAHCH CMambyjy, WIH
NOTIYHO €IMMHUHHILY, CIO0O0AHE pajguKaie TpaHchepoM BOIOHHKOBOT aTOMa M3 XHIPOKCUIIHE
rpyrne. OBaj MexaHW3aM YKJbydyje peakiujy (EHONHUX jeIUCHha ca MEPOKCHI PaIuKaioM
(ROQO’) u omoryhasa tpancdep BOZOHUKOBOT joHa 011 (heHOoIa 10 CIOOOIHOT paJuKaja IPH YEMY
HacTaje mnpenasHo crame H-O Bese ca jenqHuM enekTpoHoM. OCHM Kao JIOHOPU BOJIOHMKOBHUX
JOoHa, (eHONIHA jeAMIbEeha MOTY YYECTBOBATH M Yy XeNalju joHa MeTana (rBoxhe, 6akap) ImTo
omoryhaBa HHXHOUIIM]Y OKCHUJIAIIM]€ JUTIONPOTENHA Majie TycTuHe. OBaKkBa CBOJCTBa (PEHOIHUX
jenumema oMoryhaBajy cMamehe pu3iKa 3a HeypoIeTeHepaTUBHE U KapIuoBacKyIapHe 00yiecTu

(83), Tymope aurecTuBHOT TpakTa (84, 85), kapuuHOMa J10jKe U jajHuka (86) u neykemuja (87).

KaporeHouau ce Hanase y roToBO CBUM OMJbKama, )KMBOTHEH-aMa M MUKPOOPTaHU3MHMA,
ca npeko 700 kareropucanux Bpcra (88). basuuny cTpyKTypy KapoTeHOUAA KOja je OArOBOpPHA 3a
OMOJIOUIKY aKTUBHOCT MPECTaB/ba KOMbYrOBaHU MoJIMHe3acuheHy 1aHall. YpaBo oBaj (parMeHT
oMoryhaBa aHTHMOKCHJAHTHa CBOjCTBAa, M Y3 MPHCYCTBO XHUAPOKCHIHHX Tpyma jaeduHUIIe
peakTUBHOCT KapoTeHounaa. Kao nunoduiaHM ckeBEeHHEpH MEpPOKCHI PajKala, KapoTEHOUIH
¥UMajy 3HauajHy yJory y 3aiiTuTH henmujckux memOpana. Jlemyjyhu kao JOHOpH eleKTpoHa,
AHTHOKCHU/IAaHTHE KapaKTePHCTHUKE KapOTEHOWJAa Cy IOKa3aie KOpHCHe e(eKkTe HapOYuTO KO
o0oJbea KOja TMPEJCTaBJba]y Hajuemhu y3pOK CMPTH y CaBPEMEHO] NHMBWIM3ALUJA —
KapanoBacKyinapHe Oojectu U Manurau tymopu (89). Ilpumena kapotenounna (y sehum nosama
Ol CTaHgapJHe HcXpaHe) omoryhaBa cmameme MOpOHIuUTeTa y CMHCIy OpojHHX

KapanoBacKylnapHux nopemehaja, ykpyuayjyhu u ucxemujcky 0oiecT cpiia, OJHOCHO HAacTaHaK
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npsor cpuanor yaapa (90). Takohe, morBphen je m xopucran edekar npumene P-kaporeHa (y
KOMOMHAIHMjH Ca aleTWICATHIIMIHOM KUCEIMHOM) KOJI MallijeHara re je MPeTXOAHO MOoTBpheHa
ucxemujcka Oonect cpma (91). PesdyntaT KIMHWUYKUX CTyAHja TOKa3yjy aa mosehan yHoc
KapoTeHOHIa TI0Ka3zyje BeoMa 100pe edeKTe y MPEeBEHIH]U MOjeMHUX MAJUTHUX 000JbeHha, ca
HApOYUTO JOOPUM CTaTUCTUYKHUM IOJIallIMa KO KapIIMHOMA YCHE yIlJbe, apuHKCca U JApUHKCA
(92). KaporeHouau cy ce MOTBPAWIM Kao KOpPUCHA CyIJIeMeHTanuja ¥ kojJ Beh moTBpheHmx

TYMOPCKUX Jie3uja mpoctare (93).

Burtamua C mpencraBiba Ha3WB 3a TPYIy aHANIOra acKOpPOMHCKE KHCEIUHE KOjU MOTY
OUTU TPUPOAHOI IOPEKJIAa WIM CUHTETCKU. ACKOPOMHCKA KHCEIUHE j€ XMJPOCOIYOMIIHU
KETOJIAKTOH ca JIB€ XHJPOKCHIIHE Tpyle Koje Cce MOTry jJOHH30BaTH (aHjOHCKH ackopOaT je
JOMUHAHTHU 00MK nipu pusuonomkum pH BpenmHoctuma), mro omoryhaBa cHaxkHa penykyjyha
CBOjCTBa y3 JBa HajoBe3yjyha TyOWTKa €JIGKTpOHA, MPH YEMYy HAcTaje acKopOaT-pauKanl U
NEeXUApoacKopOMHCKa KucenuHa. Ha Taj HauMH ce yMecTO BHCOKO PEAKTUBHUX (OpMHU
CIO0OIHMX paguKaiga JoOuja pelaTUBHO CTaOMIHM OONMK —ackopOaT-pamukana. Ilpu
(bU3HOJIONIKUM BpPEHOCTHMA KOHIICHTpalMje ackopbata y twiasmMu (mpubmwkHo 10 pg/ml),
ackopOart jaenyje Kao KoaHTHOKCcHJaHC ca BuTaMuHoM E u cnpeuaBa peakiujy LDL ca nepokcun
panukanuMa (94). AckopOaT-pasuKkan KOjU HacTaje y OBUM peakiMjaMa je ci1abo peakTUBaH U
Hajuenthe ce MOHOBO peyKyje 0 ackopbara y nmpucycTBy penykraza-3aBucie NADH u NADPH
(95). 3axBasbyjyhu cmocobnoctn ButamuHa C pga Heyrpanume BehuHy Haj3HauajHUjUX
ciobomHuX panukana (MepoKCHI paauKaj, CHHIJIET WJIM MOJIEKYJTapHH KHCEOHHK), TPUMEHa
ackopbaTa ce Mokas3aja BeoMa e€(QUKACHOM Yy mpeBeHUUjU (96) M TpeTMaHy YUTaBOI HH3a
NaTONOMIKKUX cTama (97). PesynraTu KIMHUYKMX CTyAMja HAPOUUTO MOTEHIUPAJy 3HAayaj yHOCca
ButamMuHa C KOJ XpOHMYHHUX 0OJECTH MOBE3aHUX ca OKCHJIATHMBHMM oluTehemeM TKHBa, MOIMYT
peyMmarounHor aprputuca (97). Benuku 3Hauaj ce mpuaaje U KOPUCHUM epeKTUMa MpUMEHE
ackopbara y mpeBeHIMJU U TpeTMaHy MaymrHux Oosectu. [lorBpheHo je na yHoc Butammaa C
cnpeuaBa omrteheme [AHK, y ¢opmu mnpemyrarenux okcumaruaBHux Jsesuja JIHK, xao u
penapauujy omrehene /IHK, na Ha Taj HauMH U cnpeyaBa HacTtaHak Tymopa. C apyre cTpase,
BEJIMKE J103€ ackopbara MOTY Ja crpede cuHTe3y (hakTopa pacta 3a OpojHe Tymopcke henwje.
Tpeba HanoMeHyTH U J1a ce IT0jayaHa aHTMOKCUAAHTHA CyIJIeMeHTalja BUTaMuHOM C HapouuTO

mpernopydyje KoJa Myllada y [HJbY CMamUBama OKCHIATHBHOI CTpeca W3a3BaHOT JTYBAaHCKUM
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nuMoM (moBehaHa IWNUAHA NEpOKCUIAlMja) M CYNCTUTyUWje majna koHueHTtpauuje (40%)

ackopbara y raszmu myiaya (98).

1.2.3. AHTHOKCH/AHTHA CYIJIEMeHTAIMja MPUPOIHUM NpenapaTuMa y
KJIMHUYKOj MPaAKCH

3aunHCKe OMJBKE M 3a4MHH CE€ IO TPATUIIUOHATHO] ACPUHHIMJH CMATpajy 3a JeIOBE
OuJbaka KOjU Cc€ KOPHCTE y HCXpaHU 300T CBOjUX ApPOMATUYHUX KapaKTEPHCTUKA, MPU UYEMY
HeMajy (WK UMajy BpJIO Mally) Kajnopujcky BpeaHoct (99). Unak, y nocnenme Bpeme, OTKPUBEHO
j€ Ja 3auMHCKe OMJbKE M 3aUMHU CaJIPiKe PA3IMUUTE CACTOJKE ca aHTHOKCHJIAHTHUM CBOjCTBHMA

(100), Te ce crora cBe yenrhe KOPUCTE Y IUJbY T0jadyaBama aHTHOKcHaanTHe 3amrtute (101).

Nmajyhu y Buay na je mpuMeHa 3a4MHCKHX OMJbaKa, Kao CacTaBHOT JieJia MCXpaHe, ca
MEIWIIMHCKUM HMIUIMKAIllMjaMa HOBHUJjEr JaTymMa, HEOMXOJHO j€ OTKIOHHUTH U HEKe
pacmpocTpameHe IujeMe y Be3dM ca MOryhoM MHTEpakiUjoM pa3inuuTUX OHJBHHX H3BOpa
anTrokcunanaca (102). Tako je peraTMBHO CKOpO MOKa3aHO Ja KapoTeHoOuAu (OeTa KapOTeH)
MOKa3yjy WHTepakuujy ca ButamuHuMa E m C, mpu dYeMy MOTy CIPEYHTH OKCHJIATHBHO
omreheme UmonpoTenHa Majie TYCTUHE U P HUCKUM CEPYMCKHUM KOHIIEHTpaIlhjaMa BUTAMUHA
E (103), mrTo npeacraBiba MOTBPLy CHHEPTUCTUYKOT J€jCTBA Pa3IMYUTHUX aHTHOKCUAaHaca. McTto
Tako, AaHTHOKCHIAaHacH u3 Ouibaka, monyT ¢eHona u OuodraBoHOUTA, MOTY II0jadyaTH
AHTHOKCHJIaHTHA CBOjCTBAa BUTaMUHA. Tako, pyTHH T0jadyaBa CKEBEHIEPCKY aKTHBHOCT BUTAMUHA
E u C, npu uemy je ykynHu edexaT Behu ona mpoctor 30upa of mojelMHayHHX edekara

nojeMHaYHNX aHTHOKcuaanaca (103).

Cacrojiu 6uspaka Koju UMajy aHTHOKCHJIAHTHA CBOjCTBA MPUIIAJajy Tpynama CKeBeHlepa
c000IHUX paJMKaia, Maga MOTYy OUTM M HEBUTAMHHCKE WM MHUHEPATHU AHTHOKCHIAHCH.
[Topen anda-Toxodepona, ackOpOMHCKE KUCEIHHE, KAPOTCHOUIa U IIUHKA, IPUPOJIH MpenapaTu
Mory na caapxke QuaBonoune, mnonudenone u QuaBonporenHe. llojenune Ouibke WIH
KOMOWHAIM]e 3a4YWHCKUX OWshaka CBOJy AaHTHOKCHJAHTHY aKTHBHOCT OCTBapyjy MpeKo
pa3NUUYUTUX OMOXEMMjCKUX MEXaHM3aMa - KpO3 CKEBEHIIEPCKY aKTUBHOCT 32 CYNEpPOKCH] aHjOH

w npeko nosehama aktTuBHOCTH SOD (104). OcuM AupeKTHE aHTUOKCHIAHTHE aKTUBHOCTH Y
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MHOTMM OHMJbKaMa Koje ce KopucTe y ucxpanu (Bohe, moBphe, 3aunHun) ce Haymaze GpakTopu Koju
npeBeHupajy oHkoreHedy. OBO CBojcTBO ce mnpumucyje cueaehuM cactojuuma Ousbaka:
noJIU(EHOIN, THOJIM, KAPOTEHOUN U PETHHOUIU, OApeheH: yribeHH XUAPaTH, OJUTOCIEMEHTH,
TEPIIEHU, TOKOPEPOIU U MPOAYKTH TIYKO3UOHAITA. AHTHKAHIIEPCKH e)eKaT OBUX CYIICTAHIH CE
MaHH]eCcTyje Ha pa3IUn4nUTe HAYMHE KOjU (Y 3aBUCHOCTH OJI BPCTE€ aHTHOKCHIAHTHE KOMIIOHECHTE)
YKJbY4Yjy aHTHT€HOTOKCHYKE e(eKTe, CMamemhe OKCHAATUBHOI omTehema Koje 3a MocCieauily

MMa MHIMjalHjy OHKOTeHe3e, Kao U cTumynanujy pernaparnuje omrehene JJHK (104).

AHTHOKCUIAHCKH TIOPEKIIOM W3 OWJbaka HE MPEJCTaBbajy caMo cropeaHe QaxTope
npotuB omrehema henuja u 6onectu. Ha mpumep, 3a cuiuMapus je moTBpheHo na mocerdyje
MohaH aHTHMOKCHUJAHTHU KalaluTeT, u3Mel)y oCTajor M Kao CKEBEHLEp CIO0O0IHHMX pajuKaa,
KOju omoryhaBa XernaTolpoTeKTHBHH e(eKaT KO aJKOXOJHOT WIH jaTporeHor omrehema jerpe
(72). MaTepecanTHO je Aa MpUMEHa CHIIMMapUHa IPEICTaB/ba TPETMaH H300pa KOl TpOBamka Yrju
je y3pok Amanita phalloides, riae ce edexar He ocTBapyje MPeKO aHTHOKCHIAHTHE CKEBEHIIEPCKE
AKTHBHOCTH, Beh KOMIIETUTHBHOM PELENTOPCKOM MHXHOWIIHjoM Ha hemujckoj memOpanu (72),

ITo CC Yy TpaI[I/IHI/IOHaJ'IHOj MCIWIUHU KOPUCTH BCKOBHMA.

Nako y nuteparypu IMOCTOjU BEIUKU Opoj MojaTaka O LIMPOKO] KIMHUYKO] NMPUMEHHU
NPUPOJHHUX TMIperapara ca AaHTHOKCHJIAHTHUM  KapaKTEepUCTHKama, BeoMa j€  TEIIKO
CHCTEeMaTH30BaTH OBa Ca3Hama. 3aTO jé Y OBOM TEKCTY HANPaBJbEH CyMapHH KPAaTKH OCBPT CAMO
Ha TOje/IMHe 3aUMHCKe OWJbKE M 3auMHE KOjU ce Hajuenthe mpuMemyjy ca LUJbEM pellaBarba
3paBCTBEHUX TMpolOsiema. JemaH o JOJATHUX KpHUTEpHjymMa je, TMOpe] BalUJHOCTH
MIPE3CHTOBAHMX TIOf[aTaka, OMO M MCTOpHjaT IMPUMEHE OBE BPCTE Mperapara y TpaIulOHAIHO]

MEIUIIMHHA TI0jeIMHUX 3eMalba, HapoJia WK KYJITypa.

Bymbup (Zingiber officinale), mopen mmpoke mpuMeHe y TpeTMaHy OKCHIATHBHOT
omrehema pazaUMuuUTe E€THOJNOTHje Y OpOJHMM OpraHCKHUM CHCTeMHUMa (XeHmaTOTOKCHYHOCT,
HE(PPOTOKCUYHOCT...), y TOCIEAHEe BpEME Ce CMaTpa M IMOTEHIHjaIHO HOBUM IIpenapaToM 3a
npyre MeaMuuMHcKe uHAukanuje. O6ehaBajyhu pesyntaTé ce HaroBelITaBajy y HpPEBEHLUJH
KMHETO3a, Kao W My4yHuHe y TpyaHohu (105) mopen Beh morBpheHux kopucHux edekara y
TPeTMaHy KallJba W AacTMaTHYHUX Teroda MOBE3aHHUX Ca aJepPrUjCKUM M 3aMaJbeHCKUM
nporecuMma. I[lpumemyje ce U y IuJby OJIaKIIamka CTOMAuyHUX Teroda, ONEKOTHHA M3a3BaHHUX

CyHIIeM, Kao M ri1aBobosbe 1 3y0000spe. Ha ocHOBY MexaHH3Ma aHTUHH(IaMaTOpHE aKTHBHOCTH,
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hymOup ce Moxke CBpCTaTH y KJIACHUYHY KAaTE€ropHjy HECTEpOMJHHMX aHTUHUH(IaMaTOPHHUX
npenapara. DymOup ce moka3ao Kao Jaleko e(QHUKacHWju HMHXUOUTOp MpocTarjaHIuHa
(MHXUOWIMja IMKIOOKCUTEHA3e) y mopehemy ca LpHUM U OClMUM JYKOM, Y3 CMambeHhe
npoaykiuje TpomOokcana 3a 60%, mTo 3a mociaenuily UMa CMambemke arperaiuje Tpomoonura (y3
CMamkeHe JTUIMUIHE TEPOKCUAAIN]E) U pU3HMKa 3a cpyaHu ¥ MoxkaaHu yaap (106, 107). Ocum
TOTa, TepIIEHOU T ¥ 6-yuHIIepoIt u3 hymOupa ce cMarpajy HajBaKHUJUM aKTUBHHUM CYIICTaHIIaMa y

TpeTMaHy Jie3rja CIy3HHIIE KeTyla.

I'muko (Ginkgo biloba), unja ce ckeBeHuepcka cBojcTBa cMaTpajy jaunM y mnopehemy ca
MOKpahHOM KHCENTWHOM (€HIOT€HH aHTHOKCHJIAHC), j€ TMOKa3a0 3HayajaH TeparujCcKy KamaruTeT
KOJ BacKynapHuUX (ykJbydyjyhu © epekTWiHy) W MOXKIaHuX (Mpe cBera KOTHUTHUBHUX)

michynknuja (108), mopemehaja cunTe3e momamuHa, acTMe H 3amajbeHcKux mporeca (109).

Cnaguh (Glycyrrhiza glabra), uuju ce rnaBHU (apMakoIOmKu ePeKTH MPHUITUCY]Y
runupusuny, je 50 myta cinahu ox kyxumbckor miehepa W mokasyje cHaxaH cortisone-like
edekar, mMTO MOXE Ja JOBEAE 10 HACTaHKa KIMHUYKE CIHKE ,,TpoBama miehepom, HakoH
MPEKOMEPHOT M Jyror KOH3yMHpama. Y KOMOWHAIWjU ca BUCOKMM MYLWJIATr€HUM CalipiKajeM,
oBa OuJbKka HMMa OJIaroTBOpaH YTHIA] HAa HMPUTHPAaHE MYKYCHE MeMOpaHe TOpPHHX JeloBa
peCTMpaToOpHOT M TUTECTHBHOT TPAKTA, Ta ce u3Mel)y ocTanor KOpUCTH U y TpeTMaHy Kallyba OBE
eTHoJoruje (3aMeHa 3a KOJEeHH). 300r CHa)XXHOT aHTUUH(IAMATOPHOI e(eKTa ce MpUMeEmYyje U
kao (Oe30enHuja) 3aMeHa 3a KOPTUKO-IIpenapare y TpeTMaHy AJMCOHOBE OOJIECTH M 4YHpa
KeTylla, HapOYUTO y JAYruM TepanujckuMm nporokonuma (110). Tpeba HamomeHyTH M na ce
3aMeHa KOPTHKO-Tepanuje OBHM IPHPOTHUM IPErapaToM Ipernopydyje U 300T cMameHe
KOHBEp3Hje KOPTH30Jia Y KOPTU30H (OMOJIOMIKA HMHAKTUBHU O0JIHMK), Kao U 300T Mojadyama ciadbor
anTunH(pIaMaTopHor edekra XuapokopTu3oHa. OcuM TOra, 300T aHTHBHPYCHE aKTHBHOCTH,
cmanuh ce TOKa3ao KOPHUCHUM W Yy TpeTMaHy TNOcleania u3a3BaHuX EnmrajH-bBapoBum,
MUTOMETAI0 M XenaTutuc B Bupycom, 300r vera ce cmarpa W MOTCHIMjaTHOM TEPANHjoM 3a

neuewe HIV undexmuje (111).

[Iucanapa (Schizandra chinensis) nma mmomoBe Yuju cacTojiy Mokasyjy OpojHe KOpUCHE
Oouosiomike egexre: aHTUOAKTEPHCKH, XEMaTONPOTEKTUBHH, AaHTHAJCPTHjCKH M, HapaBHO,
anTrokcunanTHu (112). HapouuTo je MHTEpEeCaHTHO Na KOH3yMHpame OBe OuJbke mMa OpojHe

no3utuBHe yrtunaje Ha I[HC. ITlokazano je na TOHMYKH edekar OBe OHIbKE IMOMaxe KOA
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HApKOTHYKHX U CelaTHMBHUX e(dekara amkoxolia U meHTobapOuTaia y TOKCHYHUM J[03aMa, Te J1a
nomaxke y omopaBky I[HC-a. Iloka3ama ce KOPHCHOM M KOJ JCTPECHje H3a3BAHE TEIIKUM
aJIPEHEPTUYKUM HCHPIIJHHBAKBEM TOKOM TICUXOTCHOT CTpeca, MPEKO MEeXaHu3ama KOju JInde Ha
edexre npumene MAO unxubutopa (113). 3a paznuky ox amderaMuHa, MUCAHIPA JOBOIU 10

ctuMmysiatopHor edekra 6e3 nperepane ekcuutanuje [[HC-a.

Kypkyma (Curcuma longa) ce y HHIHjCKOj TPaIWIIMOHAIHO] MEIUIMHHA KOPHCTH Y
TpeTMaHy 4HMTaBOI HuU3a mopemehaja 3mpaBiba (aHOpEKCHja, Kamlalb, paHe KOJA aujabeTudapa,
obospema jerpe...). ExcrepuMeHTanHe CTyAWje HAa aHHUMATHUM MoOJeINMa Cy IoKasale
AHTHKAHIEPOT€HU U aHTUMyTareHu edekar Kypkyme. AHTHOKCHIAHTHU edekTu Kypkyme (38,
114), koju yKJby4dyjy CKEBEHUEpCKH edekar 3a emoKCcHIe INTO CIpeyaBa BE3WBABE 3a
MaKpOMOJIEKYJIe, Cy C€ MOoKa3anu e(hEeKTUBHIM Y CMHCIY CMambeha MyTareHOCTH U Opoja Tymopa
M3a3BaHUX OCH30MMPEHOM, Ka0 U ca Jpyra JiBa MOTCHTHA MyTareHa (4-HUTpPO-0-(eHUICHIMaMUH
u nuMertwiOen3aHTpameH). OcuM Tora, KypkyMa IOKa3yje M CHaXaH aHTUUH(IaMaTOpHU
MOTEHIIMjall KOjU C€ MOKE KapaKTepucaTH HeCTEPOMIHUM aHTUHMH(MIAMATOPHUM MEXaHHU3MHUMA!
AQHTUOKCUJIAaHTHA AaKTWBHOCT, WHXUOWIIMja JMIMOKUCTEHa3e W WHXHUOWIHM]a IHMKIOOKCHTEHAa3e
(115). Onucanu cy u KOpuCHU e(QeKTH MPUMEHE KYpKyMe€ Y KIMHUYKUM CTyAHjamMa KOJ

nalujeHara ca apTpuTUCOM U ocTeoapTpo3oM (116).
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1.2.4. AHTHOKCHIAHTHA CYILUIEeMEHTAIHja eKCTPaKTOM OMJbKe Satureja
hortensis L.

Yyoap, Satureja hortensis L. (SHL, enr;i. summer savory), je jeIHOrOIuIllba 3a4MHCKa
OmsbKa 13 mopouile ycHaruna (Lamiaceae). [opekiio oBe omibke je u3 obnactu Jyxue EBpore u
obmact Menutepana, Majia ce JaHac Moke Hahu y oxrosapajyheM KIMMaTcKOM MHOAPYYjy IO
YUTAaBOM CBETY, I/Ie C€ HAJ[3EMHU JI€0 OBE OMJbKE (YIIIaBHOM JIUCT) TPAIULIMOHAIHO KOPHCTH Kao

KYJIMHApCKHU J10/1aTaK ¥ OuJbKa ca JeKOBUTUM cBojcTBUMA (117).

Haj3nauajuuju 6MoMosexyau Koju ce Mory Hahu y ekcrpakty SHL cy: ucnapsbuBa ysba,
¢deHONMHA jenumema, (PIABOHOMAM, TAHWHU, CTEPOMIH, KHCEJIMHE, CMOJe, MyLuiase Hu
nmupokarexonu (118). OBako pa3HOIWK cacTaB oMoryhaBa MOTEHIMjaIHY TIPUMEHY y TPETMaHY
pazmumuutux nopemehaja 3apasiba (momyT aujadbereca, KapAHOBACKYIAPHUX 000JbCHA, MATTUTHUX
Tymopa, AlixajMepoBe 60s1ecTH) 3axBajbyjyhu NOTBpl)eHUM aHTHOKCUIAHTHUM, aHTUKPOOHUM U

aHTUHH(IaMaTOpHUM cBojcTBUMa (119).

Cauka 1. Satureja hortensis L.

25


https://sr.wikipedia.org/wiki/Lamiaceae

1.2.4.1. AHTHOKCHIAHTHA CBOjcTBA ekcTpakTa S. hortensis L.

[TpucycTBO NOMM(EHONHUX jEeAUILEHa j€ OATOBOPHO 33 AHTUOKCHIAHTHY AKTHBHOCT
exkctpakta SHL, koja je morBphena y Bume iIn Vitro crymuja (120). AHTHOKCHAAHTHE
KapakTepucTuke ekcrpakta SHL cy moTepheHe u y ucTpakuBamuMma y KOjuMa Cy KOpHIIheH!
nenoBu oBe Ombke mopeksioM u3 CpoOwje (121). Pesynratu HaBenmeHe cTyauje Cy IOKa3ad
noehambe YKYIMHOT AHMOKCHUIAHTHOT KalalUTeTa, CMamHUBalbe JHIUIAHE IEpPOKCHAALN]E,
CKEBEIIEPCKY AaKTUBHOCT 3a XHJAPOKCUN panukain, kao u mnoehawe DPPH. Hasenenu
aHTHOKcuaaHTHH edektn exctpakra SHL cy ce mokasanu 3HauyajHO jauuM y mopehemy ca
SKCTPAaKTOM Jpyre OMJbKE ca aHTHOKCHIAHTHMM cBojcTBuMa (Artemisia dracunculus), mro je y
ckiany ca BehuMm yKymHHM caapxajeM ¢eHona u ¢uraBorouaa (122). U pesyaratu in Vivo
cryauje (123) cy moka3zanmu @ METaHOJCKM EKCTpakT Haa3emMHux aeinoBa SHL moBomm mo
CMamema OKcuaaTuBHOr omTehema jeTpe, OyOpera m TecTuca maroBa HM3a3BaHOT MPUMEHOM
nucruiaTuHe. AHTHOKCHIAHTHH edekar exctpakra SHL ce maHugectoBao Kpo3 cMameme
IUCIUTATHHOM W3a3BaHOT MoBehama JHMUAHE MepoKcHIanuje, y3 nopehame aHTHOKCHIAHTHOT

KanmuTeTa u3paxeHor npeko nosehama aktuBHocTd SOD u CAT, ognocHo riryratuona (GSH).

VYnopehyjyhu anTtHokcumantHa cBojcTBa ekcrpakta SHL ca XxemujckuMm cacTtaBoMm,
MPOTEKTUBHU e(deKaT IMOjelMHN ayToOpu MPUIKCY]y BHCOKOM caJpkajy KOMIIOHEHTH ca
NOTBphEHNUM aHTHOKCHUAAHTHUM CBOJCTBMMA, Kao IITO Cy KapBakKpoJj, Y-TEPHUHEH, P-LIIUMEH U
TUMOJHA jeaumbema (124, 125). C apyre crpane, NojeiMHE CTYAMj€ Y aHAJIU3U aHTUOKCHIAHTHUX
edpekara excrpakta SHL Benuku 3Hauaj mpuiajy ApyruM cacTojiMMa KOJU MMajy HOTBpheHu
AQHTHOKCHJIAHTHU TOTEHIMjall, MOMYyT pPY3MapHHCKE M KO(EHWHCKE KHCENUWHEe, HApUHTEeHMHA,
KBEpIETHHA, alWIeHWHa, Kemrdeposa, JIyTEoJuHa, XJOPOTEHHUYHE KHUCEIUHEe, pyTHHA H

anureHuH-Tauko3uaa (126, 127).
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1.2.4.2. AuTuMHuKpOOHA cBojcTBA ekcTpakTa S. hortensis L.

CwMmarpa ce /1a je IpUCyCTBO MOHOTepIIeHa (KapBaKpoJl, IUMEH U TUMOJI) y €CCHIIUjaTHUM
yJbEIMa OJITOBOPHO 32 aHTUMHUKPOOHY akTHBHOCT ekcTpakra SHL (128). Ilpumena exkcTpakrta
SHL je mokaszana cHaxHHjU edeKkaT o] MpernapaTa KOju ce CTaHJapJHO KOPHUCTE 3a UCITHUBAIE
AHTUMUKPOOHE AaKTUBHOCTH (BaHKOMHUIIMH, TEHTaMHIIMH u aMmdorepuruH), ocum 3a P.
aeruginosa (129). Ha ocHoBy pe3yiraTa HaBeJEHE CTYyIHje CE MPETIIOCTaB/ba Ja CYy OCHOBHHU
MEXaHH3MHU aHTUMHUKpOOHOT eekTa omreheme henmjcke MeMOpaHe, MPOMEHE MPOMYCTIEUBOCTH
JOHCKMX KaHala ¥ henujcka CMpPT, OpU YeMy ce Hajjadyd edekar MNpHUMHcyje TUMOILY H

KapBakpoIly, y3 UHAUPEKTHU e(deKaT p-IuMeHa.

AnTumukpoOHa akTuBHOCT ekctpakta SHL je moTBphena ma kynartypama: S. aureus, E.
coli, B. cereus, S. typhimurium u P. aeruginosa (130), kao u ko 6akTepuja MOPEKIOM U3 XpaHe -
E. coli, L. monocytogenes and S. aureus (131). M komepiujaiau npemnapar yjba ekcrpakta SHL
je ToKa3ao 3HauajHy aHTUMUKPOOHY aKTHBHOCT KaJa Cce paau o OakTepujaMa TOPEKIOM U3
pubsser meca - L. innocua, P. fluorescens u A. hydrophila/caviae (132). AntumukpoOHu edekar
excrpakta SHL je moTBpheH u koa mpuMeHa eKCTpakTa OuJbKe MopeksioM ca mpoctopa CpOuje

(121).

ITopen anTmOakTepujckux edekara, pesynratd gobujenn Ha R. stolonifer, P.
digitatum, Aspergillus niger u Botrytis cinerea, naroBemraBajy ¥ MOTEHIMjaTHU aHTHU(QYTAITHU

edexar excrpakra SHL (133), xoju je Beh motephen ko Candida-e albicans (134).

Antunapasurcku edpekar ekcrpakra SHL je ommcan na nucrama Giardia-e, xao u

Leishmania-e major (135, 136).

[TorennujanHu aHTUBUPYCHU NoTeHnMjan ekcrpakta SHL je morBphen xox Bupyca HIV

(137).
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1.2.4.3. OcraJia 6uoJiomKa cBojcTBa ekcrpakra S. hortensis L.

3a HEKONWMKO MPHUPOJHUX Tpermapara ca ekcrpakrom SHL (ecenmmjamuo yibe,
XHUJIPOATKOXOJHHA ¥ TIOTU(PEHOTHN EKCTPAKT) je TIOKa3aHo Ja uMajy aHTuHGIaMaTopHu edekar y
EKCIIEpUMEHTHMA CIIPOBEICHUM Ha aHUMaHUM MojenuMa (138). Onucanu aHTUUH(IAMATOPHA
onroop Ha ekcrpakt SHL je Oumo mnpahen antuHoumnentuBHuUM edextoMm. [lopex Tora,
XUAPoATKoXomHu ekcTpakT SHL ce moka3ao KOPHCHHM U KOJl CMameHka 3HAKOBA CHUHApPOMA

onbanmBama MopduHa y oarosapajyhem tecry (139).

[Topen mnoOMEHyTOr XemaTonmpoTeKTUBHOT edekra exctpakta SHL, omwmcanor Koj
XETMaTOTOKCHYHOCTH WHIYKOBaHE IPUMEHOM IuciuiatuHe (123), y muTeparypu 1mocToje moIany o
aHTUIUja0ETCKOM M aHTHXolecTeposnieMucjkoM edexty (120), mrTo ce Moxke cmMaTpaTd BeoMma
KOPUCHUM €()eKTOM y CMHCIY KapauoBacKynapHor mopounuteta (118) u naje mmpe KiIMHHUYKE
MMIUIMKAIMje 3a MOTeHIMjanHy npuMeHy ekcrpakta SHL (128). IlpernocTaBka je 1a cy akTHBHE
komnoHeHTe ekcrpakra SHL onaroBopHe 3a oBy BpcTy edekara KapBakpoI M TUMOJ (CMambEHe

CEpYMCKOT XOJIecTepoia), Kao U (IaBOHOUAN (AHTUXUNIEPIUIHAEMHU]jCKH edekar).

3HayajHa aHTUOKCHJAHTHA aKTUBHOCT ekcTpakra SHL je Ouna HemocpenHu moBox 3a
UCIHUTHBaka yTHUIaja OBe OUJbKE KOJI COjeBa MHUIIEBA Ca BUCOKUM PH3UKOM 32 MAJMTHE TyMOpE
(140). ITpoxgyxena npumena (10 mecenun) eceHuujanHux yiba exctpakra SHL je 3a mocnenuiy
UMajia TIOTNpaBJbake OAHOca u3Melhy MoHoHe3acuheHWx W 3acuheHux, OJIHOCHO
noJiMHe3acuNeHnx, MaCHUX KUCEIIMHA y MO3Ty M JeTpH, IITO j€ JOBEJO JI0 CMameHa JIHUIHIHE
nepokcuaanyje. IHTepecanTHo je Ja ¢y, Mako MOCToju Benuku 0poj ctyauja (118, 128) y kojuma
je ucnuTuBaH edekar Apyrux Owsbaka w3 Gdammimje Satureja Ha pasIHYUTAM KyJITypama
TymMopckux henuja (ca Beoma 100puM e(deKToM), pe3ynTaTH jeAMHOT MO3HATOT HCTPAKUBamba O
aHTUMyTareHuM egextuma ekcrpakta SHL mokazanu 3HayajHM aHTUMYTareHu MOTEHIMjall OBe

OmIbKe, Koju ce KpeTao y panry ox 8.15 mo 33% (141).

Ha xpajy, Tpe6a moMmeHnyTu u ocrane (Hecuctemaru3oBaHe) edekre ekcrpakrta SHL, y
KOoje ce mpeMa TojanuMma W3 JUTepaType yoOpajajy: aHTUT€HOTOKCHUYHHU edekaT Ha JbYIACKUM
nuMdonuTMa Koju je 6uo mpaheH cMamemeM OKCHIATUBHOT ctpeca (142), cMameme anxesnje

tpombonurta (118), cmazmomutruku u aHTHARYpeTcku edekar (127), OpoHXoauIaTaljcKu U
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excriekTopanTHH edekat (143, 144), kao ¥ MPOTEKTUBHU edeKaT KOJl FTeHUTATHUX AUCHYHKIIH]a,

MOMYT AUCMEHopeje U epektuiiHe auchynkuuje (145).
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2. [I1Jb UCTPAJKUBAIHA



[Ipema ananu3m oaroBapajyhux JIMTepaTypHUX JEIUHHUIIA, Y OBO] CTYIUJU CY AeUHUCAHH

MOTEHIHjaJTHA UCTPAKUBAYKH ITHIbEBHU:
1. lepunncame OMXeBHOPATHUX KOHCEKBEHIIM MPUMEHE IIUCIUIATHHE KOJI MaI0Ba.

2. JlebuHucame OMXEBHOPATTHUX KOHCEKBEHIIM MPUMEHE eKCTpakTa Ouibke Satureja hortensis L.

KOJ 11amoBa.

3. Jlebpunucame OUXEBHOPATHUX KOHCEKBEHIM CHUMYJTaHE aJMUHHUCTpalMje IUCIUIATUHE |

eKcTpakTa Ousbke Satureja hortensis L.

4. KpanTudukanuja HHANKATOpPa TKUBHOT OKCHUAATUBHOT omTehema XHIoKamIyca HaKOH

crpoBolherma HaBeIeHUX TePaIHjCKUX TpeTMaHa.

5. KpanTudukanmja WHAMKATOpa aIroNTO3€ XWIOKAMIIAJTHOT TKHBAa HAaKOH CIPOBOhema

HaBCICHUX Teparmj CKUX TpCTMaHa.

31



3. MATEPUJAJI U METOJE



3.1. TpeTMaH KMBOTHIHA

3.1.1. KonauuuoHupame aHUMAJIHOT Y30pKa

Konaunuonupame aHUMaJIHOI Y30pKa j€ pealu30BaHO IIpeMa MPETXOJHO BHIIE ITyTa
BepU(PUKOBAaHOM TpOrpaMy OWXEBHOPATHHX HCIUTHBAKA HAa AHUMAIHUM EKCIEPUMEHTATHUM
MojJeiuMa Koju ce kopucre 3a riomape (146-149), y3 momToBame CBHX OAroBapajyhux
npoueaypa o 106podutu xkuBoTHma U 'y ckinany ca ARRIVE ynyrcTBuMa, u HaKOH cariacHOCTH

HAAJIC)KKHUX TEJIa 3a KOHTPOJIY €CTUYKUX IIPUHIIUIIA.
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3.1.2. Ilpunpema ekcTpakTa

Hanzemuu nenoBu Omibke uyOap (Satureja hortensis L). cakynsbenu cy y ceny bopau, y
okomnau KparyjeBua, Cp6uja, y asrycty 2015. rogune. Hakon wmaentudukanmje Ouibka je
CHUCTEMaTHCaHa M JICTIOHOBaHAa ca CHCTeMaTcKuM Opojem Baydepa 121/15 y XepOapujymy

WNuctutyTa 3a 6uonorujy u exonorujy, [Ipupoano-marematuykor ¢akynrera, Y HUBEp3UTeTa y

Kparyjesiy.

OcymieHH W YyCUTHEGHH OWJPHM Martepujai je KOopuIIheH 3a NpHUIpeMy EeKCTpakTa
MPUMEHOM MeToje Marepanuje. M3mepeno je 73 g OWBHOr Marepujajia W TPEITUBEHO
pacTBapaueM 3a eKCTpakiyjy. Y mpumnpemu ekcrpakra S. hortensis ymorpedsbeH je MeTaHo Kao
MOJIAPHU PAcTBapad 4Mje OCOOMHE MOTY YTHIATH Ha 0O0JbY €KCTPAKIHMjy aKTHBHUX KOMIIOHEHTH
u3 OwsbHOTr Marepujasia. Metanon je kopumhen y 10 myra Behoj KOMTMYMHM Yy OJIHOCY Ha
komunHy Omibke. HakoH 24 h ekcTpakmmje marepaiiijom, eKCTpakKT je mnpoueher Gpuiarpaiyjom,
¢unrpar je cauyBaH, a OMJPHH MaTepHjall je MMOHOBO MPEIMBEH MCTOM KOJIMYHMHOM METaHOJA.
OBaj mocTymnak eKCcTpakiifje TOHOBJbEH je YKYIHO TpU IyTa y Tpajamy oJf yKynHo 72 h, a Ha
Kpajy Ccy CBM (DMITPATH CIOj€HH M J0OUjEHU EKCTPAaKT je yrnapaBaH KOpPHUIINEHEM POTALUOHOT

BaKyyM ylapuBaya Jio CyBa.

Kpajwu mpou3Boj eKCTpakiifje je CyBH €KCTPakKT Haja3eMHor jena Ousbke S. hortensis
Mace 20 g, U3 Kora je yKJIOWeHa KOMIUIETHAa KOJMYMHA pacTBapaya. /J[oOMjeHn eKCTpakT je 4yBaH
y pmwxuaepy Ha temmeparypu ox oko 4°C. CBe KOHICHTpalUje eKCTpaKTa MpUMEHeHe 3a in

VIVO TecToBe Oa3upaHe Cy Ha CyBOj MacH €KCTPAKTa.
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3.1.3. IIpoToKoJ ¥ AU3ajH UCTPAKUBAHA

Crynuja je peanu3oBaHa Ha Y30pKY o]l 35 )KHBOTHbA, Y CEaM jeTHAKUX TPyIIa:

l. rpyma WHTaKTHUX JKUBOTHEA (N=5) — UHTpanepuTOHECaHa aIMUHHUCTpPAIH]ja

(u3HoIIOIIKOT pacTBOpa y 3anpeMuHu o 1 ml, neror naHa nporokosa

2. mucmatuna rpyna (CIS, n=5) — uHTpanepuroHealHa aIMUHUCTpAIMja [UCIIIIATHHE

(7.5 mg/kg Tenecne mace), MeTOr JAaHa MIPOTOKOJIA;

3. uucruiatuaa wu  Satureja hortensis L. 50 mg rpynma (CIS+E50, n=5) -
WHTpanepuTOHeanHa aaMuHucTpanyja nucratue (7.5 mg/kg TenmecHe mace) mertor gaHa
NpPOTOKOJIA, OpajliHa MpHMEHa eKcTpakTa Ousbke Satureja hortensis L. pactBopeHor y Boau y
KOHIICHTPALlMj! KOja, y3 MPOCEYHU THEBHHM YHOC Boje, omoryhaBa mHeBHH yHOC ox 50 mg/kg

TeJecHe Mace, cBakoJgHeBHO, ToOkoM 10 fgaHa;

4. mmcriatuna w o Satureja  hortensis L. 100 mg rpyma (CIS+E100, n=5) -
MHTpANlepUTOHEeaTHa aJMHUHUCTpanyja nucrutatude (7.5 mg/kg TenmecHe Mmace) NHeTOr AaHa
IPOTOKOJIA, OpaJiHa IpHMEHa eKcTpakTa Owibke Satureja hortensis L. pactBopeHor y Boau y
KOHIIEHTpAIlMju KOja, Y3 MPOCEYHH JTHEBHU YHOC Boje, omoryhasa nueBHu yHoc on 100 mg/kg

TeJecHe Mace, cBakoJaHeBHO, TOkoM 10 fgaHa;

5. nucrutatuaa u  Satureja hortensis L. 200 mg rpyma (CIS+E200, n=5) -
MHTpaNepuUTOHEaHa aAMUHHUCTpanyja nucmatuHe (7.5 mg/kg TenecHe Mace) meTor naHa
IPOTOKOJA, OpajilHa MpHMeHa eKcTpakTa Owibke Satureja hortensis L. pactBopeHor y Boau y
KOHIIEHTpPALlUj! KOja, y3 MPOCEUHHU JHEBHU YHOC Bojie, omoryhasa aueBHu yHoc ox 200 mg/kg

TeJIeCHE Mace, CBAKOJHEBHO, TOkoM 10 naHa;

6. umcrmatuHa u cwimmapuH rpyna (CIS+SIL, n=5) — wuHTpanepuToHeanHa
aamuHucTpanyja nucriatuae (7.5 mg/kg TenmecHe mace) METOr JaHa MPOTOKOJA, OpajHa
pUMeHa CHJIMMapHHA PACTBOPEHOT Y BOJM Y KOHIIEHTPAIMjH KOja, Y3 MPOCEYHH THEBHH YHOC

Bojie, omoryhasa nueBHu yHoc o1 100 mg/kg Tenecne mace, cBakoiHEBHO, TokoM 10 naHa;

7. ekcrpakT Omsbke Satureja hortensis L. rpyma (E200, n=5) — opanna agMuHHCTpammja
ekcTpakta Owsbke Satureja hortensis L., pacTBopeHOr y BOJAM y KOHIICHTpAllMjU Koja, Y3
IPOCEYHH JHEBHU YHOC Boje, oMmoryhaBa nHeBHu yHoc oxa 200 mg/kg TenecHe Mace,

CBaKoJHEBHO, TOKOM 10 gaHa.
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3.2. buxeBHopaiHA TeCTHPamHA

BuxeBnopanHa Tectupama Cy CHpOBEICHA IpeMa MPETXOJHO YTBphEHO] HpouesypH

(146-150).

3.2.1. Open field Tect (OF TecT)

Open field tect ce Hajuenthe KOPUCTH 32 CKPUHUHT ajTepalivja MoHalama rioaapa (151,
152). ¥V oBoM wmcTpaxuBamy TecT oTBopeHor mosba (OF Tect) je u3BoheH y KBaapaTHOM
JABUPHUHTY Ca4ME-EHOM O] JIpBeTa LpHe 0oje umje cy aumensuje 60x60x30 cm (Cnuka 3.1.),
IpeM NPeTXOAHO ONHUCAHO] mpouenypu u y3 kBaHTH(ukauujy (Cnuka 3.2.) oarosapajyhux

WHIIMKATOpa MPOMEHe noHarama (146-148).

Cimka 3.1. Anaparype 3a u3Boheme open field recra.

Cauxka 3.2. Ilpuxka3 yrBphuBama mapamerapa y TecTy OTBOPEHOI NMO/ba HA NMPUMepPY YKYNHOT
npehenor myra (Ethovision software version XT 12).
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AHaIIM30M KpeTama y apeHH TecTa OTBOPEHOT 10Jba 100HMjajy ce moJanyu 0 aHKCHO3HOM
CTaTyCy KHBOTHI-E. MamH CTENeH aHKCHO3HOCTH TI0Ka3yjy KUBOTHIbE KOje ce clio0oaHo Kpehy
KpO3 CBE 30HE apeHe M KOoje yiia3e u OopaBe y caMoM IIEHTpY apeHe (nmoBehame yKYITHOT BpeMeHa
IPOBEJICHOT Y IICHTPAIIHO] 30HH, Ka0 U Opoj mocera MEHTPATHOM ey jaBupuHTa). CyrnpoTHO
TOME, YKOJIMKO XHBOTHI-E Jy)Ke OopaBe y mepupepHUM 30HAMA apeHE MOXKE CE 3aKJby4HTH Jia
uMajy noBehaH CTerneH aHKCHO3HOCTH. JIOKOMOTOpHA aKTUBHOCT C€ INpOLECHYje Ha OCHOBY
YKYITHOT Tipel)eHor TyTa U NpOIIeHTa BpeMeHa KpeTama KOjH Kajia Cy CMambeHH TOBOPE Y TPUIIOT
CMameHE JIOKOMOTOPHE AaKTUBHOCTH, a YjeJHO M O (MHAMPEKTHO) TNOBehaHOM CTeleHy
AQHKCHO3HOCTU. Y TECTy OTBOPEHOT 10Jba €KCIUIOPATHBHA aKTUBHOCT KHBOTUIHE CE€ MPOLCHY]e
npeko Opoj ycmnpaBibama (BY). Cmameme BY ce Moxke mporymMauwTH Kao WHIUPEKTHO

nosehame cTerneHa aHKCHO3HOCTH.
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3.2.2. Elevated plus maze tect (EPM TecT)

Jom mpenu3HMjM TOJAIM O TPOIEHM CTENeHa AaHKCHO3HOCTH ce€ 00Hjajy y Tecry
y3nurayror kpcracror jnaBupunra - EPM tect (153). Kao mto je mperxomno omucano (146-
149), oBaj TecT je morojaH M 3a IMPOLEHY YKyIHE JIOKOMOTOpPHE, Ka0 M EeKCILIOpATUBHE
akTuBHOCTH Koi rimomapa (Cnmka 3.3.), y3 kBantudukanujy (Cnmka 3.4.) oarosapajyhux

WHJIMKATOpa MPOMeHe moHamama (146-148, 154).

Cauxka 3.3. Anaparypa elevated plus maze tecra.

Canka 3.4. Ilpuxa3 yrBphuBama mapamerapa y TeCTy Y3AUTHYTOI KPCTCTOT JABHPMHTA Ha
npumepy aedpuHucama OopaBKa JKUBOTHILE Y OTBOpeHMM/3aTBopeHuM Kpaunuma (Ethovision
software version XT 12).
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CMameH CTerneH aHKCHO3HOCTH JKHUBOTHEC€ C€ MaHH(]ECTOBAaO KpO3 EJOHTalujy
BPEMEHCKOI MHTEepBala M (PPEKBEHIy y OTBOpPEHUM Kpamuma. CMameme mapamerapa Koju
JICTEpMHUHHUITY €KCIUIOPATHBHY aKTUBHOCT (OpOj Harmmama, ycIpasibamba, kKao U Opoj ennzona
YKYIIHE eKCIUIOpaTHBHE aKTWBHOCTH) mMoTBplyje moBehan cremeHn aHkcmo3HocTH. CMameme
BPEIHOCTH TapamMerapa KOjU ONKCY]jy JOKOMOTPOHY AaKTHBHOCT (YKymHH mpeheHu mnyT u

IPOIICHAT BpeMEHA KPEeTama) NHANPEKTHO yKa3yje Ha MPUCYCTBO aHKCUOTEHOT e(eKTa.
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3.2.3. Tail suspension Tect (TS TecT)

Tail suspension tect (Cnmuka 3.5.) je Hajuemthe kopuinheHHM METOJ KBaHTU(HKALHUjE
JenpecuBHOT ToHaImama (155), u mokaszao ce NPUMEHJBMBHM Yy TECTHpamy Ha TJoJapuma, y3

KBaHTH(DUKAIM]y OroBapajyhinx HHAMKATOpa MPOMEHe MmoHarama (146-148, 156).

[ToehaH crerneH IeMpecUBHOCTH KOJ| )KUBOTHIHA € MaHU(ECTOBaO Kpo3 moBehame Opoj
enu30/a UMOOWIHOCTH, YKYIHOT Tpajama UMOOWIHOCTH, Kao U Kpo3 ckpaheme BpemeHa a0

1ojaBe MpBe UMOOUITHOCTH.

Cauka 3.5. Tail suspension Tecr.

3.2.4. llpumena codrTBepa y 00paau OMXeBHOPAJIHUX TECTOBA

[Tpumena co¢pTBepa y 00paan OMXEeBHOPAIHUX TECTOBA j€ CIIPOBE/AIEHA IpeMa IMPEeTXOIHO

yCTaHOBJbeHO] mporeaypu (146-149).
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3.3. CemmioBame MaTepujajia 3a JeTePMUHALNNjY OKCHAATHBHOT

omiTehema M aONTOTCKE AKTUBHOCTH

[Tocne 3aBpmIeHOT OMXEBHOPAIHOT TECTHpAa, XUBOTHIE Cy, HAKOH aHECTe3Hje
(MHTpanepuTOHEAHO IPUMEmhEeHa KomOuHaja ketamuna — 10 mg/kg u keunasuna — 5 mg/kg)
KPTBOBAHE JICKAIMTAIjOM Ha TUJHOTUHH. Y30pLHU XUIIOKaMITyca Cy y3UMaHU paau oapehuBama
napaMeTapa OKCHJIATHBHOT CTpeca, y CKJIQAy ca paHHuje CTaHIapAM30BaHUM IpoTokosnoMm (146,

148), xao 1 MapKepa anonTOTCKE aKTHBHOCTH.

3.3.1. OnpehuBame napaMeTapa OKCHAATHUBHOI CTPeca y TKUBY XHIIOKAMITYCA

Kako 6u ce moOuian XOMOTreHAaTH TKHUBAa XUIOKAMITyca, Y30pLHMMa JOOWjEHUM HaKOH
JUCEKIIMje Ha Jiely je Hajupe neduHrcaHa BelnurHa (3arnpemMuHa y ml), a moToM J104aT pacTBOp
docharror nydepa (PBS — Phosphate Buffered Saline) mpunpemsbenor momaBamem 138 mM
NaCl u 2.7 mM KCl y 10 mM docharau mydep u pH BpeaHoct je nmogemeHa Ha 7.4. JloObujenn
XOMOTE€HATH TKHBa Cy MOABPTHYTH IeHTpudyrupamwy Ha 4000 rpm (15 min., 4°C). IIpomuec
ueHTpudyrupama JOBOAU [0 HU3JBajaba CyIEpHAaTaHaTa KOjU CYy Y IENOCTH MpPEHECeHH Yy
cTepuiHe eneHzopd TyOe M 3aMp3HYTH A0 JAaJber aHaJu3upama Mapamerapa OKCHIATUBHOT
cTpeca y XMIMoKaMmmycy. ¥ TOM IUJbYy UCIUTHUBAHU CY: akTUBHOCTU eH3uMa katanaze (CAT) u
cynepokcua-gucmytaze (SOD), xkonmumumnnHa ykynHor riayratuoHa (GSH) y y3opuuMa u HHMBO

HHACKCA JIMIINIHC HepOKCI/II[aI_II/Ij c.

3.3.1.1. OnpehuBame KoIMYMHE YKYITHUX NPOTEHMHA Y TKHBY XHIIOKAMITYCa

VYKymnaH cajpkaj IpoTenHa y 100ujeH!M y30piumMa ojpeleH je cneKTpooToMeTpjcKoM

MeTOJIOM Koja ce 3acHuBa Ouyperckoj u Folin—Ciocalteau peaxmmju (156).
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3.3.1.2. OnpehuBame akTuBHOCTH KaTana3e (CAT) y TKHBY XUlIOKAMITyca

AxtuBHOCT eH3uMa karanaze (CAT) y xomoreHaTumMa TKUBa XHIIOKaMITyca oapehuBaHa

je MeroioM Kojy cy ommcanu Beers u Sizer (157).

3.3.1.3. OnpehuBame akTUBHOCTH cynepokcua-aucmyTase (SOD) y TKMBY XHIIOKaMITyca

Merona kopumrheHa 3a oapehuBame aKTUBHOCTH Cynepokcuia-aucmyraze (SOD) y
XOMOTeHaTHMa TKHBA XUIIOKAMITyca 3aCHHMBA CE€ Ha CIIOCOOHOCTH OBOT' €H3MMa Jla HeyTpalusyje

cyrnepokcu anjoH paaukai (158).

3.3.1.4. OnpehuBame ykynHor riayraruosa (GSH) y xunokammycy

KosimymHa riiyraTnoHa y XOMOT€HaTy TKHBa XHIIOKamITyca ojapeheHa je mo MeToau Kojy
je ommcao Ellman (159), a koja ce 3acuuBa Ha peakuuju GSH ca 2,2’-guHuUTpO-5,5’-1utno-

muoen3oeBoM kucenraoM (DTNB).

3.3.1.5. OnpehuBame unaexca Junuane nepokcuaanuje (u3paken kao TBARS) y
XUIIOKAMITYCY

HuBo nunuaHe nmepokcuipaiyje y y30pKy TKHBa XHUIOKaMIyca ojpeheH je 1mo mMeronu
KOja Ce 3aCHHMBA Ha peaklUMju MpOoW3BOJA JHUIUAHE MepoKcuaanuje ca 2-TuodapOUTypHOM

kucenuHoM (160).
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3.4. KBanTudukanuja nHIAKATOPA aNIONTOTCKE AKTUBHOCTH Y

TKHBY XHIIOKaMIIycCa

3.4.1. M3onanuja PHK u3 TKHBa XHIIOKAMITyca

W3onanuja ykymnHe pubonykieonporenncke kucenune (enrit. Ribonucleic acid, RNA) u3
TKMBa XWIIOKaMIlyca TaloBa H3BeAeHa je KopumihemeMm pacTBop (eHola W TyaHUIUH
u30THOIMaHaTa, KomepuujaaHor HasuBa TRI reagent (7RI Reagent® Solution, Applied
Biosystems, Foster city, CA, USA) a xojum ce pasrpal)yje OHOJIOLIKH MaTepujal H ICHATYPHIIY

IIPOTEHUHH.

TxuBo xunokammyca je (100 mg) je HemocpeaHO HAKOH M30JI0aIHje 3aMP3HYTO, @ IOTOM
MOTITYHO MeXaHW4ku XxoMoreHn3oBano y 1 ml TRI reagent-a momohy pydHor XoMoreHu3aropa.
Jasba nporerypa je u3BeeHa Mo ymyTcTBY Hpou3Bohaua. XoMOreHaTH TKUBA Cy NpedadeHu y
HoBe emnpyBere 3anpemune 1.5 ml (Eppendorf, Hamburg, Germany) unkyOupanu 5 MuHyTa Ha
coOHOj TemMIIepaTypH, a otoM rearpudyrupanu 10 munyra va 12000 rpm na +4°C. 3aTuM je Ha
cynepuatant gogaro 100 ul 6pomxmoprpomnana (enri. 1-Bromo-3-chloropropane, BCP, Sigma
Aldrich). Hakon BopTekcoBamba,y30piid Cy HHKyOMpaHu 15 mMuHyTa Ha COOHOj TeMIepaTypu H
noroM uenrpudyrupanu 20 muayra Ha 12000 rpm nHa +4°C. HakoH neHTpudyrupama, ropmy
npoBuAHM ci10j y koM ce Hanasu PHK je mpebaven y HOBe enpysete y koje je momato 500 ul
XJIaJHOT u3omnponui ankoxona. OBaj kopak je omoryhuo nperunuraiujy PHK. Y3opuu cy 6maro
IpOMEIIaHu, UHKYOupaHu 15 MuHyTa Ha COOHOj TemIepaTypu U MOTOM LEHTpUPYrupaHu 8
munyta Ha 12000 rpm na +4°C. Tasor je ompan jaBa myrta ca mo 1 ml xmagHor 70% erwi
ankoxona. Hakon mpama, tanor PHK je ocymen 5 muHyra Ha coOGHOj TemmnepaTypu. Taior
uzonosane PHK je 3atum pacTBOpeH y Boau Koja He cajapku Hykiease (enri. Nuclease free
wather, Applied Biosystems). Konnientparja RNA u unctoha u3oioBaHoT y30pka je oapeheHa
crekTpodoToMeTpujcKu MepemeM abcopOanie Ha 260/280 nm nomohy amapara Eppendorf®

Biophotometer (Eppendorf, Hamburg, Germany).

3.4.2. PeBep3na Tpanckpunuuja PHK

[Tpouiec peBep3He TpaHcKpumimje omoryhaBa mpenucuBame jeHmonandane PHK y
KoMIuiaMeHTapHu, ctabunmuuju monekyn JIHK. Opa mpomeaypa je m3BeneHa kopuimhemeM

xomepuujanHor komiuiera High Capacity cDNA Reverse Transcription Kit (Applied Biosystems,
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Foster City, California, USA), mo ynyrctBy npousBohaya. PeBep3Ha TpaHCKpHIIIHja je H3BEICHA
no cienehoj mporexypu: 10 pl y3opka xoju caapxu 2 pg ykynae PHK wu3onoBane u3 TkuBa

XHUIIOKaMITyca HHKyOupaHo je ca 10 pl rmaBHe MerraBune (eHri. master mix).

Cge nporieaype cy usBeqeHe Ha neny. [1aBHa MemaBuHa je caapxkana: 2 pl mydepa (RT
Buffer), 0.8 ul ANTP Mix-a, 2 ul xekcamepa (Random Hexamer Primer), 1 ul peBep3ne
tpanckpunrase (Multi Scribe™ Reverse Transcriptase) u 3.2 ul Boge koja He caapKu HyKiease
(Nuclease-free H,0). ¥V enpysere ca uzomoBanom PHK momeHyTe KOHIEHTpalMje aojaTta je
rIaBHA MEIIaBUHA, CaapiKaj je JlaraHo npomenad u uHkyoupan 10 munyra na 25°C, 3atum 120
muHyta Ha 37°C, HakoH dYera je peakuuja 3aycTaB/beHa rpejameM 5 muuyra Ha 85°C. V
HOCIeqmheM Kopaky y3opuu cy oxinahenu wa +4°C (Mastercycler® ep realplex, Eppendorf,
Hamburg, Germany). OBako nobujena xkomiuiementapHa /IHK je Hakon Tora xopumihieHa 3a

KBaHTU(HKAIHM]y EKCIIPECH]je reHa.

3.4.3. KBanTudukanmja excrpecuje rena

Excnpecuja rema onx WHTEpeca HWCIHTHBAaHA j€ METOJOM KBAaHTHUTATUBHE JIaHYAHE
peakije momumepase (enri. Polymerase Chain Reaction, PCR) y peanHoMm BpeMeHy (€HIIL
Quantitative Real Time-PCR, gRT-PCR). Peakumja qRT-PCR je wu3Benena kopuiihemem
Mastercycler® ep realplex anapara (Eppendorf, Hamburg, Germany) y miouama ca 96 komopa
(Twin.tec. real time PCR plates 96, Eppendorf). Peakiinona cmeria 3anpemune 20 ul mo komopwu,
cagpxana je: 2 pl yzopka komrmiementapae JIHK, 10 pl rmaBue merraBune (Power SYBR Green
PCR Master Mix(2x), Applied Biosystems), 2 ul cmemie mapoBa mpajMepa 3a reH 01 HHTepeca
(,.forward“ u ,reverse*) m 6 ul Bome. [IpeTxoqHO Cy KOHIIEHTpaIMje MpajMepa 3a UCIIUTUBAHE
reHe I0jeMHavYHO ONTHMH30BaHe. Ha ruiode ca y3opumMa je CTaB/beHa ONTHYKA aaXxe3WBHA
¢onuja (Masterclear real-time PCR Film, Eppendorf), u one cy 3arum uentpudyrupane 1
MuHyT Ha 3000 rpm. VY ckiagy ca ymyrctBoMm npousBohaua qRT-PCR peakuuja je u3BeneHa y
cnenehem TemeparyproM npoduiy anapara: 4 muayra Ha 95°C, 3atum 60 1UKITyca y Tpajamy o
no 15 cexynau ua 95°C u o munyt Ha 62°C. Ha kpajy peakumje je uszBeneHa rpaduuka Kpusa
Torsbema (enri. Melting Curve) o cnenehem nporokoiy: 15 cekynau ua 95°C, 15 cekynau Ha
60°C, 20 munyra TemreparypHor pacra u nmorom 95°C. 3a cBakM MCIUTHBAHHU Y30pakK, €cej je
u3BesieH y Tpuiuukary. Ilpajmepu koju cy kopuirheHu 3a UCHUTHBAaHKE PEIaTHBHE E€KCIpecHje

reHa cy npukasanu y tabenu (Tabena 1).
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Ta6ena 1. IIpajmepu kopumhenn y qRT-PCR ananu3zmn.

forward

p-actin

AAGATCCTGACCGAGCGTGG
Bax

CGGCGAATTGGAGATGAACTGG
Bcl-2

TGTGGATGACTGACTACCTGAACC
Caspase-3

GTGGAACTGACGATGATATGGC

reverse

CAGCACTGTGTTGGCATAGAGG

CTAGCAAAGTAGAAGAGGGCAACC

CAGCCAGGAGAAATCAAACAGAGG

CGCAAAGTGACTGGATGAACC

RenatuBHa KBaHTH(MKalMja €KCIpecHje LUJBHOI TeHa Yy OJHOCY Ha eKCIpecHjy

pedepente koutpose je je oapehena kommnapatusHom Cr (enri. Cycle treshold, Cy) meromom

(AACt). Kao pedepeHTHHM Te€H y OJHOCY Ha KOT je HOPMAlM30BaH HHBO CKCIIPECH]e

aHamu3upaHux reHa kopumheH je P-akTuH. 3a kanuOpauujy u3abpaH je jeJaH y30pak u3

KOHTPOJIHE TpyIe KOju je OMo HajImpuOIMKHHUJU CPEIH0] BPEIHOCTH CBHX Y30paKka KOHTPOIHE

rpyne. KoHauan pe3ynraT mpukasaH je y pelaTHBHUM jenuHunam kao N-myra (enrn Fold

change) y oxnocy Ha kanubpatop npema cieaehoj jeHaunHM:

N y30pKa

—AACT
=2 C

AACT = ACTysopKa - ACrl-‘lcamzl6paTopa

ACTysopKa = CTysopKa - CTB—aKTnHa

ACTKamxpraTopa = CTKaJmGpaTopa - CTB-aKTI/IHa

[Topen penatuBHE eKclpecHje Te€Ha, Pe3yTaTd Cy MPHKa3aHU U Kao WHTpalelylapHU

omHoc ekcmnpecuje Bax m Bcl-2. V ckmamy ca aHaTarOHMCTHYKOM YJIOTOM OBa JiBa T'€HA Y

KOHTPOJIA aroITo3€, BUXOB OJIHOC C€ MHTEPIIPETHpa Kao crocoOHocT henuje ma oaroBopu Ha

armonToTcku curaain (161-163).
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3.5. CtaTucTtuuka odpaaa 100MjeHUX pe3yJiTaTa

Crartuctuuka oOpaga A00MjeHMX pe3yiaTaTa je peann3oBaHa Y3 KopuITheme

MeTooNIorrje feuHucane y mpeTxoanum cryadjama (146-149).
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4. PE3YJITATHU



4.1. BuxeBUOpPaJIHN TECTOBHU

4.1.1. Open field Tect

4.1.1.1. Yrunaj npuMeHe ekcrpakra Satureje hortensis L. Ha nucIJIaTHHOM H3a3BaHe
npomene YBII3 Tokom OF Tecta

[TpoTokoNIM CIpOBEIEHH Y OBOj CTYIHjH CY y3pOKOBaJIH 3HauajHe mpomeHe YBIL[3 Toxom

OF Tecta (F=6.527, df=6, p<0.01).

Kao mro je mpukazano Ha Crunu 4.1., jeTHOKpaTHA aruIMKAaIyja MUCIUIATHHE Y JTO3U O]
7.5 mg/kg (i. p.) je noBoauna 1m0 3Ha4yajHOr cMamema YBII3 (p<0.01). CamocranHa mpumeHa
excrpakta Satureje hortensis L. y 103u ox 200 mg/kg (opaiHo) HHje yTHIIaTa HAa BPEAHOCT OBOT

napameTpa y KOHTPOJIHUM YCJIOBUMA.

Cumynrana agMuHMCTpanyja ekcrpakra SHL ca nucmiaTuHOM je mokasaia Jia NpuMeHa
excTpakra y go3zama oa 50 m 200 mg/kg Huje 3HauajHO yTHLANa Ha cMameme YBL[3 n3a3Bano
UCIUIATUHOM, TIPH Y€MY Cy BPEAHOCTH OBOT IapaMeTpa OcTalle 3Ha4ajHO Mame y nopehemy ca
KoHTpotHEM BpeaHoctuma (p<0.01 3a mo3y ox 50 mg/kg u p<0.05 3a mo3y ox 200 mg/kg).
JeceroqHeBHa cBakoaHeBHa npumeHa exkcrpakta SHL y no3u ox 100 mg/kg, npe u HakoH
HOjeTHUYHE [03€ LUCIUIATHHE, je noBoauia o noehawa BpenHoctu YBII3 y nopehemy ca
BpPEIHOCTHMAa OBOT MapaMmeTpa JoOMjeHUM HAaKOH caMmocTaliHe npuMmeHe nucruiatuse (p<0.01),
JOCTIKYhH BpETHOCTH jeHaKe OCTBAPEHHMM Yy KOHTPOJHUM yciioBuMma. [loBehame BpemHocTn
VYBII3 y rpynu ca go3om oz 100 mg/kg je Omino cTaTUCTUYKY 3HAYajHO U y nopehemy ca rpynom

I'JIe je CUMYJITaHO ca IUCIIIaTHHOM pUMemUBaHa U 103a oA 50 mg/kg (p<0.05).

HeceronneBHa amMucTpanvja cuwiumapuda y no3u ox 100 mg/kg, mpe u HakoH
NojeTHUYHE J103€ LUCIUIaTHHE, HUje 3HauajHo yTuiana Ha BpenHocty Y BIL3. Mmajyhu y Buny na
je ce oBaj mapameTap cMaTpa KJbYYHHUM 3a MPOLEHY CTeNeHa aHKCHO3HOCTH y TECTY OTBOPEHOT
110Jba, HABEJCHU PE3YJITATH J1ajy KBAaHTHTATUBHY MOTBP/Y Jla CHIIMMApHH, MPHUMEHEH Y UCTO]
103U kao u exkctpakT SHL, noka3zyje cnaOuju aHKCHOIUTHKY edeKkaT Ha OCHOBY pe3yJiTaTa OBOT

TECTA.
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Ciuka 4.1. E¢exTn npumene ekcrpakra Satureje hortensis L. Ha nucniiaTuHoM W3a3BaHe MpoMeHe
YBI3 (s) Tokom OF Tecta. CONTROL — xonTtponna rpyna, CIS — rpyna ca mucmnataaom, CIS+ES0 —
rpymna ca uucmiatiioM u ekcrpakroM SHL y mo3u ox 50 mg/kg, CIS+E100 — rpymna ca nucniaTuHOM U
excrpakroM SHL y no3u ox 100 mg/kg, CIS+E200 — rpyna ca mucriiatuHom u ekctpaktom SHL y no3u
ox 200 mg/kg, CIS+SILYMARIN — rpyma ca mgciuiaTiHoM 1 cruumapiaoM y mo3u oa 100 mg/kg, E200
— rpymna ca ekctpaktoM SHL y mo3u om 200 mg/kg; n=5 mo rpymu. BpeaHocTu ¢y mpeacTaB/beHe Kao
X+SEM, *p<0.05, **p<0.01.
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4.1.1.2. YTunaj npuMeHe ekcrpakrta Satureje hortensis L. Ha nucIUIaTHHOM H3a3BaHe
npomene BY y uenrpanny 3ony tokom OF Tecta

Kao mro je mpukazano Ha Cnuru 4.2., OMXEBHOPATHO UCIUTUBAKE CIPOBEACHO y OBOJ
CTYIUjU je MOKa3ajo Ja Cy aKyTHH W MPOJIOHTHPAHH MPOTOKOJHU CIPOBEIECHU Y OBOj CTYAHjH

y3poKoBaiu 3HauajHe npomeHe BY y nenrpanny 3o0ny Tokom OF tecra (F= 5.530, df=6, p<0.01).

AQMUHUCTpaIMja NMCIUIATHHE Y TIojeAnHaYyHoj go3u of 7.5 mg/kg (i. p.) je moBoawia 10
3HavajHor cMmamema BYI[3 (p<0.01). Opanna npumena excrpakrta Satureje hortensis L. y qo3u
on 200 mg/kg, mpu KOHTPOJIHHUM YCJIOBHMA, HUje YTHIIajJa Ha BPEJIHOCT OBOT MMapameTpa y

nopehemy ca KOHTPOJIHUM BPEIHOCTUMA.

Pesynratn noOujeHM HAaKOH KOHTHHYUpaHOr yHoca ekcrpakta SHL, mpe u mocie
TpeTMaHa IMCILIATUHOM, ymyhyjy Ha 3akjbydak jJa IpPUMEHAa OBOT CKCTpaKTa y HajMamo] U
HajBehoj mo3m (50 m 200 mg/kg) HUje 3Ha4ajHO yTHIATa Ha UCIIATHHOM y3POKOBAHO CMAMEHHE
BYII3, Tako nma cy BpEIHOCTH OBOI IapamMeTpa OCTalie 3Ha4ajHO Mame y mopehemy ca
KOHTpoJHUM BpeaHoctuma (p<0.05). Hacympot Tome, cBakoJHEBHA OpaJiHa IPUMEHA CKCTPaKTa
SHL y no3u oxn 100 mg/kg, ner naHa mpe u MeT JaHa HAKOH aJMHUHHUCTPAIUje TI0jeIMHAYHE J103¢
[UCIUTATHHE, je MoBoauiIa a0 moBehama BpenHoctr bBYI[3 y mopehemy ca BpeaHocTuMa oBOT
napameTpa J100MjeHUM HakoH camocTtainHe npuMene nucruiatuae (p<0.01). Mako BYII3 y oBoj
Ipyny HHUje OMO cTaTUCTUYKHM 3HadajHo Behu ox rpyma ca 50 u 200 mg/kg, BpenHocTH OBOT

napamerpa ce Ouse jeJHake OCTBAPEHUM y KOHTPOJIHHUM yCIOBHMA.

[TpumewmuBaHa Kao ,,31aTHU CTaHIapA™ 3a nopehemwe ca nmporekTuBHUM epexktruma SHL,
Kako ce Ipema IojaluMa U3 JUTEepaType YecTO KOPUCTU 3a KBAaHTUTATHBHO JIETEPMUHHCAE
edenata mpemnapara ca BHCOKUM CaJp)kaj KOMIIOHEHTH Ca AHTHOKCHJAHTHHUM CBOJCTBUMA,
JIECETOTHEBHA aaMUCTpalrja cuummMmapuna y no3u oa 100 mg/kg, mpe u HaKOH MOjeTHUYHE 03€

LUCIUIaTUHE, HUj€ 3HaYajHO yTHIlaja Ha BpeaHocTu Y BII3.
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Cinnka 4.2. Edextu npumene ekcrpakra Satureje hortensis L. Ha uucniiaTHHOM H3a3BaHe MpoMeHe
BY y uenrpanny 30Hy TokomM OF Tecta. CONTROL - konTpomna rpyma, CIS — rpyma ca
ructuatuHoM, CIS+ES0 — rpymna ca nmucnmatuaoMm u ekcrpaktoM SHL y mo3u ox 50 mg/kg, CIS+E100 —
rpyma ca nucruiaTiaoM u ekctpaktoM SHL y mo3u on 100 mg/kg, CIS+E200 — rpyna ca qucriaTHHOM U
excrpakroMm SHL y mo3u o 200 mg/kg, CIS+SILYMARIN — rpyrma ca HUCITATHHOM ¥ CHIIMMApUHOM Y
no3u ox 100 mg/kg, E200 — rpyma ca ekctpaktom SHL y mo3u ox 200 mg/kg; n=5 mo rpymu. BpenHoctu
cy mpescrasibene kao X+SEM, *p<0.05, **p<0.01.

51



4.1.1.3. YTunaj npuMene ekcrpakra Satureje hortensis L. Ha nucniIaTHHOM H3a3BaHe
npomene YIIII Tokom OF Tecta

Ha Cnunum 4.3. cy npencraBibeHd e(peKTH IPOTOKOJIa CIIPOBEACHUX Y OBOj CTYAH]H, KOjU

cy 3HauajHo yrunanu Ha npomene YIIIT rokom OF tecra (F= 16.064, df=6, p<0.01).

JemHokpaTHa mpUMeHa IUCIUIaTuHE Y 1031 of 7.5 mg/kg (i. p.) je moBoaMIa 10 3HAYAJHOT
cmamema YIIIT (p<0.01). HacynpoT ToMe, KOHTHHYHpPaHH OpaJHH YHOC €KCTpakTa Satureje
hortensis L. y mo3u ox 200 mg/kg, TOKOM jeceT aaHa, MpUd KOHTPOJIHHMM YCIOBHMMa, HHje
3HAaYajHO YTHIIA0 HA BPEIHOCT OBOI Mapamerpa y nopehemy ca BpPeIHOCTHMMA OCTBAapEHUM Yy

KOHTPOJIHOj TPYIIH.

CpakosnHeBHa opayiiHa mnpuMeHa ekctpakta SHL, mer gaHa mpe W meT JaHa HaKOH
aJIMUHHCTpallje MojequHauHe no3e Iucmiatuie, y go3ama on 50 u 200 mg/kg Huje 3Ha4ajHO
yTHIIaJla Ha IMCIUIATHHOM Y3pOKOBaHO cMameme YIIII, mro morBplyje momarak nma cy
BPEIHOCTH OBOT MapaMeTpa OcCTalle 3HA4ajHO Mame y nopehemy ca KOHTPOIHUM BPEIHOCTHMA
(p<0.01). Mehyrtum, opanna amnukanuja excrpakta SHL y nmo3u ox 100 mg/kg, mox uctum
ycloBuMa (CUMYJITaHO ca LUCIUIATUHOM), je 3a pe3ynTaT umana nosehame Bpennoctu YIIII y
nopehemy ca BpemHOCTHMAa OBOT Tapamerpa JJOOHMjeHMM HAKOH CaMOCTaJIHE IpPHMEHE
nucratuae (p<0.01). Craxan edexatr ocTBapeH ca OBOM J030M C€ MaHH(ECTOBAO U KpPO3
cratucTuukd 3HayajHo nosehawme VYIIII y mopehewy ca rpymama rue je ekcrpakr SHL
npuMmemuBald y no3ama on 50 u 200 mg/kg (p<0.01 3a no3y ox 50 mg/kg u p<0.05 3a no3y on
200 mg/kg).

Kontunynpana agmMuHuCTpaija cuiuMmapuia y 103 on 100 mg/kg, Tokom aecer naHa
(cuMynTaHO ca IMCIJIATHHOM), je TMOoKa3aia MPOTeKTUBHU eeKaT KOju ce MaHU(EeCTOBa0 KPo3
cratuctuyku 3HavajHo nosehame YIIII y mopehemy ca rpynom koja je TpeTupaHa UCKIbYUHUBO
nucmuiatuioMm  (p<0.01). Takohe, yTuma] cuaumMapuHa Ha BpPEAHOCT OBOI IapaMmeTrpa ce
JNETEeKTOBAO M TMPEKO CTaTUCTMUYKU 3HadajHor moBehawma VYIIII y mopehemy ca rpymama
HajmamoM (50 mg/kg) u Hajsehom (200 mg/kg) nozom excrpakta SHL (p<0.01), mpu uemy cy
BpeaHoctu YIIII Ouie roToBo MAESHTHYHE BPEIHOCTHMA OCTBAPEHHM Y KOHTPOJHOj, OJHOCHO

rpynu ca ekctpaktom SHL y no3u ox 100 mg/kg.
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Cinnka 4.3. Edexru npumene ekcrpakra Satureje hortensis L. Ha uucniiaTHHOM H3a3BaHe MpoMeHe
YIIII (¢cm) Tokom OF Tecta. CONTROL — konTponna rpyna, CIS — rpyna ca nucruiatuaom, CIS+ES0 —
rpymna ca uucratuioM u ekerpakrom SHL y mo3u on 50 mg/kg, CIS+E100 — rpymna ca nucmiaTiHOM u
excrpaktoM SHL y no3m ox 100 mg/kg, CIS+E200 — rpyna ca nucrutatuaoM u ekctpaktom SHL y mo3u
on 200 mg/kg, CIS+SILYMARIN — rpyna ca nucruiaTiHoM u cuiuMapuaoMm y go3u o 100 mg/kg, E200
— rpyna ca ekcrpakroM SHL y mo3u og 200 mg/kg; n=5 mo rpynu. BpeanocTu cy npeacraBbeHe Kao

X+SEM, *p<0.05, **p<0.01.
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4.1.1.4. YTunaj npuMeHe ekcrpakra Satureje hortensis L. Ha nucIiIaTHHOM H3a3BaHe
NpoMeHe NMpoleHTa BpeMeHa kperamba OF Tecra

Kao mro je mpeacraBmero Ha Cnunu 4.4., IPUMEHEHHA MIPOTOKOJIM Cy UMAJId 3HAYajaH
yTHULIa] U Ha Japyru npaheHu mapaMerap JiokomoTopHe akTuBHocTH y OF Tecty - mporenar

BpeMeHa kpetama (F= 6.609, df=6, p<0.01).

Amukaija UUCIUIATHHE Y TojeauHavHoj no3u on 7.5 mg/kg (i. p.) je y3pokoBana
3HayajHo cMameme %BK (p<0.01). HcroBpemeHo, ucnuTuBame edekara aHTHOKCHIAHTHE
CYIUIEMEHTAIIU]e je TOKa3aJio Jla KOHTHHYMPAaHU OpaliHK YHOC ekcTpakta Satureje hortensis L. y
no3u on 200 mg/kg, TokOM JeceT naHa, Y KOHTPOJIHUM YCIOBHMA, HHje 3HA4ajHO YTHIIA0 Ha

BPEHOCT OBOT IIapameTpa y nopehemwy ca KOHTPOIHUM BPEJHOCTHMA.

CpakosnHeBHa opayiiHa mnpuMeHa ekctpakta SHL, mer gaHa mpe W meT JaHa HaKOH
aJIMUHHCTpAIlMje T0ojeIMHAYHE JI03€ MHCIUIATHHE, Y HajMamoj no3u (50 mg/kg) Huje 3HAYajHO
yTunana Ha cmamemne %BK m3a3BaHo mucmiaTHHOM, Ta Cy BPEIHOCTH OBOT IapaMeTpa ocTalie
3HauajHO Mame y mnopehewy ca koHTponHuM Bpeanoctuma (p<0.01). CympoTHO TOME,
KOHTHHYHpaHU opaiHu yHoc ekctpakta SHL y moszama ox 100m 200 mg/kg, mox ucrtum
yclioBUMa (CUMYJTaHO ca IUCIUIATUHOM), je 3a mocienuily umao nosehame Bpeanoctu YIIIT,
OJIHOCHO IOoCcTHU3ame BpeaHocTu %BK koje cy npubInaKHO nCTe KOHTPOJIHUM BPEIHOCTHMA, IIPU
yemy je %BK y rpynu rae je npumemnBaH ekctpakT y qo3u oa 100 mg/kg 6uo cratuctuuku
3HayajHo Behu y mopehemy ca BpegHOCTMMA OBOT MapaMeTpa A0O0MjeHHM HAaKOH CaMOCTalIHe
NprUMeHe IUCIUIaTHHE, OJTHOCHO HAaKOH TPUMEHE IHCIUTATHHE y3 CUMYJITaHy aJMUHUCTPAIH]jy

exkcrpakta SHL y no3u ox 50 mg/kg (p<0.01).

Opanna npumeHa cuinmapusa y no3u ox 100 mg/kg, TokoM aeceT naHa (CUMyJTaHO ca
[UCIJIATUHOM), HHjE€ JOBOJWIA 10 CTATUCTUYKK 3HadyajHuX npomeHa %BK y mopehemy ca
ocTajquM rpynama. AHanu3upajyhu KBaHTUTaBHE pa3liMKe y OMXEBHOpAIHUM MOcCieauiama
IpUMeHe J[Ba MpernapaTa ca aHTUOKCHJIAHTHUM CBOJCTHMA, CHJIMMapuHa U exctpakrta SHL, y
uctuM j1o3ama (100 mg/kg) 1 TOKOM HCTOBETHX EKCIIEPUMEHTATHUX MPOTOKOJa, a uMajyhu y
BUIYy Ja C€ CMameme JIOKOMOTOPHHUX o0pa3alla IMOHAlllaka Yy JHUTepaTypd cmarpa
Manudecramnjom moBehaHe aHKCHO3HOCTH, yodaBa ce nAa ekctpakt SHL wmma jaum

AHKCHOJIMTUYKH C(I)eKaT oI CUJIMMapHHa.
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Cinnka 4.4. Edextn npumene ekcrpakra Satureje hortensis L. Ha uucniiaTHHOM H3a3BaHe MpoMeHe
npoueHTa BpeMena kperama TokoM OF tecta. CONTROL — kontponna rpyma, CIS — rpyna ca

muctuiatuHoM, CIS+ES0 — rpyna ca nucruiatuaoM u ekcrpaktoM SHL y mosu on 50 mg/kg, CIS+E100 —
rpymna ca nuciuiaTiHoM u exctpaktoM SHL y nosu og 100 mg/kg, CIS+E200 — rpyna ca qucniaTiHOM U
excrpakroM SHL y mo3u ox 200 mg/kg, CIS+SILYMARIN — rpymna ca HuCIIIaTHHOM U CHITUMApUHOM Y
no3u ox 100 mg/kg, E200 — rpyma ca ekctpaktom SHL y mo3u ox 200 mg/kg; n=5 o rpymu. BpenHoctu

cy npezcrasibene kao X+SEM, *p<0.05, **p<0.01.
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4.1.1.5. Yrunaj npumene ekcrpakra Satureje hortensis L. Ha nucniIaTHHOM H3a3BaHe
npomene BY y OF tecty

Ha Cnunu 4.5. ce npukazanu edeKTH MPOTOKOJIa CIPOBEICHUX Y OBOj CTyAHjU Ha BY y
OF Ttecry, 3a xoje je moTBpheHO /1a Cy MMaju 3HavajaH yTHIIA] HAa BPEAHOCT OBOI' MOKa3aTesba

ekcrutopatuBHe aktuBHOCTH (F= 8.980, df=6, p<0.01).

JenHOKkpaTHa aAMUHUCTpaNKja MUCIUIATHHE y 103U ox 7.5 mg/kg (i. p.) je y3pokoBaia
3HauajHo cMmameme bY (p<0.01). Mehyrum, aHTHOKCHIAHTHA CyIUIEMEHTalHja Koja je y
KOHTPOJIHM YCJIOBUMa CIIpOBOheHa KOHTHHYHPAaHUM OpaJHUM YHOCOM EKCTpakTa Satureje
hortensis L. y mo3u ox 200 mg/kg, TOkOM [eceT gaHa, HHje CaMOCTAJHO II0Ka3aja 3HauyajaH

yTHIIa] HAa BPEIHOCT OBOT MapaMmeTrpa y nopehemy ca KOHTPOIOM.

JleceroqHeBHa opanHa aAMUHUCTpanMja ekctpakra SHL, met nana mpe u ner Jana HaKoOH
aJIMUHHCTpaIlje MojenHaYHe J03€ IUcIUIaThHe y HajMamwoj (50 mg/kg), kao u y HajBehoj
npuMmemeHoj 1031 (200 mg/kg), Huje 3HaUajHO yTUIANA HA UCITIATUHOM y3POKOBAaHO CMAhCHE
eKCIUIOpAaTHBHE AaKTUBHOCTH Koje je KBaHTH(HMKOBaHO Mpeko BY, ma cy BpeaHOCTH OBOT
nmapaMerpa ocTalie 3Ha4yajHO Mame y mopehemy ca koHTpomHmM Bpeanoctuma (p<0.01). 3a
pasyIMKy Off TOra, KOHTUHyHpaHu opaiaHu yHoc ekctpakTa SHL y no3u ox 100 mg/kg, nox ucrum
yCJI0BUMA (CHMYJITAHO Ca IUCIUIATHHOM), j& IOBOJIUO 10 oBehama eKCIUIOpaTHBHE aKTHBHOCTH
KOJI KMBOTHIbA TPETUPAHUX IHCIATHHOM, OJHOCHO IOCTH3ame BpenHocTH BY koje cy cnuune
KOHTPOJIHUM BpefaHoctuma. bY y rpynu ca go3om ekcrpakra SHL ox 100 mg/kg je Ouo
CTaTUCTHYKU 3Ha4yajHO BehM y mopehemy ca BpeJHOCTHMa OBOT MapaMeTpa JOoOMjeHHMM HaKOH
caMOCTaJlHe TpPUMEHE LMCIUIAaTUHE, OAHOCHO HAKOH INPUMEHE LHUCIUIATHHE Y3 CHMYJITaHy

angmunuctpaiujy ekcrpakra SHL y no3u ox 50 mg/kg (p<0.01).

CunuMapHH, KOjU C€ 4YecTO NpUMemYje Kao ,,3MaTHU CTaHAapA™ 3a KBaHTHU(UKALU]Y
edekaTa mpenapara ca aHTHOKCHJAHTHUM CBOjCTBMMA, HAKOH JECETOHEBHE aJMHUCTpalyje y
no3u ox 100 mg/kg, mpe U HaKOH MOjeIHUYHE J03€ IUCIUIATHHE, j€ TOoKa3ao e(eKTe CIUYHE
ekcrpakty SHL y nmo3u ox 100 mg/kg, xoju ce ManmdpecToBa0 Kpo3 aHYIHpPaAkE CMambeHha
eKCIUIOpaTHUBHE aKTUBHOCTH y mopehemy ca rpyrnaMa TpeTHpaHUM LUCIUIATHHOM CaMOCTAJIHO U
y3 cuMynTany agMuHHcTanujy ekcrpakta SHL y no3u ox 50 mg/kg (p<0.05), y3 mocrtuzame
BpenHocty BY koje cy mpuOMMKHO jeHaKe KOHTPOJIHUM, OJHOCHO BPEIHOCTHMA Yy TPYIHU ca

excrpakoMm SHL y no3u ox 100 mg/kg.
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Cinka 4.5. Edextu npumene ekcrpakra Satureje hortensis L. Ha uucniiaTHHOM H3a3BaHe MpoMeHe
BY tokom OF tecta. CONTROL — konTponna rpymna, CIS — rpyna ca nucruiatudom, CIS+ES0 — rpyna
ca mucuiatiHoM U ekctpaktoM SHL y mo3m ox 50 mg/kg, CIS+E100 — rpyma ca mucruiaTHHOM U
excrpaktoM SHL y mo3u ox 100 mg/kg, CIS+E200 — rpyma ca mucmmatiuaoM U ekctpaktoMm SHL y no3n
on 200 mg/kg, CIS+SILYMARIN — rpyna ca nucruiaTiHOM 1 cuinmapiaoM y no3u ox 100 mg/kg, E200
— rpyna ca ekcrpakroM SHL y mo3u og 200 mg/kg; n=5 mo rpynu. BpeanocTu cy npeacraBbeHe Kao

X+SEM, *p<0.05, **p<0.01.
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4.1.2. Elevetad plus maze rect

4.1.2.1. YTunaj npuMeHe ekcrpakra Satureje hortensis L. Ha nucIJIaTHHOM H3a3BaHe
npomene YBOK Toxkom EPM Tectra

ExcriepuMeHTaTHU MPOTOKOJM CHPOBEICHU Y OBOj CTYIAWjU CY JOBOJMIIMU JO 3HAYajHE

npomerne YBOK tokom EPM Tecra (F=8.204, df=6, p<0.01).

JemHokpaTHa amuMKanyja nuciUiatmHe y no3u ox 7.5 mg/kg (i. p.) je, Kao mTO je
npukazano Ha Crumu 4.6., noBoauna a0 3HaudajHor cMmamema YBOK (p<0.01). Camocramna
npuMeHa exctpakta Satureje hortensis L. y mo3u ox 200 mg/kg (opaiHo) HUje yTHIlaia Ha

BPCAHOCT OBOTI I[IapaMCTpa Y KOHTPOJIHUM YCJIOBUMA.

Pesynrati no6ujenn y TecTy y3AUrHYTOT KPCTAacTOT JIABUPHHTA, TaKohe, MoKa3yjy u Ja je
CHUMYJITaHa aJIMUHUCTpanuja ekcrpakTa SHL ca nucruiaTiHOM mokaszana Jia IpUuMeHa eKCTpakTa
y nozama ox 50 m 200 mg/kg Huje 3HayajHO yruuana Ha cMmameme YBOK wu3aszpano
UCIUIATHHOM. BpemHocTtn oBor mapaMeTpa cy o0e HaBeleHE eKCIepUMEHTAIHE TpyIe OcTale
3Ha4YajHO Mame y mopehemy ca KoHTpomHUM BpeanoctuMma (p<0.01). CBakomHeBHa mpUMeEHa
exctpakta SHL y no3u ox 100 mg/kg TokoMm aecer aHa, Ipe W HAKOH IOjeTHUYHE J103€
LUCIUIaTHHE, je JoBoauia 10 noBehamwa BpenHoctd YBOK y nopehemy ca BpegHocTMa OBOT
napaMerpa J0OMjeHMM HAaKOH camocTanHe mnpumMeHe wnuciiatuie (p<0.01), nmoctmxyhu
BPEIHOCTH j€IHAKE OCTBApPEHHM Yy KOHTpoJHMM YycioBuma. lloBehame Bpemnoctn YBOK vy
rpynu ca n1o3oM o 100 mg/kg je Omi10 CTaTUCTUUYKK 3HAYajHO U y mopehemy Iie jeé CUMYITaHO

ca IHCIUIaTUHOM MpuMemnBaHa u o03a oa 50 mg/kg (p<0.01).

JleceronHeBHa aamucTpanyja cuwiuMmapuHa y go3u oa 100 mg/kg, mpe M HakoH
NOjeTHUYHE [03€ LUCIUIaTHHE, HMje 3HAa4yajHO yTHLAla Ha NPOMEHY BPEAHOCTH (CMambeHe)
YBOK y3pokoBaHO LUCIUIATHHOM, TaKO Ja je BPeTHOCT OBOTI ITapaMeTpa OcTajla 3HauajHO Mamba

y nopehemy ca BpegHocTMa U3 KoHTpoJiHe rpyne (p<0.05).
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Cinnka 4.6. EpexT npumene ekcrpakra Satureje hortensis L. Ha uucniiaTHHOM H3a3BaHe MpoMeHe
YBOK (s) Tokom EPM Ttecra. CONTROL — kontponna rpyna, CIS — rpyna ca mucruiaTHHOM,
CIS+E50 — rpyna ca nucrutatuaoMm u ekctpakrom SHL y mosm on 50 mg/kg, CIS+E100 — rpyma ca
mucriatuHoM U excrpakrom SHL y mosum ox 100 mg/kg, CIS+E200 — rpyma ca UMCIIIATHHOM M
exctpakroM SHL y mo3u on 200 mg/kg, CIS+SILYMARIN — rpymna ca HIUCIIIATHHOM ¥ CHITUMapUHOM y
no3u ox 100 mg/kg, E200 — rpyma ca ekctpaktom SHL y mo3u ox 200 mg/kg; n=5 o rpymu. BpenHoctu
cy npezcrasibene kao X+SEM, *p<0.05, **p<0.01.
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4.1.2.2. YTunaj npuMeHe ekcrpakra Satureje hortensis L. Ha nucniIaTHHOM H3a3BaHe
npomene BY y orBopene kpake tokom EPM T1ecra

Kao mro je mpukazano Ha Cnunu 4.7., akyTHH ¥ IPOJIOHTHPAHU MTPOTOKOIU CIIPOBEICHU
y OBOj CTYAH]H Cy 3a MOCJIECANIy UMaIM 3Ha4dajHe poMeHe bY y oTBopene kpake Tokom EIIM

tecra (F= 6.027, df=6, p<0.01).

AJIMUHHCTpalja IUCIUIATHHE Y TIojeAnHavHoj a03u o1 7.5 mg/kg (i. p.) je moBoawmia a0
3HayajHor cMamema BYOK (p<0.01). C mpyre crpaHe, opajdHa NMpHUMEHa eKcTpakta Satureje
hortensis L. y no3u ox 200 mg/kg TOKOM JieceT y3acTONMHUX JaHa, MPH KOHTPOJHUM yCIOBUMA,

HUje yTUIaJIa Ha BPEIHOCT OBOT MapaMeTpa y nopehemy ca KOHTPOIHUM BPEAHOCTHMA.

Kontunyupanu neceronHeBHu YyHoc ekctpakta SHL, mnpe u mnocne TtpermaHa
IUCIUIATHHOM, j€ yKa3ao Ja MpUMEeHa eKCTpaKTa y HajMamoj 1 HajBehoj no3u (50 u 200 mg/kg)
HUje 3HayajHO yTHIlaja Ha LUCIJIATUHOM Y3pOoKoBaHO cMameme BYOK, Tako na cy BpenHoctu
OBOI' ITapaMeTpa ocTalle 3HayajHO Mame y nopehemwy ca KOHTpoiaHUM BpenHoctuma (p<0.05 3a
no3y ox 50 mg/kg u p<0.01 3a go3y ox 200 mg/kg). Hacympor Tome, CBakOJHEBHA OpaJiHa
npuMeHa ekcrpakta SHL y nmosm ox 100mg/kg, mer nmaHa mpe W THEeT JaHa HAKOH
aJIMUHUCTpalMje [ojeJuHayHe J103€ LUCIUIaTuHE, je JoBoauIa o nosehamwa Bpeanoctu bBYI[3 y
nopehewy ca BperHOCTHMAa OBOI IlapamMeTrpa JO0OMJEHUM HAKOH CaMOCTajHE IpUMEHe
mucratune (p<0.01). Mako BYOK y oBoj rpynu Huje OMO CTaTUCTHYKHM 3Ha4YajHO Behu Hero y
rpynu ca 50 mg/kg, BpeIHOCTH OBOT MapameTpa ce OWiIe jeHaKe OCTBAPEHUM y KOHTPOJIHUM
ycnoBuMa. MHtepecantHo je aa je BYOK y rpynu ca npumenom ekctpakta SHL y no3u ox
100 mg/kg Ouo 3HauyajHo BehM Hero y TrpymH TIle je, CUMYJITaHO ca aJMUHUCTPAINjOM
[UCIUIATHHE, JIECTOJHEBHA aHTHOKCHIAHTHA CyIUIEMEHTalldja CIpoBOheHa Y3 TIPUMEHY

nBoctpyko Behe no3e (200 mg/kg) excrpakra SHL (p<0.05).

[TpumemHBaHa Kao ,,37aTHU cTaHAapA™ 3a nopeheme ca nporeKTuBHUM epextuma SHL,
JIECETOIHEBHA aaMUCTpaIrja cuummMapuna y no3u oa 100 mg/kg, mpe u HaKOH MOjeTHUYHE 03¢
LUCIUIaTUHE, HUje 3Ha4YajHO yTulaia Ha BpegHoctu ¥YBI3, miro ce Moxe okapakTepucaTH U Kao
cabMju aHKCHONUTHYKU edekar y mopehemy ca OHXEBHOpATHUM IOCIeAnullaMa IMpUMEHe

exctpakta SHL y ucroj no3u.
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Cinka 4.7. EdexTn npumene ekcrpakra Satureje hortensis L. Ha nucniiaTuHoM W3a3BaHe NpoMeHe
BY y orBopene kpake TokoMm EPM Tecta. CONTROL — kontpomna rtpyma, CIS — rpyma ca
nuctuiatuHoM, CIS+E50 — rpyna ca nucruiatuioM u ekcrpaktoM SHL y mosu ox 50 mg/kg, CIS+E100 —
rpyma ca nucruiaTiHoM u ekctpaktoM SHL y no3u og 100 mg/kg, CIS+E200 — rpymna ca nucriiaTiHOM U
excrpaktoM SHL y no3m ox 200 mg/kg, CIS+SILYMARIN — rpymna ca MUCIUTATHHOM M CHITUMApUHOM Y
mo3u o1 100 mg/kg, E200 — rpyma ca ekcrpaktom SHL y mo3u ox 200 mg/kg; n=5 o rpymu. Bpeanoctn
cy mpezcrasibeHe kao X+SEM, *p<0.05, **p<0.01.
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4.1.2.3. YTunaj npuMene ekcrpakra Satureje hortensis L. Ha nucIiIaTHHOM H3a3BaHe
npomene YIIII tokom EPM Tecra

Ha Cnunu 4.8. cy npencraBibeHd e(peKTH IPOTOKOJa CIIPOBEACHUX Y OBOj CTYAH]H, KOjU
Cy 3Ha4YajHO yTUIAIIM Ha TPOMEHE JIOKOMOTOPHHMX Kapaktepuctuka npehenux mpexo YIIII

tokoM EPM Tecra (F= 14.693, df=6, p<0.01).

[Ipumemena meTor AaHa MPOTOKOJA, jEAHOKpATHA AlUIMKAIMjC IUCIJIATUHE Y JT03H O]
7.5 mg/kg (i. p.) je noBoauia mo0 3HadajHor cMamema YIIIT (p<0.01). 3a pasnmuky ox Tora,
KOHTHHYHPAaHH OpaJIHU YHOC eKcTpakta Satureje hortensis L. y mo3u ox 200 mg/kg, TOKOM ecer
JaHa, MPU KOHTPOJHUM YCJIOBMMA, HUjE€ 3HAYAjHO YTHIIA0 Ha BPEIHOCT OBOT Iapamerpa y

nopehemy ca BpeIHOCTUMA OCTBAPCHUM Y KOHTPOJTHO] TPYIIH.

CpakosnHeBHa opayiiHa mnpuMeHa ekctpakta SHL, mer gaHa mpe W meT JaHa HaKOH
aJIMUHUCTpAIMje MojeIuHavHe 03¢ IucIuiatuHe, y po3ama ox 50 u 200 mg/kg Huje 3navajHo
yTHIIaJla Ha IMCIUIATHHOM Y3pOKOoBaHO cMameme YIIII, mro morBplyje momarak nma cy
BPEIHOCTH OBOT MapaMeTpa ocTaje 3HAa4ajHO Mame y nopehemy ca KOHTPOJIHUM BPEAHOCTUMA
(p<0.01). Mehyrtum, opanna amnukanuja exkcrpakta SHL y mo3u ox 100 mg/kg, mon uctum
yclioBUMa (CHMYJITaHO ca MUCIUIATHHOM), je 3a pe3ynartaT umana mosehame Bpennoctu YIIII y
nopehemy ca BpegHOCTMMA OBOT IMapaMeTpa JOOMJEeHHM HAaKOH CaMOCTaJIHE MpUMEHe
nucruiatue (p<0.01). CHaxxan edexaT OCTBapeH ca OBOM J030M ce€ MaHU(ECTOBaO U KpPO3
cratucTuukd 3HayajHo nosehawme VYIIII y mopehewy ca rpymama rue je ekcrpakr SHL

npuMmemuBal y go3ama oxa 50 u 200 mg/kg (p<0.01).

Kontunynpana agmMuHuCTpaija cuiuMmapuia y 103 on 100 mg/kg, Tokom aecer naHa
(cuMynTaHO ca IMCIIATHHOM), je TMOoKa3aia MPOTeKTUBHH edeKaT KOju ce MaHH(]ecToBao Kpo3
cratuctuyku 3HavyajHo noBehamwe YIIII y mopehemy ca rpymnom koja je TpeTupaHa UCKIbYYHUBO
nucmuiatuioMm  (p<0.01). Takohe, yTuma] cuaumMapuHa Ha BpPEAHOCT OBOI IapaMmeTrpa ce
JIETEKTOBAO U MPEKO CTaTUCTUYKH 3HauyajHor noBehama YIIII y mopehemwy ca rpynom y x0joj je
npuMmewnBana HajBeha mo3a (200 mg/kg) ekcrpakra SHL (p<0.01), mpu yemy cy BpeaHOCTH
VIIII Guie roToBO MIAEHTHUYHE BPEAHOCTUMA OCTBAPEHUM Y KOHTPOJIHO], OJTHOCHO TpyMHH ca

excrpaktoM SHL y no3u ox 100 mg/kg.
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Cinka 4.8. Edextn npumene ekcrpakra Satureje hortensis L. Ha nucniiaTuHoM u3a3BaHe MpoMeHe
VIIII (cm) Tokom EPM Tecta. CONTROL — xontponna rpyma, CIS — rpyma ca HHCIIATHHOM,
CIS+E50 — rpyna ca nucrutatuaoMm u ekctpaktom SHL y mo3m on 50 mg/kg, CIS+E100 — rpyma ca

muciatiHoM U ekctpaktom SHL y nosm on 100 mg/kg, CIS+E200 — rpyma ca OMCIIIATHHOM U
excrpakroMm SHL y mo3u o1 200 mg/kg, CIS+SILYMARIN — rpyrma ca DUCITATHHOM M CHIIMMApUHOM Y
mo3u o1 100 mg/kg, E200 — rpyma ca ekcrpaktom SHL y mo3u ox 200 mg/kg; n=5 o rpymu. Bpeanoctn
cy mpezcrasibeHe kao X+SEM, *p<0.05, **p<0.01.
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4.1.2.4. YTunaj npuMene ekcrpakra Satureje hortensis L. Ha nucniIaTHHOM H3a3BaHe
NpPOMeEHe NpoueHTa BpeMena kperamwa y EPM recty

Kao mro je mpencrasibeno Ha Ciumm 4.9., eKCliepUMEHTAIHH TPOTOKOIN MPUMEHHEHH Y
OBOj CTYIWJU Cy HMMaJd 3HayajaH yTHIQ] U Ha JApyru npaheHu mapamerap JOKOMOTOpPHE

aktuBHOCTH Y EPM Tecty - mporenar BpemeHa kpetama (F= 7.441, df=6, p<0.01).

Amukaija UUCIUIATHHE Y TojeauHavHoj no3u on 7.5 mg/kg (i. p.) je y3pokoBana
3HayajHO cMmameme %BK y Tecty y3murnyror kpcracror snasupunTa (p<0.01). MctoBpemeHo,
UCnuTHBame edekara aHTUOKCHJAHTHE CYIUIEMEHTAalMje je II0Ka3ajlo Ja KOHTHHYHpaHU
JICCETOTHEBHM OpAJIHM YHOC eKcTpakta Satureje hortensis L. y mosu ox 200 mgkg, y
KOHTPOJIHMM YCJIOBMMa, HHje 3HA4YajHO YTUIA0 HAa BPETHOCT OBOT MapaMeTpa y mopehemy ca

KOHTPOJIHUM BpCAHOCTHUMA.

CBakogHeBHa opajgHa mpuMeHa ekcrpakta SHL, mer nmaHa mpe W meT JaHa HaKOH
aJIMUHHCTpAIIHje TI0jeIMHAYHEe 03¢ IUCIUIaTHHE, Y HajMamoj 103u (50 mg/kg) u Hajsehoj no3u
(200 mg/kg) Huje 3HauajHO yTuLala Ha cMmamewme %BK wu3a3BaHo mucminatuHoMm, ma cy
BPEIHOCTH OBOT ITapaMeTpa OCTalle 3HauajHO Mame y rnopehemy ca KOHTPOIHHM BpEJHOCTUMA
(p<0.01). CynpoTHO TOMe, KOHTUHYHUpaHU opaiHu yHOC ekctpakra SHL y no3um ox 100 mg/kg,
O/l MCTUM YCJIOBMMa (CHMYJTAaHO ca IUCIUIATUHOM), j€ 3a MOCJIeauIly MMao MoBehame
BpenHocty YIIII, oqHOCHO mocTu3ame BpeaHoctH %BK koje cy npubamkHO UcTe KOHTPOIHUM
BpeaHOCTUMa, Ipu yeMy je %BK O0mo cratucTiuku 3Hauajuo Behu y nopehemy ca BpeaHocTUMa
OBOT MapaMeTpa JO0HjeHUM HaKOH CaMOCTalTHE TIPUMEHE [UCTUIATHHE, OJJHOCHO HAKOH MPHMEHE

[UCIJIATHHE Y3 CUMYJITaHy aAMHUHUCTpannjy ekcrpakta SHL y no3u ox 50 mg/kg (p<0.05).

Opanna npumena cuinmapuHa y 1o3u o 100 mg/kg, TokoM aeceT naHa (CUMyNTaHO ca
[UCIJIATUHOM), HHjE€ JOBOJWIA 10 CTATUCTUYKK 3HadyajHuX npomeHa %BK y mopehemy ca
octasiuMm rpynama. WM oBnae, aHanu3upajyhu KBaHTHUTaBHE pa3juke y OMXEBHOpPATHUM
nocieauiiaMa TpUMEHe JBa Mpernapara ca aHTHOKCHJIAHTHUM CBOJCTHMA, CHJIMMapHHA U
excrpakta SHL, y umctum pozama (100 mg/kg) M TOKOM HCTOBETHX EKCIEPUMEHTATHUX
POTOKOJIa, a UMajyhu y BHUIly Jla C€ CMameme JOKOMOTOPHUX OOpasalla MoHallama y TEeCTy
Y3AUTHYTOI KPCTacTOr JaBUPHUHTA (KaO M TECTy OTBOPEHOr I0Jba) CMaTpa MaHH(ECTalujoM
nosehaHne aHKkCcHMO3HOCTH, puMmehyje ce na excrpaktT SHL nokasyje jaun aHKCHOJIMTHYKU eeKaT

oI CUJIMMapHuHa.
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Cinka 4.9. Edextu npumene ekcrpakra Satureje hortensis L. Ha nucniiaTuHoM u3a3BaHe NpoMeHe
npouenTa BpeMeHa kperama TokoM EPM Tecra. CONTROL — konTtpomna rpyma, CIS — rpyma ca
rucruatuHoM, CIS+ES0 — rpyma ca nmucnmatuaoMm u ekcrpaktoM SHL y mo3u ox 50 mg/kg, CIS+E100 —
rpyma ca uucruiaTiaoM u exctpaktoM SHL y mo3u on 100 mg/kg, CIS+E200 — rpyna ca nucriiaTiHOM U
excrpakToM SHL y no3m ox 200 mg/kg, CIS+SILYMARIN — rpyna ca IUCIIIaTHHOM W CHJIIAMapHUHOM Y
no3u ox 100 mg/kg, E200 — rpyna ca ekcrpakrom SHL y no3u on 200 mg/kg; n=5 mo rpynu. Bpennoctu
cy npezcraBibeHe kao X+ESEM, *p<0.05, **p<0.01.

65



4.1.2.5. YTunaj npumene ekcrpakra Satureje hortensis L. Ha nucniIaTHHOM H3a3BaHe
npomene BH y EPM Ttecty

Ha Cannum 4.10. ce npukazanu eekTd IpoTOKoJIa CIIPOBEACHUX y 0BOj cTynuju Ha BH y
EPM Tecty, 3a Koje je MOTBphEeHO /a Cy MMaju 3Ha4yajaH YTHIIA] HAa BPEIHOCT OBOTI MMOKa3aTesba

ekcruioparuBHe aktTuBHOCTH (F=15.590, df=6, p<0.01).

JemHokpaTHa amMUHUCTpanMja MUCIUIaTHHE Yy 103U of 7.5 mg/kg (i. p.) je y3pokoBaia
3HauajHo cMmameme BH (p<0.01). Mehyrtum, aHTHOKCHIaHTHA CyIUIEMEHTalHMja Koja je y
KOHTPOJIHM YCJIOBUMa CIIPOBOEHA KOHTHMHYHPAHHM OpaJHHM YHOCOM €KCTpakTa Satureje
hortensis L. y no3u ox 200 mg/kg, TOKOM JeceT gaHa, HUje CaMOCTAIHO I0Ka3aja 3HayajaH

yTHUIAj Ha BPETHOCT OBOT IapameTpa y rnopelemy ca KOHTPOIHOM IPYIIOM.

JleceronHeBHa opaiiHa aAMHHHUCTpanuja ekctpakra SHL, et nana npe u neT 1aHa HAaKOH
aJIMUHHCTpAIlMje TOjeIMHAaYHe J03€ IUCIUIaTuHEe y HajMamo] (50 mg/kg), kao u y HajBehoj
npuMemeHoj ao03u (200 mg/kg), Huje 3HaYajHO yTUIANIa Ha [UCIUIATHHOM yY3POKOBAHO CMAmbEHE
eKCIJIOpaTUBHE aKTUBHOCTH KOj€ j€ KBaHTH(UKOBAHO MPEKO Opoja Harvmbama, 1a Cy BPEAHOCTU
OBOT IapaMeTpa OcTajie 3HauajHO Mame y nopehemy ca KoHTpoiaHuM BpenHoctuma (p<0.01). 3a
pa3IuKy OJ] TOra, KOHTUHYHUPaHHU opaiHu yHOC ekcTpakta SHL y mo3u ox 100 mg/kg, mox nctum
yciioBuMa (CUMYJITaHO ca IUCIUIATUHOM), j€ JIOBOAMO /10 noBehama eKCIIopaTUBHE aKTUBHOCTHU
KOJ1 KMBOTHHa TPETUPAHUX LUCIATHMHOM, OJIHOCHO NOcTHU3ame BpenHocT BH koje cy cianune
KOHTPOJIHUM BpeAHOCTUMA. bpoj Harnmwama y rpynu ca n1o3oM ekcrpakra SHL ox 100 mg/kg je
0MoO cTaTuCTUYKU 3HauajHO Behu y mopehemy ca BpeIHOCTHMa OBOI IapaMmerpa J00ujeHUM
HaKOH CaMOCTaJIHE MIPUMEHE IUCIUIATHHE, OJHOCHO HAaKOH MPUMEHE IUCIUIATHHE Y3 CUMYJITaHy

aaMuHucTpanujy ekcrpakta SHL y no3u ox 50 mg/kg (p<0.05).

CunumapuH, KOjU c€ 4YecTo MpHUMEmYje Kao ,,371aTHU cTaHAapA™ 3a KBaHTHU(UKALHU]Y
edekaTa mpenapara ca aHTHOKCHJAHTHUM CBOjCTBMMA, HAKOH JIECETOIHEBHE aJIMUCTpAIje Y
no3u on 100 mg/kg, mpe u HaKOH MOjeJHUYHE J03€ LHUCIUIATHHE, je MOoKa3ao e(peKTe CInYHe
exctpakty SHL y no3u ox 100 mg/kg, koju ce mMaHu(pECTOBAO KPO3 aHYIHPaAmhEe CMambema
eKCIUTOpaTHBHE aKTHBHOCTH y mopel)emy ca rpyrnmaMa TpeTUPaHUM IUCIUTATHHOM CaMOCTAITHO U
y3 CUMYyJITaHy agMuHHCTaujy ekcrpakra SHL y mozama ox 50 mg/kg (p<0.01) u 200 mg/kg
(p<0.05), y3 moctuzame Bpeanoctu bH koje cy mpubmmxkHO jemHake KOHTPOIHHM, OJHOCHO

BpenHocTHUMa y Irpynu ca ekctpakoM SHL y no3u ox 100 mg/kg.
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Cauxka 4.10. EdexTtu npumene excTpakrta Satureje hortensis L. Ha nMcmjiaTHHOM H3a3BaHe
npomede BH tokom EPM Ttecta. CONTROL — konTtpomna rpymna, CIS — rpyma ca OHCIUTATHHOM,
CIS+E50 — rpymna ca nucrutatuaoMm u ekctpakrom SHL y no3m ox 50 mg/kg, CIS+E100 — rpyma ca
mucriatiHoM U ekctpaktom SHL y gosum ox 100 mg/kg, CIS+E200 — rpyma ca OMCIIIaTHHOM M
excrpakroM SHL y mo3u ox 200 mg/kg, CIS+SILYMARIN — rpyma ca MucIiiaTHHOM U CHIHMAapUHOM Y
mo3u o1 100 mg/kg, E200 — rpyma ca ekcrpaktom SHL y mo3u ox 200 mg/kg; n=5 o rpymu. Bpeanoctn
cy mpezcrasibeHe kao X+SEM, *p<0.05, **p<0.01.
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4.1.2.6. YTunaj npuMene ekcrpakra Satureje hortensis L. Ha nucIiIaTHHOM H3a3BaHe
npomene bBY tokom EPM Ttecra

Ha Cannu 4.10. ce npukazanu ehekTu IpoTOKOJIa CIIPOBEIECHUX Y OBOj CTyauju HAa BY y
EPM Tecty, 3a Koje je MOTBphEeHO J1a Cy MMajIi 3HavyajaH yTHIA] HAa BPEIHOCT OBOT MOKa3aTesba

ekcrutopatuBHe aktuBHocTH (F=4.920, df=6, p<0.05).

JemHokpaTHa amMUHUCTpanMja MUCIUIaTHHE Yy 103U of 7.5 mg/kg (i. p.) je y3pokoBaia
3HauajHO cMmameme bY (p<0.05). MelhytuMm, aHTHOKCHIAHTHA CyIUIEMEHTalHja Koja je y
KOHTPOJIHM YCJIOBHUMa CIIPOBOEHAa KOHTHMHYHPAHHM OpaJIHHM YHOCOM €KCTpakTa Satureje
hortensis L. y no3u ox 200 mg/kg, TOKOM JeceT gaHa, HUje CaMOCTAIHO I0Ka3aja 3HayajaH

yTHUIAj Ha BPETHOCT OBOT IapameTpa y rnopelemy ca KOHTPOIHOM IPYIIOM.

JleceronHeBHa opaiiHa aAMUHHUCTpanuja ekctpakra SHL, et nana npe u neT 1aHa HaKOH
aJIMUHHCTpAIMje TOojeMHAaYHe J03¢ IUCIUIaTiHe y HajMamo] (50 mg/kg), kao u y HajBehoj
npuMemeHoj ao03u (200 mg/kg), Huje 3HaYajHO yTUIANIa Ha [UCIUIATHHOM yY3POKOBAHO CMAmbEHE
eKCIJIOpaTUBHE aKTUBHOCTU Koje je KBaHTU(ukoBaHo mpeko BY, ma cy BpemHocTtu oBor
napaMerpa ocTajieé 3HayajHO Mame y mnopehemy ca koHTponHuMm Bpeanoctuma (p<0.05). 3a
pa3IuKy OJ] TOra, KOHTUHYHUPaHHU opaiHu yHOC ekcTpakta SHL y mo3u ox 100 mg/kg, mox nctum
yciioBuMa (CUMYJITaHO Ca IUCIUIATUHOM), j€ IOBOAMO /10 MoBehama eKCIUIOpaTUBHE aKTUBHOCTHU
KOJ1 KMBOTHHa TPETUPAHUX LIMCHATMHOM, OJHOCHO MOCTH3ame BpenHocTH bY koje cy ciuune
KOHTPOJHUM BpenHoctuMma. BY y rpynu ca no3om ekctpakra SHL ox 100 mgkg je 6uo
CTAaTUCTUYKU 3HauyajHO Behu y mopehemy ca BpeIHOCTHMA OBOT MapaMeTpa JI00MjeHUM HaKOH
caMoCTallTHe TPUMEHE IMHCIUTATHHE, OAHOCHO HAKOH NpPUMEHE INHCIUIATHHE y3 CHMYJITaHY

aaMuHucTpanujy ekcrpakta SHL y no3u ox 50 mg/kg (p<0.05).

CwiMMapuH, KOJU C€ 4YeCTO MpHUMEmYje Kao ,,3JIaTHU CTaHJapA’ 3a KBaHTU(HKaAIN]y
edekaTa mpemnapara ca aHTHOKCHUJAHTHHUM CBOjCTBUMA, HAKOH JIECETOAHEBHE aaMHUCTpaIdje y
no3u o1 100 mg/kg, npe 1 HAKOH MOjeTHUYHE 03¢ UCIIATHHE, HUje N3a3Bao 3Ha4YajHe MPOMEHE
OBOT MOJIAJIUTETa EKCIUIOPATUBHE aKTUBHOCTH KOJH CE€ youaBa KakO Y OTBOPEHUM, TaKO U Y
3aTBOPEHUM KpalliMa y3JUTHYTOT KPCTAcCTOT JIAaBUPHUHTA. TakaB MmojaTak ce ca KBAaHTUTATUBHOT
acreKkTa MOXKe TyYMAuWTH W Kao cl1abWju aHKCHOJUTHYKU CHJIMMapuHa edekar y nopehemy ca
ucToM N030M ekctpakta SHL, umajyhu y BuIy NHa je cMameme eKCIUIOpPAaTUBHE aKTHUBHOCTH

JAUPCKTHO MTPOIIOPHUOHATIHO HOBehaI-Ly CTCIICHA aHKCHUO3HOCTH.
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Cnnka 4.11. Edextu npumene excrpakrta Satureje hortensis L. Ha nmHcmjiaTMHOM H3a3BaHe
npomene BY tokom EPM Tecta. CONTROL — xonTpomHa rpyma, CIS — rpyma ca HIUCIUTATHHOM,
CIS+E50 — rpyna ca nucrutatuaoM u ekctpakrom SHL y mo3m on 50 mg/kg, CIS+E100 — rpyma ca
mucruiatiioM u ekcrpaktom SHL y mosu ox 100 mg/kg, CIS+E200 — rpyma ca MUCIUIATHHOM U
excrpakroM SHL y mo3u ox 200 mg/kg, CIS+SILYMARIN — rpymna ca HUCIUIaTHHOM M CHIIMMApUHOM Y
no3u o 100 mg/kg, E200 — rpyma ca ekctpaktom SHL y mo3u ox 200 mg/kg; n=5 mo rpymu. BpenHoctu
cy mpejcTaBibeHe kao X+SEM, *p<0.05.
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4.1.2.7. YTunaj npuMene ekcrpakra Satureje hortensis L. Ha nucniIaTHHOM H3a3BaHe
npomene TEA enun3ona tokom EPM Tecta

Ha Cnumm 4.10. ce mpukazaHu eQeKTH HPOTOKOJAa CHPOBEACHUX Yy OBOj CTYAMjH Ha
ykynHu 0poj TEA enumsona tokom EPM tecra, 3a koje je mMOTBpheHO Aa Cy MMajau 3HayajaH

YTHIIa] HAa BPEIHOCT OBOT IOKa3aTesba ekcruiopatuBHe aktuBHOCcTH (F= 13.437, df=6, p<0.01).

JemHokpaTHa amMUHUCTpanMja MUCIUIaTHHE Yy 103U of 7.5 mg/kg (i. p.) je y3pokoBaia
3HauajHo cMameme YBEEA (p<0.01). Melhytum, aHTHOKCHJIaHTHA CYIJIEMEHTAIlMja Koja je y
KOHTPOJIHM YCJIOBUMa CIIPOBOEHA KOHTHMHYHPAHHM OpaJHHM YHOCOM €KCTpakTa Satureje
hortensis L. y no3u ox 200 mg/kg, TOKOM JeceT gaHa, HUje CaMOCTAIHO I0Ka3aja 3HayajaH

YTHUIIaj Ha BPETHOCT OBOT IapameTpa y nopehemy ca KOHTPOITHOM TPYTIOM.

JleceToqHeBHa opanHa aAMUHUCTpalMja ekctpakta SHL, net nana npe u ner JaHa HaKOH
aJIMUHHCTpAIlMje TOjeIMHAaYHe J03€ IUCIUIaTuHEe y HajMamo] (50 mg/kg), kao u y HajBehoj
npuMemeHoj 103u (200 mg/kg), Huje 3Ha4ajHO yTUIalIa Ha IUCIUIATHHOM y3POKOBAHO CMAhCHE
eKCIJIOpAaTUBHE aKTHBHOCTU KoOje jeé KBaHTU(UKOBAHO IMPEKO YKyHHOr Opoja emu3ona
eKCIUIOpAaTUBHE aKTHUBHOCTH, Ma CYy BPEAHOCTH OBOI' IapaMerpa OCTajle 3HAuyajHO Mame Yy
nopehemwy ca koHTposHUM BpegHoctuMa (p<0.01). 3a paznuky ox Tora, KOHTUHYUPAHU OPAJTHU
yHoc ekctpakta SHL y nmosm ox 100 mg/kg, mom wuctuMm ycioBuMma (CHUMYJITaHO ca
LUCIUIATUHOM), j€ JOBOAMO J0 TMoBehama eKCIUIOpaTMBHE AKTUBHOCTH KOJ >KHBOTHHA
TPETUPAHUX LUCIATHHOM, OJHOCHO NocTH3ame BpeaHocTd YBEEA koje cy cmuuHe KOHTPOJIHUM
BpEIHOCTUMA. YKYITHH Opoja emn30/a eKCIUIOPATUBHE aKTHBHOCTH Y TPYITH Ca JI030M €KCTPAKTa
SHL on 100 mg/kg je 6uo craTucTHuku 3HadajHO Behu y mopehemy ca BpeqHOCTHMa OBOT
napamerpa J100MjeHHMM HAKOH CaMOCTaJlHE MpPUMEHE LUCIUIATHHE, OJHOCHO HAKOH IpHMEHe
LUCIJIaTUHE Y3 CUMYJTaHy aAMUHUCTpanujy ekcrpakta SHL y nosama ox 50 mg/kg (p<0.01) u

200 mg/kg (p<0.05).

CunumapuH, KOjU C€ 4YecTo MpHUMemYje Kao ,,37IaTHU CTaHAapA‘ 3a KBaHTHU(HUKAIU]y
edekara mpemnapaTa ca aHTUOKCHIAHTHUM CBOjCTBMMA, HAKOH JECETOAHEBHE aJIMUCTpAIIHjE Y
no3u ox 100 mg/kg, mpe W HAaKOH TOjeTHUYHE J03€ IUCIIATHHE, j& T0Ka3ao e(eKTe CIMYHE
ekcrpakty SHL y mo3u ox 100 mg/kg, xoju ce manmdecToBa0 KpO3 aHYIHPAkHE CMambeHha
YKymHOT Opoja emnu3oja eKCIUIOpaTHBHE aKTHBHOCTH y mopehemy ca rpymama TpEeTHpaHUM

IUCIJIATUHOM CaMOCTAJIHO U y3 CUMYITaHy aqMuHHUCTanujy ekctpakra SHL y no3u ox 50 mg/kg
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(p<0.01), y3 moctuzame BpenHoctd bBH koje cy mpuOMMXHO jeaHake KOHTPOJIHUM, OIHOCHO

BpenHocTUMa y rpynu ca ekcrpakoM SHL y no3u ox 100 mg/kg.
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Cnnka 4.12. Edextu npumene excrpakrta Satureje hortensis L. Ha nucmjiaTMHOM H3a3BaHe
npomene ykynHor 6poja TEA enu3ona tokom EPM Tecta. CONTROL — konTponna rpyna, CIS —
rpyna ca mucmataaoM, CIS+ES0 — rpyna ca nucruiatuHoM u ekctpaktom SHL y mosm ox 50 mg/kg,
CIS+E100 - rpyna ca nucruiatuHoM u ekcrpaktoM SHL y mo3u ox 100 mg/kg, CIS+E200 — rpymna ca
nuciaTuHoM 1 ekcrpaktoM SHL y no3u ox 200 mg/kg, CIS+SILYMARIN — rpyna ca nucruiaTuHOM U
cummMapuaoM y go3u o1 100 mg/kg, E200 — rpyma ca ekctpaktom SHL y mo3u ox 200 mg/kg; n=5 mo
rpynu. Bpennoctu cy npesicraBibeHe kao X+SEM, *p<0.05, **p<0.01.
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4.1.3. Tail suspension Tect

4.1.3.1. YTunaj npuMene ekcrpakra Satureje hortensis L. Ha nucIJIaTHHOM H3a3BaHe
npomene BIIMy TST

[TpOoTOKOJIM CIIPOBEICHU y OBOj CTYIMjH Cy Y3pOKOBaiu 3HauajHe npomene BITA y TST
(F=11.539, df=6, p<0.01).

Kao miro je mpukaszano Ha Cnuim 4.13., jeAHOKpaTHA aruIMKaInuja MUCIUIATHHE Y JT03H O]
7.5 mg/kg (i. p.) je moBoamna no 3HaudajHor mosehamwa BIIN (p<0.01). CamocramHa mpumeHa
ekcrpakta Satureje hortensis L. y n03u ox 200 mg/kg (opaiHo) HHje yTHIIaTa HAa BPEAHOCT OBOT

napameTpa y KOHTPOJIHUM YCJIOBUMA.

Cumynrana agMuHUCTpanuja excrpakra SHL ca mucmiatiHoM je mokasana Jla mpuMeHa
excrpakTa y no3ama ox 50 u 200 mg/kg nuje 3nauajuo yrunana Ha nosehame BIIM uza3zBano
[UCIUTATHHOM, TIPH Y€MYy Cy BPEIHOCTH OBOTI Iapamerpa ocraie 3HaudajHo Behe y mopehemy ca
KOHTPOJIHMM BpeaHocTuMa 3a 103y o1 50 mg/kg (p<0.01), mok 3a mo3y ox 200 mg/kg mosehame
BPEIHOCTH OBOI TapaMeTpa HHUje OWMJIO CTaTUCTHYKH 3HAYajHO Yy OJHOCY Ha KOHTPOIY.
JleceronHeBHa cBakoaHeBHa npumeHa ekctpakta SHL y nmo3m ox 100 mg/kg, mpe u HakoH
MOjeJHUYHE 103€ IUCIUIATHHE, je MOBOAWIA J0 cMamema BpenHoctu BIIWM y mopehewmy ca
BpPEIHOCTHMAa OBOT IapaMmeTpa JoOMjeHMM HAaKOH caMocTaiiHe mpuMmeHe nucruiatuse (p<0.01),
JOCTHXYhH BpEITHOCTH jeHAKE OCTBAPEHUM y KOHTPOJHHUM ycioBHMa. CMameme BPEIHOCTH
BIIN y rpynu ca go3om ox 100 mg/kg je 6uno craTUCTHUKH 3HAYajHO U Y Mopehemy ca rpyrnom

I7I€ je CUMYJTaHO ca UCIUIATUHOM ITpuMemrBaHa u 103a ekctpakta SHL ox 50 mg/kg (p<0.05).

JlecetoqHeBHa aamucTpanuja cuiauMapuHa y gao3u ox 100 mg/kg, mpe u HakoH
NojeTHUYHE JI03€ IMCIIaTHHE, je 3HayajHO cMamuBasia BpeaHoct BIIM uuje je moBehame Ouio
Y3POKOBAHO jJ€HOKpAaTHOM /1030M uciuiatune o 7.5 mg/kg (p<0.01). ITomyt excrpakta SHL y
HMCTOBETHO] /103, aHTHOKCHJAHTHA CYIJIEMEHTAIlMja CUJIMMApUHOM j€ TIOBOAWJIA JO 3HAYaAJHO]
cmamema BIIW u nopehemy ca rpynom y Kojoj je, CUMYJITaHO ca LHUCIUIATHHOM, TPUMEHUBAaH U

exctpakT SHL y no3u on 50 mg/kg (p<0.01).
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Cnnka 4.13. Edextu npumene excrpakra Satureje hortensis L. Ha nmHcmjiaTMHOM H3a3BaHe
npomene BIIU (s) y TST. CONTROL — koutponna rpymna, CIS — rpyna ca nucruiatuaoM, CIS+ES0 —
rpymna ca uucratuioM u ekerpakrom SHL y mo3u on 50 mg/kg, CIS+E100 — rpymna ca nucmiaTiHOM u
excrpakToM SHL y mo3u o 100 mg/kg, CIS+E200 — rpyma ca mucmmaTiHOM U ekctpaktoMm SHL y no3m
on 200 mg/kg, CIS+SILYMARIN — rpyna ca nucruiaTiHOM 1 cuinmapiaoM y no3u ox 100 mg/kg, E200
— rpyna ca ekcrpakroM SHL y mo3u og 200 mg/kg; n=5 mo rpynu. BpeanocTu cy npeacraBbeHe Kao

X+SEM, *p<0.05, **p<0.01.
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4.1.3.2. YTunaj npuMeHe ekcrpakra Satureje hortensis L. Ha nucniIaTHHOM H3a3BaHe
npomene BEU y TST

ExcriepuMeHTaTHU MPOTOKOJIM CHPOBEACHH Y OBOj CTYAHUjJH Cy Y3POKOBAJIM 3HAYajHE

npomene BEW y TST (F=10.137, df=6, p<0.01).

Kao miro je mpukazano Ha Cnuim 4.14., jeAHOKpaTHA aluIMKanuja MUCIUIATHHE Y J03H O]
7.5mg/kg (i. p.) je moBoauna A0 3HadajHOr cMmamema BEU (p<0.01). Camocranna mpumeHa
ekcTpakra Satureje hortensis L. y mo3u ox 200 mg/kg (opajiHo) HHje yTHIIajda Ha BPEIHOCT OBOT

napaMerpa y KOHTPOJIHUM yCJIOBHMA.

Cumynrana anMuHUCTpanuja ekcrpakta SHL ca mucriatnHoM je moka3aia Jga IpuMeHa
excrpakTa y nozama o 50 u 200 mg/kg Tokom eceT naHa HUje 3HAYajHO YTHUIAJIa HA CMAkCHE
BEU u3a3BaHO LKCIUIATUHOM, NPU Y€MY CY BPEIHOCTH OBOT [apaMeTpa OcTaje 3HauajHO Mambe Y
nopehemy ca KOHTPOJIHUM BPEIHOCTHMA, Kako 3a 103y o1 50 mg/kg (p<0.01), Tako u 3a 103y 01
200 mg/kg (p<0.05). JleceromHeBHa CBakOJHEBHA mnpuMeHa ekcrpakta SHL y mo3um of
100 mg/kg, nmpe U HaKOH MOjeIHUYHE J103€ LUCIUIATHHE, je JOBOAMIA A0 nmoBehama BpeaHOCTH
BEUN y nmopehemy ca BpemHOCTHMMa OBOT Mapamerpa A0OHjeHHMM HAaKOH CaMOCTajHe MpUMEHE
mucratune (p<0.01), moctmkyhu BpeaHOCTH jenHAaKe OCTBAPEHHM y KOHTPOJHUM YCIOBHMA.
[Tosehame Bpennoctu BEU y rpynu ca go3om ox 100 mg/kg je Oumo CTaTUCTUYKY 3HAYAJHO U Y
nopehemy ca rpynoMm Te je CUMYJITaHO ca IMCIUIATUHOM MpUMemHBaHa U Jo03a ekcrpakTa SHL
on 50 mg/kg (p<0.05), nox je oBo noehame OMIIO CTATUCTUYKU WHCUTHU(PHUKAHTHO y nopehemy

ca Tpyrnowm rie je npuMmemuBana no3a ekcrpakra SHL ox 200 mg/kg.

JlecetoqHeBHa aamucTpanuja cuwiuMapuHa y go3u ox 100 mg/kg, npe W HakoH
NojeJTHUYHE J103€ LUCIUIATHHE, je 3HauajHo nosehasana BpeaHoct BEU umje je cMameme Ouio
Y3POKOBAHO jJ€HOKpAaTHOM /1030M uciuiatune o 7.5 mg/kg (p<0.01). ITomyt excrpakta SHL y
WCTOBETHO] /103, aHTUOKCHJAHTHA CYIJIEMEHTallMja CUJIMMAPUHOM j€ JIOBOJAMIIA JO 3HAUYAJHO]
nosehama BIIN u nopehemy ca rpynom y kKojoj je, CUMyJITaHO ca LIUCIUIATUHOM, IPUMEHHUBaH U

exctpakT SHL y no3u on 50 mg/kg (p<0.05).
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Cauxka 4.14. EdexTtu npumene excTpakrTa Satureje hortensis L. Ha nMcmjiaTHHOM H3a3BaHe
npomene BEN y TST. CONTROL — xonTponna rpyma, CIS — rpyma ca mucmatuaom, CIS+ES0 — rpymna
ca mucuiatiHoM U ekctpaktoM SHL y nmosm ox 50 mg/kg, CIS+E100 — rpyma ca mucruiaTHHOM U
exctpaktoM SHL y nosu ox 100 mg/kg, CIS+E200 — rpyna ca nucrmatuaoM u ekcrpakrom SHL y nosu
on 200 mg/kg, CIS+SILYMARIN — rpyma ca nucruiaTiHOM u ciuamMapuaoM y go3u o1 100 mg/kg, E200
— rpymna ca ekctpaktoM SHL y mo3u om 200 mg/kg; n=5 mo rpymu. BpeaHocTu ¢y mpeacTaB/beHe Kao
X+SEM, *p<0.05, **p<0.01.
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4.1.3.3. YTunaj npuMene ekcrpakra Satureje hortensis L. Ha nucniIaTHHOM H3a3BaHe
npomene YTy TST

ExcriepuMeHTaTHU MPOTOKOJIM CHPOBEACHH Y OBOj CTYAHUjJH Cy Y3POKOBAJIM 3HAYajHE

npomene YTU y TST (F=16.271, df=6, p<0.01).

Kao miro je mpukazano Ha Cnuim 4.15., jeAHOKpaTHA aruIMKanuja MUCIUIATHHE Y JT03H O]
7.5mg/kg (i. p.) je noBoamia 1o 3HadajHOr cMamema YTU (p<0.01). Camocranna mpumeHa
ekcTpakra Satureje hortensis L. y mo3u ox 200 mg/kg (opajiHo) HHje yTHIIajda Ha BPEIHOCT OBOT

napaMerpa y KOHTPOJIHUM YCJIOBHMA.

Cumynrana agMuUHHCTpandja ekcrpakra SHL ca mucmiaTiHOM je mokasana ja mpuMeHa
excTpakra y no3ama o 50 u 200 mg/kg TokoM eceT AaHa HUje 3HAYajHO YTHIIAJa HAa CMAbEHE
VYTH u3a3BaHO LMCIUIATUHOM, IIPU Y€MY CY BPEAHOCTH OBOT IapaMeTpa OCTalle 3HaYajHO Mambe
y mopehemy ca KOHTPOJIHUM BPEAHOCTHMA, Kako 3a 103y ox 50 mg/kg, tako u 3a mo3y ox 200
mg/kg (p<0.01). JleceromneBHa cBakogHeBHA npuMeHa ekcrpakta SHL y mo3u ox 100 mg/kg,
Ipe U HAKOH IOjelHUYHE J03€ LMCIUIaTHHE, je AoBoawia o nosehawma Bpeanoctu YTU y
nopehery ca BpeniHOCTHMAa OBOI' Ilapamerpa JOOMjEHHM HAKOH CaMOCTalHE IpUMEHE
mucratune (p<0.01), moctmkyhu BpeaHOCTH jenHAaKe OCTBAPEHHM y KOHTPOJHUM YCIOBHMA.
[Tosehawe BpenHoctn YTU y rpynu ca gosom ox 100 mg/kg je Huje OuMIO CTAaTUCTUYKU
3Ha4YajHO M y nopehemy ca rpynama rje je CUMYJITaHO ca LUCIUIATUHOM NpUMEmUBaHa U 71032

excrpakta SHL ox 50 u 200 mg/kg.

HeceronneBHa amMucTpanvja cwiuMmapuda y no3u ox 100 mg/kg, mpe u HakoH
NojeTHUYHE J103€ LUCIUIATHHE, je 3Ha4yajHo noBehaBana BpegHocT YTU umje je cmameme Ouino
Y3POKOBAHO jJE€IHOKpPAaTHOM J030M IMcmiatuHe on 7.5 mg/kg (p<0.01). Hmak, kako ce
CHIIMMApUH KOPUCTH Kao ,,3JIaTHH CTaHJapA 3a KBAaHTHUTATUBHY KoMmapaiujy edekara
mpenapara ca 3Ha4ajHUM CaJip)KajeM aHTHOKCHUJIAHTHUX KOMITOHEHTH, 3HAYaJHO j€ HAIlOMEHYTH
Jla CUMYyJITaHa NpUMEHa CUJIMMapHHa, 3a pa3uky o ekcrpakta SHL y ucrtoj no3u, Huje Ouna
noBosbHa Ja ce YTU moseha 1o HHMBOa BPEAHOCTH KOj€ Cy OCTBApEHE Yy KOHTPOJIHO)j IpYyMu

(p<0.01).
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Cauxa 4.15. EdexTu npumene ekcTpakrTa Satureje hortensis L. Ha nMcmjiaTHHOM H3a3BaHe
npomene YTH (s) y TST. CONTROL — kontponna rpymna, CIS — rpyna ca mucrmatuaoMm, CIS+ES0 —
rpymna ca uucratuioM u ekerpaktom SHL y mo3u on 50 mg/kg, CIS+E100 — rpymna ca nucriaTiHOM U
exctpaktoM SHL y nosu ox 100 mg/kg, CIS+E200 — rpyna ca nucrmatuaoM u ekcrpakrom SHL y nosu
on 200 mg/kg, CIS+SILYMARIN — rpymna ca [ucIiiaTiHOM 1 cuiumapiaoM y go3u o 100 mg/kg, E200
— rpymna ca ekctpaktoM SHL y mo3u om 200 mg/kg; n=5 mo rpymu. BpeaHocTu ¢y mpeacTaB/beHe Kao
X+SEM, *p<0.05, **p<0.01.
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4.2. Mapkepu OKCHIATUBHOI CTPeca y TKHBY XHIIOKAMITYCA

4.2.1. YTuuaj npumMeHe ekcrpakra Satureje hortensis L. Ha nucnjiaTuHoM
n3a3BaHe MPOMeHe HHIeKCa JUIH/IHE NePOKCHAANMje Y TKUBY XHIIOKAMITyca

ExcriepuMeHTaTHU MPOTOKOJIM CHPOBEACHH Y OBOj CTYAHUjH Cy Y3POKOBAJM 3HAYajHE

poMeHe MHJIeKca JTUMHIHE TIepoKcuaanuje upaxeror kao TBARS (F=5.400, df=6, p<0.01).

Kao miro je mpukazano Ha Ciuiu 4.16., jeAHOKpaTHA aluIMKANKja UCIUIATHHE Y JTO3H O]
7.5mg/kg (i. p.) je moBomwia no 3Hawajuor mnoBehama TBARS (p<0.01). [deceronHeBHa
caMocTaiHa TpuMeHa ekcTpakTa Satureje hortensis L. y mosu ox 200 mg/kg (opanHo) Huje

yrunajia Ha OBaj KBAHTHUTAaTUBHU IIOKA3aTCJb JIMIIKUIHC HGPOKCI/II[aI_II/IjC Y KOHTPOJIHUM YCJIOBHUMaA.

Cumynrana anMuHUCTpannja ekcrpakta SHL ca mucriatnHoM je moka3aia Jaa mpuMeHa
ekcTpakrta y no3u oa 50 mg/kg, mer naHa npe W neT JaHa HaKOH aluIMKalyje MojeMHaYHe 103€
LUCIUIaTHHE, HUje 3HadajHo yTuuana Ha nosehame TBARS m3a3BaHo nucriaTuHoM, pu yemy
Cy BpEIHOCTH OBOT TIapamMeTrpa ocCTaje 3HayajHO Mame Yy mopehemy ca KOHTPOIHUM
BpenHoctuma (p<0.01). [lecerogneBHa cBakogHeBHa mnpuMeHa ekcTpakra SHL y nmozama of
100 u 200 mg/kg, npe ¥ HAKOH MOjeJHUYHE J103€ LUCIUIATHHE, je TOBOJMIA /10 CMambEemha OBOT
UH/IMKaTopa JIMIUIHE NepoKcuaanyje y nopehemy ca BpeJHOCTIMA OBOT IapameTpa J00UjeHuM
HakoH camoctaiHe npumene nucratune (p<0.01 3a mo3y ox 100 mg/kg u p<0.05 3a g03y ox
200 mg/kg), mocTmxyhu BpeTHOCTH jeIHAKE OCTBAPEHUM y KOHTPOJIHUM yclioBUMa. Bpennoctu
TBARS y rpymama ca pasznuuuntuMm no3zama exkcrpakta SHL nmpumemuBaHOr CUMyITaHO ca

HUCIIATUHOM CC HUCY Mehy006HO CTaTUCTUYKHU 3HaqajHo Ppa3InKOBaJIC.

HeceronneBHa anMucTpanuja cuiaumapuHa y no3u on 100 mg/kg, mpe u HakoH
NOjeTHUYHE J103€ IUCIUIaTHHE, je 3HadajHo cMamuBasia BpenHoctu TBARS mnosehane ycnen
TpermaHa nucruiatuHoM (p<0.05). HaBemenu pesynraTu [ajy KBaHTUTATUBHY MOTBpPAY Ja
CWIMMAapuH, TPUMEHEH Yy HUCTO] 03U Kao u ekcrpakT SHL, mokasyje Hemro crnabuju

MPOTEKTUBHU e(eKaT Ha MPEeBEHLN]y noBehama JTUNUAHE IEPOKCUIAINje Y TKUBY XUITOKaMITyca.
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Cnnka 4.16. Edextu npumene excrpakrta Satureje hortensis L. Ha nHcmjaTMHOM H3a3BaHe
NMpoMeHe HMHAeKca JUunuaHe nepokcuaanuje uzpaxkenor kao TBARS (nmol/mg nporenHa) y TKuBy
xunokamyca. CONTROL — xontponna rpyma, CIS — rpyna ca mucruiatuaom, CIS+ES0 — rpyna ca
mucriatuHoM u exkcerpakroM SHL y mosm on 50 mg/kg, CIS+E100 — rpynma ca OUCIUIAaTHHOM U
exctpaktoM SHL y nosu ox 100 mg/kg, CIS+E200 — rpyna ca nucrmatuaoM u ekcrpakrom SHL y nosu
on 200 mg/kg, CIS+SILYMARIN — rpyma ca nucruiaTiHOM u ciuauMapuaoM y go3u o1 100 mg/kg, E200
— rpyna ca ekcrpakroM SHL y mo3u og 200 mg/kg; n=5 no rpynu. BpeanocTu cy npeacraBbeHe Kao

X£SEM, *p<0.05, **p<0.01.
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4.2.2. YTuuaj npuMeHe ekcrpakra Satureje hortensis L. Ha mucmiiaTnHoM
n3a3BaHe MPOMeHe AKTUBHOCTH CYNEPOKCH/ TUCMYTa3e Y TKUBY
XHIIOKAMITyca

JleceToqHEeBHM TMPOTOKOIM CIPOBEACHU y OBOj CTYIAHjH Cy IOBOJMJIM JO 3HAYajHUX

MIPOMEHA aKTUBHOCTH CYNMEPOKCH]I TUCMyTa3e y TKuBY xunokammyca (F=6.103, df=6, p<0.01).

AmuiMkanyja IUCIUIaTHHE y TMojeanHadnoj mo3u ox 7.5 mg/kg (i. p.), Cnuka 4.17., je
noBoamia A0 3HadajHor aktuBHocTh SOD (p<0.01). KonTMHyHMpaHna camocTajlHa NpUMEHa
ekcTpakra Satureje hortensis L. y mo3u o 200 mg/kg (opaiHo) TOKOM JeCeT JaHa HUje yTUIaia
HAa KBAaHTUTATHBHU TI0KAa3aTe/b AKTUBHOCTH OBOT AaHTHOKCHJIAHTHOT €H3WMa y mopehemy ca

KOHTPOJIHOM T'PYIIOM.

CumynraHa aqMUHHCTpandja ekcrpakta SHL ca muciiaTHHOM je moka3aiia Jia MpruMeHa
excrpakta y gozama ox 50 m 200 mg/kg, mer naHa mpe W MET JaHa HAKOH aIluIMKaIuje
MojeIMHAaYHe JI03€ IHCIUIATHHE, HHje 3HA4YajHO YTHIAJla Ha cMameme aktuBHOocTH SOD y
XHUIIOKaMIyCy W3a3BaHO HHUCIUIATHHOM, MAKO CE BPEIHOCTH OBOI MapaMeTpa aHTHOKCHIIAHTHE
3alITUTE HUCY 3HAYajHO pas3iIMKoBalie y mopehemy ca KOHTPOIHUM BpeHOCTUMA. [leceToiHeBHA
cBakogHeBHa npuMeHa ekcrpakta SHL y no3m ox 100 mg/kg, mpe u HaKOH TOjeTHUYHE J103€
HUCIIaTHHE, je JoBoauia 1m0 noBehama aktuBHOCTH SOD y mopehemy ca BpemHOCTHMa OBOT
napaMerpa JOOMjeHMM HaKOH camocTanHe mnpumeHe wnuciiatuae (p<0.05), moctmxyhu
BPEIHOCTH jE€IHAKEe OCTBAPEHUM Y KOHTPOJHUM ycioBuma. AktuBHocT SOD y rpymama ca
pazmuuuTUM Jo03ama ekctpakra SHL mpuMemHBaHOT CHMYITAaHO Ca MHCIUIATHUHOM C€ HHCY

Mel)yCOOHO CTaTUCTUUYKM 3HaYajHO pa3INKOBaJIE.

JleceronHeBHa aaMucTpanyja cuiuMmapuHa y no3u ox 100 mg/kg, mpe M HakoH
MOjeITHUYHE JI03€ IMCIUIaTHHE, HUje 3HAa4YajHO yTulajga Ha akTUBHOCT SOD wyak HM HaKOH
CMambemha HM3a3BaHOI TPETMAHOM LMCIIATUHOM. AHanu3upajyhn KBaHTHTABHE pasiiuKe Yy
nocieAnilaMa TMPUMEHE JBa Tpernapara ca aHTHOKCUJAHTHUM CBOJCTUMA, CUJIMMapuHA U
exctpakta SHL, y umctum gnozama (100 mg/kg) W TOKOM HCTOBETHX EKCHEPUMEHTATHHUX
MpPOTOKOJa, a MMajyhu y BHIY Ja ce cMameme akTuBHOCTH SOD cMarpa MOTEHIMjaTHUM
MEXaHHW3MOM HAaCTaHKa OKCHUJATUBHOT ommTehema, mpumehyje ce na ekcrpakt SHL nokasyje jaun

AHTUOKCHAAHTHHU C(I)eKaT o CUJIMMapHuHa.
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Cnnka 4.17. Edextu npumene excrpakrta Satureje hortensis L. Ha nmuMcmjiaTMHOM H3a3BaHe
npoMeHe aKTUBHOCTH cynepokcua aucmyrtase (U/mg nporenna) y tkuBy xunoxkamyca. CONTROL —
koHTponHa rpyna, CIS — rpyna ca mucrutaruaom, CIS+ES0 — rpyna ca mucruiatuaoMm u ekcrpaktom SHL
y no3u ox 50 mg/kg, CIS+E100 — rpyna ca mucrmatiaoM U ekcrpaktom SHL y mo3m ox 100 mg/kg,
CIS+E200 — rpyna ca nucrutatuaoMm u exkctpaktoM SHL y mo3u on 200 mg/kg, CIS+SILYMARIN —
rpyna ca MUCIUIaATHHOM U cunmMapuHoM y g1o3u on 100 mg/kg, E200 — rpyma ca exctpakrom SHL y no3u
oz 200 mg/kg; n=5 no rpynu. BpeanocTu cy npencrasibene kao X+SEM, *p<0.05, **p<0.01.
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4.2.3. YTunaj npuMeHe ekcrpakra Satureje hortensis L. Ha nucmiiaTuHoM
n3a3BaHe MPOMeHe aAKTHBHOCTH KaTaJjia3e y TKHBY XHIIOKAMITyca

Pesynratu oBe cTyauje mokasyjy Za Cy CIPOBEICHH JECETOJHEBHH €KCIIEPUMEHTAITHH
MPOTOKOJIM JOBOAWIM J0 3HAa4ajHUX MPOMEHA aKTUBHOCTH KaTaja3e y TKUBY XHUIIOKamIryca

(F=4.396, df=6, p<0.01).

Amnnukainyja IUCIUIATHHE Yy MojeanHayHo] mo3u onx 7.5 mg/kg (i. p.), kao mro je
npukazano Ha Ciunu 4.19., je noBoawmiia 1o 3Ha4ajHor akTUBHOCTH CAT y TKHMBY XUITOKaMITyca
(p<0.01). KontuHynpana camocTajiHa IpUMeHa ekcTpakrta Satureje hortensis L. y mo3u on
200 mg/kg (opamHo, y Boau 3a muhe) TOKOM JeceT JaHa HHUje YTUIAJla Ha KBAaHTUTATHBHU

MO0Ka3aTeJb aKTUBHOCTHU OBOT aHTMOKCHUJIAHTHOT €H3UMa Yy niopeh)emy ca KOHTPOIHOM I'pYyIIOM.

Cumynrana anMuHucTpanuja ekcrpakta SHL ca nucrmatuHoM je mokaszana Jaa mpuMeHa
excrpakta y gozama ox 50 m 200 mg/kg, mer naHa mpe W MET JaHa HAKOH aIlIMKaIuje
NojeIMHAYHE 03¢ IMCIUIATHHE, HHUje 3HAYajHO YTHIaja Ha CMAamCHmhe aKTUBHOCTH KaTauase y
XUMOKAMITYCy H3a3BaHO LMCIIATHHOM, HMAKO C€ BPEIHOCTH OBOT MapaMeTpa aHTUOKCUIAHTHE
3alITUTE HUCY 3HAYAJHO Pa3JIMKoBaje y nmopehemy ca KOHTPOJIHUM BpeaHocTuMa. [leceToqHeBHa
cBakogHeBHa npuMeHa ekcrpakra SHL y no3m ox 100 mg/kg, mpe u HaKOH MOjeIHUYHE J103¢
HuCIIaTuHe, je noBonauna o nosehama aktuBHocTm CAT y mopehemy ca BpegHocTHMa 3a
AKTUBHOCT OBOT' aHTHOKCHJAHTHOT €H3MMa JI00MjeHUM HaKOH CaMOCTajHe MpUMEHe IUCIUIaTHHE
(p<0.05), noctmxyhu BpeIHOCTH jeHaKe OCTBAPEHHM Y KOHTPOJHHM YCIOBHMAa. AKTUBHOCT
SOD y rpymama ca pa3JimauTHM J03aMa ekcTpakta SHL nmpuMemHrBaHOT TIpe U MOCIe TPETMaHa

LUCIUIATUHOM C€ HUCY Mel)yCOOHO CTaTUCTHUKH 3Ha4ajHO Pa3IMKOBAaJIE.

JlecetoqHeBHa anmucTpanuja cuiauMmapuHa y go3n ox 100 mg/kg, nmpe W HakoH
MOjeJHUYHE JI03€ IMCIUIATHHE, HHUje 3HadyajHo yruinana Ha akTUBHOCT CAT yak HM HaKoH
CMambemha H3a3BaHOT TPETMAHOM IUCIUIATUHOM. Yropelyjyhu KBaHTHTaBHE pas3iMKe Yy
nociequiiaMa TpUMEHe JBa IMpernapara ca aHTHOKCHIAHTHUM CBOJCTHMA, CHJIMMapHUHA U
exctpakta SHL, y umctum nozama (100 mg/kg) W TOKOM HCTOBETHUX EKCHEPUMEHTATHHX
MPOTOKOJIA, a UMajyhu y BHIy Ja Ce CMamemhe aKTMBHOCTH aHTHOKCHIAHTHUX €H3UMa, MOIYT
Karajase, cMaTpa MOTeHIMjaJIHUM MEXaHM3MOM HacTaHKa OKCHAATUBHOTI omTehemwa, mpumehyje

ce na ekctpakT SHL mokasyje jaun aHTHOKCHIAHTHU epeKaT o1 CUIIMMapHHA.
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Cauxa 4.18. EdexTu npumene excrpakrta Satureje hortensis L. Ha nMcmjiaTHHOM H3a3BaHe
npoMeHe akTuBHocTH KaTajnade (U/mg nmporenna) y TkuBy xunokamyca. CONTROL — konTpomHa
rpyna, CIS — rpymna ca nucmarunom, CIS+ES50 — rpyna ca nucmiatuaoM u ekctpaktoM SHL y no3u on
50 mg/kg, CIS+E100 — rpyma ca nucmiatuaoM u ekcrpaktoM SHL y mos3u ox 100 mg/kg, CIS+E200 —
rpyna ca mucruiatuHoM U excrpakrom SHL y mosu ox 200 mg/kg, CIS+SILYMARIN — rpyma ca
UCIIIATHHOM | cuuMapuaoM v qo3u o1 100 mg/kg, E200 — rpyma ca ekcrpaktom SHL y mo3u ox 200
mg/kg; n=5 mo rpynu. Bpeanoctu cy npencrabbene kao X-ESEM, *p<0.05, **p<0.01.
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4.2.4. YTuuaj npuMeHe ekcrpakra Satureje hortensis L. Ha nucmiiaTuHoM
n3a3BaHe MPOMeHe KOHIEHTPalHje YKYIHOT IJIyTATHOHA Y TKHBY
XHIIOKAMITyca

Pesynratu oBe cTyauje mokasyjy Ja Cy CIpPOBEICHH JECETOTHEBHH €KCIIEPUMEHTATHH
MIPOTOKOJIM HUCY JOBOJMIIM JI0 3HAYAJHUX MTPOMEHA aKTUBHOCTH KaTalla3e y TKUBY XUIIOKaMITyca

(F=3.034, df=6, p>0.05).

Amukanyja IUCIUIaTHHE Yy TojeauHavHo] no3u ox 7.5 mg/kg (i. p.), kao mTO je
npukazano Ha Ciuiu 4.19., je moBoauia 10 CMamelha KOHIICHTPAIUje YKYITHOT TIIyTaTHOHA Y
TKABY XWIIOKamIlyca Koje HHje OWIo CcTaTucTHYKM 3HayajHo. KoHTMHyHMpaHa camocTaiHa
npuMeHa ekctpakTa Satureje hortensis L. y 1o3u o1 200 mg/kg (opanHo, y Boau 3a nmuhe) TOKOM
JeceT AaHa je noBoauia 1o ymepenor nosehawma GSH koje, Takolhe, Huje OUIO CTAaTHUCTUYKU
3Ha4YajHO y mnopehemy ca KOHTpoaHOM TpymoMm. Hmak, yo4yeHO JUCKPETHO moBehame
KOHIIEHTpAIM]je YKYITHOT IIyTaTHOHA y TPYIU TIe j& CaMOCTalTHO MpuMemuBaH ekcTpakT SHL je
OWJIO TOBOJHHO BEJIMKO J[a C€ YOUM CTAaTUCTHYKH 3Ha4ajHa pas3iiuka y mopehemy ca rpynom Koja

je TpeTupaHa UCKJbYIHBO UCIUIATUHOM, 0€3 aHTHOKCHIaHTHE cyruieMenTaimje (p<0.05).

Cumynrana anMuHUCTpanuja ekcrpakta SHL ca nmucruiaTiHOM je mokasana Ja MpuMeHa
ekcrpakta y gozama ox 50, 100 u 200 mg/kg, meT naHa mpe u NeT JaHa HAKOH aruIdKaIluje
nojeMHayHe J03€ IHUCIUIaThHEe, je ToBehaBana BpPEOHOCT OBOT MapKepa aHTHOKCHIAHTHOT
KalanuTeTa y XUMOKaMIyCy HaKOH CMamemha M3a3BaHOT LUCIIAaTMHOM (HajBehe BpeaHOCTH ce
yoauaBajy ca jgo3oMm oj ekcrpakra oa 100 mg/kg), nako ce BpeaHOCTH OBOT TapameTpa
AHTUOKCHJIAHTHE 3alllTUTe HUCY 3HAUYajHO pasluKoBajie y Topehemy ca KOHTPOITHUM
BpenHocTMa. KoOHIIEHTpanMja YKYMHOT TJIyTaTHOHAa Yy Tpylmama ca pa3luduTUM J103ama
exctpakta SHL mpumemuBaHOr Tpe U TMOCIE TpeTMaHa IHMCIUIATUHOM ce HUCY MelycoOHo

CTATUCTUYKU 3HAYAJHO Pa3IMKOBAJIE.

HeceroqHeBHa anMmucTpanuja cuiauMmapuHa y go3u ox 100 mg/kg, mpe W HakoH
NojeTHUYHe J03€ LMCIUIATHHE, HUje 3HauajHO yTumaiga Ha BpenHocT GSH uak HM HakoH
CMamemha H3a3BaHOT TPETMAHOM IUCIUIATUHOM. Ymopelyjyhu KBaHTHTaBHE pas3jivKe Yy
nocieAvilaMa MpUMEHE JBa Ipenapara ca aHTHOKCUJAHTHUM CBOJCTUMA, CHUJIMMapuHa U

exctpakta SHL, y umctum gnozama (100 mg/kg) M TOKOM HCTOBETHX EKCHEPUMEHTATHHX
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IOPOTOKOJIa, Jla C€ MPETIOCTaBUTH Jla TMPOMEHa KOHIIEHTpalWje YKYIHOT TJyTaTHOHAa He

npeacTraBjba 3Haqaj aH MCXaHHU3aM aHTUOKCUAAHTHC 3alITUTC Y JaTUM OKOJHOCTUMA.
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Cnnka 4.19. Edextu npumene excrpakrta Satureje hortensis L. Ha nmHMcmjiaTMHOM H3a3BaHe
NMpoMeHe KOHIIEHTPaluje YKYMHOT IJIyTaTuoHa (mg/g npoTrenHa) y TKuBy xunokamyca. CONTROL
— xoHTposHa rpymna, CIS — rpyma ca mucmiatuaoM, CIS+ES0 — rpyna ca HUCIIaTHHOM M €KCTPAKTOM
SHL y mo3u ox 50 mg/kg, CIS+E100 — rpymna ca mucruiatuaoM u ekcrpakrom SHL y mo3u ox 100 mg/kg,
CIS+E200 — rpymna ca mucruiatuHoM u ekctpaktom  SHL y mo3u on 200 mg/kg, CIS+SILYMARIN —
rpymna ca IUCIIaTHHOM ¥ cuiinmMapuaoM y mo3u ox 100 mg/kg, E200 — rpyma ca exctpaktom SHL y 103u
oz 200 mg/kg; n=5 no rpynu. Bpeanoctu cy npeacrabibeHe kao XESEM, *p<0.05.
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4.3. Mapkepu anonToTcKe aKTHBHOCTH

4.3.1. YTuuaj npumMeHe ekctpakra Satureje hortensis L. Ha nmucnjiaTuHoM
H3a3BaHe MpoMeHe pesgaTtuBHe reucke exkcrnpecuje uPHK 3a Bax y TkuBy
XHIIOKAMITYCa

ExcniepuMeHTaNHu NMPOTOKOJIHM CIPOBEJICHH y OBOj CTYAUjH Cy 3a IOCIEAMIY HUMAalli
3Ha4yajHe IpoMeHe penatuBHe reHcke ekcrnpecuje MPHK 3a Bax y TkuBy xumokammyca

(F=10.165, df=6, p<0.01).

Jemnokparna ammmkanuja mucruiatuae (Cnmka 4.20.) y mo3u oxn 7.5 mg/kg (i. p.) je
JIOBOJWIIA J10 3HayajHor moBehama penatuBHe reHcke ekcrnpecuje WPHK 3a Bax (p<0.01).
CamocranHa nmpuMeHa ekcTtpakta Satureje hortensis L. y mosu ox 200 mg/kg (opaiHo) Huje

yTunaja Ha BpEAHOCT OBOT IMapaMETpa Y KOHTPOJIHUM YCJIOBHUMaA.

Cumynrana agmMuHMCcTpanuja ekcrpakta SHL ca nucriaTUHOM je mokasana Ja NpuMeHa
excrpakTa y mo3ama ox 50 u 200 mg/kg Huje 3Ha4ajHO yTHIana Ha noBehame peraTHBHE TEHCKE
excrpecrje nPHK 3a Bax u3a3BaHo nucCmiaTHHOM, MPU Y€MY Cy BPETHOCTH OBOT IapamMerpa 3a
no3y on 50 mg/kg ocrane 3HauajHo Mame y nopehemy ca koHTpoaHuM BpeaHoctuma (p<0.01),
6e3 3HauajHe pasznuke 3a 103y ox 200 mg/kg. /leceronHeBHa CBaKOJAHEBHA MPUMEHA EKCTPAKTa
SHL y no3u ox 100 mg/kg, mpe M HaKOH MOjeHUYHE J03€ LMCIJIaTHHE, je JOBOAWIA [0
cMamema penatuBHe reicke ekcnpecuje MPHK 3a Bax y mopehemy ca BpenHoctuma oBor
napaMerpa J0OMjeHMM HAaKOH camocTanHe npumeHe unuciiaruie (p<0.01), noctmxyhu
BPEIHOCTH jEeTHAKE OCTBAPEHMM Yy KOHTPOJHHUM YycioBUMa. CMameme BeIWYMHE pelaTHBHE
redcke ekcrpecuje MPHK 3a Bax y rpynu ca no3om on 100 mg/kg je Omio craTHCTHYKH

3HauajHO M y nopehemy ca rpynoM e je CUMYJITaHO ca HUCIUIATHHOM IPHUMEHhUBaHa U 1032 0]1

50 mg/kg (p<0.01).

JleceronneBHa aamucTpanuja cwiuMmapuHa y go3u on 100 mg/kg, mpe u HakoH
MOjeIHNYHE J103€ LUCIUIATHHE, jé MMalla 3HauyajaH yTUId] HAa BEJIMYHHY pEIaTHBHE TIEHCKE
excripecuje UPHK 3a Bax y xumokammycy. OpanHa npuMeHa CHJIMMAapHHa j€ JOBOJIMIIA JI0

3HAuUajHOT CMamema penaTuBHe reHcke ekcrpecuje nPHK 3a Bax, kako y mopehemy ca rpymnom
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KOja je TpeTHpaHa NHCIUIATHHOM O€3 aHTHOKCHAAaHTHe cyruiemeHrtanuje (p<0.01), tako u y
nopehemy ca TpymoMm Koja je cuMynTaHo TpeTupana ekcrpaktom SHL y mo3u onm 50 mg/kg
(p<0.01).
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Cnnka 4.20. Edexru npumene excrpakra Satureje hortensis L. Ha nucmjaTMHOM H3a3BaHe
npomMeHe penatuBHe reHcke ekcmpecuje nPHK 3a Bax y TkuBy xumokammyca. CONTROL —
koHTponHa rpyna, CIS — rpyna ca mmucrutaruaom, CIS+ES0 — rpyna ca muciutatuHoM U ekctpaktom SHL
y no3u on 50 mg/kg, CIS+E100 — rpymna ca nucruiatuaoMm u ekctpaktoM SHL y mosm on 100 mg/kg,
CIS+E200 — rpyna ca mucruiatudoM u ekcrpakroM SHL y nosu ox 200 mg/kg, CIS+SILYMARIN —
rpyra ca MUCIUTATHHOM | crirMapuHoM y jo3u o1 100 mg/kg, E200 — rpyna ca excrpakrom SHL y no3u
oz 200 mg/kg; n=5 no rpynu. Bpeanoctu cy npeacrabibeHe kao XESEM, **p<0.01.
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4.3.2. YTunaj npuMeHe ekcrpakra Satureje hortensis L. Ha nucmiiaTuHoM
H3a3BaHe NMpoMeHe pejaaTuBHe reucke ekcnpecuje nPHK 3a Bel-2 y TkuBy
XUIIOKAMITY Ca

ExcriepuMeHTaIHU MPOTOKOJM CIPOBEACHU y OBOj CTYAHJU Cy 3a IMOCICTUIly UMaIA
3HauajHe mpoMeHe penatuBHe TeHcke ekcrnpecuje WPHK 3a Bcl-2 y TkuBy xumokammyca

(F=58.950, df=6, p<0.01).

Jennokparna ammmkanuja nuciviatuae (Cowmka 4.21.) y mosu ox 7.5 mg/kg (i. p.) je
JOBOAMJIA JO 3HAYajHOT CMambema pelaThBHe reHcke ekcrmpecuje nPHK 3a Bcel-2 (p<0.01).
Camocraiina mpuMeHa ekcTpakrta Satureje hortensis L. y mo3u ox 200 mg/kg (opanHo) Huje

yTHIIAJIa Ha BPEIHOCT OBOT IIapaMeTpa y KOHTPOIHUM yCIOBHUMA.

Cumynrana agMuHUCTpanuja ekcrpakta SHL ca nucniaTuHOM je mokasaia Jja npuMeHa
excrpakTa y mo3ama ox 50 u 200 mg/kg Huje 3Ha4ajHO yTHIana Ha moBehame pelaTHBHE TeHCKE
excripecuje nPHK 3a Bcl-2 n3a3BaHo nucIiaTHHOM, MPU Y€MYy Cy BPEIHOCTH OBOT MapaMerpa 3a
o0e HaBeJleHe J103€ OCTalle 3HauajHO Mame y nopehemy ca koHTponHumM Bpennoctuma (p<0.01).
JHeceronneBHa cBakojgHeBHa npumeHa ekcrpakta SHL y mo3um on 100 mg/kg, mpe u HakoH
MOjeTHUYHE JI03¢ UCIUIATHHE, je ToBOoawIa 10 noBehama penatuBHe TeHCKe ekcrpecuje nPHK
3a Bcl-2 y mopehemy ca BpegHoCcTHMa OBOT TlapameTpa J00HJeHUM HAKOH CaMOCTajHE NMPUMEHE
nucruiature (p<0.01), moctmwkyhu BpeqHOCTH jelHaKe OCTBAPEHUM Y KOHTPOIHUM YCIOBHMA.
[ToBehawe BenmuuHe penatuBHe reHcke ekcmpecuje UPHK 3a Bcl-2 y rpynu ca go3om on
100 mg/kg je Omyi0 cTaTUCTUYKHM 3HA4YajHO W Yy mopehemy ca rpynama rie je CHMYJITaHO ca

[UCIIJIATHHOM MpUMemUBaHa u f03a o1 50, onnocHo 200 mg/kg (p<0.01).

N neceromHeBHa aaMucTpanuja cwinMapuHa y no3u on 100 mg/kg, mpe W HakoH
NOjeTHNYHE J103€ IMHCIUIAaTHHE, jeé MMalla 3HayajaH yTHUIa] Ha BEIMYUHY pEJaTHBHE TEHCKe
excripecuje PHK 3a Bax y xumokammycy. OpanHa NnpuMeHa CHWJIMMAapuHa j€ JOBOJIMIIA JI0
3HayajHor noBehama penatuBHe reHcke ekcrnpecuje HPHK 3a Bcel-2, kako y mopehemy ca
IPYyIOM KOja je TpeTHpaHa UCIIATUHOM 0e3 aHTHOKcHIaHTHe cyruieMeHTanuje (p<0.01), tako u
y nopehemy ca IpymnoMm Koja je cuMyinTaHo Tperupana ekcrpakrta SHL y mo3u on 200 mg/kg
(p<0.01). Umak, youaBa ce aa je BenuunHa penaTuBHe TeHCKe ekcnpecrje nPHK 3a Bcl-2 nakon
TpeTMaHa CHJIMMapuHOM OCTajla 3HayajHO Mama y nopehemy ca KoHTpoiaHoM rpynom (p<0.01),

3a pas3NUKy O] rpyne TpeThpaHe uctoM jo3oM ekcrpakra SHL. IlltaBuine, nopenehu edexre
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UCTHX /1032 JIBa pa3jIMYMTa U3BOPAa aHTHOKCHIaHAca Ha BEJIMYUHY pPeJaTUBHE T'eHCKE eKCIIpecHje
uPHK 3a Bcl-2, jacHo ce npumehyje 3HauajHo Behu antmamontoTcku edekar excrpakra SHL
(p<0.01).

< 0,012 ¢ ¢ T
I : * % -
Q : % T I T -
S 001 A T o N * %
S ' xx :
S 0,008 - 5 — : |
8 T : *x . . X% .
C 1 ' ' L kX kR
o 0,006 - ’ " T
x> L
v T
T 0,004 - T I
<
= 0,002 - .
c =
[, — | |
.& 0 1 1 1 1 1 1 1
o R S S A, S
O S & o;f" ,_;f" \y «
@ &® C o C (_)\\',\

&X

Cnnka 4.21. Edextu npumene excrpakrta Satureje hortensis L. Ha nHMcmjiaTMHOM H3a3BaHe
npomeHe peaaTuBHe rencke exkcnpecuje uPHK 3a Bel-2 y tkuBy xumoxammyca. CONTROL —
koHTpoJHa rpyna, CIS — rpyna ca mmucrutaruaom, CIS+ES0 — rpyna ca mucruiatuHoM U ekctpaktoM SHL
y no3u on 50 mg/kg, CIS+E100 — rpymna ca nucruiatuaoMm u ekctpaktoM SHL y mosm on 100 mg/kg,
CIS+E200 — rpyna ca nucrutatiaoMm U exctpaktoM SHL y mo3u on 200 mg/kg, CIS+SILYMARIN —
rpyna ca NUCIUTATHHOM U cuiuMapuHoM y no3u o 100 mg/kg, E200 — rpyma ca exctpakrom SHL y no3u
oz 200 mg/kg; n=5 no rpynu. Bpeanoctu cy npeacrabibeHe kao XESEM, **p<0.01.
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4.3.3. YTunaj npuMeHe ekcrpakra Satureje hortensis L. Ha nucmiiaTnHoM
n3a3BaHe MPOMeHe KBAHTHTATHBHOI OIHOCA PeJIaTHBHE FeHCKe eKCIpecHje
uPHK 3a Bax u Bcl-2 y TkuBY Xxunokammyca

ExcriepuMeHTaIHU MPOTOKOJM CIPOBEACHU y OBOj CTYAHJU Cy 3a IMOCICTUIly UMaIA
3HaYajHe MPOMEHE KBAaHTUTATUBHOT OJIHOCA penaTuBHE reHcke excrnpecrje nPHK 3a Bax u Bel-2

y TkuBY xunokamimyca (F=19.754, df=6, p<0.01).

Jennokparna amnukarnmja muciuiatune (Ciouka 4.22.) y mosu ox 7.5 mg/kg (i. p.) je
JIOBOJIMJIA JIO 3HA4YajHOT TMoBehamka KBAaHTUTATHBHOT OJHOCA PEIAaTUBHE TEHCKE EKCIIpEecHje
uPHK 3a Bax u Bcl-2 (p<0.01). Camocranna npumena ekctpakra Satureje hortensis L. y go3u

ox 200 mg/kg (opaJiHO) HUje yTUIlaia Ha BPEIHOCT OBOT MapaMeTpa y KOHTPOIHHUM yCIIOBUMA.

Cumynrana anMuHucTpanuja ekcrpakta SHL ca nucrmatnuHoM je mokaszana Jaa mpuMeHa
excrpakTa y go3ama o 50, 100 u 200 mg/kg je 3Ha4ajHO yTHIIAA HA CMamkEHE KBAHTUTATUBHOT
onHoca penatuBHe TeHcke ekcripecuje MPHK 3a Bax m Bcl-2 u3a3BaHOr HUCIIIATHHOM, Tako /1a
ce BPEIHOCTH OBOTI MapaMeTpa 3a CBe TpU IpuUMemeHe J103¢e ekcTpakta SHL Hucy cratuctuuku
3HAYajHO pa3IMKOBalleé y OJHOCY Ha KOHTPOIHY Ipymy. YouaBa ce U Ja je edekar cMamerma
KBAaHTHTATUBHOT OJ{HOCA pernatmBHEe TeHCKe ekcrpecuje mPHK 3a Bax u Bcl-2 u3azanor
[UCIJIATUHOM OMO HajBehu y TPyMH TPETHPAHO] eKCTpakToM y a03u oa 100 mg/kg, anu paznuke
y jaunHu edekata uszMehy Trpyna ca pa3nuuuTUM Jo3ama ekcTpakta SHL Hucy Owie

CTaTUCTHUYKHU 3Haqaj HC.

Cnu4HO TOMe, U JIeceTOHEBHA aJMUCTpalrja cunumapuna y n1o3u og 100 mg/kg, npe u
HAaKOH IOjeJHUYHE J103€ LUCIUIATHHE, je MOKa3zala 3HadajaH yTUIAj Ha KBAaHTUTATHMBHU OJHOC
penatuBHe reHcke ekcrpecuje MPHK 3a Bax u Bcl-2 y xunokammycy. OpanHa npumeHa
CWJIMMapHuHa j€ JI0BOJAWJIA J0 3HA4YajHOI CMamEemha KBAHTHUTATUBHOI OJIHOCA pEJaTHUBHE I'€HCKE
exkcripecuje n”PHK 3a Bax u Bcl-2 (p<0.01). [IpomeHa KBaHTUTAaTHUBHOT OJHOCA pEIaTHBHE
rencke ekcrpecuje nPHK 3a Bax u Bcl-2 n3a3BaHor nucnnatnHOM ce HAKOH aJIMHHUCTpAIUje
cHUJIMMapuHOM Bpahasia Ha HUBO KBaHTUTATUBHOT OJIHOCA U3Mel)y Ipo- ¥ aHTHANIONTOTCKUX I'eHa
KaKaB je€ TO0CTOjao y KOHTpodHOj Tpynu. [lopenehu edexre uctux mo3a ABa pa3audrTa U3BOpa
AHTHOKCHU/IaHACa HAa KBAHTUTATUBHU OJHOC penatuBHe reHcke ekcripecuje MPHK 3a Bax u Bcel-2,
yo4yaBa c€ BEOMa CJIMYaH MHTEH3UTET e(peKTa Ha IpO-/aHTHANONTOTCKU EKBUIHOPHjyM Y

XUIMIOKAMITYCY.
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Cnnka 4.22. Edextu npumene excrpakra Satureje hortensis L. Ha mHMcmjiaTMHOM H3a3BaHe
NMpoMeHe KBAHTHTATHBHOI OHOca pejaTuBHe rencke ekcnpecuje nPHK 3a Bax u Bcl-2y TkuBy
xunokammyca. CONTROL — kontponna rpyna, CIS — rpyna ca nucrutatuaom, CIS+ES0 — rpyma ca
mucriatuHoM u exkcerpakroM SHL y mosm on 50 mg/kg, CIS+E100 — rpynma ca OUCIUIAaTHHOM U
excrpakroM SHL y no3u ox 100 mg/kg, CIS+E200 — rpyna ca nucruiaTuHoM 1 ekctpaktom SHL y 1o3u
on 200 mg/kg, CIS+SILYMARIN — rpyma ca mgciuiaTiHoM 1 cuumapiaoM y mo3u oa 100 mg/kg, E200
— rpyna ca ekcrpakroM SHL y mo3u og 200 mg/kg; n=5 no rpynu. BpeanocTu cy npeacraBbeHe Kao

X+SEM, **p<0.01.
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4.3.4. YTuuaj npuMeHe ekcrpakra Satureje hortensis L. Ha nucmiiaTuHoM
H3a3BaHe MpoMeHe pesgaTuBHe reucke ekcnpecuje uPHK 3a kacnazy-3 y
TKHBY XHIIOKAMILYCa

ExcriepuMeHTaIHU MPOTOKOJM CIPOBEACHU y OBOj CTYAHJU Cy 3a IMOCICTUIly UMaIA
3HayajHe MpoMeHe penaTtuBHe reHcke ekcrpecuje HPHK 3a kacmaszy-3 y TKuBy xumokammyca

(F=53.467, df=6, p<0.01).

JenHokpatHa armnumkanuja nucriatuae (Cnuka 4.23.) y no3u ox 7.5 mg/kg (i. p.) je
JIOBOJIMJIA JI0 3Ha4ajHOr moBehama penaTuBHe reHcke ekcrnpecuje nPHK 3a kacmazy-3 (p<0.01).
Camocraiina mpuMeHa ekcTpakrta Satureje hortensis L. y mo3u ox 200 mg/kg (opanHo) Huje

yTHIIAJIa Ha BPEIHOCT OBOT IIapaMeTpa y KOHTPOIHUM yCIOBHUMA.

Cumynrana agMuHMCTpanyja ekcrpakra SHL ca nucmiaTuHOM je mokasania Jia NpuMeHa
exkcTpakta y mo3u ox 50 mg/kg Huje 3HawyajHO yTuIama Ha moBehame penaTUBHE TEHCKE
excnpecuje MPHK 3a kacma3zy-3 w3a3BaHO IHMCIUIATUHOM, NpPHU 4YEMY Cy BPEAHOCTH OBOT
napamerpa 3a Jo3y ox 50 mg/kg ocrane 3HayajHO Mame y mnopehemy ca KOHTPOJHUM
BpenHoctuma (p<0.01). [leceronHeBHa cBakoJHEBHa npumMeHa ekcrpakta SHL y nozama on
100u 200 mg/kg, npe W HAKOH MOjeJHUYHE J103€ LHUCIUIATHUHE, j€ JOBOJIWIA JO0 CMambema
penatuBHe reHcke ekcnpecuje MPHK 3a kacnaszy-3 y mnopehemy ca BpeaHocTMma OBOT
napameTrpa J00MjEeHMM HAaKOH camocTanHe mnpuMmeHe unucruiatude (p<0.01), noctmwxyhn
BPEHOCTH jeTHAKE OCTBAPEHMM Yy KOHTPOJHHUM YycioBUMa. CMameme BEIWYMHE pelaTHBHE
rercke excripecuje MPHK 3a Bax y rpymama ca go3om ox 100 u 200 mg/kg je 610 cTaTUCTHIKA
3HauajHO M y nopehemy ca rpynoM e je CUMYJITaHO ca HUCIUIATHHOM IPHUMEHhUBaHa U 1032 0]1

50 mg/kg (p<0.01).

HeceronneBHa amMucTpanvja cuwiuMmapuda y go3u ox 100 mg/kg, mpe u HakoH
NOjeTHNYHE J103€¢ MHCIUIATHHE, jé MMajla 3HadajaH YTHIA] Ha BEIWYHHY pEIaTUBHE TEHCKE
excnpecuje nPHK 3a kacna3zy-3 y xunokamnycy. OpaiHa npuMeHa CHIIMMapyHa je J10BOJUIIa 10
3Ha4YajHOT CMamema penaTtuBHe reHcke ekcrnpecuje MPHK 3a xacmasy-3, kako y mopehemy ca
rpyIHoM KoOja je TpeTHpaHa LHUCIUIaTUHOM 0e3 aHTHOKcuAaHTHe cymemenTanuje (p<0.01), Tako u
y mopehemy ca rpynom koja je cumyiTaHo TpetupaHna excrpaktom SHL y mo3u ox 50 mg/kg

(p<0.01).
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Cnnka 4.23. Edextu npumene excrpakrta Satureje hortensis L. Ha mHMcmjaTMHOM H3a3BaHe
npomeHe peiaTuBHe reHcke ekcnpecuje HPHK 3a kacnasy-3 y TkuBy xunokammyca. CONTROL —
koHTponHa rpyna, CIS — rpyna ca mucrutaruaom, CIS+ES0 — rpyna ca mucruiatuaoM u ekctpaktoM SHL
y no3u ox 50 mg/kg, CIS+E100 — rpyna ca mucrmatiaoM U ekcrpaktom SHL y mo3m ox 100 mg/kg,
CIS+E200 — rpyna ca nucrutatuaoMm u exkctpaktoM SHL y mo3u on 200 mg/kg, CIS+SILYMARIN —
rpyna ca NACIUTATHHOM U cuuMapuHoM y no3u o 100 mg/kg, E200 — rpyma ca ekcrpakrom SHL y no3u
oz 200 mg/kg; n=5 no rpynu. Bpemnoctu cy npeacrabibene kao X+=SEM, **p<0.01.
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4.4, UcnutuBame Mmel)ycoOHe nmoBe3anocTn pakTopa YK/by4eHHUX Y
KOHTPOJIY OHAIIAKa HAKOH CIIPOBEeHUX eKCIePUMEeHTAJTHUX

MPOTOKOJIA

4.4.1. Ananusa melhycoOHe moBe3aHOCTH UHAEKCA JIUINU/IHE MEPOKCUAALINje
(m3paxen kao TBARS) 1 KBAHTUTATHBHOT 0JHOCA PEJIATHBHE I'eHCKe
excnpecuje ”PHK 3a Bax u Bcl-2 y TKHBY XMnokamiryca

Ha Caumu 4.24. je npuka3zana melyycoOHa OBE3aHOCT MHJICKCA JTUITUIHE TTEPOKCHIAIN]C
(m3paxen kao TBARS) u kBanTHTaTHBHOT O/HOCA penaTuBHE reHcke excrpecuje nPHK 3a Bax
u Bcl-2 y TkuBy xumokamMiryca. AHaIU30M je TIOTBpheHo /1a y 6a3aHuM yclIOBUMa TIOCTOjH jakKa,
MO3UTUBHA Kopenanuja u3Mel)y MHAeKca JTUMUAHE MEePOKCHAalldje U KBAaHTHUTATUBHOT OJHOCA
penatuBHe reHcke ekcnpecuje MPHK 3a Bax u Bcl-2 y TkuBy xumnokammyca (R=0.823,

p=1.26x107).

107 y=7.266x-27.18

o R = 0.823 ¢ °
p =1.26E-09
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0
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0 2 4 6 8 10 12 14
TBARS (nmol/mg npoTteunHa)

Cauka 4.24. Ananuza mel)ycoOHe moBe3aHOCTH MHJEKCA JMNHIHE NMepoKcHAaluje (M3paskeH Ko
TBARS) 1 KBaHTUTATHBHOT OHOCA pesaTHBHe rercke excnpecuje uPHK 3a Bax u Bel-2 y TkuBy
xunokammyca (n=35).
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4.4.2. Ananusa melycoOHe MOBe3aHOCTH AHTHOKCHIAHTHOT KanauureTa
(M3pakeH KPO3 aAKTUBHOCT CYNEPOKCH/I JUCMYTAa3e) U KBAHTUTATUBHOT
oaHoca penatuBHe rercke ekcnpecuje uPHK 3a Bax u Bel-2 y TkuBy
XHIIOKaMITyca

Ha Caumu 4.25. je npukazana melycoOHa MOBE3aHOCT aHTHOKCHUIAHTHOT KarlalluTeTa
(M3paXkeH KpO3 AaKTHUBHOCT CYNEPOKCH]l AMCMYTa3e) M KBAaHTHUTATUBHOI OJHOCA pelaTUBHE
rercke ekcrpecuje UPHK 3a Bax u Bcel-2 y TkuBy xumnokamiryca. AHaJIM30M je TOTBpHEHO 1a y
0a3amHUM YCIIOBMMAa IIOCTOjH jaka, HeraTuBHa kopenamuja msmely aktuBHoctn SOD u
KBaHTUTATUBHOT ofHOca penatuBHe reHcke ekcrpecuje MPHK 3a Bax u Bcl-2 y TkuBy

xunokammyca (R=0.688, p=4.70x1 0'6).

100 -
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Cynepokcua avcmyrasa (U/mg npoteunHa)

Ciauka 4.25. Anaiu3a MelycoOHe NMOBe3aHOCTH AHTHOKCHAAHTHOI KamamurTeTra (M3paskeH Kpo3
AKTHBHOCT CYNEpPOKCHA JMCMYyTa3e) H KBAHTUTATHBHOI OHOCA peJIAaTHBHE TeHCKe eKclpecHje
uPHK 3a Bax u Bel-2 y TknBy xunokammyca (n=35).
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4.4.3. Ananusa mel)ycoOHe moBe3aHOCTH KBAHTUTATHBHOT OJJHOCA peJIaTHBHE
reicke ekcnpecuje MPHK 3a Bax u Bcl-2 y TkmBY Xunokamimyca 1 creneHa
aHKcuo3HOCTH (M3paxeH npexko YBOK Tokom EPM Tecra)

Ha Cnumm 4.26. je mnpukazaHa MehycoOHa MOBE3aHOCT KBAHTUTATUBHOT OJHOCA
penaruBHe TeHcke ekcrnpecuje MPHK 3a Bax m Bcl-2 y TkuBy xumokammyca W cTeleHa
ankcuo3HocTH (m3pakeH npeko YBOK Tokom EPM Tecra). AnHanmm3om je mMOTBphEeHO na y
0asaJlHMM YCIIOBMMa TOCTOjU jaka, HEraTWBHA Kopenaiuja u3Mel)y KBaHTHTATUBHOT OIHOCA
penatuBHe rercke excrpecuje UPHK 3a Bax u Bcl-2 y tkuBy xunokamnyca u YBOA (R=0.601,

p=1x10").

o O
o O

y=-0.442x + 39.54
R=0.601
p =0.0001

o O O
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Canka 4.26. Anaau3za mel)ycoOHe MOBe3aHOCTM KBAHTUTATHBHOI OJHOCA peJaTUBHE TeHCKe
excnpecuje ”PHK 3a Bax u Bel-2 y TkuBY XMnmokammyca U cTeneHa aHKCHO3HOCTH (M3paKeH MPeKo
YBOK T1oxkom EPM TecTa) (n=35).
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5. TMCKYCHJA
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[TprMmena UTOCTaTHKA MPEACTABIbA jEAHY OJ CTAaHAAPAHUX M Hajuenrhe MpUMeHUBAHUX
nporeaypa y Tepanuju OpojHUX ManurHurera. Mmak, cnpoBoleme xeMuorepanuje ce OOUIHO
MOBE3Yje ca UCIIoJbaBamkbeM Beher Opoja HexeJbeHnX edekaTa, jadyer WK clladujer HHTECH3UTEeTa.

[{ucrimaTiHa TIpeACTaB/ba jeaH OJ HAJCTApUJUX W Yy KIMHUYKO] Tpakcu Hajuenthe
OpUMEHUBAHUX IMUTOCTaTHKA. Jako je BHIIEElNeHHjCKa IMpakca TMOTBpAMJIA 3HAvajaH
AHTUTYMOPCKM TIOTEHLHWjan oBor mnpemnapata (164), Owno nga ce npumemyje y OOIHKY
MoHoTeparnuje (165) nau y komOuHauju ca Apyrum muroctatuiuma (19, 20), npu demy ce
cMarpa JieKoM u300pa y TpeTMaHy IMOjeIMHUX CcOoauaHuX Tymopa (14), ommcaHo je ma je
cnpoBolele OBE BpPCTE TEpamMje YecTO MOBE3aHO Ca YUTABUM HHU30M TEUIKUX KIMHUYKHX
MaHu(ecTaIrja Kao nocienuia HexebeHnx edekara. [lopen Hajuenthe onucuBaHUX MOCIEIUIA
HedpoTokcuyHOoCcTH (15) u xenatorokucyHoctH (38, 39), youeHu Cy U IpYru HEXKEJbeHU ePEeKTH
UCIUIaTUHE, YKIbY4yjyhu u HeyporokcuuHocT (50), koju (mako ce pehe jaBipajy) AoBoe 10

030mJpbHIX TIOpeMehaja Koju uecTo pe3ynTupajy ckpahemeM Wi MPEKUIakbEeM Teparmje.

HHTepecaHTHO je Ja cUCTeMCKa NMpHUMEHA LMCIUIATUHE y TepalHjcKe CBpXe, HAKo je
notBpheHo na y (U3MOJOUIKMM YCIOBMMa OBaj MOJEKYJI BEOMa Malo Mpoja3sd Kpo3
xemaroeHepanny Oapujepy (166), moBomM A0 3HAYajHUX W TEIIKHX MaHU(eECTaIuja
HEYpOTOKCHYHOCTH. Hajuemthe onucuBaHM KIMHUYKM €HTUTETH KOJU HACTajy Kao IMOCIenula
TepanyjcKke MpUMEHE LUCIUIATUHE C€ UCIOJbaBajy Y (pOpPMH ICHXOJOLIKUX, MEPLENTyaTHUX U
KorHuTHBHUX omrehema (167-169). basumuna wucTpaxuBama, CIPOBEACHA HA AHUMAITHUM
eKCIIEpUMEHTATHUM MOJIENIUMA, CY TIOTBP/IMIIA 3Ha4ajHe OOJIMKE NCI0JbaBakha HEYOTOKCHYHOCTH
npenapata Ha 6a3u uiatuHe. [IpuMeHa nucriiaTHHe Ha aHUMAJIHUM MOJIENIMMa € 3a TOCIETUILY
uMaja 4YMTaB HU3 MaHHdecTanuja HeypoTokcuuHocTu. Ilopen Hajuemthe omnucuBaHMX
HEXEJbEHUX JIgjcTaBa Koja ce moBe3yjy ca omrehemuma nepudepHUX HepaBa, NpUMEHA
[UCIIATHHE Y JI03aMa KOj€ Cy €KBUBAJIEHTHE TEPAIlUjCKUM J03amMa KOJl JbY/IU j& TOBOAMIA U JI0
3HaYajHUX IITETHUX edekara koju nmorephyjy nopemehaje Ha HuBoy [{HC-a. Tako je omucano,
u3Mel)y ocranor, a agMHUHMCTpaldja LMCIUIATHHE JOBOJIM U JI0 3HAYajHUX OMXEBHOPATHUX
MaHudecTanmja HEypoTOKCMYHOCTH. [Ipema momamwma w3 JuTepaType, y OHXeBHOpallHE
MOCJIeIMIIE TPUMEHE [HCIUIATUHE, [00WjeHe Ha aHWMaJHUM MOJennMa, ce yOpajajy:
KOTHUTHBHa nucdyHkuuja (66), kao u mnosehame creneHa aenpecuBHoctu (170), ogHOCHO
nosehame CTeleHa aHKCMO3HOCTH Ko rionapa (68). Pesynratu HaBeaeHuX CTyaMja Ha
aHUMAaJTHUM MOJIeJIUMa Cy MOCEOHO 3HAYajHHW Ca acleKTa YMI-EHUIIE Ja Cy IUTOCTATHUIN KOjU
calipke TUIATHHY AaIUTMIMPAHU KOJ 3IIPaBHX JKUBOTHEA (03 MPUMAapHUX WM CEKyHIapHUX

TYMOPCKHX JIe3M]ja), YUME je IOTBpheHo Ja ce paau O JUPEKTHUM HEXEJbEHUM JIejCTBUMA yCIeN
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nprMeHe TMpernapara Ha 0a3u miuatuHe, Oe3 MoryhHoctm na ce Oap neo Manudecranuja
HEYPOTOKCUYHOCTH NPUIHINE MaTO(PU3MOIOMIKAM MEXaHU3MHMa KOjU Cy IIOBE3aHH ca
ocHoBHOM Oojemhy. Ha Taj HaumH ce moTBphyje 3Ha4a] Kopummhema aHUMAITHUX
SKCIIEpPUMEHTAIIHUX MOJieJla Y UCIUTHBAkhy TOKCHYHOCTH LIUTOCTAaTHKa, UMajyhu y Buay na ce
Ha Taj HAYMH MOTY JOOMTH MH(OPMALKje O HEXKEJHECHUM JIejCTBUMA XeMUOTEpaneyTuka per se,

ITOo je (M3 pa3yMJBbHBUX pa3jiora) HeMoryhe ocTBapuTH y KJIMHUYKUM CTYAHjaMa.
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HpOMeHe CTeNnNeHA aHKCHO3HOCTH M3a3BaHe HUCIIJIATHUHOM

Pesynratun oBe cryauwje moTBphyjy jacan ankcworeHu edekar nucriatuHe. [ToBehame
CTeleHa aHKCHO3HOCTH, HACTaJ0 Kao IOCenuia NMpPUMEHE IHMCIUIaTHHE, ce MaHU(eCTOBAJIO
MPEKO 3HAYQjHOT CMameHkha HAjAUPEKTHUJUX I[IOKa3arelba HHBOA AHKCHO3HOCTU Yy TECTY
OTBOPEHOT 10JbA, KA0 M Yy TECTy Y3AUTHYTOI KpPCTAcTOr JIABUPHHTA. Tako je jeaHOKpaTHa
aamuHucTpanyja muciatude (7.5 mg/kg T™™) qoBoamia 10 u3paxkeHor cMamema YBII3, kao u
BYII3 3a tectr orBopeHor moska (Ciuke 4.1 u 4.2). HcroBeTan THIl yTHIAja KOjU Ce
MaHu(ecToBao Ha noBehame CTeneHa aHK3MO3HOCTH HAKOH aIlIMKaIMje [UCIUIATHHE je YOUeH U
y TE€CTy Y3IUTHYTOI KPCTacTOI JIABUPMHTA, U KBAHTU(HUKOBAH KPO3 3HAYAJHO CMamEHE J[Ba
HajceH3uTuBHUja nHAUKaTopa — YBOK u BYOK (Cnuke 4.6 u 4.7). Pesynraru koju ynyhyjy Ha
3aKJbYYaK Jla jelIHOKpaTHa MPUMEHa IUCIUIaTHHE oBehaBa CTeeH aHKCMO3HOCTH KOJ IaIoBa,
NOOMjeHn Ha OCHOBY HAaBEJCHHMX IMPEKTHUX WHAWKATOpAa aHKCHO3HOCTH, Cy MOTBPHEHU MPEKO
IIPOMEHA HUBOA JJOKOMOTOPHE U €KCIIOpaTUBHE aKTUBHOCTU. HanMe, cMameme JIOKOMOTOPHE U
€KCIUIOpAaTUBHE AaKTUBHOCTH ce, NpeMa HoJaluMa U3 JIMTepaType, MOXe cMaTpaTH MOTBPAOM
aHKCHOTeHOT edekTa Hekor TpeTrMmana (171). Tako je mojennHadHa 1032 HUCIUIATHHE JOBOJMIIA
JI0 CMamemka JOKOMOTOPHE aKTHBHOCTH y TECTYy OTBOPEHOI I0Jba, U3PAKEHO KPO3 CMAIbCHE
ykynHor npehenor nyra (Ciuka 4.3), Ka0 M CMameme MPOLEHTa BPEMEHa KpeTama y TeCTy
otBopeHor nosba (Cnuka 4.4). [TorBpaa ankcuoreHor edexkra HUCIUIATHHE je JOOMjeHa U IPEKo
CMamema Iapamerapa JIOKOMOTOpPHE akKTUBHOCTH, ykynHor mnpehenor nyra (Cauka 4.8) u
IpoleHTa BpeMeHa KpeTtama (Cnuka 4.9) y TecTy y3AUrHYTOT KpCTacTor JlaBUpuHTA. JloJaTHo,
nosehame CTeneHa aHKCHMO3HOCTH HAKOH JeJHOKpaTHE aJMMUHUCTpAlMje LUCIUIATHHE je
BEpU(HUKOBAHO M NPEKO CMamema EeKCIUIOpaTHBHE aKTMBHOCTH (Opoj ycmpaBibama) y TECTy
orBopeHor noJsea (Cnuka 4.5). CMameme eKCIUIOpaTUBHE aKTUBHOCTH, HACTaJIO Kao MOCIeauna
AQHKCHUOTEHOI edeKkTa MHCIUIaTHHE, j€ HyMEpUuku Ooratvje KBaHTU()PHUKOBAHO Yy TECTY
Y3UTHYTOT KpPCTacTor JIaBupHHTa. HanMe, cBa Tpu mapaMmeTpa 3a eBajlyallljy eKCIUIOpaTHUBHE
aKTUBHOCTH Y OBOM TeCTy, OpOj Harumama, Opoj yclpaBibama, Kao M Opoj enu3oja yKyIHe
excriopatuBHe akTuBHOCTH (Cnnke 4.10-4.12), cy Ouna 3Ha4ajHO CMameHa HAKOH IPHUMEHE

[UCIUIATHHE.

OctBapeHH pe3yiTard, KOJU C€ OJHOCE Ha IMPOMEHE WHAMKATOpa aHKCHO3HOCTH Yy
onrosapajyhum 6uxesuopanaum tecroBuMa (OI1 u YKII Tect), HecnopHo noTBpl)yjy aHKHOTEHU

C(I)eKaT MNPUMCHC HUCIUIATUHC. I/IHaK, OBU pPE3yJITaTU CC HC MOr'y MOpCIauTu Ca mnmoJanuma H3
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JUTEpaType jep HHUje ONUCAaH HHUjeJaH EKCICPUMEHTAIHHM IU3ajH TAC je HUCIUTHBAH YTHIA]
NOojeJMHAYHE /103€ LUUCIUIATHHE Ha MPOMEHY CTENeHa aHKCHO3HOCTH. YMECTO TOTa, Pe3yiTaTH
OBE CTy/IMje Ce MOTY ITOCMaTpaTH y CBETIIy NIPE3CHTOBAHMX IOAaTaKa Koju Takohe moTBphyjy na
NpUMEHA LUCIUIATHHE, OBOTa IyTa y OOJHMKY XPOHWYHOT TpETMaHa, UMa aHKCHOTeHH edekaT
KOju ce n0o0Mja HAaKOH aJIMMUHHCTpAIMje HEemTo Mame no3e (5 mg/kg) on mpuMemeHe y OBOj

cTyauju TokoM niet (172), omHocHo cexam Hepaesba (173) ko marmosa.

Ananusupajyhu pesynrate noOMjeHE y TECTy Kauema 3a pel, y3 3aHeMapHBambe
pesynTara MpeTXOAHO crpoBeaeHuX OuxeBuopannux tecroBa (OIl m YKII Ttecr), kao
MHTETPAIHUX JIeJOoBa ceTa OMXEBUOpAIHUX TECTOBA, JIONLJIO OM ce J0 3aKjbydKa Ja MpuMeHa
[UCIUTATHHE JOBOAU JO aHTHIENpecaHTHOr edekra. Hamme, jemHOKpaTHa agMUHHUCTpaIyja
[UCIUTATHHE je y OBOj CTyIWjU 3a pe3ynrar umana npoxnyxkeme BIIN (Cnuka 4.13), xao u
cmametbe BEU (Cnuka 4.14), y3 ckpahemwe YBU y TST (Cnuka 4.15). CBaka ox onmucaHux
npomeHa napametapa y TKP nojenqunauno, a HapouuTo 30MpHO, OU HIIJIa Y MPUJIOT 3aKJbYUKY Ja
[UCIUIATHHA TPUME-EHA Y OBO]j IO3M 32 PE3y/iTaT UMa CMambEehe CTeNeHa AenpecuBHOCTH. Mnak,
umajyhu y Buny pesynrate nperxogaux rectosa (OIT u YKII Tect), a y KOHTEKCTY y IUTEpaTypu
HE/IaBHO HaBe/JIeHE MOTYNHOCTH J1a €KCIIEPHUMEHTAIIHO WCIHUTHBAIE CTEICHA JICIPECUBHOCTH
MO’Ke OUTH CYIITMHCKU 3HAYajJHO MAaCKUPAHO 3HAYAJHUM MIPOMEHaMa Yy CTENeHY aHKCHO3HOCTH,
Tpeba OMTH BpJO KpUTUYAH y Ne(UHUTUBHOM 3aKJbYUHBaKBY MO MUTaky KBaTu(UKalMje TUMA
IPOMEHE IOHAaIllaka KOje Ce Be3yje 3a CTENeH JENPEeCUBHOCTH y OBOj cryauju. KoHKpeTHO,
cnenuuyHy nopemehaju noHamama Koje KapaKTepUIIy €JIeMEHTH ca CHaKHHUM aHKCHOTE€HUM
MaHM(]ecTalMjaMa MOTY HajjadaTd IojaBHE OOJNMKE MpPOJENpPECaHTHOr IMOHAIlakba y CMHUCITY
MOTOpHYKE eKCIIpecHje, T€ Ce U3 TOT Pas3jiora MOTY MOTPEUIHO MPOTJIACUTH 332 aHTUAETPECAHTHU
ebexkar (174). Y mnpunor oBe Te3e WAy M PE3YJITaTd M3 JIUTEpaType KOjU TMOTBphyjy

npojenpecanTHu edekat npumene nucrutatuae (150).

WNnak, yMHA ce Ja KJbYIHO MECTO y AeduHUCamy (PUHATHOT THIIA IPMEHE MOHAIIaka Yy
CTyJjamMa OBOT THUIIa MMa yTBphUBame CTaHIApPIU30BAHOT E€KCIIEPUMEHTATHOT qu3ajHa. Hanwme,
MpoJienpecaHTH! edeKaT je OMHCaH y CTYAUjU T/€ je MPUMEHUBAH XPOHUYHH, JECETOHEeNEIbHU
TpeTtMaH 1ucruiatuHoMm (174), 3a pa3nmukKy o4 OBOT HCTpaXMBama KOje j€ MOApa3yMeBasio
JeMHOKpaTHY aJIMHUHHCTpAllA]y IUCIUIaTHHE. Pe3ynratm 00e cTyauje ce MOry y 3aKJbydKy
cyOnumupaTé Kpo3 MOryhHOCT 1a je yTHIla] MpUMeHe IUCIUIATHHE Ha crelu(uyHe perruoHe
MO3ra, KOjU Cy YKJbYYEHHM Yy KOHTPOIY IOHAIllaka, BeoOMa KOMILIEKCAH jep YKJbydyje OpojHe
O6uoxemujcke U MopQoJIOIIKE NMPOMEHE Koje ce pa3Bujajy y GyHKuMju BpemeHa. JloOujeHu

pE3yNTaTH CYrepulry Ja ce YTHIA] HUCIUIATHHE HA TMOHAIAkhe WHHINjATHO MaHu(eCcTyje Kpo3
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CHa)KaH aHKCHUOTCHM OJrOBOp, IITO C€ y OBOj CTYOHjH yOdaBa KAa0 CHAXXHO aKyTHO MoBehame
AQHKCMO3HOCTH HAKOH IOjeMHAaYHe J03€ IMCIUIaTHHEe, Ja OM ce HAaKOH MpPOaYKeTKa TpeTMaHa
[UCIUIATHHOM TIOCTETNICHO YCIIOCTaBJbaja JOMHUHAIMja TPOJEIPECAaHTHUX MaHH(pecTammja
HEYPOTOKCHUYHOCTH H3a3BaHe NHCIUIATUHOM. KoOJMKO rojm Ja, y TEOPHjCKOM CMHUCIY, OBa
XHUIIOTe3a MOXKE M3a3BaT KOH(Y3Hjy, MPAKTUUHU 3HA4Ya] KOjU MPOUCTHYE U3 OBE MPETIOCTABKE
j€ O TOTEHIMjaTHO BEIUKOT KIMHUYKOT 3Hadaja jep Ce Harlio Mojadyamke aHKCHO3HOCTH MOXKE
TyMa4yHTH Kao jellaH OJI paHMX 3HAKOBa Mporpecuje nmopemehaja pacronoxema, MTO Ce KaCHH]E
MOXKE TIperno3HaTH M 00JuKYy moBehama cTeneHa aenpecuBHOcTH. Ha Taj HauwH, 3axBasbyjyhu
pPaHOM NPENo3HaBaky KapaKTEPUCTUYHE TPOMEHE Yy NOHAIIAky M3a3BaHe IUCIUIATHHOM, 100Mja
ce 3HaJajaH BPEMEHCKH IMPOCTOp 3a MpUMEHY oaroapajyhe tepanuje. Konauno, kBanudukaiyja
TUIIA OMXEBHOPATHE IMPOMEHE KOja HAacTaje HAKOH MPUMEHE IHCIUIATUHE JTUPEKTHO 3aBUCH O]l

Iy’)KUHE Tpajama eKCIO3UIHje.
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HpOMeHe mapamMeTrapa OKCHIATUBHOI CTpecCa u3da3BaHe HMUCNIJIATHHOM

[lpema momamuma W3 JMTEpaType, ONUCaHe OWxeBHOpaidHe MaHH(decTanuje
HEYPOTOKCUYHOCTH Cy YIPY)KEHE ca pa3BOjeM YMTAaBOI HHM3a MEXaHW3aMa IMaTo()HU3HOIOMKHX
nporeca KOju ce OJBHjajy Yy CHeUn(UYHUM pPErHoHMMa MO3Ta OJTrOBOPHMM 33 KOHTPOIY
NoHamama. Hapounto ce moTeHmmpa 3Hadaj MPOMEHa KOje ¢ HAKOH NMPHMEHE IUTOCTaTHKa
JielaBajy 'y XWIOKaMIyCcy, NpH 4YeMy C€ eKCIUIMIMTHO OMNHCY]y HWHXHOuIHMja henujcke
nposmdepanynje, audepeHnrjanyje 1 HeyporeHese, MoBe3aHe ca aucOasaHcoM MeTadoiau3ma
HEYypOTpaHCMHUTEPa, ITO ce MopdoJomiku Bepudukyje y popmu omrehewma Heypona (175-177).
W3mely ocranor, HaBoau ce Ja NMpHMEHA I[MCIUIATUHE KOJ IaloBa JOBOAU JO IPOMEHA
KOHIICHTpAIKja 5-XUIPOKUCTPUNITAMUHA Y XUTIOKAMITYCY (Kao U y XUIIOTAIaMyCy H MPOYKEHO]
MOXXTUHHU) Koj mamoBa (177). Hcero Tako, y moTBpheHe maro(u3HOIONIKE OCHOBE
HEYPOTOKCHUYHOCTH XEMHOTEpaneyThuKa ce yOpajajy W anrepanuje Ha HUBOY IMPOTCHUTOPHHX
henmuja IHHC-a u omuromenapouuta (176). [lomaum o moTeHUHMjadTHOM KOPHUCHOM e(deKTy
HEYPOIPOTEKTaHATa HAKOH IMPHMEHE IUTOCTaTMKa ymyhyjy Ha 3akjpydak Ja ce, Oap Jenom,
MEXaHU3MH HEYPOTOKCHYHOCTH H3a3BaHE XEeMHUOTepamujoMm Oa3upajy W Ha mnopemehajuma

CHTHAJTHMX MeXaHH3aMa KOju ce ocTBapyjy npeko G-mporeuna (177).

Jenan ox Hajuemhe onmMcHMBaHMX MeXaHW3aMa TOKCHYHOCTH IUCIUIATHHE je Oa3upaH Ha
nopemehajy OokcuaaTUBHOr OanaHca, Kao W MOTEHLIMpame MHULMjATHUX (aza uHpIamaunuje y
adextupanom TKkuBY (178). IloBehano okcugaTuBHO oImTeheme HAKOH aJIMUHUCTpaldje
MUCIUTaTHHE omnucaHo y jurepatypu (179) je yrBpheHO W pesynararuMa oOBe CTyaHje.
Jennokpatna npumena mucruiatuae (7.5 mg/kg T™M) je moBoauiia 10 3HavajHOr moBehama
JUMUHE MEepOKCUAAIje y XOMOreHaTy TKHMBa XMIIOKamIlyca mnaroBa. Pesynratu oBe crynuje
NoKa3yjy Jla je Kao IOocieAula aruidKalyje LUCIUIaTHHE JOLUIO /0 JABOCTPYKOr mnoBehama
Bpennoct TBARS (Cnuka 4.16). [loBehamwe nunuaHe nepokcuaaimje youeHo y OBOj CTYIHjU je
y CKJIaay ca MpeTXoAHO omucaHuM nosehawmem BpengHocth MDA, Takohe aBocTpyko, HaKOH
NprMeHe IHUCIUIATHHE TpeMa JpyradmjeM MPOTOKoNy - 5 mg/kg TM HeleJbHO TOKOM celaM
Henespa (173). Taxobe, pe3ydTaTu Hamer UCTpakMBamba KOjU OIMUCY]y NMPOOKCHIAHTHU edekar
LUCIIATUHE CY [0 UCTOM TUITYy Kao M Pe3yJITaTH J00UjeHH y CTYIHjH KOjy cy crpoBenu Turan u
CapaJHMIM, Yy KOJjO] Cy 3a0elie’)KeHEe 3Ha4YajHO Mame BPEIHOCTH WHJEKCA JIUIHIHE
MEPOKCHUIAIje Y MOX/IaHOM TKHUBY y TPYIIH TMAI0Ba TPETUPAHUX HMUCIUIATHOHOM y OJHOCY Ha

koHTposHe ycioBe (180). McrpaxkuBame CpoBeIeHO Ha OJpaciiM KEeHKaMa IaloBa Kojuma je
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alUMIpaHa jeJHOKpaTHA 1032 LHUCIUIATHMHE (Kao y HAIoj CTYyAWjH) je ToKa3ajio aa je y
MOYK/IaHOM TKHBY CTEIICH JIUMHIHE MEePOKCHIAIMje 3HAYajHO BUIIM Y OJHOCY HAa HETPETUpaHE
)kuBoTume (181). V cryamju y K0joj je CipoBeIeH jeAHOKPATHH TPETMaH IHUCIUIATUHOM, Y JT03U
on 5 mg/kg, mpaheH je cTeneH JUNUAHE EPOKCUAAIN]E Y IEPHUOTY OJ1 IBE HEJeIbe, MMOKAa3aHo je
Jla ce HajUHTEH3MBHUjE IPOMEHE Y CMHCITy noBeharma TunuIHe nepokcuaanyje Aenanajy npBor,

a HAPOYMTO YETBPTOT JlaHA HAKOH aruthKanuje nurocratuka (182).

[Topen xBanTH(UKanuje omrehema TUMUIHUX CTPYKTypa henmuje, 0 4eMy HaM rOBOpHU
BPEIHOCT JIMMNHAHE TNEpOKCUAAlMje, IITO CE€ MOXE CMaTpaTh MOCIEAUIIOM OKCUIATUBHOT
omtehemwa, y by yTBphuBama Kay3aaIHUX MeXaHH3aMma 3a roBehame OKCHIaTUBHOT CTpeca ce,
[0 TIPaBUITY, Y UCTPAKHUBALUMAa OBOT' THUIA UCIHUTYje U HUBO aHTHOKCHUIAHTHE 3alITHTE. Y TOM
UJbY j€ y OBOj CTYOWjU HCIUTHBAaH TPETMaHa LUCIUIATHHOM HAa HEKOJIMKO KOMIIOHEHTH
AHTUOKCHJIaHTHE 3alITHTe Y Xunokamiycy — akTuBHOCT SOD u CAT, ka0 ¥ yKyITHU TJIyTaTHOH.
JenHoKpaTHa agMUHHCTpaIMja IUCIUIATHHE je JOBOAMIA J0 3HA4YajHOT CMamemha aKTUBHOCTU
SOD y xomorenaty TkuBa xunokamnyca (Cnuka 4.17.). Cmameme aktuBHoctu SOD, Behe of
100%, 3abenexeHO y OBOj CTYIOHjU Ce€ TOIyJdapa ca pe3ylitaTuMa CTyAHje TIe je crpoBoheH
XPOHUYHH TPETMaH MUCIUIATUHOM Ko narosa (173). MicroBpeMeHo, 1o yTUIajeM [UCIUIATHHE
je momuto U A0 3HavyajHOr cMamema akTuBHOCTH CAT (Cnmka 4.18). 3a0enesxeHO TPOCTPYKO
cmameme akTUBHOCTU CAT je yak MHTEH3WBHHU]jE O]l CIIMYHOT e(eKTa OMUCAHOT Y JIUTEepaTypH
HAKOH TPOAYKCHOT TPETMaHa HEMITO MamuM no3ama mnucruiatuHe (173). Pesynararu Hamier
UCTpaXHBamka Cy y CKIaay ca pe3yiraruMa Jo0WjeHUM Yy CTyIuju y KOjoj je, Takobe,
atuIMIpaHa LUCIUIATHHA Koja je y3pokoBana omTeheme eH3uMmMcke oaOpaMOeHe 3alTute y

MOXKIaHOM TKUBY, npenunsHuje akrusaocta SOD (180).

JenHOKpaTHa MpHMEHa LUCIUIATHHE, 3a PA3IMKy OJ OCTaJuX MapKepa OKCHUAATHBHOI
cTpeca (MHAEKC JUNHUAHE mnepokcuaauuje, aktuBHocT SOD u CAT), y oBOj cryamju Huje
JIOBOJMJIA 3HAYajHMX IPOMEHa YKyHHOr IiiyratoHa y xunokammycy (Cnuka 4.19). Oaxkas
pe3yiTar ce pas3liuKyje o] mojaTaka U3 JUTepaType KOju roOBOpe O TOME Ja IUCIIaTUHA JJOBOU
0 CMamema AHTUOKCUIAHTHOI KalalUTeTa XUIOKaMIlyca M IPEKO CMamema YKYIHOT
nrytatuoHa (173). Moryhe o6janimemne 3a youeHe pajike OU ¢e MOTJIO TPAXKHUTH Y Pa3sInINTOM
eKCIIEpUMEHTaTHOM Au3ajHy. Hanme, y OMEHYTO] CTYyOUjU je CIPOBEIEH XPOHUYHU TPETMaH
LUCIIATUHOM, y Tpajamy OJ1 CeJlaM HeJlesba, 3a Pa3IuKy OJ1 JeIHOKpAaTHE NMPUMEHE IIUCIIIaTHHE Y
oBOj ctynuju. [IpernocraBka je 1a HUCY CBM MEXaHM3MM aHTUOKCHJIAHTHE 3aIuTuTe y henujama
XUIOKaMIyca TOJjeJaHKO OCETJbMBU Ha YTHIA] LUCIUIATHHE, OJHOCHO Ja J0 CMamermba

aKTUBHOCTH aHTHOKcHIaHTHMX eH3uma SOD u  CAT gonmaswm  HemocpenHO HAKOH
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aIMUHHCTpAIlMje [UCIJIATHMHE, JOK C€ HETaTUBHU YTIMA] OBOI IIMTOCTATHKA HA YKYITHH
[IYTaTHOH YyouyaBa TEK HAKOH MPOAYKETKA eKCIo3Wiuje. Y UCTpaxuBamy KoOje je TOo
SKCIIEPUMEHTAIHOM JIM3ajHy BEOMa CIMYHO Ca HalmmMM 3a0elie)KeHo je Ja je YKYIHH
AQHTUOKCUIAHTHU KaIAIUTET Y MOXIAHOM TKHBY M3Pa3HTO CMarbEeH KOJI KUBOTHEbA TPETHPAHUX

mucriatuaoMm (183).

Jenan ox TPeTHOCTaB/LEHUX MEXaHHM3aMa HEYPOTOKCHYHHX edeKkaTa LUCIUIATHHE Y
XUIIOKaMIyCy TamoBa MOApa3yMeBa M MPOMEHE Ha HHUBOY EKCIpPECHje IeHa OJTOBOPHUX 32
TeHepuCcame aHTHOKCHJIAHTHOT ox0pamOeHor oaroropa. KoHKpeTHO, yTHIaj IHCIUIATHHE Ha
TEHCKY eKCIIpecHjy TIOBe3aHy ca (aKTopuMma YKJbYYEHHM Yy OJpXKaBambe OKCHIATHBHOT
eKBUIMOpHjyMa ce MaHu(DeCcTyje Ha pa3uuuTe HauuHe: npeko down-perynaruje Nrf2 (kbyanu
perymnarop 3amTure oJ OKcuIaTuBHOr omrehewa, 184), kao u HO-1 (moa xoHTposioM TeHa 3a
Nrf2). UcTtoBpemeHO, H3MEmheHA TeHCKa eKCIPecHja Mo YTUIajeM IUCIUIaTHHE JTOBOAX U 10 UP-
perynamnuje ekcpecuje NF-kB, koju ce cmarpa oxroopaum 3a henncko omreheme npeko Hu3a
Pa3IMUUTHX MEXaHu3aMa, yKJbydyjyhu u mosehany npoayKIujy npouHQIaMaTOpHUX HUTOKUHA.
Habpojann mMexaHM3MH HM3MEHEHE T'€HCKE EKCIIPEeCHje€ MOTY MHUIUPATH HEeypoWH(DIaMaTOpHY
KacKagy y XUIOKaMITyCy, IITO 3a (puHANHy MOCIeAnIly MOKe uMaTh nopemehaje y monamamy
(185). VY oBoM cneny HexesbeHUX jgoraljaja, BEpOBATHO je @ 3HAYajHO MECTO UMa M CMAmbCHE
konueHrpanuje brain derived neurtrofic factor-a (BDNF) y xumokammycy (186). Cmamemne
xurnokamnanHe koHmnentpanuje BDNF moxe noBectn 10 cMamema BOJTyMeHa XUIIOKaMITyca, 3a
KOje ce cMaTpa Jia MpeJCcTaB/ba OCHOBHHM pasyior OpojHux mopemehaja pacmonoxema (187),

yKJbY4yjyhu ¥ aHKHCOTEHH OJIrOBOP Ha LUMCIIATHHY KakaB je JOOMjeH y OBOj CTYAU]H.

Cymupajyhu pesynrare noOujeHe y OBOj CTYAUjU KOJHU c€ OHOCE Ha e(eKTe MUCTIaTHHE
KOjU Cy yapyKeHHu ca nopemehajeM paBHOTeke OKCHIATUBHOT CTaTyca y XUIIOKaMITyCy IMaroBa,
a uMmajyhu y Buay aa cy henwjcku aHTHOKCHUJIAHTHH MEXAaHW3MHU, KaKO €H3UMCKH TaKo U
HEEH3MMCKH, HEONIXOJIHN y CIpevyaBamy OKCUIATUBHOT omTehema, Moryhe je 3akjbyduTH 1ia je
jemaH o7 OCHOBHHMX MeXaHW3aMa HEYPOTOKCHYHOCTH LHCIIJIATHHE — OKCHJIATUBHU CTPEC YCKO
MOBE3aH Ca CMamEeHEeM NelnjCKOT aHTHOKCUIAHTHOT KamanuTera y Mo3ry. CnenupuaHoCT OBOT
paja je y TOMe IITO MOKa3zyje Ja ce NIpBe MPOMEHe, HEMOCPEIHO HAKOH aJMUHUCTpalHje
[UCIIJIaTHHE, JIeNIaBajy TMPEBAacXOJAHO Ha HHUBOY TiopeMehaja eHIOTEHMX EH3UMCKHX

AHTUOKCHAAHTHHUX MCXaHHW3aMa.
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HpOMeHe mapamMeTrapa anonTorcke aKTUBHOCTH H3a3BaHE HUCIIVIATUHOM

Nmajyhu y BuIy #a MIUPOKO pacHpoCTpameHa NMPUMEHa HUTOCTaTHKa Ha 0a3u IjIaTHHE
notBphyje Aa je OCHOBHM AHTUTYMOPCKM TOTEHIMjald MpUMapHO Oa3WpaH Ha YTHLAJy Ha
omrteheme IHK, n mocnequuny HHAYKIK]Y anonTOTCKUX MexaHn3ama (188), 3a ouexkuBaTi je na
ce OBaKaB, HAXAJIOCT, HECEJNCKTHBHU e(eKaT MCIoJbaBa M y APYI'MM TKMBHMa yKJbydyjyhu u
[HHC. Wnmak, wumajyhm y BHAY CIOXEHOCT aIllONTOTCKUX MEXaHW3aMa, HCIUTHBAbE
NOjeIMHAYHUX MEXaHW3aMa M Jajbe IpeACTaB/ba 3HAYajHO HMCTPAKUBAYKO I0JE KAKO Y
CTyAMjaMa TJe ce YTBphyjy *KeJbeHU (aHTHHEOIUIACTHMYHH) e(EKTH, TAaKO M Yy HCIUTHBAKBUMA

HCXKCIBbCHHUX e(beKaTa OUCIIJIATHHE.

Pesynratu oBe crynuje mokasyjy JAa je jeJHOKpaTHAa MNpHMEHA IMCIUIAaTHHE Ja je
y3poKoBajia nopehame peaaTuBHE F'eHCKE eKCIpPecHje MPOanoNTOTCKUX MapKepa y XUIIOKaMITyCy
nanioBa. Kao mro je mpencraBibeno Ha Cmmnm 4.20, agMuHHCTpandja LUCIUIATHHE Y
MojeIMHa4YHo] A03u ox 7.5 mg/kg je moBoamia O 3HA4YajHOT MoBehama pellaTUBHE TEHCKE
excnpecuje 3a Bax. YoueHo mnerocTtpyko mnoBehame XUIOKAaMIlaJHE peJaTHUBHE TI'€HCKE
ekcripecuje 3a Bax je ycknaay ca pe3yaTaTuma MpeTXOoHe CTYAHje y KOjOj je UCIIUTUBAH YTHIIA]
mucriaTuHe (TojeinHavHa armkangja y go3u ox 12 mg/kg) Ha XUIOKaMMaHy €KCIIPECH]jy
npoanontoTckux TeHa (189). CnaumdHo TOMe, jom CHaXHHjH edeKarT IMojeIuHAYHe J103¢
LUCIJIaTUHE Ha PEJNaTUBHY €KCIIPECH]y XUIOKAMIIAIHUX IMPOANONOTCKUX Te€Ha je JeTeKTOBaH
npeko kacrnasze-3 (Cnuka 4.23). Y oBOM ciyuajy, I€CeTOCTPYKO MoBehame eKcrhpecHje TeHa 3a
Kacma3y-3 ce mojyaapa ca pe3yJTaTiMa CTyIuje Y Kojoj je, Takohe jeTHOKpaTHO, IUCIUIATHHA
arukoBana y cnuaHoj 1o3u (190). MiHTepecanTHO je 1a pe3ysTaTi MOMEHYTE CTYyIHje MOKa3yjy
Jla ce peJaTHBHA T'€HCKa eKCIpecHja 3a Kaclaszy-3 y HEepBHOM TKHBY IOCTENeHO noBehaBana
u3Mel)y Apyror u ceaMor JaHa HaKOH aJIMUHHUCTpalyje, ITO OJroBapa BPEMEHCKOM MEpUOIY Y
KOME Cy HaKOH MpPHUMEHE LUCIUIATHHE )KUBOTHH-E )KPTBOBAaHE Yy HAIIO] CTyAUjU. EKCTeH3uBHUje
CTyauje Cy ToKa3ajle Ja je MpoamnonTOTCKU edeKaT KOju LUCIUIaTUHA OCTBapyje IOBe3aH ca
noBehameM pelaTHBHE TeHCKE KCIIPECHje YaK TET MPOAroNnTOCTKUX (PakTopa y XUITOKAMITYCY
naroBa: Bid, Bik, Bok, Tp53bp2 u Card6, y3 uctoBpemMeHO cMmameme (akropa hemmjcke
nponudepanuje - Ki67 (189). Tpeba momeHyTH na W pe3ynTaTH JOOWjEHH Ha Pa3TUYUTHM
KynTypama henuja muieBa, ykjbydyjyhu ¥ HEpPBHO TKHMBO, MOTY IOMOhM Y TMOjallllbely
1ojayaHe aroNTOTCKe aKTHBHOCTH W3a3BaHe IMCIDIATHHOM. Kao 3akipydnm OBUX CTynmuja ce

MOTy CY6J'II/IMI/IpaTI/I HOTCHI_[I/IjaJ'IHI/I IMPOAIoOINITOTCKAN MCXAaHU3MHU HHUCIIIATUHEC KOjI/I Cce
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JOMHHAaHTHO MaHU]ecTyjy mpeko HuTpatauuje u down-perynanuje LMO4 (perymnarop
TPAHCKPHIILIMjE ca HajBaKHHjOM YJIOTOM Yy OMOJIOTHjU Pa3BOj) y TKMBHMa KOja Cy HApOYUTO
OCETJbHBA Ha TOKCHYHOCT HM3a3BaHy IMCIUIATHHOM, MOIYT XHMIIOKaMITyca KOjH je MCIHUTHUBAH Y

oBoj cryamju (191).

3a pa3nuky of edekata J0OMjeHHMX HAKOH NMPUMEHE LMCIUIATHHE 3a IMPOAroONTOTCKE
UH/IMKATOpE y XOMOICHAaTy TKHBAa XWIIOKaMITyca, jeIHOKpaTHa aJMUHHUCTpanuja OBOT
IIUTOCTaTUKA Yy HAIOj CTYAMjH je MoKa3ajia CynpoTaH e(ekaT Ha pelaTUBHY I€HCKY €KCIIPECH]y
AHTHAIMOITOTCKOr NoTeHIjana. [leT n1aHa HaKOH ariMKalyje HUCIUIaTUHE Y [10jeIMHaYHO] 103,
PErUCTPOBAaHO je APMATUYHO CMambEHE pelaTUBHE T'eHcke ekcrpecuje Bcl-2 y xumokammycy
naroBa (Cmuka 4.21.), mTo je y CKiaay ca mojJaldMa W3 JIMTEpaType Kojuma ce HOTBphyje
HEraTHBaH YyTHUIlA] IUCILUIATHHE Ha reHcKy ekcrnpecujy Bel-2 (189). Mmajyhu y Buay na ce
Mexanuzam gnejctBa Bcel-2, usmel)y ocranmor, cactoju W ox aHynupama ITETHUX edekara
IpoanonToTcKkux  ¢akropa Koju ce MaHudecTyjy TNpeko TyOuTKa HHTErpurera
MHUTOXOHAPHjaTHUX MeMOpaHa, ociobahama 1mTXpoma ¢ (y3 moBehame Kacmase-3),
MPETIIOCTaBKa je Jla Ce YIMpaBO CMamemke Bcel-2 y XUmokammycy MOXe cCMaTpaTd jeIHHM OJT
OCHOBHHMX MeXaHW3amMa HeypoTokcmuHoctd nucruiatuae (192). OBy xumortesy motephyje u
nojaTak Ja hemmje kKoje uMajy mpexkoMmepHy ekcrnpecujy Bcl2al mokasyjy pesucreHiyjy npema

IPOAIONTOTCKUM eeKTUMA IIUCIIATHHE U APYrux nuTocratuka (193).

CymapHH TpoamnonToTcku edekar mpUMeHe MHCIIATHHE jé KBAaHTHUTATUBHO MOTBpheH
MOMEPAmEM TPO-/aHTHATIONTOTCKOT OJHOCAa MpeAcTaB/beHOr Kpo3 Bax/Bcl-2 omnoc (Ciuka
4.22). YopaBo ce oBa HyMepHYKa BPEIHOCT Y JIMTEpaTypH Hajuenihe KOpUCTH 3a AepUHHCAE
KarmanuTeTa henuja ga oaroBope Ha amonToTcku curHai (162, 163). @uHanHU MPOANONTOTCKU
UCXOJ] alUIMKalfje MUCIUIATUHE Y XUIOKaMIycy YTBp)eH y OBOM HUCTPaKUBAKky CE MOXKE
cMaTpaTd OCHOBHUM OHWOJIOIIKMM MEXaHU3MOM KOjU C€ TOBe3yje ca eMOIUOHATHUM

nopemehajem manudecroBaHuM Kpo3 noBehame crerneHa ankcno3noctu (167, 172).
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YTunaj ekcrpakra omsbke Satureja hortensis L. Ha mpoMmene mapamerapa OKCHAATHBHOT

CcTpeca n3aspaHe HUCIVIATHUHOM

Exctpakt 6mwbke Satureja hortensis L., npuMemuBaH y OBOj CTYIUjH Y TPH Pa3IHUuUTE
no3e (50, 100 m 200 mg/kg), je MMao BHUCOK caapkKaj KOMIIOHEHTH Ca aHTHOKCHIAHTHUM
cBojctBUMa. Hapouwmto je OmO BHCOK caapkaj (EHOTHUX jeIumbema, YKbydyjyhu wu
py3MapuHCKy KucienHy (24.9 mg/g cyBor ekcrtpakra, 123). Ilopen Tora, oBaj €KCTpakT je y
MambHUM KOHIICHTpalKjaMa caJpao U HEKOJIUKO (PEeHOTHUX KHUCEINHA, Kao MITO CYy XJIOPOTreHCKa,
Ka(enHCKa, CHPUHTUHCKA, P-KyMapuHCKa, CHHAIMHCKA U M30()epyInHCKa KHCEIHHA, OJHOCHO
¢daBoHOMA (KBEPLETHH, allUTCHHH, JTYTEOJINH, HAPUHT€HNH) U BbuX0oBuX nepusara (123). Ocum
HAjBUIIIE ONMCUBAHUX AaHTHOKCUIAHTHHUX cBojcTaBa (194), py3amapuHcka KuceianHa uMma u Behu
Opoj Ipyrux OWOJOMIKMX aKTUBHOCTH YKJbYYYjyhHM ¥ IUTOTOKCUYHY, aAHTHMHKPOOHY,
AQHTHBHUPYCHY, aHTUAM]a0ETCKY, aHTUMH(IAMATOPHY W AaHTHAJIEPTUjCKY aKTHBHOCT, Y3 Takole

oInMcaHa IMyHOMOTy1aTopHa cBojcTaa (195-198).

Pesynrati oBe cryauje Cy mokKasalu Ja, MakO CaMOCTaJIHa IpPHUMEHa EKCTpakTa y
HajBehoj no3um (200 mg/kg) Huje 3HayajHO yTHIANa HA BEJIUYUHY HWHICKCA JIMITH]IHE
HepoKcHIayje y nopehemy ca KOHTPOJIHOM TpyIoM, CUMYJITaHa npuMeHa ekcrpakta SHL ca
[UCIUTATHHOM j€ JOBOJAMJIA JO 3Ha4yajHEC TMPOMEHE JIMIHIHE TICPOKCUAANM]C HW3a3BaHE
jETHOKpaTHOM aIUTMKAIMjOM IIUTOCTAaTHKa Y XOMOTEHAaTy TKMBa XUIOKamiryca marosa (Cimka
4.16). MHTepecaHTHO je Ja je MakcUMallaH eQeKaT Ha CMamelhe BEIWYHMHE JIHIUIHE
NepoKCHIaIje U3a3BaHe HUCIUIATHHOM MOCTUTHYT ca cpenmoM ao03oM (100 mg/kg) excrpakra
SHL, nox nHajMama u HajBeha mo3a ekctpakta SHL Hucy moBoausiie 10 3HA4YajHOT CMambEHba

JIUTITUAHE HepOKCI/I,Z[aLII/Ije HaKOH a,Z[MI/IHI/ICTpaI_II/Ije OUCIIJIIATUHE.

OBakBH pe3ysiTaTH Cy y CKIaAy ca MOJallMMa U3 JIMUTepaType KOju IoKa3yjy 3HadajaH
AHTOKCUJIATUBHU M aHTUUH()IaMAaTOPHU MOTEHIMja] py3MapuHCKe KucenuHe in vivo (191).
HapouuTo cHakaH aHTHOKCHJAHTHU e(eKaT py3MapUHCKE KHCEIHHE je ONMUCaH HAKOH MpPUMEHe
HECIUTaTHHE Yy IN VIVO ycnoBuma (196, 199). Cmatpa ce aa je MpoTeKTHBHU eekaT py3MapuHCKe
KHCEJIMHE MMPpeMa TOKCUYHOCTH ITUCIUIaTHHE (HEPPOTOKCUYHOCT), Ha OCHOBY BPEIHOCTH MapKepa
OKCHJIATMBHOI' CTpeca, MOCTUTHYT CMambemheM JIMMUAHE nepokcuaanyje, kao u 4-HNE, CYP2E1L
u HO-1 umynopeaxtuBHoctu (196). CnuuHo ToMme, y CTyAMjU CIPOBENEHO) Ha henujama
HEpBHOT TKWBA, py3MapuWHCKa KHCEIMHA je T[I0Ka3ajla HEeypOIPOTeKTHBHA CBOjCTBA Y

okomHoctuma  H,O)-mHmykoBaHor okcupatuBHOr omrehema actpormra (200). 3Hauaj
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npoTeKTUBHOT edekra excrpakta SHL Ha HoOo-mHIyKOBaHO OKCHAATUBHO omTeheme je onrcan

¥ MIPEKO aHTUTCHOTOKCHYKOT e(ekTa Ha JuMpouuTrMa narosa (201).

[lpema nomanmuma u3 JUTEparype, py3MapuHCKa KHCEIMHA JOBOIM [0 CMambemba
okcugaTuBHOT omrehema henuje (y 0BOj CTyauju KBaHTH(HUKOBAHO MPEKO BPEAHOCTH MHJEKCA
JUIATHE TEPOKCHIAIMje) Ha JIBA OCHOBHA HAuyWHA: CMAambCHe KOHIEHTpAIMje PEaKTUBHUX
¢dopmu KrceoHnka u noBehame KananuTeTa aHTHOKCUIAHTHE 3alITUTE. YTIPaBO U3 TOT pasjiora
je y OBOj CTyII1ju UCTIUTUBAH U yTullaj ekcrpakta SHL (BUCOK canpikaj py3MapHHCKE KHUCEITHHE)
Ha T0jeIMHe KOMITOHEHTe henujcke aHTHMOKCHAAaHTHE 3amTuTe. Pesynraru oBe crynuje (Cnuke
4.17 n 4.18) nokasyjy na je camo npumeHna excrpakra SHL y mo3u ox 100 mg/kg noBoauna a0
CTaTUCTHYKM 3HAYajHOr YOJakaBarma LMCIUIATUHOM HHIYKOBAaHOT CMameHmha aKTUBHOCTH
CYNEpOKCUI-ANCMYyTa3e M KaTana3e (y3 HaloOMEHy Ja caMoCTajlHa NpUMEHa eKCTpakTa y
HajBehoj no3u, 200 mg/kg, HUje 3HAYajHO yTULATa HU Ha jegaH of mpaheHux mapamerapa
AHTHOKCHUJ/IaHTHE 3allITHTE y XOMOTEHATy TKHUBa XHIOKamiryca). Kao mro je paHuje moMeHyTo,
uMajyhu y BUAy Ja jeMHOKpaTHa aJMUHHUCTpallMja IUCIUIATUHE HHUjE Y3pOKOBaJla 3HAYajHOM
IPOMEHOM XHITOKaMITaJHe KOHIIEHTpAIMje TIyTaTHOHA, OYEKWBAHO, HU IMPHMEHA eKCTpaKara
SHL y pa3nmuuutuM Jjgo3amMa HHjEe 3HA4YajHO YTHIANa Ha KalaluTeT OBOT MEXaHHW3Ma

anTrokcuaanTtHe 3amrute (Cnuka 4.19).

Pesynratu moOujeHu y oBOj cTyauju moTBplyjy KopHucHE edekTe mpuMeHe eKCTpaKTa
SHL y uuiby mpeBeHIlMje CMamemha aKTUBHOCTH aHTHOKcUAaHTHHX eH3uma, SOD u CAT,
u3a3BaHe nucruiaTiHOM. OBHM TOJaM Cy y CarjJacCHOCTH Ca TPETXOTHO TIPEACTaBILEHUM
pe3yaTaTuMa Koju mokasyjy na je excrpakt SHL, y oarosapajyhoj mo3u, cnpeuaBao cMamemhe
AKTUBHOCTH IIOMEHYTHUX aHTUOKCHJIAHTHUX €H3MMa HAaKOH jeIHOKpaTHEe aluIMKalllje [UCIIaTuHe
y TKUBY OyOpera, jeTpe u Tectuca nauosa (123). HaBenenu pe3ynraTtu ¢y NpoUCTEKIIN U3 jeANHE
0 cajga peanu3oBaHe IN VIVO cTyamje, Tako Ja Ce€ MOJald O Iojadarky AaKTHBHOCTH
AHTUOKCHUJIAaHTHUX €H3MMa (HAaKOH MPUMEHE IMCIUIATHHE) oIl jJeIMHO MOTy yropehuBatu ca
pesyaratuma in Vitro cryaumje rae je npumena excrpakrta SHL moGosbliiaBaia aHTHOKCHIAHTHH
kamanuretr (u3pakeH kpo3 aktuBHOcT SOD u CAT) y kynrypu mmyHckux henwmja (202).
AHanmM30M TO/aTaka Koju Cy JOOHjeHH y CTyadjaMa y KOjUMa je€ WCIHUTHBaH edekar
pY3MapHHCKe KHCEJMHE Ha MPOMEHe OKCHIATHBHOT CTaTyca MHIyKOBaHE MPUMEHOM IPOIeaypa
KOje He YKJbYUyjy aluIMKalyjy UUCIUIaTHHE, JA0Ja3Hu ce U J0 pe3yirara J0OMjeHuX Ha MOAETy
€KCHePUMEHTAIHOT €THJI AJIKOXOJIOM-MHIYKOBaHE XEeMaTOTOKCHMYHOCTH KoJ marosa. IIpumena
py3MapuHCKE KUCEIMHE je, U Ha 0a3u OBAKO Pa3BHjEHOT MaTO(U3UOJIONIKOT MO/Iea, CMamkbHUBalia

HHIUKATOPEC OKCUIAATHBHOI' CTpECa Y3 CTI/IMyJ'IaIII/ij AKTUBHOCTH AHTUOKCHUIAAHTHHUX C€H3HUMa,
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ykpydyjyhu u SOD u CAT (203). Mmajyhu y Buay eBUAEGHTHH HeIOCTaTaK MojaTaka y
JTUTEpaTypu ca KojuMa Ou ce ymopehuBanm pe3yiaTatu OBe CTyAMje KOjU Ce OJHOCE Ha yTHUIIA]
UCT€ BPCTE€ AHTHOKCUIAHTHE CYIUIEMEHTAllMjé HAa aKTUBHOCT AHTHOKCHIAHTHHX CH3MMa Y
MOITAHOM TKHUBY, CBPCHUCXO/IHO j& MOMEHYTH Jia je y IN VIVO CTyIuju CIPOBEICHO] Ha Mal0OBUMa
Takohe HAKOH jeTHOKpATHE afMUHUCTpallMje IUCIUIATHHE (BeoMma cimyHa a03a, 8§ mg/kg), y3
npuMeHy N-aneTuucTenHa (aMIHOKICEITMHE KOja CaJipsKu CyMIiop) Y hOpMU aHTHOKCHIaHTHE
CyIUIeMEHTaIuje 100ujeH ucToBeTaH edekar (mopen cMamema npoaykiuje ROS) — ooHaBsbame
aKTUBHOCTH aHTHOKCHAAHTHHX eH3uMma (SOD um CAT), ka0 ¥ TOTaaHOT aHTHOKCHIIAHTHOT
KaraiureTa, y3 HalloMeHy J1a je YOUeH JO3HO 3aBUCHH e()eKaT aHTHOKCHJIAHTHE CYIUIEMEHTALIH]e
(183). IIporekTrBHH edeKaT AaHTHOKCHIAHTHE CyIUIEMEHTalije N-aleTHIHUCTCHHOM HaKOH
OpUMEHE IMCIUIATUHE j€ y MOXKIAHOM TKHBY, TOpEIl CMamelkha OKCHUIAATUBHOT CTpeca |
MUTOXOHJIpHjaJIHOT oluTehema, MOTBpheH u yOnakaBambeM XHUCTOMOPQOIOMIKMX MPOMEHa
M3a3BaHUX [UCIUIATHHOM KOje Cy ce MaHudecToBalie y OpMH CMambeha ICHIPUTHIKE MPEXe Ha

KynTypu henuja xunokamiryca namosa (66).

Hako mocamamma UCTpaKuWBama He oMmoryhaBajy mpenusHy AeQuHUIM]y MeXaHu3ama
KOju JoBoJe Jio TmoBehamha aKTHBHOCTH AHTHOKCHIAHTHUX C€H3MMA, TIOJ YTHIQjeM
AQHTHOKCUJIAaHTHE CYIUICMCHTAIlMje, HAaKOH WHIYKIMje OKCHIATHBHOI cTpeca, Ja ce
NPETIOCTABUTH JIa OBU CJIOKECHHU IPOIECH TPEICTaB/bajy KOMOMHAIM]Y AHTUOKCHIAHTHUX W

anTuuH(pIaMaTOpHUX ytHnaja (204).

BaxxHo je HamoMeHyTH U J1a, 332 pa3jiuKy OJ MPETXOJHUX cTyauja, ekctpakt SHL Huje
3HAuajHO YTHUIIA0 HAa KOHIIEHTpAIMjy TJyTaTHOHA y XOMOT€HaTy TKHMBa XHIOKaMityca. Passor sa
OBY JIMCKpenaHily Tpeba TpaXUTH y YNCHUIIM Jla HU caMma NMpUMEHa LUCIUIaTHHE (jeTHOKpaTHA
aJIMUHUCTpanuja y 1o3u ox 7.5 mg/kg) HMje noBoAMIa IO 3HAYajHUX MMPOMEHA KOHIIEHTpaluje
[JIyTaTHOHA, [la CAMUM TUM HHJj€ MPEOCTaio JOBOJbHO MpocTopa (Y KBAHTUTATUBHOM CMUCIY) 32
JneTekujy edekra NMpUMEHEHOr eKcTpakTa. Moryhe oOjammeme ce Hajla3u y 3aKJbyuKy Jia
TKHBO XHITOKaMIlyca BEpOBATHO 3axTeBa AYXKY (MU Behy?) eKcro3ulMjy LUCIIATUHU Koja Ou
JI0BEJa 10 CTaTMCTUYKHM 3HAYajHUX IMPOMEHa KOHLEHTpAIMje OBOI €leMEHTa aHTHOKCHIAHTHE
3amtuTe. MHAMpEKTHA MOTBpAA 3a OBY TBPIAKY ce Moke mpoHahu y pesynratuma in Vivo
CTyJHje TJe je KOHIIEHTpallMja IIyTaTHOHA Y TKUBY XUITOKaMITyca OcTajla HeMPOMEHhEeHa U HaKOH
npolenype 3a HHAYKIM]Y eMWICNTOTeHUX TPOMEHa, OJHOCHO HAKOH NMPHUMEHE aHTHOKCHUAHTHE

cyIuieMeHTanuje (py3MapruHCKa KHCEIMHA) Yy IWJbY TpeBeHIje uctux (205).
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Ha xpajy, nako cy y excrpakty SHL xopumrheHoM y 0BOj CTyAMjU JETEKTOBAHU Y MaJIHM
KOHIICHTpalljamMa, y aHajJh3ud aHTHOKCHIAHTHUX cBojctaBa SHL motBphen y oBoj cryauju,
Tpeba MOMEHYTH M MOryhM YTHIAj OCTaJMX KOMIIOHEHTH Ca aHTHOKCHJAHTHHUM CBOjCTBHMA.
Tako, mpema mojanyuMa U3 JIUTEpaType, HAPUHICHUH MOKa3yje jaKo aHTHOKCHIAHTHO JIEjCTBO, Y
CMHCIy CMamelha JIMIOUAHE TNepoKcuianuje W mnoBehama aKTHBHOCTH aHTHOKCHJIATHBHHX
€H3MMa, KOJ HE(PPOTOKCHYHOCTH H3a3BaHe HUCIUIATUHOM (206). CIMYHO TOME, W KBEPIETHH
yonakaBa MaHugecranyje HEPpPOTOKCHYHOCTH H3a3BaHE IMCIUIATHHOM MPEKO CMambemha
JUTIMHE TIEPOKCUIAIM]Ee U EeKCIpecHje NpouHdpIaMaTopHuX mutokuHa (207), TOK JIYTEOJIHH,
IPEBAaCXOJHO CMamyje HEPPOTOKCHYHOCT M3a3BaHy LUCIUIATHHOM TaKoO INTO CMamyje
OKCHJIATUBHO/HUTPUTHHU CTpec U yOsiakaBa uHpaamanujy y jgokainHoMm TkuBy (208). Ha ocHoBy
HABEJCHMX IOJaTaKka Ce jaCHO yodaBa Ja je HajBehu Opoj pe3ynTtata A0OHjeH y CTyAujama Ha
0a3M IMCIUIATHHOM H3a3BaHe HE(PPOTOKCHYHOCTH, INTO je y MPUIMYHO] MEPHU OYECKHBAHO
uMmajyhu y BUIy 11a je oBO y juTeparypu Hajuenthe oOpalBaHO HEXEJHEHO JIEjCTBO Teparuje

OUCINIATUHOM.

BaxxHo je HamoMeHyTH Ja je Y IHJbY KBAaHTHUTATHBHE BaJOpHU3allfje aHTHOKCUIAHTHUX
epekata cymiuemeHrtanuje ekcrpakrom SHL, y O0BOj CTyaMju CHpoBelneH U TpeTMaH
CHJIMIMapHHOM, KOjU C€ CMaTpa 3JIaTHUM CTaHJapAoM IpeMa IojalyMa H3 JIMTeparype.
PesynTtatu oBe cTynuje HEJBOCMHUCIIEHO NOKa3yjy Aa cy edexkTtu excrpakra SHL Ha mpomene
napameTapa OKCHIATHBHOT CTpeca W3a3BaHEe jeJHOKPATHOM MPUMEHOM IHUCIIATHHE TPUOINKHO

jenHaku epeKTuMa OpaJIHO MPUMEHEHOT CHIIMMapHuHa y ucroj no3u (100 mg/kg).
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YT1unaj ekcrpakra 6msbke Satureja hortensis L. Ha mpoMene mapamMeTrapa anonToTcke
AKTMBHOCTH M3a3BaHe IUCIJIATHHOM

MelycoOHO mOBEe3aHM TIpolLleCH KOjU YKJbydyjy ToBehame OKCHIATHBHOT CTpeca,
omreheme MUTOXOHJAPHjAIHE MeMOpaHe ¥ WHIyKOBaHE helujcke CMPTH Cy BepoBaTHA
naTo(U3MOJIONIKA OCHOBA HEYpOJIOIMIKKX mopemehaja u HeypoHanHe muchynkuuje (209).
[ToHOBHO yCIOCTaBJ/bakhe CKBUIMOpHUjyMa y YHYTapheanjckoM aHTHOKCHJIAHTHOM TOTEHIIHjay,
HAKOH MMPUMEHE aHTHOKCHAHTHE CYIUIEMEHTAIIMje OpaIHUM YHOCOM eKcTpakrta S. hortensis L.,
ce mpema mnojanuMa u3 nuteparype (123) cmaTpa TJIaBHUM MEXaHHU3MOM KOjU CMambyje
HeypoaereHepatuBHe npomeHe (210) mzazBane mpumeHoM muciutatuHe. [Ipema pesynraTuma
oBe cTyauje, mpumeHa ekctpakta SHL je, odekuBaHO, MOpen CMamema OKCHUIATUBHOT
omrehewma AOBOAMIA U JI0 CMamela aloNTOTCKUX IPOleca y XOMOTE€HATy XHIOKaMIAIHOT

TKHBA.

Kontunynpana aHTHOKCHIaHTHa cymieMmeHTanuja ekcrpaktom SHL y mosum ox 100
mg/kg (Cruxa 4.20. u 4.23.) je anynupaina noBehame pellaTHBHE T€HCKE ekcnpecHje 3a Bax u
Kacrasy-3 M3a3BaHO jeAHOKpaTHOM aruiukanujom mucratuae (7.5 mg/kg). Ha momenyrtum
CIIMKaMa C€ jacHO youaBa pa3iuka y edekTuma pa3nuuutux no3a excrpakra SHL. Haumwme,
opanau yHoc SHL y HajMamoj npumMemeHoj ao3u (50 mg/kg) Huje 6Mo TOBOJbAH 32 aHYJIHPAHE
MPOAINONTOTCKUX e(ekara MUCIIaThHE, MOK je HajBeha mpuMemeHa no3a excrpakta SHL (200
mg/kg) noBoauIa 10 CMamema pelaTHBHE I'eHCKE eKCIIpecHje 3a Kacmasy-3, 0e3 cTaTMCTUYKH
3HaYajHOI CMambemha LUCIUIATUHOM HMHIYKOBaHOI nmoBehama excmpecuje reHa 3a Bax y TkuBy
XUIIOKaMITyca TaioBa. IHTepecaHTHO je Ja ce youaBa U CTaTUCTUYKM 3HAa4YajHa pasziinka uzMehy
edexara paznuuntux go3a ekcrpakra SHL, 50 mg/kg y onnocy Ha 100 mg/kg, mto cyrepuiie aa
ce onTHUMaJIHM (anonToTcku) edekar exctpakra SHL jaBiba camo y oarosapajyhum edekTuBHUM
no3zama. Kako noctynHu nopanu u3 aureparype He omoryhasajy yBua y edexre exctpakra SHL
W/WIIN Haj3acTyMJbeHUj€ aKTHBHE KOMIIOHEHTE ca aHTUOKCHJIAHTHHUM CBOJCTBUMA (py3MapuHCKa
KHCENIMHA) Ha IMCIUTATHHOM M3a3BaHE YTHIIAje Ha amoNTOTCKY aKTHBHOCT y HEPBHOM TKHBY,
pesynrare nqoOujeHe y OBOj CTyAHju je Moryhe mopemuTd ca pesyiTaTuMma CTyIuje Yy KO0joj je
UCMUTUBAH YTHIA] TaypHMHAa Ha LUCIUIATUHOM HHIYKOBAaHE MEXaHHM3ME HEypOTOKCHYHOCTH
(211). Momanm W3 HaBEJEHOT WCTpPaXKHMBama IOKa3yjy la je CyIJIeMEHTalja TaypuHOM, Y
J03amMa CIMYHUM NpuMemeHuM jao3ama ekcrpakta SHL y ooj crymuju (100 u 200 mg/kg),
yOnakaBajia IMCIUIATHHOM HM3a3BaHE IaTOJIOIIKE MPOMEHE KOoje Cy ce MaHH(ecToBaje MpPeKo

CMamelha BOJlyMEHAa M KapuoJi3e Koja je JETEeKTOBaHa y Lepedenymy, Kayao-IlyTaMeHy,
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KOpTEeKCY M Xumnokammycy. Kao mpermocTaB/beHHM MeXaHU3aM LUTOTOKCHYHOCTH Y OBUM
cneunuyHUM pernoHnMa mosra ce HaBoau omteheme JIHK n3a3Bano npuMeHOM LUCIIIATHHE
(212). Ocum Tora, pe3yaTatd CTyAHje KOja je CIpOBeAeHA Ha KYJITypd hendja XWIOKamiryca
naroBa, HAKOH CTHMYJIAIMje arolTo3¢ aJMUHUCTPAIMjOM IUCIUIATHHE, MOKa3yjy Ja MpHMeHa
AHTHOKCHJIAHTHE CyIUIEMEHTauuje y oOnuKy N-aleTWIIHCTEMHa CMamyje MPOanoNTOTCKU
edekar nucratuae (66). Mmajyhu y Buay na nmoBehame OKCHIATUBHOT CTpeca, y3 omreheme
MeMOpaHe MHTOXOHJIIpHja, TOBOAM A0 ociobahama HUTOXpOoMa-c KOjU Ce€ MOTOM Be3yje 3a
procaspase/Apaf-1 mro moBoau a0 akTuBHpama Kacmase-9 (Ha Asp315) u kackagHe peakidje
Kacmaza ca KoHayHoM amontozoMm (209, 210), mpermocraBka je na je MECTO HPOTEKTUBHOT
JIeNIoBaba aHTHOKCHUJAHTHE CYIUIEMEHTalMje YIpaBO Yy WHUIMjaTHO] (a3 — crpeuyaBame

OKCHIJaTHUBHOT omrehema U cMambene omrehiema MI/ITOXOH,Z[pI/Ija.

WNmajyhu y BuIy BHMCOK cajpikaj py3MapuHCKe KucenuHe y ekctpakty SHL, xao u
YUIEHUIYY Ja oOBa (eHoJIHAa KHCeNIMHA, IpeMa IojaluMa W3 JIMTepaType, yTH4Ye Ha
uH(pIAMATOPHU OATOBOP Tako IITO cMmamyje ekcrnpecujy NF-kB p65 u TNF-a, u Ha Taj HauuH
CMarmbyje MPOoaroNTOTCKE apaMeTpe Koju ce ToBe3yjy ca henmujckom cMpTH (excripecuja pS3 u p-
p53) nakon mpumeHe 1uciuiatuHe (196) mnmm Hexor apyror mpoanonTtorckor ¢akropa (195) y
€KCIEPUMEHTAITHOM MOJIeNly He(POTOKCUYHOCTH KO rioAapa. CauyHU pe3ynTaT cy 100UjeHu
U Ha KYyIATYpH JbYACKMX JONAMHUHEPrMYKuX HeypoHa. M oBne je mnpuMeHa py3MapHUHCKe
KHCEIMHE  JOBOAMWJIA JO  CMamelma  alolNTOTCKUX  Ipoleca ca  MHOCIeAUYHUM
HEYpOJETEeHEPAaTUBHUM IPOMEHaMa, HAaKOH INTO je mpeTxomaHo ymammina HOr-mHIyKOBaHO

okcumatusHo orreheme (210).

Ha Cauum 4.21 je mpeactaB/beH YTHIQ] NPUMEHEHUX NMPOTOKOJA Ha (PYHKIIMOHAIHU
CTaTyC aHTUAMOINTOTCKUX MeXaHH3aMa M3paXXeH MPEKO pelaTHBHE I'eHcke ekcrpecuje Bcl-2 y
XoMoreHaty TkuBa xunokammyca. [Ipumena excrpakra SHL y no3u ox 100 mg/kg je moBoauna
JI0 aHyJIMpama UCIUIATUHOM H3a3BaHOI CyNpUMHUpama eKcrpecuje reHa 3a Bel-2, nok edextu
mame (50 mg/kg) u Behe (200 mg/kg) no3e mokazyjy yOnaxaBame MOCIEANLA jJeAHOKpAaTHE

MPUMEHE [UCIUIATHHE KOje HHje OMIIO CTATUCTUYKHU 3HAYAjHO.

PacnonoxuBu mojamu U3 aureparype He oMmoryhasajy yBuj y MOTeHIIMjaTHE MEXaHU3Me
KOjUM OM ce 00jaCHMO YyTHIIa] aHTHOKCHJAHTHE CyIJIEMEHTAllMje Ha €KCIPECHjy OBOT reHa KOju
ce cMaTpa eCEHIUjaJIHAM y CIIpedaBamy henujcke cMpTH. Y pacBeT/haBamy OBE BE3€ HAM MOTY
noMohM MHIUPEKTHH Mojalu Koju oopal)yjy cnennduuHoCcTH MOXKIaHOT TKHBA y nopehemy ca

JPYTUM OpraHMMa, Kao U 3HauajHe pas3ivKe Koje rmocroje n3Mely mojelMHuX peruoHa Mosra, y
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NOTJIely MHTEH3UTEeTa OJroBopa Ha JejcTBO (akropa Koju adeKkTHpajy (U3NOIOLIKU
exkBinOpujyM. Tako je omMcaHo Ja XHUIIOKaMIyC IPeICTaBiba CTPYKTYpY Koja je Beoma
OCETJbMBA Ha JI¢jCTBO IITETHUX (paKkTOpa, KOjU YKIbY4Yjy MEXaHHUUYKE U BaCKyJIapHE TpayMme, Kao
u xemujcka omrehema (215-218). V mopehemy ca apyrum permonuma mosra (colliculus
inferior), henuje xumokammyca IOKa3yjy BeoMa CHakaH OJrOBOp Ha JICjCTBO TOKCHYHHUX
dakropa Koju ce MaHU(ECTyje KpO3 CHa)xHO ToBehame MpoamonToTcke aKTUBHOCTH, KAa0 H
HETIPONOPLMOHAIHO BEJIMKO CMameme antuarnontorkce 3amrure (189). IIpernocraBka je nma
HAKOH MPHUMEHE LIUCIUIATUHE M MOCIeAWYHOr rnoBehama OKCHIATHBHOT omrtehema, Koje je Ha
NPETXOAHO OMUCAHM HAUYMH TMOBE3aHO Ca CTHMYJIAIM]jOM aloONTOTCKUX MEXaHu3ama, J10J1a3u JI0
aKTUBAIMje OpOjHHX HEYPOAETCHEPaTHBHUX IIpolieca KOjU YKJby4yyjy M hemmjcky cmpt. U3
HaBEJCHUX pa3jora, M3rjeJa BEpOBATHO Ja NPUMEHA AHTHOKCHJAHTHE CYIJICMEHTAIHje
ycrmopaBa pa3BOj MATOJOUIKMX Tpolleca Ha Taj HAYUMH IITO CMamyje yTuiaj nosehama
OKCHJIATUBHOT CTpeca Ha HU3 IMOCICIUYHHUX KACKaJHHX peakiHja Koje (UHAIHO TOBOJE [0

TpajHE HEYpOHATHE TUC]YHKIH]E.

KopucHu edextn opanne agmuaHCcTpanuje excrpakta SHL Ha MOHOBHO yCIIOCTaBJbame
eKkBMOpHjymMa u3Mel)y TMpo- ©  aHTHANONTOTCKUX (PAaKTOpa, TMPETXOJHO HapylIeHO
JEAHOKPAaTHOM IPUMEHOM IiciiaTuHe (y mpaBlly (aBOpU30Bamba alONTOTCKUX MEXaHHW3aMa) y
XOMOTreHaTy TKMBa XMIIOKaMITyca IaioBa, ce jacHo youaBajy Ha Cnuuu 4.22. HTepecaHTHO je
7la 3a pa3luKy Of IOjeANHAYHOI yTHUIIaja HA PeJaTUBHY eKCIpecHjy mpoarnontorckux (Bax u
Kacmnasa-3), kao ¥ aHTuanonrtorckor reta (Bcl-2), yrunaj excrpakta SHL ce Ha kBaHTUTaTUBHU
oJlHOC ekcrpecuje reHa Bax/Bcl-2 y xumokammycy MCHOJ/baBa0 CTaTHCTUYKHM 3HAYAjHO Y CBUM

npuMemeHuM ao3ama (50, 100 u 200 mg/kg).

N xaga ce roBopu O yTHIlQ)y aHTHOKCHJIAHTHE cymjeMmeHTanuje ekcrpaktom SHL Ha
aroNTOTCKY aKTHUBHOCT Yy XHUIIOKAaMIyCy TaroBa (HAKOH NMPUMEHE IUCIUIaTHHE), 3HA4YajHO je
MIOMEHYTH ¥ TOTEHIWjAIHN yTUIA] IPYTUX KOMIIOHEHTH OBOT €KCTPaKTa ca aHTHOKCHUIAHTHUM
cBojcTBUMa. Hamme, nako ce y eKCTpakTy oBe OWJbKE Hajla3e y MajluM KOHIIEHTpalujama y
nopehermy ca 3HauUajHUM YyJEIOM pPY3MapuUHCKE KHCEIMHE (YMju Cy e(QeKTH IIHPOKO
enabopupaHy y MPETXOJHOM TEKCTY), U MOJeUHH IPYTH CacTOjUM NPUMEHHUBAHOI €KCTpaKTa
MOTY WMAaTH TIOTCHIMjaJlHE TPOTEKTUBHE eQeKTe KOJ HEYpOTOKCHYHOCTH W3a3BaHE
ucriaTiHoM. Mako He mocToje mojany O JUPEeKTHUM epeKTHMa y HEpBHOM TKHBY, BEOMa je
Ba)XHO MTOMEHYTH Ja cacTojiu exctpakta SHL xopumhenor y oBoj ctynuju, ksepuetut (219) u

HapuHreHUH (206), yOnaxkaBajy MaHH(ecTanuje HePPOTOKHCUHOCTH HM3a3BaHE IMCILIATHHOM,
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JIOK JIyT€OJMH MHXUOWpa HaKyIUbame IUIaTHHE, MH(]Iamalujy W arnonto3dy y TKHUBY OyOpera

HaKOH TpeTMaHa nucruiatuaoM (208).

Kao m kama je aHanmuM3upaH yTuIaj Ha TapamMeTpe OKCHJIATHUBHOI CTpeca, y IUJbY
nopehema HyMepHUKUX MapaMerapa KojuMa ce KBaHTHU(PHUKYje yTHIQ] CIPOBEICHUX MPOTOKOJIA
Ha alonTOTCKYy aKTUBHOCT Yy XOMOICHATy TKHBa XHUIIOKaMIlyca IIalloBa, y OBOj CTYIWjU je
aHAM3UpPaH U TPeTMaH CWIMMAapHHOM, ¢ OO3MpPOM Ja C€ cMmarpa 3JIaTHUM CTaHAapAoM 3a
UCIIUTHBAKC Tperapara ca aHTHOKCUJAAHTHUM CBOjcTBUMA. M OBU pe3ynTaTu MOTBphyjy na cy
epextn ekcrpakta SHL Ha mpomeHe mapamerapa amonTOTCKE aKTHBHOCTH Y XHUIIOKAMITYCY
Y3pPOKOBAaHE MOjSMHAYHOM aJMUHHCTPAINjOM LHUCIUIATHHE BEOMa CIIMYHE YTHUIAJy OPAIHOT

TpeTMaHa CWIMMapuHOM y uctoj no3u (100 mg/kg).
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YTuuaj ekcrpakra om/bke Satureja hortensis L. Ha OuxeBuopajiHe NMpoMeHe H3a3BaHe

HUCILIATHHOM

[IperxonHO omHMcaHe W aHATU3UpPaHE NPOMEHE IMOHANIAkA H3a3BaHE jJETHOKPATHOM
NPUMEHOM IMCIUIATHHE KOje Cy ce, MpeMa BpEJHOCTUMA CBUX IMapamerapa I0OHjeHHM Y
CHPOBENICHUM OWXEBHOPATHUM TECTOBUMAa MaHU(peCToBaIe y (GOPMH jJaCHOT W CHaXKHOT
aHKcHoreHor edekra, cy Ouiie 3Ha4yajHO M3MemeHe (yOnakeHe WM, YaK, aHyJIUpaHe) HaKOH

CIpOBEICHE aHTHOKCUIAHTHE CYINIEMEHTAI[]e eKCTpakToM Ousbke Satureja hortensis L.

Pesynratu noGujeHn y TeCTy OTBOPEHOT 10Jba MOKa3yjy Ja je mpuMeHa ekcrpakta SHL y
no3u ox 100 mg/kg noBoamna 10 MOHUINTaBamba AHKCHOTEHOT e(eKTa IHCIUIATUHE KOjH ce
MaHHM(ECTOBAO KPO3 CMabEHE JUPEKTHUX MHIMKATOPAa aHKCHO3HOCTH Y TECTY OTBOPEHOI 110Jba
— YBI3 u BYI3 (Cauxe 4.1 u 4.2). Anmunuctpanuja ekcrpakra SHL y apyrum nozama Huje
noKa3ajia TPOTEKTHBHU edeKaT MpemMa BpeIHOCTUMa OBa JaBa mapaMerpa. Hamme, Hajmama
npuMemeHa no3a exkctpakta SHL (50 mg/kg) Huje yrumnana Ha Bpennoct YBII3 u BYII3, 1ok je
HajBeha mpumemeHa no3a ekcrpakra (200 mg/kg) noBomuna a0 moBehama BPEIHOCTH OBHX
napaMmerapa Koje je Owio Mamer HHTeH3uTera y mnopehemy ca go3om on 100 mgkg, u
CTaTUCTHYKU 3HAYAjHO Mare y OJHOCY Ha KOHTPOJHE BpeIHOCTH. Beoma climyHM 0IroBOpH Ha
npuMeHy ekcrpakta SHL ce yowaBajy m kajga ce paaw O yTHIAjy Ha IPOMEHE JIOKOMOTOPHE
(YIIIT u %BK, Cnuke 4.3 u 4.4) u excruoparusHe (bY, Cnuka 4.5) akTUBHOCTH H3a3BaHe
JEAHOKpPAaTHOM HpUMEHOM LucIuiatuHe. Mmajyhu y Buay ga ce TecT y3AMTHYTOI KpCTacTor
JAaBUPUHTA CMAaTpa jOII CEH3UTHBHHJUM 3a €BAyallljy aHKCHO3HOCTH y mopehemy ca TecTom
OTBOPEHOTI 10Jba, y OBOj CTyAMjU cy aerepMuHHcaHu U napamerpu YKIJI tecta. OuekuBaHo,
pesyaratu nobujenn y YKJI tecty cy y mornyHoj carimacHoctu ca pesyiartaruma OIl Tecra -
JeAHOKpaTHa NpHUMeHa NMCIUIaTUHE MoBehaBa CTEMEH AaHKCHO3HOCTH, IMpeMa BpEIHOCTHMA
mupexktHux uHaukaropa (YBOK u BYOK, Cnuke 4.6 u 4.7), ka0 ¥ mnpema BpeJHOCTHMA
nokazaresba JiokomotopHe (YIIII um %BK, Ciouke 4.8 u 4.9) u excruoparusie (bH, BY u
VYBEEA Cnuxa 4.10 - 12) akTUBHOCTM (MHAMPEKTHU HHJMKATOPU AHKCUO3HOCTH), JOK j€
npuMeHa ekctpakta SHL wumana 3HavyajaH NpPOTEKTUBHU e(dekaT Ha IPOMEHE CTeleHa
AQHKCHMO3HOCTH H3a3BaHe LHUCIUIATUHOM (0€3 3HayajHOr yTHI@ja KaJa je CaMOCTaJIHO

PUMEHHBaH).

Kako momamm u3 nuteparype He omoryhaBajy mopeheme OumxeBuopamHux edexara

exctpakta SHL (HUTHM Haj3HAYajHUJUX AaHTUOKCUJAHTHHUX KOMIIOHEHTH OBe OuJbke) ca
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pesyiTatumMa OBe CTYAMje, MHAMKOBAHO j€ Jla C€ y aHaJIM3H YTHIlaja TpeTMaHa CIIPOBEACHUX Y
OBOj CTYIMjH H3BpILIM TNopeheme ca pe3ynTaruMa UCTPaXHMBamba y KOjUMa Cy HCHUTHBAHU
epeKTH Apyrux H3BOpa AHTHOKCHAAHAca Ha IIPOMEHE CTEeleHa AaHKCHO3HOCTU H3a3BaHe
mucriaTiHoM. Tako je mnpuMeHa Kypkyme, Takohe HaKkOH jJeAHOKpaTHE aJIMHUHHCTpaluje
mucratune (12 mg/kg), Tokom 14 y3acromHux AaHa mpe amuiMKaluje UUCIUIATHHE W 5 JaHa
HAKOH, JIOBOJIMJIA IO CTATHCTUYKH 3HAYajHOT MOOOJbIIaka HHANPEKTHU MTapaMeTapa 3a MpoLeHY
CTeNeHa aHKMO3HOCTH KOjU Cy OMJIM JpaMaTUYHO CMambEeHHM MPUMEHOM LUCILIaTHHE KOJ| IaloBa
(219). TloGospmiarbe JIOKOMOIMje M EKCIUIOPATHBHE AKTHBHOCTH HAKOH aHTHOKCHIAHTHE
CyIUIEMEHTallMje HaHOYeCTHLaMa KYpKyME jeé Yy OBOM HCTpaKuBamy OWIO YIpYXKEHO ca
CMamkEeHhEeM JIMMHIHE Nepokcuaanyje (u3paxkeno npeko MDA), kao U anmonToTCKe aKTHBHOCTHU

(xacmaza-3) y XxoMoreHaTy KOpTekca Iaiosna.

[lpuMeHa aHTHOKCHIAHTHE CYIUICMEHTAIMje CE IMOKa3aia eQHUKacCHOM Yy yOiakaBamby
AHKCHOTCHUX e(eKaTa MUCIUIATHHE ¥ HAKOH XPOHWYHE MPUMEHE OBOT I[UTOCTATHUKA. Y CTYAUjU
IJie je Ha TaloBUMa HWCIUTHBAH YTHUIA] MPOAYKCHE AaHTUOKCHJAHTHE CYIUIEMEHTAIIUje
€KCTPAKTOM JIOOMjeHHM 13 NrcTaha TOKOM aJMUHHUCTpAIUje UCIUIATHHE Y HEIeJbHO] 03U O] 5
mg/kg (y Tpajamy Ol TIET Helesba), TOKa3aHo j€ J1a OBa BPCTA CYIUIEMEHTAIMje UMa KOPUCTaH
epekaT Ha aHKMO3HOCT H3a3BaHy MPUMEHOM IHUCIUIATHHE KOja ce MaHU(eCcTOBaJa MPEKO
OlopaBKa EKCILUIOPaTHBHE M JIOKoMOTOpHe akTuBHOCTH (220). Tpeba HamoMeHyTH 1a je
pe3yaTaTuMa BCTe CTy/IMje TIOKa3aHo Jla OBa BPCTa aHTUOKCHIAHTHE CYIUIEMEHTAIM]e TIOKasyje U
KopucHe eeKTe W Ha IMCIDIATHHOM H3a3BaHe HEypojereHepaTHBHE NpomeHe (y jeapy H
[IUTOIJIa3MH HEYpOHA) KOje Cy XHCTOJIOMIKK Bepu(UKOBaHE y lepebeayMy U XHUIIOKaMITycCy.
Beoma ciauuHM pe3ynTaTH Cy TPEACTaBbEHH U y CTYIHjH Y KOjO] j€ Y3 XPOHHYHH TPETMaH
nucruiatuHoM (5 Hexmesba mo 5 mg/kg  HemesbHO) cnpoBohleHa W AHTHMOKCHJIAHTHA
cyIieMeHTanuja y GopMu KOH3yMHpama 1iooBa opaxa (172). U pe3ynraTu 0BOT HCTPaKHUBamba
HEJBOCMUCJICHO TTOKa3yjy Ja je MPOJIOHTHpaHa CYIJIEMEeHTalllja OBUM U3BOPOM aHTHOKCHIaHaca
MOKa3uBalla KOpUCTaH edekaT y CMHCITy CMamHBama CTENeHa AaHKCHO3HOCTH W3a3BaHe
[UCIUIATHHOM, IITO C€ MaHHU(ECTOBAIO TOOOJbIIAkEM JIOKOMOTOPHE H EKCIJIOPaTHBHE
AKTUBHOCTH y TECTy OTBOPEHOT TOJba. 3a PasiMKy OJ pe3yiTara MPeTXOAHE CTyIHje, Yy OBOM
UCTpaXXUBaky HHje TMOTBphEHO 1a Cy KOPUCHU OMXEBUOpPATHH €PEeKTH AaHTUOKCUIAHTHE
CyIJIEMEHTAIlMje TOBE3aHH Ca CMamCHhEeM HEYPOJECTEHEPATUBHUX TPOMEHA YOUEHUX Y

nepedenymMy 1 XUIOKaMITyCy MarjoBa HAKOH TPETMaHa MUCTUIATHHOM.

WUmajyhu y Buay na pesyiararu nobujeHu y Tpehem OHMXEBHOpPATHOM TECTy KOJU je

u3BOhEeH y OBOM HCTpakMBamy, TECT Kadewma 3a pem, M0 CBOjo] CTPYKTYpH M TOHyheHuM
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o0jammembIMa caMO JIOJAaTHO TI0jadyaBajy TyMayeme IPEeKO JOMUHAHTHOT aHKCHOT'€HOT
OJIFOBOpPa HA AaIMUHUCTpAIM]y IUCIUIATHHE, Kao U YyOJiaxaBamky aHKCHOTCHOT edeKTa
IUCIUTaTHHE TpUMeHOM ekcrpakrta SHL, unHM ce na M muXoBa HMHTEpHpeTanyja, OJHOCHO
nopeheme ca moganuMa u3 JUTEpaType MMa UCTy CYIITHHY Kao M aHalk3a pe3yiraTa TEeCTOBa

KOjH c€ M3BOPHO NPUMEY]Y 32 UCIIUTUBALE IPOMEHA CTETNIeHa aHKCHO3HOCTH.

118



AHaqmu3a Kay3ajHe NMOBE3aHOCTH pe3yarara OMXeBHOPAJHHUX TeCTOBA M OKCHAATHBHOI

0ajlaHca M aMONTOTCKE AKTHBHOCTH Y XHIIOKAMITYCY

Ananusupajyhu wmelycoOHy mnoBe3aHOCT NpoMeHa mapamerapa JOOHjeHHX Y OBOM
UCTpaXXuBamky Hamehe ce HEKOJIMKO MPaBMIIHOCTH KOje MOTY OMTH J00pa OCHOBa 3a (PMHAITHO

u3Boheme 3aKJbyyaka 0 Kay3ajiHOj IOBE3aHOCTH MPOIleca HCITUTUBAHUX Y OBOj CTYAM]H.

Hamm pe3ynratu HeOBOCMHCIEHO TOKa3yjy Ja jeJHOKpaTHAa MpHUMEHa LHCIIIATHHE
J0BOM 110 moBehama OKCUAATUBHOT CTpeca y XOMOTeHaTy TKMBa XUIIOKaMITyca IaloBa, IITo ce
MaHudecToBano kpo3 nosehame munuane nepoxcuaanyje (Cnuka 4.16) 1 cMambeme aKTUBHOCTH
antuokcunanTHux ensuma (Crnuke 4.17 u 4.18). Ilpema mnomamuma u3 nurepatype (66),
OKCUJATUBHO oOllITehee HEpPBHOI TKHBA j€ TPUrep MeXaHW3aM KOjU OTIOYHIbE KacKaJHy
peakiujy kKoja (pUHaIHO JTOBOJM J10 MoBehama amonTos3e MITO jeé KBaHTUTATHUBHO MOTBPHEHO U
npeko noBehama munuaae nepokcunanuje (Crnuka 4.24), U MPEKO CMambeHha aHTHOKCHIAHTHE
samrure (Crmuka 4.25). Takobhe, momaum w3 mnuteparype (221) morBplyjy M HeEratuBHy
kopenanujy usMmehy cagpkaja BDNF u anontorcke akTUBHOCTH Yy xumnokammnycy. KonauHo,
jacHo je motBpheHo aa caapkaj BDNF y xunokamnycy uma AupekTHe (M MO3UTUBHE) eeKTe Ha
OpojHe (yHKIHje KOje ce ITOMHHAHTHO KOHTPOJHINY OFf CTpaHE CTPYKTypa y XHIIOKaMIIrycy,

YKJbY4yjyhu ¥ ONMCaHu aHKCHOJIUTHUKY edekat (222).

Ha ocHOBHY HaBeeHMX 4YHIEHHMIIA CE€ Jla MPETIOCTaBUTU Ja JUPEKTHO JI€JCTBO
AQHKCHOJINTUYKE CyIUIEMEHTaluje (IOMyT OHE KOja je MpUMEmkEHa Y 0BOj CTY/IMjU) MPBEHCTBEHO
yTHUYE Ha CMalbEHEe OKCUIATUBHOI CTpEca y XMIIOKAMITYCY, IITO 3a IMOCJIEIUIy MMa CMambEmhe
arioNTOTCKE AaKTUBHOCTH M, KOHAa4yHO, YyOnakaBambe aHKCHOI€HOr e(eKTa HM3a3BaHorT

nucratuaoM (Crnuka 4.26).
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6. SAKJbYUIIU



Ha ocHoBy ananmuse pesynrata JOOMjeHHX Y OBOM HCTPaKMBAEy MOXKE CE 3aKJJbYUUTH

cienehe:

O

JemHokpaTtHa mnpuMeHa mMCIUIaTHHE y 103k ox 7.5 mg/kg moBomm mo moBehama
OKCHJIATMBHOI' CTpeca M allONTOTCKe aKTUBHOCTH Y XOMOICHATy TKHBA
XHUIIOKaMITyca MmaioBa

AmuMKanyja IMCIUTATUHE 3a TOCJICIUIly WMa CHakHO TmoBehame crereHa
AQHKCHO3HOCTHU

[MTapanenna mpumeHa excrpakra Guwibke Satureja hortensis L. y mosu ox 100 mg/kg
CrpevyaBa OKCHIATHBHO omITeheme M armonTo3y H3a3BaHy MUCIUIATHHOM Y
XOMOTEHATy TKHBa XUITOKaMITyca MaroBa

CuMynTaHa aHTUOKCHJIAHTHA CYIUIEMCHTAIMja eKCTpakToM Ousbke —Satureja
hortensis L. y no3u ox 100 mg/kg anynupa aHKCHOTEHHU eeKaT IUCTUIATHHE

Hoze ekcrpakta SHL om 50 m 200 mg/kg HuCy anekBaTHE 3a CIpEYaBambe

HCKCJbCHUX HCYPOTOKCUIHUX e(beKaTa OUCINIATHHE
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CKPAREHUIE

SHL — Satureja hortensis L.

SOD - cynepokcu-aucmyTasa

CAT — karanasa

GSH — rnyraruon

OF Tect — open field Tect, Tect oTBOpeHOT 1I0JBA

VIIII — ykynau npehenu myT

BK — Bpeme kperama

VYBII3 — ykynHO BpeMe MPOBEIECHO y LIEHTPAIHO] 30HU
BVYII3 — 6poj ynazaka y LeHTpaJIHy 30HY

BY — 6poj ycnpaBmbama

EPM - elevated plus maze, y3murayTi KpcTacTu JIABUPHUHT
YBOK — ykymHO BpemMe IpOBEJCHO Y OTBOPEHHM Kparuma
BYOK — 6poj ynazaka y oTBOpeHe Kpake

BbH — Opoj Harumama

YBEEA — 6poj enuzo/ia yKymmHe eKCIJIOPaTUBHE aKTUBHOCTH
TST — tail suspension tect, TecT Kauerma 3a pen

BIIIIN — Bpeme 110 1ojaBe npBe UMOOUITHOCTH

BEU — 6poj ennzona uMoOMIHOCTH

YBU — ykynHO BpeMe UMOOUITHOCTH

TBARS — tnobap6urypHa KrceianHa

BDNF — meyporpoduunu pakTop MOpekIoM U3 Mo3ra
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BUOI'PADPUIA

Hrop KymOyposuh pohen je 08.03.1975. rogune. 3aBpumo je MeaunuHcku (axkynrer
VYuusepsurera y Kparyjesuy 2002. rogune ca nmpocedyHoM orieHoM 6.94. JIokTopcke akagemMcke
cryauje Ha dakynreTy METUIIMHCKUX Hayka YHuBep3utera Kparyjermy, cmep Heyponayke,
ynucao je 2012. ronune. Ha MeaunuackoM dakynaTeTy YHuBep3uTeTa y beorpaay ycnemnto je
MOJIOXKUO CTCIHjaTMCTHYKH UCIUT U3 rpaHe meaunuHe Ommra xupypruja 2011. rogune. On
2003. roguHe CTAHO je 3amociieH Kao Jiekap y Omnmroj 6omaunm Kotop — XUpypIiko o/esbemne.
TpenytHo obaBiba GyHKIIU]Y qupekTopa Jloma 3apaBiba ,,KoTop®.

Kanaunar je ayrop BuIlle OpHUTHHATHHX HAyYHHX pajloBa M NPBU ayTop Yy JiBa paja
o0jaBJbeHa y yaconucuma uHaekcupanuM Ha SCI suctu. Pesynratu paja HaBeACHHU MO PEITHUM
OpojeBuma | u 2 cacTaBHM Cy J€0 JOKTOPCKE AMCEpTAIlHje, YNMe je KaHIUAAT UCITYHHO YCIIOB 32
0JI0paHy TIOKTOPCKE JUCepTaIyje.

Y4ecHHK je WHTEpHOr jyHuop mpojekta dakynrera meaunuHckux Hayka JIT 01/19,
,»YTHIIA] CYIUIEMEHTAIlMje MEJIaTOHMHOM Ha CMambeHhe TOKCUYHOCTH M3a3BaHUX HUCIUIATHHOM®,

4yuju je pykoBoaunai npod. ap I'soznen Pocuh.
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8. IPUJIOT



8.1. K/JbYUYHA JTOKYMEHTALUNJCKA HH®POPMATHUKA

YHUBEP3UTET Y KPAI'YJEBLLY
PAKYJITET MEJUIIMHCKHUX HAYKA Y KPATI'YJEBIY

Pennm 0poj - Phb:

Nnentnduxkauuonu opoj - UbP:

Tun noxkymenranuje - T[: Monorpadcka myonukaiuja

Twun 3anuca - T3: TekcryanHu mraMiany MaTepujai

Bpcra paaa - BP: Jloktopcka aucepranuja

AyTop - AY: Urop KymOGyposuh

MenTop/komenTop - MH: ap ciu. men. I'Bo3nen Pocuh, penosuu npodecop

HacusioB pana - HP: Edextu npumene ekcrpakra Ouibke Satureja hortensis L. Ha 6GuxeBuopaiiHe
MaHH]ecTalrje HEYPOTOKCHYHOCTH U3a3BaHe IUCILIATHHOM KOJI IaI[0oBa

Jesuk my6smkanuje - JII: cprncku/hupununa

Je3uk u3Bojaa - JU: cpricku/eHriecku

3emsba nyoaukoBama - 311: Peny6inka Cpouja

Y:ike reorpadgceko noapyuje - YI'II: Learpanna Cpouja

Toguna - I'O: 2020. roguaa

Hzpasau - U3: Aytopcku penpuHT

Mecto u aapeca - MC: 34000 Kparyjesan, Cero3apa Mapkosuha 69, Pemyonnka CpOuja
®usuun onuc paga - ®O: Jlokropcka nucepraumja caiapxu 145 crpana, 32 ciuke u 222
6ubnuorpadceka nogaTka

Hayuna o0aacr - YAK: Meaununa

Hay4yna nmucuunumna - JIU: ®usmnonoruja

IpeamerHa oxpennuna/ kpyuHe peun - [1O: nucriatuna, Satureja hortensis L.,
OMXEBUOPAITHU TECTOBH, OKCUIATUBHU CTPEC, allONTO3a, XUMTOKAMITYC

Yyga ce - HY: V 6ubnnorenn Pakynrera MEAMIMHKCUX Hayka YHuUBep3uTera y Kparyjesiy,
Ceero3apa Mapkosuha 69, 34000 Kparyjesar, Cpouja

Ba:xxna nanomena- MH:
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H3Bon - U:
YBoa: Y 0BOj cTynuju cy HCIUTUBaHH €(PEKTH eKCTpakTa Ousbke Satureja hortensis L. (SHL) na
OuxeBuopiaHe MaHudecTarje HEYpOTOKCUIHOCTH M3a3BaHEe IUCIUIATHHOM KOJI TIAI[0Ba.

Martepujaa u merone: Cryauja je cnpoBeneHa Ha 35 mamoBa Wistar albino coja, crapoctu 2
Mmecena, TtenecHe wmace 200-250 g, momesbeHMX y 7 rpyna: KOHTPOJIHA, LMCIUIATHHA,
mucutatuaat+ SHL 50 mg/kg, mucratunat+SHL 100 mg/kg, mmucratuna+SHL 200 mg/kg,
nucratuHat+cumumapua  100mg/kg m SHL 200 mg/kg. IlucruratnHa je npuMemHBaHA Y
nojeauHavyHoj mo3u (7.5 mg/kg), MoK je aHTMOKCHIaHTHA CYIUIEMEHTAaIlMja CIPOBOheHa OpalHO
TokoM 10 nmaHa. buxeBHOpaHU TECTOBH Cy U3BOhEHH JieceTor JaHa MPOTOKOJIa, HAKOH 4Yera cy
KUBOTUIE JKPTBOBAaHE y IWJbY N0OHWjama y30paka XHWIlOKamIlyca 3a ojapehuBame mapkepa
OKCHJIATHBHOT CTpeca U aromnTo3e.

Pesyararu: Pesyntatm OuXEBHOPATHOT HCIUTHBAKA Cy I[I0KAa3add aHKCHOTEHH egeKar
LUCIIaTUHE KOju je Ouo yonaxxeH npumeHoM SHL excrpakra (100 mg/kg) npu yemy je cnabuju
0JIroBop OMo y rpynama tperupanum ekcrpaktom SHL y mosama ox 50 u 200 mg/kg. Taxohe,
CMamelhe HEYPOTOKCHYHOCTH W3a3BaHO IMCIUIATUHOM, Y CMHCIy moBehama Mapkepa
OKCHJIATUBHOI' CTpeca M arolTo3e, je OCTBAPCHO MPUMEHOM eKcTpakTa y mo3u on 100 mg/kg.
HeypomnporextuBau edexar SHL je 6uo cimvan 1ejcTBY CHIMMAapHHA Yy HCTO] 03H. ExcTpakT
SHL Hwuje y3pokoBao 3HayajHE MPOMEHE HCIUTHBAHUX MapaMerapa Kajaa je MpUMEHHUBaH
CaMOCTAJTHO.

3akpyuak: AnkcuoreHn edekar, kao MaHudecranyja HEYPOTOKCHYHOCTH HW3a3BaHE
UCIUIATUHOM, j¢ Yy OMXEBHOPAIHUM TECTOBUMA OHMO YCIICHIHO YMAameH OPAIHOM IPUMEHOM
excrpakta SHL y ontumannoj no3u (100 mg/kg). Kopuchu edextu oBe BpCcTe aHTHOKCHAAHTHE
CyIUIeMEHTaIuje cy Takohe moTBpheHH cMameHeM OKCHIATHBHOI olnTehema M amonToTcKux
MeXaHHU3ama.

Kibyune peum: uucrutatuHa, Satureja hortensis L., OMXeBHOpaNHU TECTOBH, OKCHIATHBHHU
CTpEC, arnomnTo3a, XUIOKaMILyC
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Jatym npuxBatama Teme o crpane HHB - JI1: 30.10.2019. rogune
Jatym oxopane - J10:

UYnanoBu komucuje - KO:

1. mpod. np Bnamumup JakoBsbeBuh, pemoBHH mpodecop Dakynrera METUIIMHCKAX HayKa
VYuusepsureta y Kparyjesiy 3a yxxy Hayuny o6aact OU3H0JI0TH]ja, TPEACEAHNUK;

2. npod. ap Tuxomup Wnuh, penoBau npodecop Menunuackor daxynrera BojHomenuuHckKe
akajgemuje YHuBep3uTera ogopane y beorpany 3a yxxy Hayuny oonact Heypoinoruja, 4iaH;

3. mon. ap Jparumna CenakoBuh, moneHt dakynrera MEAMIMHCKAX HayKa YHHBEP3UTETa Yy
KparyjeBuy 3a yxy Hayuny o6aact ®HU3H0I0TH]a, WIaH.
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Abstract — AB:
Introduction: In this study we evaluated effects of Satureja hortensis L. (SHL) extract on
behavioral manifestations of cisplatin-induced neurotoxicity in rats.

Material and methods: The study was performed on 35 Wistar albino rats, 2 months old,
weighting 200-250 g, divided into 7 groups: control, cisplatin, cisplatin+tSHL 50 mg/kg,
cisplatin+SHL 100 mg/kg, cisplatin+SHL 200 mg/kg, cisplatin+silymarin 100 mg/kg, and SHL
200 mg/kg. Cisplatin was administered in a single dose of 7.5 mg/kg and antioxidant
supplementation was performed orally for 10 days. Behavioral testing was performed on 10™ day
and then the animals were sacrificed in order to obtain the samples for oxidative stress and
apoptotic markers in hippocampus.

Results: The results of behavioral testing showed cisplatin-induced anxiogenic effect, that was
diminished with SHL extract in a dose of 100mg/kg, with much weaker responses to SHL
extracts in doses of 50 and 200 mg/kg. Also, the attenuation of cisplatin-induced neurotoxicity,
by means of increased oxidative stress and apoptotic markers, was successfully achieved with
SHL extract in a dose of 100 mg/kg. The neuroprotective effect of SHL was similar to silymarin
action in the same dose. When applied alone, SHL extract induced no significant effect in any of
parameters followed.

Conclusion: Cisplatin-induced neurotoxicity manifested by anxiogenic response in behavioral
testing can be successfully attenuated by oral administration of SHL extract in an optimal dose
(100 mg/kg). The beneficial effects of this kind of antioxidant supplementation were also
confirmed by decreased oxidative damage and apoptotic mechanisms.

Key words: cisplatin, Satureja hortensis L., behavioral tests, oxidative stress, apoptosis,
hippocampus
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ABSTRACT

In order to evaluate the effects of Satureja hortensis L. extract
on cisplatin-induced behavioral alterations in the tail suspension
test (TST), we included 35 male Wistar albino rats in this study,
divided into 7 equal groups. Cisplatin was administered (single
dose of 7.5 mg/kg, i.p., on the fifth day) alone, and in groups with
orally administered (for 10 days) Satureja hortensis L. extract
(50, 100, and 200 mg/kg), and silymarin (100 mg/kg) in individual
groups. The behavioral testing was performed in TST, and the fol-
lowing parameters were obtained: the latency to the first immo-
bility, the number of immobility episodes, and the total duration
of immobility. Cisplatin application increased the latency to the
first immobility, but decreased the number of immobility episodes
and the total duration of immobility. Oral administration of
Satureja hortensis L. extract in a dose of 100 mg/kg attenuated
cisplatin-induced alterations, and those effects were similar to si-
lymarin group. The extract in a dose of 200 mg/kg diminished cis-
platin-induced effect only for the total duration of immobility,
while in a dose of 50 mg/kg, the extract had no impact on cisplatin
effects. Although common use of this methodology would lead to
a conclusion that cisplatin produced antidepressant effect, com-
parison with certain literature data allows the conclusion that this
action of cisplatin may be attributed to its anxiogenic action that
was attenuated by antioxidant supplementation (Satureja horten-
sis L.) in an adequate dose (100 mg/kg).

Keywords: cisplatin, Satureja hortensis L., anxiety, depres-
sion, tail suspension test, rats.
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SAZETAK

U cilju ispitivanja efekata ekstrakta Satureje hortensis L. na
promene ponasanja izazvane cisplatinom u testu kacenja za rep
(TKR), u studiju je ukljuceno 35 muskih Wistar albino pacova,
podeljenih u 7 jednakih grupa. Cisplatina je primenjivana (poje-
dinacna doza od 7.5 mg/kg, i.p., petog dana) samostalno, i u gru-
pama sa oralnom primenom (tokom 10 dana) ekstrakta Satureje
hortensis L. (50, 100 i 200 mg/kg), i silimarina (100 mg/kg) u po-

Jjedinacnim grupama. Bihejvioralno testiranje je sprovedeno u

TKR, uz odredivanje slede¢ih parametara: vreme do prve imobil-
nosti, broj epizoda imobilnosti i ukupno trajanje imobilnosti. Pri-
mena cisplatine je povecavala vreme do prve imobilnosti, dok je
skracivala broj epizoda imobilnosti i ukupno trajanje imobilnosti.
Oralna primena ekstrakta Satureje hortensis L. u dozi od
100 mg/kg je smanjivala promene izazvane cisplatinom, sto je bilo
slicno efektima u grupi sa silimarinom. Ekstrakt je u dozi od
200 mg/kg umanjio efekat cisplatine samo za ukupno trajanje i-
mobilnosti, dok u dozi od 50 mg/kg ekstrakt nije imao uticaja na
efekte cisplatine. lako bi uobicajena primena ove metodologije
dovela do zakljucka da cisplatina izaziva antidepresantni efekat,
poredenje sa odgovarajucim podacima iz literature omogucava
zakljucak da se uticaj cipslatine moze pripisati njenoj anksiogenoj
ulozi, sto je bilo umanjeno antioksidantnom suplementacijom (Sa-
tureja hortensis L.) u odgovarajucoj dozi (100 mg/kg).

Kljuéne reci: cisplatina, Satureja hortensis L., anksioznost,
depresivnost, test kacenja za rep, pacovi
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INTRODUCTION

Cisplatin is one of the most widely used anticancer drugs
worldwide. Alone or along with other cytostatic agents, cis-
platin has been considered a first-line therapy in the treatment
of various malignancies for decades, especiallysolid tumors
such as ovarian, testicular, head. neck and small cell lung
cancers (1).

Despite its well confirmed efficacy in the treatment of a
numerous types of cancers, clinical use of cisplatin is often
limited because of the dose- and duration-dependent cell re-
sistance. Although, up to date, more than 40 specific types of
cisplatin adverse effects have been recognized, according to
their incidence and severity, cisplatin side effects have been
categorized into seven main groups: nephrotoxicity, ototoxi-
city, cardiotoxicity, hematological toxicity, hepatotoxicity,
gastrointestinal toxicity and neurotoxicity (2). Regardless of
the reports that pointed out poor penetration through the
blood-brain barrier for the majority of platinum-based com-
pounds (3), it was observed that platinum agents accumulate
in the central nervous system (CNS) (4), reaching the highest
concentration in specific brain regions such as hippocampus
in mice (5). Those findings may be the explanation for the
variety of clinical manifestations following cisplatin treat-
ment. Therefore, the following CNS disorders in cisplatin
treated patients have been reported: acute blindness and sei-
zures, encephalopathy and stroke-like episodes (6). Also,
cisplatin therapy was accompanied with cognitive impair-
ment and emotional dysfunction (7). The cognitive impair-
ment, with the decreased locomotor and exploratory activity,
was also observed in cisplatin treated animals (8, 9).

Although all kinds of cisplatin-induced toxicities are con-
nected to specific clinical features, the spectrum of underly-
ing pathophysiological mechanisms can be specified in a few
principle categories. The most frequently described pro-
cesses that could be connected to cisplatin-induced toxicities
are: the apoptosis (10), DNA damage (11) and inflammation
(12). Also, some investigations confirmed that oxidative
stress is the key mechanism that disturbs homeostasis follow-
ing cisplatin treatment and may be the base of its toxicities
(13). The prooxidative action of cisplatin comes as a result of
combined effects of increased production of reactive oxygen
species, such as hydroxyl radical (14), hydrogen peroxide
(15). superoxide anion radical (16). and nitrites (17, 18), and
simultaneous decline in cellular antioxidant capacity, mani-
fested as a decrease in antioxidant enzymes (superoxide dis-
mutase and catalase) activity (19, 20), as well as glutathione
(21).

The confirmed strong connection between the chemother-
apeutics-induced oxidative damage and the clinical manifes-
tations of toxicities in the specific tissues has targeted an an-
tioxidant supplementation as a potentially useful therapeutic
approach in the treatment of numerous anticancer drugs ad-
verse effects. In the last decade, the medicinal plants have
been widely confirmed as an important source of dietary an-
tioxidants that showed protective effect when applied along

&
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with anticancer drugs, by means of diminished oxidative
damage, which resulted in attenuation of cytostatic-induced
toxicities (22, 23, 24). Recent study confirmed that Satureja
hortensis L., the plant with the high content of antioxidants,
such as phenolic compounds, and especially high concentra-
tion of rosmarinic acid, showed beneficial antioxidant prop-
erties in the treatment of cisplatin-induced nephro- and hepa-
totoxicity (25).

The aim of this study was to evaluate the behavioral man-
ifestations of cisplatin administration in the TSTin rats.
Furthermore, we estimated the potential alterations in behav-
ioral outcome following antioxidant supplementation with
Satureja hortensis L. extract in different doses.

MATERIAL AND METHOD

Animals and treatment

Animals were housed in seven cages (5 per cage), under
standard environmental conditions (temperature 23+1°C, hu-
midity 55+5%, 12/12h light/dark cycle). The animals had ac-
cess to food and water ad libitum. The rats were randomly
divided into 7 experimental groups as follows:

- control group, that received tap water for 10 days and a
single dose of 500 pL saline on the day 5;

- cisplatin group that received tap water for 10 days and a
single dose of cisplatin (7.5 mg/kg b. w.) on the day 5;

- CIS+E50 group that received S. hortensis L. extract
(50 mg/kg b. w.) orally for 10 days and a single dose of cis-
platin (7.5 mg/kg b. w.) on the day 5;

- CIS+E100 group that received S. hortensis L. extract
(100 mg/kg b. w.) orally for 10 days and a single dose of cis-
platin (7.5 mg/kg b. w.) on the day 5;

- CIS+E200 group that received S. hortensis L. extract
(200 mg/kg b. w.) orally for 10 days and a single dose of cis-
platin (7.5 mg/kg b. w.) on the day 5;

- CIS+SILYMARIN group that received silymarin
(100 mg/kg b. w.) orally for 10 days and a single dose of cis-
platin (7.5 mg/kg b. w.) on the day 5;

- E200 group that received S. hortensis L. extract
(200 mg/kg b. w.) orally for 10 days.

Cisplatin and saline were administered intraperitoneally,
while the extracts were dissolved in tap water. Phytochemical
characterization of methanolic extract of S. hortensis L. was
previously described in the study by Boroja et al (25).

After completing the described protocols, the animals
were placed in the testing room, at approximately 8 a.m., in
order to accommodate for behavioral testing that usually
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started at 10 a.m. The testing room was acoustically and vis-
ually isolated.

Tail suspension test (TST)

In order to evaluate the behavioral alterations, we per-
formed TST. This test, usually obtained for the estimation of
depressive state level, is based on the assumption that the ro-
dents under specific circumstances are expected to put an ef-
fort in order to avoid evidently aversive (stressful) stimulus
(26). The original apparatus for TST is constructed of metal
frame (0.6 x 0.6 m) and circular barrier (25 cm in diameter)
with the central hole (the opening of 15 mm in diameter)
where the tails were slipped through.

Rats were suspended by the tail attached to the adhesive
tape (with the barrier 1 cm below the position of the adhesive
tape on the tail, in order to prevent tail climbing), so that they
could freely dangle facing downward.

RESULTS

The applied protocols significantly altered the latency to
the first immobility (F=11.539, df=6). As shown in Figure 1,
the administration of cisplatin in a single dose significantly
increased the latency to the first immobility compared to the
control group (p<0.01). S. hortensis L. extract, when applied
alone, had no effect on this parameter when compared to the
control. However, when applied along with cisplatin, S. hor-
tensis L. extract in a dose of 100 mg/kg significantly reduced
cisplatin-induced augmentation of the latency to the first im-
mobility when compared to the cisplatin group (p<0.01), and
the values remained similar compared to the control. On the
other hand, both lower (50 mg/kg) and higher (200 mg/kg)

& &

The key point of TST was the quantification of immobility.
The immobility was considered as a state with no visible vol-
untary movement (<1 cm) of head, body or limbs for at least
5 seconds. Expected involuntary swinging was declared as
the state of immobility. The test lasted for six minutes, with-
out any experimenter intervention during the testing. The
complete testing was recorded by a video camera. The fol-
lowing parameters were analyzed from the recordings: the la-
tency to the first immobility, the number of immobility epi-
sodes and the total duration of immobility.

Statistical Analysis

The data were presented as means + S.E.M. After com-
pleting the tests for homogeneity (Levene’s) and normality
(Shapiro-Wilk), comparisons between the groups were per-
formed using One-way ANOVA, followed by Bonfer-
roni post hoc analysis. Significance was determined
at p<0.05. Statistical analysis was performed with SPSS ver-
sion 20.0 statistical package (IBM SPSS Statistics 20).

dose of S. hortensis L. extract failed to significantly attenuate
the cisplatin-induced increase in the latency to the first im-
mobility, and this parameter was still significantly higher
compared to the control in CIS+E50 group (p<0.01). Even
more, the values of this parameter achieved with the lower
dose were statistically below the values observed in the
CIS+E100 group (p<0.05). The impact of simultancous ad-
ministration of cisplatin and silymarin was very much alike
the observed effect in the CIS+E100 group — significant de-
cline of cisplatin-induced increase in the latency to the first
immobility, while preserving the values almost equal with
the control group.

Figure 1. The latency to the first immobility in the tail suspension test.
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Values are mean + standard error of the mean (SEM), n=5 per group,
*denotes a significant difference p<0.05, **denotes a significant difference p<0.01.
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Like for the latency to the first immobility, the number of
immobility episodes in TST was also significantly affected
by the applied protocols (F=10.137). Cisplatin application re-
sulted in a significant decrease in the number of immobility
episodes compared to the control values (p<0.01). As shown
in Figure 2, the decline in this parameter was compensated
(p<0.01) with neither the middle dose of S. hortensis L. ex-
tract (100 mg/'kg), nor with the higher (200 mg/kg) or the
lower (50 mg/kg) dose of S. hortensis L. extract. It should be
noticed that the increase in the number of immobility

&

episodes observed following simultaneous administration of
cisplatin and S. hortensis L. extract in a dose of 100 mg/kg
was even statistically significant when compared to the
CIS+ES50 group (p<0.05). Again, the effect obtained with the
middle dose of S. hortensis L. extract was very similar to the
one achieved with the same concentration of silymarin when
applied along with cisplatin. Also, the number of immobility
episodes was not significantly affected by S. hortensis L. ex-
tract in a dose of 200 mg/kg, when applied alone. compared
to the control group.

Figure 2. The number of episodes of immobility in the tail suspension test.
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Values are mean + standard error of the mean (SEM), n=5 per group,

*denotes a significant difference p<0.05,

Finally, as shown in Figure 3, all the applied protocols
also had significant impact on the total duration of immobil-
ity (F=16.271). Administration of cisplatin in a single dose
(7.5 mg/kg) resulted in a significant decline in the immobility
duration compared to the control (p<0.01). Although the in-
dividual administration of S. hortensis L. extract did not re-
sult in a significant change in the total duration of immobil-
ity, the administration of S. hortensis L. extract in the doses
of 100 and 200 mg/kg significantly augmented the cisplatin-
induced decrease in the total immobility (p<0.01). Only the
values achieved in the CIS+E200 group remained

**denotes a significant difference p<0.01.

significantly below the control values (p<0.01). The lowest
dose of extract (50 mg/kg) failed to reduce the cisplatin-in-
duced reduction in the total duration of immobility. The im-
pact of simultaneous administration of cisplatin and si-
lymarin on the duration of immobility in TST resembled the
effects observed with the middle and the highest dose of S.
hortensis L. extract. However, the total duration of immobil-
ity achieved in the CIS+SILYMARIN group, unlike the
CIS+E100 group, remained statistically below the control
values (p<0.01).

Figure 3. The total duration of immobility in the tail suspension test.
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DISCUSSION

®

Beside its unquestionable anticancer properties, cisplatin-
based chemotherapy is usually limited by numerous side ef-
fects (27), including clinical manifestations of neurotoxicity
(28). Many cisplatin-induced toxicities are accompanied with
an evident mitochondrial dysfunction and oxidative damage
in various tissues (29). Therefore, any of therapeutic ap-
proaches that may prevent the cisplatin-induced increase in
oxidative stress, as a trigger factor for tissue damage, may be
potentially useful as a supplementary treatment along with
cisplatin therapy.

One of the most recently reported manifestations of ad-
verse effect of cisplatin on CNS has clinical form with char-
acteristics of increased depressive state level (30). The prode-
pressant action of cisplatin, by means of behavioral tests re-
sults, in that study (performed on rats) was accompanied with
prooxidant alterations in both cortex and hippocampus. Also,
neuronal degeneration in hippocampus paralleled the decline
in BDNF and GABA content, as well as the increase in hip-
pocampal glutamate (30).

However, the results obtained in our study may lead to a
conclusion that cisplatin administration had the antidepres-
sant effect by means of behavioral patterns observed in TST.
On the other hand, the literature data offer a recently estab-
lished possibility that the estimation of depressive state level
can be substantially mimicked with significant alterations in
anxiety levels. Namely, the specific mood disorders that are
dominantly characterized with strong anxiogenic features
may overcome the prodepressant action resulting in inade-
quately pronounced antidepressant effect (31). The offered
explanation is that increased motor activity observed in the
tests for depressive level estimation (such as TST) may rather
be considered as the behavioral outcome of anxiety-induced
overreacting than antidepressant action. When comparing the
results for prodepressant action of cisplatin (30) and in-
creased locomotor response in TST observed in this study,
we must take into consideration two important information.
Firstly, those two studies were performed with the signifi-
cantly different protocols: the prodepressant effect was re-
ported in the study with the chronic exposure to cisplatin (10
weeks), while the opposite effect on depressive level was ob-
tained in the study with a single dose of cisplatin. Secondly,
the recent study of Kumburovic et al. (32) confirmed the
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extremely strong anxiogenic response to a single dose of cis-
platin, as the earliest behavioral manifestation of cisplatin ad-
ministration. Therefore, we can conclude that the results of
those two studies are not the opposite or even contradictory.
It seems that the cisplatin impact in certain brain regions in-
volved in mood regulation that includes numerous biochem-
ical and morphological alterations is very complex. It seems
that the cisplatin action in the CNS, by means of behavioral
changes, starts with predominantly anxiogenic response fol-
lowed by prodepressant action if the cisplatin treatment lasts
long enough. Therefore, the behavioral outcome of cisplatin-
induced neurotoxicity has strong time dependent characteris-
tics. In addition, it is not surprising that beneficial effects of
antioxidant supplementation following cisplatin therapy also
strongly depend on the principle behavioral outcome.
Namely, the benefits obtained with S. hortensis L. extract in
this study were manifested not by prodepressant action, but
as the clear anxiolytic-like response to antioxidant supple-
mentation. Our results are in line with previously reported
beneficial action of various antioxidant sources on cisplatin-
induced neurotoxicity with clinical manifestations that in-
volve increased anxiety levels (8, 9).

CONCLUSION

In summary, the neurotoxic manifestations of cisplatin
treatment as observed in this study, manifested by anxiogenic
response in TST, can be significantly attenuated by S. hor-
tensis L. extract supplementation. So, according to the results
of our study, it seems that antioxidant supplementation may
be useful in diminishing cisplatin-induced neurotoxicity.
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Numerous adverse effects of cisplatin-based therapy are usually accompanied by enhanced oxidative damage and cell apoptosis in
various tissues. Even neurotoxic manifestations of cisplatin administration, such as the anxiogenic effect, appear along with the
increased oxidative stress and apoptotic indicators in certain brain regions. Thirty-five Wistar albino male rats were divided into
seven groups: control, cisplatin (received a single dose of cisplatin: 7.5 mg/kg), three groups with oral administration of Safureja
hortensis L. methanolic extract (SH) (low: 30mg/kg, middle: 100 mg/kg, and high dose: 200mg/kg) along with cisplatin
application, a group with the extract in high dose alone, and a silymarin group (cisplatin and silymarin: 100 mg/kg), in order to
evaluate the antioxidant effects of SH on cisplatin-induced increase in the anxiety level. After completing 10-day pretreatments,
behavioral testing was performed in the open field and the elevated plus maze, followed by an investigation of oxidative stress
and apoptosis parameters in hippocampal tissue samples. Cisplatin administration resulted in anxiogenic-like behavior,
increased lipid peroxidation, and proapoptotic markers accompanied by the decline in antioxidant and antiapoptotic defense.
The administration of extract alone did not significantly alter any of the estimated parameters. When applied along with
cisplatin, SH in a dose of 100 mg/kg induced the significant anxiolytic effect with concomitant recovery of antioxidant and
antiapoptotic activity indicators, while both lower and higher doses of the extract failed to improve the adverse effects of
cisplatin administration. The beneficial effects of the middle dose of SH were equivalent to the same dose of silymarin, as a
“golden standard.” Our results indicate that the antioxidant supplementation with SH in an optimal dose significantly improved
the oxidative status and it had antiapoptotic effect in the rat hippocampus disturbed by cisplatin administration, which was
accompanied with attenuation of cisplatin-induced anxiogenic effect.

1. Introduction

impairments in brain tissue [2]. The primary evidence of
neurotoxicity of cisplatin is decreased activity of antioxidant

Generation of reactive oxygen species (ROS) in brain tissue is
mnsidered to be the main process linked to the appearance of
a broad spectrum of psychiatric disorders [1]. A chemother-
apeutic drug, cisplatin, although considered to be one of the
most promising chemotherapeutics in the treatment of
various malignancies, exerts morphological or behavioral

enzymes with concomitant depletion in the glutathione level,
elevated lipid membrane peroxidation, and mitochondrial
dysfunction. This indicates that cisplatin causes overproduc-
tion of ROS and imbalance between oxidant-antioxidant
levels, consequently leading to the insufficient level of anti-
oxidants to counteract the raised ROS in tissue [3]. Besides,
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cisplatin-induced neurotoxicity has been shown to result
in numerous clinical forms. Although the majority of the
investigated mechanisms focused on the manifestations of
peripheral nerve injury [4], recent investigations have paid
more attention to the effects on the central nervous sys-
tem. Therefore, it has been reported that various protocols
of cisplatin administration may affect mood regulation [5],
as well as cognitive and perceptual impairments [6]. Further-
more, it has been proposed that the described behavioral
alterations are connected with an underlying increase of
oxidative stress [7] in specific brain regions involved in
the control of those teatures. Also, Manohar and coworkers
demonstrated that cisplatin promotes cell death in the
hippocampus by increasing the expression of proapoptotic
genes while reducing the expression of antiapoptotic
genes [8].

Phytochemicals and plant-based products have been
widely applied in treatments of various types of neurological
disorders, due to their safety and the absence of side effects
[9]. Satureja hortensis L. (summer savory, garden savory) is
an annual shrub belonging to the genus Saturgja of the
Lamiaceae family. Summer savory is native to North America
as well as warmer regions, such as the Mediterranean area
and Southern Europe [10]. Due to its flavoring properties,
the aerial parts of some Satureja species are mostly used
as a culinary spice [11], but their medical benefits on
human health are also remarkable. In traditional medicine,
5. hortensis has been widely applied to relieve muscle pain,
as a carminative and as a medicament in the treatment of
diarrhea and digestion impairments [12]. Modern phyto-
chemical analysis revealed a wide range of bioactive constitu-
ents in 5. hortfensis: monoterpenoids, carvacrol, thymol, and
p-cymene as the main compounds in volatile oil [13] and
phenolics, especially a high amount of rosmarinic acid, as
major active principles in the extract [14]. Considering the
different active compounds that are present in 5. hortensis,
the exceptional potential of essential oil and extracts of sum-
mer savory has been reported in in vitro and in vive studies.
Recent studies showed that 5. horfensis exhibited notable
antioxidant, antimicrobial, antiparasitic, anti-inflammatory,
antinociceptive, antiviral, anti- Alzheimer (acetyl- and butyr-
ylcholinesterase inhibitory activity), and hepatoprotective
properties [15, 16]. Our earlier study showed the amelio-
ration effect of S hortensis methanolic extract against
cisplatin-induced hepatorenal and testicular toxicity [17].
Similarly, it was demonstrated that administration of
5. hortensis extract could prevent alterations in cisplatin-
induced oxidative damage in several tissues [18]. There are
no studies on toxicity of S. hortensis extract, but Fierascu
et al. [15] recently reported that 5. hortensis tea or infusion
can be safely consumed, but essential oil of summer savory
may cause mild dermal irritations. Previous investigations
showed that rosmarinic acid, the main phenolic compound
in 8 hortensis extract, produced antidepressive and anxio-
lytic effects [19], and therefore, the following investiga-
tions were performed in order to evaluate the effects of
5 hortensis methanolic extract (SH) on the cisplatin-
induced increase in the anxiety level and oxidative stress
in hippocampal tissue.

Oxidative Medicine and Cellular Longevity

2. Materials and Methods

2.1. Extract Preparation. Aerial parts of Satureja hortensis L.
were collected during the full flowering period in August
2015 in village Bora¢ (municipality of Kragujevac, Republic
of Serbia). A voucher specimen (No. 121/15) was deposited
in the Herbarium of the Department of Biology and Ecology,
Faculty of Science, University of Kragujevac, Kragujevac,
Serbia, after the identification of species. Plant material was
air-dried at room temperature. The methanolic extract of
5. hortensis was prepared according to the previously pub-
lished procedure [17]. Phytochemical characterization of
methanolic extract using HPLC/DAD/(-)HESI-M5/MS anal-
ysis was previously published in the study by Boroja and
coworkers, and this methanolic extract was investigated in
the presented paper, as a part of the same study [17].

2.2, Animals and Treatment. Thirty-five male Wistar albino
rats (two months old, 200-250 g, obtained from the Military
Medical Academy, Belgrade, Serbia) were included in this
study. The animals were housed in groups of five per cage
in suitable environmental conditions (23 £ 1°C and 12/12h
light/dark cycles) and had free access to food and tap water.
Animals were divided into seven equal groups and under-
went pretreatment protocols, as follows: the control group
received water for 10 days and a single intraperitoneal (ip.)
application of 0.3 mL normal saline on the 5th day; the CIS
group received water for 10 days and a single dose of cisplatin
(7.5mg/kg bow, ip.) on the 5th day; the CIS+E50 group
received 5. hortensis extract (30 mg/kg b.w.) orally for 10 days
and a single dose of cisplatin (7.5 mg/kg b.w., i.p.) on the 5th
day; the CIS+E100 group received 5. hortensis extract
(100 mg/kg b.w.) orally for 10 days and a single dose of cis-
platin (7.5mg/kg bw., i.p.) on the 5th day; the CIS+E200
group received 5. horiensis extract (200 mg/kg bow.) orally
for 10 days and a single dose of cisplatin (7.5 mg/kg b.w,
i.p.) on the 5th day; the CIS+silymarin group received sily-
marin (100 mg/kg b.w.) orally for 10 days and a single dose
of cisplatin (7.5mg/kg b.w., ip.} on the 5th day; and the
E200 group received 5. horfensis extract (200 mgikg b.w.)
orally for 10 days.

The final concentration of extract doses was calculated on
the basis of average water intake in the previous 24 hours.

2.3. Behavioral Testing. Twenty-four hours after completing
the protocols, the animals were allowed to acclimate in a test-
ing room (approximately at 8 am) for at least 1 h, and behav-
ioral testing was performed in an open field (OF) and the
elevated plus maze (EPM), as previously described [20].
The following parameters were estimated in the OF test:
cumulative duration in the center zone (CDCZ, in seconds),
frequency in the center zone (FCZ), total distance moved
(TDM, in cm), the percentage of time moving (% TM), and
the number of rearings during 5 minutes of testing. Immedi-
ately after completing the OF test, the rats were placed in the
EPM in order to obtain different parameters: cumulative
duration in open arms (CDOA, in seconds), frequency to
open arms (FOA), TDM (in cm), %TM, the number of
rearings, the number of head-dippings (HD), and the
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number of total exploratory activity (TEA) episodes. Both
tests were recorded, and video files were analyzed using
EthoVision software (XT 12, Noldus Information Technol-
ogy, The Netherlands).

After completing behavioral testing, the rats were decap-
itated following a short-term narcosis induced by intraperi-
toneal application of ketamine (10mg/kg) and xylazine
(5 mg/kg), the brains were quickly removed, and hippocam-
pal tissue was isolated for turther analysis.

2.4. The Estimation of Oxidative Stress Parameters in the
Hippocampus. The hippocampus tissue homogenates were
prepared in phosphate-buffered saline (PBS, pH 7.4) and
centrifuged at 4000 rpm for 15min at 4'C. The obtained
supernatants were used for the determination of catalase
(CAT) and superoxide dismutase (SOD) activities, as well
as reduced glutathione (GSH) and thiobarbituric acid reac-
tive substance (TBARS) levels. The activity of CAT in tissue
homogenates was determined by monitoring the decomposi-
tion rate of hydrogen peroxide according to the method
described by Beers and Sizer [21]. The measurement of
SOD activity in hippocampus tissue homogenates was based
on the colorimetric reaction inhibition of adrenochrome
formation from adrenalin according to the method of Misra
and Fridovich [22]. CAT and SOD activities in tissue homog-
enates were expressed as unit per milligram of protein (U per
mg of proteins). The reduced glutathione (GSH) level in
homogenates was estimated by Ellman’s procedure and
expressed as mg GSH per gram of proteins [23]. The thiobar-
bituric acid reactive substance (TBARS) level in samples was
determined by the method of Ohkawa and coworkers and
expressed as nmol MDA per mg of proteins [24]. The Lowry
et al.’s method [25] was used for the determination of protein
concentrations in tissue homogenates, using bovine serum
albumin (BSA) as a standard. All spectrophotometric mea-
surements were performed using a UV-Vis double beam
spectrophotometer (model Halo DB-20S, with a temperature
controller, Dynamica GmbH, Dietikon, Switzerland).

2.5. RNA Isolation and Real-Time PCR Analysis. Total RNA
was extracted from hippocampal tissue using the TRIzol
reagent (Invitrogen, CA) according to the manufacturer’s
instructions. For reverse transcription, a High-Capacity
¢DNA Reverse Transcription Kit (Applied Biosystems, CA)
was used. Quantitative RT-PCR was performed using the
Thermo Scientific Luminaris Color HiGreen qPCR Master
Mix (Applied Biosystems, CA). Also, mRNA-specific primers
for Bax, Bcl-2, caspase-3, and B-actin as a housekeeping
gene (Invitrogen, CA) were used (Supplement 1). Quanti-
tative RT-PCR reactions were done in the Mastercycler
ep realplex (Eppendort, Germany), and after data analysis,
relative gene expression was calculated according to Livak
and Schmittgen [26].

All research procedures were carried out in accordance
with the European Directive for the welfare of laboratory ani-
mals No. 86/609/EEC and the principles of Good Laboratory
Practice (GLP) and in accordance with the ARRIVE
guidelines. All experiments were approved by the Ethical

Committee of the Faculty of Medical Sciences, University
of Kragujevac, Serbia.

2.6. Statistical Analysis. The data were presented as
means + S.E.M. After completing the tests for homogene-
ity (Levene’s) and normality (Shapiro-Wilk), comparisons
between groups were performed using one-way ANOVA,
followed by Bonferroni post hoc analysis. Simple linear
regression analyses were performed to analyze relationships
between parameters obtained in behavioral tests and other
analyses (oxidative stress and apoptosis indicators). Signif-
icance was determined at p < 0.05 for all tests. Statistical
analysis was performed with SPSS version 20.0 statistical
package (IBM SPSS Statistics 20).

3. Results

3.1. Antioxidant Supplementation Attenuates Cisplatin-
Induced Anxiogenic Effect. Behavioral testing performed in
this study revealed the anxiogenic-like effect of cisplatin in
both OF (Figure 1) and EPM (Figure 2) tests. Cisplatin
administration significantly decreased the principal indica-
tors of the anxiety level, CDCZ (Figure 1(a)), and FCZ
(Figure 1(b)), in the OF test (F=6.527 and 5.530, respec-
tively; df =6, p<0.01). The similar response to cisplatin,
expressed as a significant decline in key parameters for anxi-
ety level estimation in EPM, CDOA, and FOA (Figures 2(a)
and 2(b); F =8.204 and 6.027, respectively; df =6, p <0.01)
was observed. Also, the overall locomotor activity in OF
was significantly reduced following cisplatin application by
means of TDM (Figure 1(c)) and %TM (Figure 1(d))
(F=16.064 and 6.609, respectively; df =6, p <0.01), as it
was in the EPM test, by means of the same parameters
(Figures 2(c) and 2(d); F=14.693 and 7.441, respectively;
p<0.01). At the same time, the exploratory activity was
significantly reduced in OF (Figure 1(e); F =8.980, p < 0.01)
and EPM (Figures 2(e)-2(g)) that was manifested as
decline in the number of HD (F = 15.590, p < 0.01), rear-
ings (F=4.920, p<0.05), and TEA episodes (F=13.437,
p<0.01).

Oral administration of the methanolic extract of
S. hortensis (200 mg/kg/d), when applied alone, despite the
fact that it was not statistically different, decreased all esti-
mated parameters in OF and EPM tests when compared to
the control. However, SH, continuously applied before and
following cisplatin application in different doses, induced
the alteration in cisplatin-induced anxiogenic effect. The
attenuation of cisplatin-induced anxiogenic effect in OF
and EPM tests was observed only in E100 and was manifested
by a significant anxiolytic-like effect when compared to the
cisplatin group (p<0.01), reversing CDCZ and FCZ
(Figures 1(a) and 1(b)) in OF and CDOA and FOA
(Figures 2(a) and 2(b)) in EPM to the control values. SH in
the lowest (50mg/kg/d) and the highest (200 mg/kg/d)
applied doses was not sufficient to abolish the anxiogenic
effect of cisplatin by means of the principal indicators of
anxiety in both tests. The similar consequences of SH were
manifested on locomotor activity in both tests. The orally
applied extract in a dose of 100mg/kg/d diminished
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cisplatin-induced decline in TDM and %TM in both OF
(Figures 1(c) and 1(d)) and EPM (Figures 2(c) and 2(d))
tests. SH in this dose applied with cisplatin significantly
increased TDM in both tests (Figures 1(c) and 1(d) and
Figures 2(c) and 2(d)) compared to the lower and higher
doses (p<0.01), while this effect was not significant for

%TM with the extract in a higher dose. However, both the
locomotor activities in both tests for the animals treated with
the higher and lower doses of the extract remained signifi-
cantly diminished compared to the control values (p <0.01)
except for %TM in EPM for the higher dose. SH, when
applied with cisplatin in the dose of 100mg/kg/d, was
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Froure 2: Parameters obtained in the elevated plus maze (EPM) test: (a) the cumulative duration in open arms (CDOAJ, (b) the frequency
to open arms (FOA), (c) the total distance moved (TDM), (d) the percentage of time moving (%TM), () the number of head-dippings
(HD), (f) the number of rearings, and (g) the number of TEA episodes. Values are the mean + standard error of the mean {SEM}; n=3
per group. * denotes a significant difference of p < 0,03; ++ denotes a significant difference of p < 0.01. A: control vs. other groups; B: CIS
vs. other groups; C: ClS+silymarin vs. other groups; D: E200 vs. other groups; E: CIS+E50 vs. CIS+E100; F: CIS+E50 vs. CIS+E200;

G: CIS+E100 vs. CIS+E200.

sufficient to attenuate the cisplatin-induced decline in explor-
atory activity in both OF and EPM tests (Figure 1{e) and
Figures 2(e)-2(g)). The lower dose of extract (50 mg/kg/d)
failed to ameliorate this manifestation of anxiety-like behav-
ior, which was manifested by significantly lower exploratory
activity compared to the control values (p < 0.01), and even
when compared to the effect of the middle dose of the extract
{p=0.01 for OF and TEA in EPM). Although the explor-
atory activity following the administration of the higher
dose (200mg/kg/d) along with cisplatin was not signifi-
cantly lower compared to the middle dose (100 mg/kg/d),
except for TEA, this anxiogenic feature of simultaneous
administration of cisplatin and SH extract in the dose of
200 mg/kg/d remained significantly below the control values
(p<0.01), except for the number of rearings in EPM
(Figure 2(f)).

When compared to SH, silymarin (a standardized plant
extract with proven antioxidant effects in vive) administra-
tion in a dose of 100 mg/kg/d showed similar protective effect
on behavioral alterations induced by cisplatin in OF and
EPM to the equivalent dose of SH (Figures 1 and 2) but still
more pronounced than the effects of lower (50mg/kg/d)
and higher (200 mg/kg/d) doses of extract. As shown in
Figure 2(a), silymarin did not prevent a decline in CDOA
(p<0.01) after cisplatin administration when compared to
the control and did not produce a significant increase in
any of the principle parameters for anxiety estimation in
the applied tests. The protective effect following cisplatin
application of silymarin was more pronounced by means
of locomotor activity estimation, where it significantly
increased cisplatin-induced decline in TDM (Figure 1(c)
and Figure 2(c), p<0.01), as well as exploratory activity in
both tests (Figure 1(e) and Figures 2(e)-2(g), p<0.01),
except for the number of rearings in EPM.

3.2, Satureja hortensis L. Extract Prevents Oxidative Damage
Induced by Cisplatin. All applied protocols resulted in signif-
icant alterations in oxidative stress markers: TBARS
(F =5.400, df = 6), SOD (F =6.103), and CAT (F = 4.396).
A single application of cisplatin (7.5 mg/kg b.w.) caused a
significant (p<0.01) increase in TBARS and decline in
SOD and CAT activity (p < 0.01) in the hippocampus, when
compared to the control group (Figures 3{a)-3(c), respec-
tively). Except for the lowest estimated dose of S. hortensis
extract (30 mg/kg b.w.), all tested concentrations of extract
and silymarin provided a significant amelioration in the level
of TBARS, in comparison with the cisplatin group. The appli-
cation of SH at a dose of 100 mg/kg b.w. showed the most
pronounced (p < 0.01) effect on the decrease of the TBARS
level in hippocampal tissue in comparison with the cisplatin
group. At the same time, the increase of SOD activity in the
hippocampus, when compared to the cisplatin group, follow-
ing administration of SH extracts was significant (p < 0.03)
only with the dose of 100 mg/kg (Figure 3(b)). The activity
of CAT in hippocampal tissue (Figure 3(c)) also significantly
increased (p < 0.05) only in the extract-treated group at a
dose of 100mg/kg b.w., when compared to the cisplatin
group. On the other hand, the GSH level in the hippocampus
was decreased, although not significantly, by a single admin-
istration of cisplatin. However, the data presented in
Figure 3(d) showed improvements in the GSH level in the
groups treated with higher doses of SH (100 and 200 mg/kg)
as well as with silymarin, but these effects were not signifi-
cantly pronounced (F=3.034). The level of GSH in the
extract per se group was slightly increased (p > 0.05), com-
pared to the control, and as such is statistically different from
the cisplatin group (p < 0,05).

The application of silymarin {100 mg/kg b.w.) in combi-
nation with cisplatin showed almost equal effects in the
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Froure 3: Oxidative stress markers in the rat hippocampus: (a) TBARS, (b) SOD, (c) CAT, and (d) GSH. Values are the mean + standard
errorof the mean (SEM); n =5 per group. = denotes a significant difference of p < 0.05; «+ denotes a significant difference of p < 0.01. A:
control vs. other groups; B: CIS vs. other groups; C: CIS+silymarin vs. other groups; D: E200 vs. other groups; E: CIS+E50 vs. CIS+E100;

F: CIS+E50 vs. CIS+E200; G: CIS+E100 vs. CIS+E200.

regulation of SOD and CAT activities in the hippocampus
compared to S. hortensis extract at a dose of 100 mg/kg b.w.
Application of extract at a dose of 200 mg/kg b.w. in combi-
nation with cisplatin was less effective in the regulation of
all examined oxidative stress-related parameters compared
to the extract dose of 100 mg/kg b.w. No significant changes
were observed among the examined antioxidant hippocam-
pal tissue parameters between the control group and the
group treated with extract at a dose of 200mg/kg b.w.
without cisplatin application.

3.3. Diminishing of Cisplatin-Induced Proapaptotic Actions by
Antioxidant Supplementation. The protocols applied in this
study significantly altered the relative expression of genes
involved in the regulation of cellular apoptosis, Bax
(F =10.165, df = 6), and Bcl-2 (F =58.950) in hippocampal
tissue. As shown in Figure 4, the application of cisplatin in
the single dose induced a significant increase in Bax and
decline in Bcl-2 relative gene expression compared to the
control (p < 0.01), which resulted in significant augmenta-
tion of the Bax/Bcl-2 ratio (F =19.754, p < 0.01). Although
oral administration of SH did not significantly affect the hip-
pocampal expression of those genes when applied alone,
simultaneous oral intake of S. hortensis extract in a dose of
100 mg/kg reduced Bax and enhanced Bcl-2 hippocampal

gene expression (p <0.01), reversing the cisplatin-induced
effects to control values (Figures 4(a) and 4(b)). On the other
hand, administration of both lower and higher doses of
S. hortensis extract (50 and 200 mg/kg) was not sufficient to
significantly alter individual gene expression of Bax and
Bcl-2 (Figure 4) but still significantly declined the Bax/Bcl-2
ratio in hippocampal tissue (p < 0.01). The effects of SH in
a dose of 100mg/kg/d on cisplatin-induced alterations of
Bax and Bcl-2, as well as their ratio (p < 0.01), compared to
the CIS group were very similar to the effects of simultaneous
administration of silymarin in an equal dose. The relative
gene expression of caspase-3, an apoptosis coordination
enzyme, was also significantly affected by the applied
protocols (F=53.467) in the same manner as Bax. Thus,
cisplatin administration significantly increased caspase-3
hippocampal expression (Figure 4(d)) compared to the
control (p < 0,01). This manifestation of cisplatin proapopto-
tic action was lowered with all orally administered extracts
(CIS+E100, CIS+E200, and CIS+silymarin) compared to
the CIS group (p<0.01), except for the lowest dose of
S. hortensis extract (50 mg/kg/d).

As shown in Figure 5(a), simple regression analysis
revealed a strong positive correlation between the index of
lipid peroxidation expressed as TBARS and the Bax/Bcl-2
ratio (R=0.823, p=1.26E-09). The analysis also indicated
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strong but negative (Figure 5(b)) correlation between the
hippocampal antioxidant capacity estimated by means of
SOD activity and Bax/Bcl-2 ratio (R =0.688, p = 4.70E-06).
Finally, the analysis presented in Figure 5(c) confirms a
strong, also negative, correlation between the Bax/Bcl-2
ratio and the principal indicator of the increased anxiety
level obtained in the EPM test expressed as CDOA
(R=0.601, p=0.0001).

4. Discussion

Although chemotherapy is one of the most employed
approaches in the treatment of numerous malignancies, this
therapeutic approach usually results in numerous adverse
effects. Cisplatin, a widely used chemotherapeutic drug,
has also been reported for serious clinical side effects,
including severe manifestations of neurotoxicity, despite
the fact that it poorly crosses the blood-brain barrier under
physiological conditions [27], such as psychological, cogni-
tive, and perceptual impairment [6, 28, 29]. The manifesta-
tions of neurotoxicity following cisplatin administration
have also been confirmed in animal experimental models.
Cisplatin-induced behavioral alterations include cognitive
dysfunction [30] and depressive- and anxiety-like behaviors
in rats [31, 32]. The results obtained in this study showed a
clear anxiogenic effect of cisplatin (Figures 1 and 2). The
anxiety-like behavior following cisplatin administration
was manifested by means of the decline of the most con-
vincing indicators in OF (CDCZ and FCZ) and EPM
(CDOA and FOA) tests and confirmed by a decrease in
locomotor and exploratory activities, in both tests, which
is typical for anxiogenic features [33]. The anxiogenic effect
of cisplatin applied in the single dose (7.5mglkg b.w.),
as observed in this study, is in accordance with previ-
ously reported anxiety-like behavior following chronic

cisplatin administration (53mg/kg for five weeks and seven
weeks) [3, 7].

Behavioral manifestations of cisplatin-induced neuro-
toxicity occur simultaneously with alterations in the
hippocampus that involve inhibition in cell proliferation,
differentiation, and neurogenesis with alterations in neuro-
transmitter content with morphological verification of
neuronal damage [34-36]. Cisplatin also causes apoptosis
[37], oxidative stress [38], and inflammation [39]. Our
results show that the anxiogenic effect of cisplatin was
accompanied by significant alterations in hippocampal
tissue oxidative status (Figure 3). The increased lipid per-
oxidation following cisplatin administration observed in
this study, as well as the decline in the antioxidant defense
system, expressed by means of SOD and CAT activity in
the hippocampus, is in line with reported alterations in
oxidative status following chronic cisplatin treatment [7].
However, the lack of significant alteration in total hippocam-
pal glutathione after a single dose of cisplatin, which is not in
accordance with the reduction in GSH reported in that study,
may be explained by different experimental protocols that
included prolonged cisplatin treatment (seven weeks), suffi-
cient to induce a significant decline in hippocampal glutathi-
one. The postulated mechanisms of cisplatin neurotoxic
effects in the rat hippocampus include the action via alter-
ation in the expression of genes involved in antioxidative
defense responses [7]. Changes in gene expression provoked
by cisplatin implicate both downregulation of Nri2, as a key
regulator of protection against oxidative stress [40], and
HO-1 (controlled by the Nrf2 gene level), as well as upregu-
lation ot NF-B, which is responsible for cell damage in a var-
ious manner, including the increase of proinflammatory
cytokines. Those mechanisms may lead to neurcinflamma-
tory cascade in the hippocampus with the consequent
behavioral deficits [41]. Inflammatory mediators have been
reported to reduce hippocampal BDNF levels [42], which
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may result in a decrease of hippocampal volume that, in
turn, may be the principal cause of various mood disor-
ders [43], including anxiety-like behavior.

Not surprisingly for the anticancer drug, cisplatin admin-
istration in this study exerted proapoptotic response
(Figure 4). This action was manifested by both an increase
in Bax and caspase-3 relative gene expression and a decline

in Bcl-2 hippocampal expression. The significant alterations
in apoptotic gene relative expression in the hippocampus
were confirmed by a typical proapoptotic shift in the gene
expression ratio, as the intracellular ratio of Bax and Bcl-2
stems from their antagonistic action in apoptosis control
and describes the ability of a cell to respond to an apoptotic
signal [44, 45]. A similar response to single cisplatin
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application was reported by Manochar and coworkers [8].
That comprehensive study offered excellent insight in the
individual proapoptotic gene expression pattern in a rat
hippocampus, showing that the whole proapoptotic set of
genes (Bid, Bik, and Bok) was elevated following cisplatin,
while the antiapoptotic capacity of hippocampal neurons,
expressed as Bcl2al relative gene expression, was simulta-
neously significantly deprived along with the marker of
cell proliferation (Ki67). The proapoptotic outcome pro-
voked by cisplatin, as observed in our study, accompanied
by the previously described oxidative damage in the hippo-
campus, may be considered as potential biological mecha-
nisms involved in emotional impairment manifested by
anxiety-like behavior [5, 6].

Previously, we demonstrated that S. horfensis methanol
extract used in this study was rich in phenolic compounds,
particularly in rosmarinic acid {249 mg/g of dry extract)
[17]. Several phenolic acids, such as chlorogenic, caffeic, syr-
ingic, p-coumaric, sinapic, and isoferulic acids, were identi-
fied in lower concentrations, as well as a certain amount of
flavonoids (quercetin, apigenin, luteclin, and naringenin)
and their derivatives [17]. Rosmarinic acid is mostly known
for its antioxidant features [46], but it has shown many
biological activities including cytotoxicity, antimicrobial,
antiviral, antidiabetic, anti-inflammatory, antiallergic, and
immunomodulatory activities [47-50]. In previous investiga-
tions, rosmarinic acid showed significant alleviation of oxida-
tive stress and anti-inflammatory potential in vive [47].
Especially important were antioxidant properties of rosmari-
nic acid during in vivo cisplatin treatment [48, 51]. Domitro-
vi¢ and coworkers proposed that protective effects of
rosmarinic acid against CP-induced nephrotoxicity included
reducing the levels of oxidative stress markers where ros-
marinic acid decreased lipid peroxidation, 4-HNE, CYPZEL,
and HO-1 immunoreactivity [48]. Also, this phenolic acid
had an influence on inflammatory response in kidneys by
lowering the expression of NF-xkB p65 and TNF-a and
reducing the parameters of apoptotic cell death (expression
of p53 and p-p53) compared to the cisplatin treatment. A
study of Lee and coworkers showed that rosmarinic acid
was able to protect human dopaminergic neuronal cells
against H,0,-induced oxidative stress by regulating the apo-
ptotic process and suggested that this compound may be
used in the prevention of neurodegenerative diseases [52].
Also, rosmarinic acid showed neuroprotective properties
against H,0;-induced oxidative damage in astrocytes [33].

The restoration of equilibrium in the level of intrinsic
antioxidant defense armory in tissue in cisplatin-treated rats
after oral treatment with summer savory extract has been
proposed as a dominant ameliorating mechanism [17]. The
extract of §. hortensis in this study was able, not surprisingly,
to reduce oxidative stress and apoptotic gene relative expres-
sion in the hippocampal tissue of experimental animals.
Therefore, the neuroprotective effects of summer savory
may be related to the presence of a high amount of rosmari-
nic acid in the extract [17]. Moreover, other phenolic com-
pounds detected in S. hortensis showed significant in vivo
antioxidant potential during the treatment with cisplatin.
For example, quercetin [54] and naringenin [55] reduced

Oxidative Medicine and Cellular Longevity

cisplatin-induced nephrotoxicity while luteolin inhibited
the accumulation of platinum, inflammation, and apoptosis
in renal tissues during treatment with cisplatin [56].

Accompanying oxidative stress, mitochondrial damage
and induced cell death may be involved in neurological disor-
ders and neural dysfunction [57]. In our study, a single appli-
cation of cisplatin increased the expression of proapoptotic
Bax gene in the hippocampus, in response to the increased
level of ROS. Additionally, cisplatin downregulated the anti-
apoptotic Bcl-2 gene, which is in line with previous studies
[8]. Oral administration of 8. hortensis extract {100 mg/kg/d),
as well as silymarin, significantly changed the balance
between Bcl-2 and Bax expression, indicating that the apo-
ptosis in the hippocampus was inhibited by the application
of the extract. Our results were in accordance with another
research, which demonstrated that S horfensis extract
controlled apoptosis in H,0,-challenged Jurkat cells [18].
Considering the positive correlation observed between the
Bax/Bcl-2 ratio and TBARS level, it could be concluded that
the main denominator of the apoptotic pathway may be lipid
peroxidation, which is the main factor in disturbance of
cellular integrity.

The plants from genus Satureja (Lamiaceae) are known
for their various pharmacological activities, including antiox-
idant, anti-inflammatory, immunostimulant, hepatoprotec-
tive, and anticancer properties [16, 58], but the studies
regarding the behavioral effects of Satureja species have not
been reported so far. In this study, for the first time, it was
shown that the Satureja species may also have an influence
on the reduction of cisplatin-induced neurotoxicity. The
effects of S. hortensis extract on the regulation of oxidative
stress and proapoptotic factors in the hippocampal tissue
were comparable to silymarin. When applied in the same
doses, both exhibited very similar effects on these parameters.
Silymarin, as a standardized herbal preparation known for its
antioxidant effects, was able to reduce the toxic effects caused
by many xenobiotics, including drug-induced toxicity [59].
The protective effects of silymarin on cisplatin-induced oto-
toxicity [60], as well as liver, kidney, and testicular toxicities,
have been reported so far [17].

In summary, anxiogenic action of cisplatin, accompanied
with increased oxidative stress and proapoptotic manifesta-
tions in the hippocampus, can be attenuated by antioxidant
supplementation with a simultaneous diminishing of oxi-
dative damage and enhanced antiapoptotic capacity in
rats, suggesting a potential beneficial role of antioxidant-
rich natural products in the treatment of cisplatin-induced
neurctoxicity patterns.
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Abstract: Since cisplatin therapy is usually accompanied with numerous toxicities, including
neurotoxicity, that involve tissue oxidative damage, the aim of this study was to evaluate the
possible protective effect of N-acetylcysteine (NAC) on the anxiogenic response to cisplatin (CIS).
Thirty-two male Wistar albino rats divided into four groups (control, cisplatin, NAC, and CIS +
NAC). All treatments were delivered intraperitoneally. On day one, the control and cisplatin
groups received saline while the NAC and CIS + NAC groups were administered with NAC (500
mg/kg). On the fifth day, the control group received saline while the CIS group was treated with
cisplatin (7.5 mg/kg), the NAC group again received NAC (500 mg/kg), and the CIS + NAC group
was simultaneously treated with cisplatin and NAC (7.5 and 500 mg/kg, respectively). Behavioral
testing, performed on the tenth day in the open field (OF) and elevated plus maze (EPM) tests,
revealed the anxiogenic effect of cisplatin that was significantly attenuated by NAC. The
hippocampal sections evaluation showed increased oxidative stress (increased lipid peroxidation
and decline in antioxidant enzymes activity) and proapoptotic action (predominantly by
diminished antiapoptotic gene expression) following a single dose of cisplatin. NAC
supplementation along with cisplatin administration reversed the prooxidative and proapoptotic
effects of cisplatin. In conclusion, the results obtained in this study confirmed that antioxidant
supplementation with NAC may attenuate the cisplatin-induced anxiety. The mechanism of
anxiolytic effect achieved by NAC may include the decline in oxidative damage that down
regulates increased apoptosis and reverses the anxiogenic action of cisplatin.

Keywords: cisplatin; N-acetylcysteine; oxidative stress; apoptosis; hippocampus; rats
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1. Introduction

Cisplatin, dsplatinum, or cis-diamminedichloroplatinum (II}) is a well-known
chemotherapeutic drug used to treat a number of different types of cancers including sarcomas,
cancers of the soft tissue, muscles, bones, and blood vessels [1]. Although synthesized in 1844,
cisplatin has been increasingly interesting since it anticancer activity was shown. Namely, in the
1960s it was discovered to possess cytotoxic properties [2], and in the seventies it became the core
compound for the systemic treatment of germ cell cancers. Cisplatin was the first FDA-approved
platinum compound for cancer treatment in 1978 [3], which has significantly affected the further
development of related platinum-based drugs as potential anticancer treatments [4]. Although
highly effective as a cytostatic, cisplatin treatment leads to dose-dependent adverse effects as a
consequence of DNA damage, increased production of proinflammatory cytokines, mitochondrial
dysfunction, apoptosis, and oxidative stress [53]. These adverse effects include neurotoxicity,
hepatotoxicity, nephrotoxicity, ototoxicity, myelosuppression, gastrointestinal toxicity, and
cardiotoxicity. Common neurological adverse effects are cognitive deficits, disorientation, visual
perception, and hearing disorders [6].

Cisplatin exerts its cytotoxic properties by reacting with DNA, which eventually leads to
irreversible apoptosis [7]. It binds to the N7 reactive center on purine residues and as such forms
DMA-DMA interstrand and intrastrand crosslinks. It is believed that intrastrand adducts are
responsible for the cytotoxic effects of cisplatin and the inhibition of DMNA replication and
transcription. DNA adduct formation is followed by DNA damage recognition by a number of
proteins that further transmit DNA damage signals to downstream signaling cascades involving
p23, MAPK, and p73, which ultimately induce apoptosis. Furthermore, cisplatin induces apoptosis
and inhibits the proliferation of stem cells and neurogenesis in the subventricular and subgranular
hippocampal zone by increased expression of proapoptotic genes (Bid, Bik, Bax, Bok, Tp53bp2, and
Cardé), while reducing the expression of one of the major anti-apoptotic genes, Bcl-2 [8]. Cisplatin
binds to mitochondrial DNA (mtDNA) causing irreversible damage, leading to inhibitory
replication and transcription of mtDNA and subsequent mitochondrial dysfunction and cell death.
mtDMNA damage and subsequent mitochondrial dysfunction result in the production of free reactive
oxygen species (ROS), as well as the induction of oxidative stress [9].

Antioxidants gained significant scientific attention for their prominent beneficial effects that can
combat the excessive oxidative stress in organisms. They are compounds that stabilize, scavenge,
and suppress the generation of oxidants and free radicals [10]. They can be grouped into enzymatic
antioxidants, such as superoxide dismutase SOD, glutathione peroxidase (GSH-FPx), and catalase
(CAT), and nonenzymatic antioxidants, such as ascorbic acid (vitamin C), a-tocopherol (vitamin E),
glutathione (GSH), p-carotene, and vitamin A. Besides several endogenous substances, there are a
number of exogenous substances with strong antioxidant properties, such as flavonoids,
polyphenols, coenzyme QIl0, amino acids, and herbal extracts. They all may exhibit a strong
antoxidant and anti-inflammatory potential, however, they differ significantly in their mechanisms
of action [5]. N-acetylcysteine (NAC) is a sulfur containing amino acid that has recently been proven
as a potent antioxidant. It is a more stable form of the L-cysteine amino acid, which is a source of
cysteine that is necessary for the synthesis of glutathione, a significant nonenzymatic intracellular
antioxidant [11]. As such, NAC may provide possible beneficial results with cisplatin administration
in order to prevent cisplatin adverse effects. In addition to its antioxidant properties, NAC may
reduce the reactivity of cisplatin within the cell itself. This could be achieved by its direct binding to
cisplatin, diminishing its toxicity. Furthermore, it has been recently shown that NAC mitigates
cisplatin-induced inhibition of dendritic branching, the formation of oxidative stress, and apoptosis
of the cells in the hippocampus, as well as subsequent cognitive dysfunction, without affecting the
effectiveness of cytostatic therapy [12].

The objective of this study was to estimate the possible beneficial effects of NAC
supplementation along with cisplatin administration in order to prevent the behavioral adverse
effects of cisplatin. Furthermore, the study aimed to evaluate the impact of NAC on
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cisplatin-induced alterations in oxidative stress markers, as well as on the expression of apoptotic
genes in the hippocampi of rats.

2. Material and Methods

2.1, Anmimurls and Treatment

Three months old male Wistar albino rats (250-200 g, o = 32) were purchased from the Military
Medical Academy, Serbia. All animals were kept in transparent cages {four animals per cage) under
standard conditions (temperature 23 = 1 °C, humidity 30 + 5%) with a light/dark cycle (12/12h) and
had free access to food and water.

The rats were randomly assigned into four equal groups: control, cisplatin (C15), NAC, and CIS
+ NAC groups (1= B). As shown in Table 1, at the start of the trial (day 1) the control and cisplatin
groups received saline (approximately 2 mL ip.), while the NAC and CI5 + NAC groups were
administered with NAC (500 mg'kg i.p., Sigma-Aldrich, Munich, Germany). On the fifth day, the
control group received saline (in the same manner), the CIS group was treated with cisplatin (7.5
mg/kg i.p.) (Merck, Paris, France), the NAC group was administered with MAC again (5300 mg/kg
ip.). and the CI5 + NAC group was simultanesusly treated with cisplatin and NAC (7.5 and 500
mig/kg i_p., respectively).

All research procedures were carried out in accordance with the European Directive for the
welfare of laboratory animals No 8B6/609/EEC, the principles of Good Laboratory Practice (GLP), and
in accordance with the ARRIVE guidelines. All experiments were approved by the Ethical
Cornmittes of the Faculty of Medical Sciences, University of Kragujevac, Serbia.

Table 1. E:!:Pt'l'il.'l'blﬂ'll.l] Pn!l.ﬂ!l.ﬂ.. 15 |:'i.-.-|:||.:||l:i:r'|,: Al N-avetyloysteine,

Group Day 1 Day 5 Day 10
) ) . . testing and
Conitrol salime (2 mL, i.p.} salire (2 mL, iLp.) cactifice
: ; " ; ; testing and
Cls salime (2 mL, i.p.} cisplatin (7.5 mg/kg. i.p.) cactifice
MAC (500 mg'kg, : testing and
MNAC ip) MAC (5300 mg/kg. i.p.) cactifice
CTS + NAC MAC iSIET.I mg/kg. cisplatin (7.5 rng;'l:,g_..:'-p.]l + NAC (500 I:esth.g and
ip.) mm ke, i) sacrifice

2.2, Behavioral Testing
Behavioral tests were conducted on the tenth day. At approximately 0900 the rats were placed

inm the testing room and acclimatized for 1 h before testing in the open field (OF) and the elevated

plus maze (EPM) test, respectively, with an inter-trial interval of 15 min. In order to remove possible
interfering scents, the mazes were cleaned with water and ethanol (70%) after each trial.

22.1. Open Field Test

The OF apparatus and methodology have been fully described elsewhere [13]. Briefly, at the
beginning of the trial, each rat was placed in the center of the square arena (60 = 60 = 30 cm) and
spontaneous exploration was recorded for 5 min. The following parameters were calculated: the
cumulative duration in the center zone (CIMCZ) (s), the frequency to the center zone (FCZ), the
number of rearings, the total distance moved (TDM) {cm), and the percentage of time moving

(%M.

222 Elevated Plus Maze Test

The apparatus fior the EFM test consisted of two open (30 = 20 cm) and two enclosed (30 = 20) =
30 cm) opposite arms elevated 100 cmn abowve the floor. Each rat was placed in the center of the maze
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facing the open arm, and was allowed 5 min for free exploration. The parameters obtained in the
EPM test were as follows: the cumulative duration in the open arms (CDOA) (s), the frequency to the
open arms (FOA), the total distance moved (TDM) (cm), the percentage of time moving (%TM), the
number of rearings, the number of head dippings, and the number of total exploratory activity
(TEA) episodes.

2.2.3. Video Recording System and Analysis

OF and EP'M tests were recorded by using a digital video camera (SONY FDR AX33B) mounted
above the mazes at a suitable height (150 and 2500 cm, respectively). Interpretation of video files was
conducted by Ethovision software XT 12 {(Noldus Information Technology, the Netherlands).

After completing behavioral testing, the rats were anaesthetized with a combination of
ketamine (10 mg/kg, i.p.) and xylazine (5 mg/kg, i.p.), and sacrificed by decapitation. Brains were
carefully removed and hippocampi were dissected. Afterwards, tissue samples were homogenized
in phosphate buffered saline (PBS, 50 mM, pH 7.4) and frozen at 80 °C for further analysis.

2.3. Oxidative Stress Markers Determination

The homogenized samples of hippocampi were centrifuged (4000 rpm, 4 “C) for 15 min. The
obtained supernatants were used to evaluate the following parameters of oxidative stress: index of
lipid peroxidation, the enzymatic activities of superoxide dismutase (50D) and catalase (CAT), and
the level of total glutathione (G5H).

The lipid peroxidation in the hippocampus was evaluated by following the method of Ohkawa
and coworkers [14] and expressed as the level of thiobarbituric acid reactive substances (TBARS).
The results were calculated using the standard curve of malondialdehyde (MDA) and presented as
nanomoles of MDA per milligram of protein (nmol/mg protein). The activity of SOD was monitored
by spectrophotometric measurement of inhibition of adrenalin decomposition to adrenochrome at
480 nm [15], while CAT activity was determined based on the rate of hydrogen peroxide
decomposition at 240 nm [16]. The enzymatic activities were expressed as enzymatic units per
milligram of protein (U/mg protein). The supernatants were also used for the determination of G5H
levels in the hippocampus, using spectrophotometric assay based on the reaction with
5,5-dithio-bis-(2-nitrobenzoic acid) [17]. The results of GSH levels in tissue homogenates were
expressed as milligrams of G5H per gram of protein (mg/g protein). Total protein concentrations
were determined using the method of Lowry and coworkers [18] where bovine serum albumin was
used as a standard.

2.4, Quantification of Expression of Apoptotic Genes: RT PCR Analysis of Genes Involved in the Regulation of
Cellular Apoptosis

Total RNA from the hippocampus was extracted using TRIzol reagent (Invitrogen, Waltham,
MA, USA) according to the manufacturer’s instructions. For cDNA synthesis, we used 2 ug of total
RNA with random hexamers and a High Capacity ¢<DNA Reverse Transcription Kit (Applied
Biosystems, Waltham, MA, USA). Real-time PCR was carried out using Thermo Scientific Luminaris
Color HiGreen gI"CR Master Mix (Applied Biosystems, Waltham, MA) and mRNA specific primers
(Table 2) for Bax, Bel-2, and B-actin as a housekeeping gene (Invitrogen, Waltham, MA). Real-time
PCR reactions were done in the Mastercycler Ep Realplex (Eppendorf, Hamburg, Germany) and
after data analysis, relative gene expression was calculated according to Livak and Schmittgen [19].

Table 2. ET-PCR primers used in this study.

Name Sequence (5" to 3')
B-actin F GATCAGCAAGCACGACTACCAT
R GTAACAGTCCGCCTAGAAGCAT
F GCTACAGGGTTTCATCCAGGAT
R ATGTTGTTGTCCAGTTCATCGC

Bax
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F GCAAAGCACATCCAATAAAAGCG
E GTACTTCATCACGATCTCCCGG

Bcl-2

2.5. Statistical Analysis

Statistical analysis was performed with the SPSS5 version 20.0 statistical package (IEM 5PS5
Statistics 2(), Chicago, IL, USA). The results are expressed as the means + standard errors of the mean
(SEM). Parameters were initially submitted to the Levene's test for homogeneity of variance and to
the Shapiro-Wilk test of normality. One-way ANOVA, followed by Bonferroni test was used for
comparisons between the groups. Simple linear regression and Pearson’s coefficient of correlation
were used to analyze relationships between parameters obtained in behavioral tests, oxidative stress
markers, and relative gene expression. The significance was determined at p < (.05 for all tests.

3. Results

As shown in Figure 1, cisplatin significantly lowered CDCZ and FCZ compared to the control
group (F = 9.423 and 5.85(), respectively, df = 3, p < 0.01). This anxiogenic feature of cisplatin was
attenuated by simultaneous administration of NAC (p < (.05, compared to the CIS group), which
reversed CDCZ and FCZ almost to the control values. The exploratory activity in the OF test
expressed by means of the number of rearings also confirmed the anxiogenic effect of cisplatin that
was manifested by significant diminishing of vertical locomotion (F = 10.231, p < (0.01). NAC
application along with cisplatin was sufficient to significantly increase that type of exploratory
activity when compared to the CIS group (p < (L.05). Cisplatin administration also resulted in a
significant decrease in locomotion parameters in the OF test (Figure 1D,E) of TDM and %TM (F =
B.552 and 12.551, respectively, p < (.01) compared to the control values. Again, simultaneous
administration of cisplatin and NAC diminished that anxiogenic impact of cisplatin on locomotor
parameters (p < (1.05). When applied alone, NAC administration had no significant effect on the
parameters from OF test when compared to the control.
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Figure 1. Parameters obtained in the open field test: (A) the cumulative duration in center zone, (B)
the frequency to center zone, (C) the number of rearings, (D) the total distance moved, (E) the
percentage of time moving. The values are mean + standard error of the mean (SEM), * denotes a
significant difference p < 0.05, ** denotes a significant difference p < 0.01.

Like in the OF test, the anxiogenic response to cisplatin was manifested by a significant decline,
compared to the control, in two principal indicators of anxiety in the EPM test: CDOA and FOA (F =
16.447 and 8.769, respectively, dF =3, p <(.01). As shown in Figure 2A,B, the beneficial effect of NAC
on cisplatin-induced anxiogenic effects was expressed by a significant increase in CDOA (p < 0.01)
and FOA (p < 0.05) in the combined group compared to CIS group. The parameters of locomotor
activity in the EPM test (TDM and %TM; Figure 2C,D, respectively), were also significantly altered
by the applied protocols (F = 12.827 and 6.335). The significant diminishing of locomotion was
confirmed by the decline in both parameters in cisplatin treated rats when compared to the control (p
<(.01). The cisplatin-induced reduction of locomotion, similar to the results obtained in the OF test,
was also abolished by simultaneous administration of NAC (p < 0.05), except for %TM. The
exploratory activity in the EPM test, expressed as the number of rearings and head-dippings, as well
as the number of TEA episodes (Figure 2E-G) was also significantly affected by the applied
protocols (F =18.475, 18.337 and 25.996, respectively). A single dose of cisplatin significantly reduced
all three parameters of exploration compared to the control (p < 0.01). Although NAC
supplementation was sufficient to attenuate the cisplatin-induced decline in those parameters
compared to the CIS group (p < 0.05 and 0.01 for TEA), it was not able to restore the exploratory
activity in EPM since it remained significantly above the control values (p < (.05 and 0.01 for TEA).
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Similar to the OF test, the administration of NAC alone did not significantly affect any of parameters
obtained in EPM test.
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Figure 2. Parameters obtained in the elevated plus maze: (A) the cumulative duration in open arms,
(B) the frequency to open arms, (C) the total distance moved, (D) the percentage of time moving, (E)
the number of rearings, (F) the number of head-dippings, (G) the number of total exploratory activity
(TEA) episodes. The values are mean = standard error of the mean (SEM), * denotes a significant
difference p < (.05, ** denotes a significant difference p <0.01.

The evaluation of oxidative stress parameters showed significant alteration of the TBARS level,
as well as CAT and SOD activities (Figure 3A-C) in the hippocampus caused by the application of
cisplatin and its combination with NAC (F = 40.872, F = 7.635, F = 10.372). Cisplatin administration
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induced a significant increase of the TBARS level (p < 0.01) and a significant decline in the examined
antioxidant enzyme (CAT and SOD) activities (p < (.01) in the hippocampus, while the GSH level in
this group was almost unchanged (p > 0.05) compared to the control group. This prooxidative effect
of cisplatin in the hippocampus was significantly attenuated by simultaneous NAC administration,
resulting in a significant reduction (p < 0.01) of the TBARS level and increase of CAT (p <0.05) and
SOD (p < 0.05) activities, compared to the cisplatin-treated group. NAC application, when applied
alone, had no significant effect on the studied oxidative stress markers in the hippocampus
compared to the control group. As shown in Figure 3D, none of the applied protocols significantly
altered total GSH levels (F = 1.757).
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Figure 3. Oxidative stress parameters in rat hippocampus: (A) thiobarbituric acid reactive substances
(TBARS), (B) catalase (CAT), (C) superoxide dismutase (SOD), (D) glutathione (GSH). The values are
mean * standard error of the mean (SEM), * denotes a significant difference p < 0.05, ** denotes a
significant difference p < 0.01.

CONTROL

As shown in Figure 4A, none of the applied protocols had a significant impact on relative gene
expression of proapoptotic Bax in rat hippocampi (F = 0.352, df = 3). However, the relative gene
expression of hippocampal Bcl2 (Figure 4B) was significantly altered in this trial (F =11.143). A single
application of cisplatin significantly decreased the relative expression of this antiapoptotic gene
compared to the control group (p < 0.01). This proapoptotic action of cisplatin was significantly
attenuated (p < 0.05) by simultaneous NAC administration. This effect was also demonstrated by a
significantly lower Bax/Bcl2 ratio (F = 12.866, p < 0.01) compared to cisplatin alone. Neither pro- nor
anti-apoptotic relative gene expression in the rat hippocampus was significantly affected by NAC,
compared to the control values, when applied alone.
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Figure 4. The relative gene expression of the pro- and anti-apoptotic genes in the rat hippocampus.
(A) Bax, (B) Bcl-2, (C) Bax/Bcl-2 ratio. The values are mean + standard error of the mean (SEM), *
denotes a significant difference p < 0.05, ** denotes a significant difference p < 0.01.

Simple regression analysis (Figure 5A-C) revealed that hippocampal lipid peroxidation,
expressed as TBARS, significantly positively correlated with the relative expression of Bax, as well as
the Bax/Bcl-2 ratio (Pearson’s r = (1.53 and 0.85, p = 0.002 and 5.9-, respectively) but negatively (also
significantly) with the relative expression of Bcl-2 in the rat hippocampus (r = (.88, p = 4.4-11). In
contrast, this analysis showed that the activity of both antioxidant enzymes, SOD (Figure 5D-F) and
CAT (Figure 5G-I), significantly negatively correlated with Bax and the Bax/Bcl2ratio (r = (.66 and
0.70, p = 3.3 and 9.3 for Bax and r = 0.74 and 0.73, p = 1.1** and 1.8 for the Bax/Bcl2 ratio,
respectively). At the same time, the activity of both enzymes strongly (positively) correlated with the
relative expression of Bei2 (r = (1.86 and 0.68, p = 237 and 2.1, respectively).
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Figure 5. Relationship between the parameters of oxidative status in the rat hippocampus and the
relative gene expression of apoptotic genes in the rat hippocampus for all investigated groups (A, B,
C - represents the relationship between TBARS and Bax, Bcl-2 and Bax/Bcl-2 ratio, respectively; D, E,
F — represents the relationship between SOD and Bax, Bcl-2 and Bax/Bcl-2 ratio, respectively; and G,
H, 1 - represents the relationship between CAT and Bax, Bcl-2 and Bax/Bcl-2 ratio, respectively).

As shown in Figure 6, besides the impact on the relative hippocampal expression of pro- and
anti-apoptotic genes, simple regression analysis revealed that the markers of oxidative stress also
correlated with CDOA, the principle parameter of anxiety level obtained in the EPM test. The lipid
peroxidation, expressed as TBARS, strongly and negatively correlated with the anxiolytic outcome
in the EPM test (Figure 6A) as shown by the increase in CDOA (r = 0.82, p = 1.7%). The opposite
results were observed while testing the relationship between the activity of antioxidant enzymes,
SOD and CAT, in the hippocampus, with CDOA (Figure 6B,C). SOD and CAT activity strongly and
positively correlated with the indicator of decreased anxiety level expressed as CDOA (r = (.73 and
0.70, p=2.1- and 6.2-¢ respectively).
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Figure 6. Relationship between the cumulative duration in the open arms and the hippocampal
oxidative stress markers (A, B, C - represents the relationship between CDOA and TBARS, SOD, and
CAT, respectively).

The connectivity between the parameters that indicates apoptotic mechanisms and the
behavioral outcome is also presented in Figure 7. The increase in the relative hippocampal
expression of the (pro-apoptotic) Bax gene negatively correlated with CDOA (Figure 7A, r=0.34, p >
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(.05). Also, negative (but strong) correlation was observed for the Bax/Bcl-2 ratio and CDOA (Figure
7C, r=0.71, p = 6.2-%). In contrast, the relative expression of the antiapoptotic gene Bcl-2 also strongly,
but positively, correlated with the increase in CDOA, as an indicator of an anxiolytic-like effect (r =
0.84, p=1.8").
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Figure 7. Relationship between the cumulative duration in the open arms and the relative expression
of pro- and anti-apoptotic genes in the rat hippocampus (A, B, C - represents the relationship
between CDOA and Bax, Bel-2 and Bax/Bcl-2 ratio, respectively).

4. Discussion

The potential beneficial effects of antioxidant supplementation are still very intriguing since a
compromise must be made between the two principle key points of a platinum-based therapeutic
approach: its ability to treat numerous malignancies and, at the same time, its numerous serious side
effects that quite often limit therapeutic. A variety of antioxidant-containing sources (including
vitamins, natural compounds, etc.) have been emploved in investigations of cisplatin-induced
toxicity prevention and/or cure, but there still has not been confirmation of the potential beneficial
role of the drugs already approved for different clinical implications (that have been confirmed for
their safety and wide dosage range), such as NAC, in the treatment of behavioral manifestations of
cisplatin-induced neurotoxicity.

Indeed, the results of this study showed that NAC, when applied on its own, did not affect any
of the estimated parameters obtained in behavioral testing and hippocampus analysis for oxidative
stress and apoptotic markers when compared to the values obtained in the control group. This is in
line with a recent study [20], which presented the results of prolonged NAC administration (100
mg/kg for 20 consecutive days) that did not alter oxidative stress markers in the whole brain tissue
samples by means of MDA, G5H, and total antioxidant capacity. Similar observations considering
the impact on oxidative status in brain regions that were even more specific for the mood regulation
(such as hippocampus) in rats were made in the extensive investigation of the other
sulfur-containing amino acid, taurine, with no significant changes following continual SCAAs
administration [21]. The lack of behavioral alterations after completing a 16 days trial with taurine
(200 mg/kg), when compared to the control, was also reported in this study, and it is in accordance
with the results of behavioral testing performed in our investigation.

Unlike for the absence of significant alterations when NAC was applied alone, the
administration of this SCAA performed in two doses (500 mg/kg, 5 days before and simultaneously
with cisplatin application) resulted in an evident modulation of the estimated parameters induced
by cisplatin. When applied alone, cisplatin produced clear a anxiogenic effect that was manifested
by direct parameters of anxiety obtained in the OF, a decrease in CDCZ and FCZ (Figure 1A,B), and
in EPM tests, a decrease in CDOA and FOA (Figure 2A B). The anxiety-like behavior following
cisplatin administration was confirmed by diminishing of exploratory activity in both the OF (Figure
1C) and EPM tests (Figure 2E-G). In addition, the anxiogenic response to cisplatin was also
represented by means of decreased locomotor activity in both applied behavioral tests (Figures 1 D,E
and 2C,D). The anxiety-like outcome of cisplatin administration observed in this study is in line with
the results of our recent investigation [22], but the anxiogenic feature of cisplatin was also reported
for single administration of cisplatin in a two-fold higher dose [21]. As expected, the
cisplatin-induced anxiogenic effect was also described in a study with prolonged cisplatin
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administration (5 weeks) with a lower dose (5 mg/kg) compared to the dose applied in this study
[23].

Beside the behavioral alterations, the treatment with cisplatin also significantly affected the
hippocampal oxidative balance in this investigation. Namely, cisplatin administration resulted in an
increase of lipid peroxidation (Figure 3A) and a decline in the antioxidant capacity, expressed by
means of decreased activity of antioxidant enzymes, CAT (Figure 3B) and SOD (Figure 3C), with no
significant alteration in the second-line defense system (G5H, Figure 3D). The results obtained in this
study are in accordance with previously described increased MDA levels in the hippocampus, as
well as with an observed diminishing of antioxidant enzymes activity [5,21]. However, the cisplatin
protocol performed in this study failed to induce a significant decline of the G5H level as reported in
those two studies. This obvious difference can be explained by either a lower dose (7.5 vs. 10 mg/kg)
or shorter exposure (single dose vs. 7 weeks) to the chemotherapeutic in our investigation.

The treatment with cisplatin, when applied alone, resulted in proapoptotic action in rat
hippocampi in this study. Although the observed increase in Bax relative mRNA expression was not
significant (Figure 4A), the diminishing of the antiapoptotic mechanism (Figure 4B) was sufficient to
shift the pro-/antiapoptotic balance favoring increased apoptosis (Figure 4C). In general, our results
are in line with the proapoptotic action of cisplatin previously reported in rodent hippocampi [8]
and cell cultures [24], as well as in a human neuroblastoma cell line [25]. However, it should be
noted that, unlike in the mentioned studies, the cisplatin-induced increase in proapoptotic markers
was not significant. This difference could be attributed to a significantly lower dose of cisplatin
applied in this investigation that was not sufficient to produce a more visible increase in
proapoptotic markers levels in five days, suggesting that decline in antiapoptotic mechanisms may
represent a much faster neuronal response to cisplatin.

Based on the results obtained in this study, it is obvious that NAC supplementation along with
cisplatin application (in the applied doses) was sufficient to diminish the action of cisplatin on the
parameters of cisplatin-induced neurotoxicity estimated in this investigation. NAC administration
attenuated the anxiogenic effect of cisplatin, resulting in the reversion of behavioral indicators
obtained in both performed tests (Figures 1 and 2) back to control values. This neuroprotective
action of NAC was accompanied with the improvement of the hippocampal oxidative status (Figure
3), as well as with the amelioration of cisplatin-induced proapoptotic effects (Figure 4). The
reduction of the anxiogenic response to cisplatin achieved by NAC supplementation, concomitant
with enhanced antioxidative and antiapoptotic mechanisms, is in accordance with the previously
described beneficial effects of antioxidant supplementation performed by various antioxidant
sources, including SCAAs (taurine and d-Methionine) on cisplatin-induced neurotoxicity
manifestations [21,26].

It seems that the antioxidative scavenger action of NAC, accompanied with the enhancement of
the antioxidant defense capacity, may lead to the attenuation of the prooxidant action of cisplatin,
which includes the cisplatin-induced alterations in gene expression, such as down regulation of Nrf2
(the principle protective factor against oxidative stress [27]) and consequent decrease in HO-1, and
upregulation of NF-xB. On this level, the oxidative stress additionally promotes deleterious effects
of cisplatin by promoting proinflammatory cytokines release [28]. Once achieved, a
neuroinflammatory cascade may lead to the previously described decline of hippocampal BDNF
levels [29] with the consequent reduction of hippocampal volume that may contribute in
cisplatin-induced behavioral alterations [30], such as the ones observed in this study. The postulated
mechanism can be numerically supported by a strong correlation between lipid peroxidation and
the activity of antioxidant enzymes in hippocampus with the most important behavioral indicator of
anxiety observed in this investigation (Figure 6). According to the results obtained in this study, it
seems that by preventing the oxidative damage, NAC may also reduce the cisplatin-induced DNA
damage and therefore may attenuate the apoptotic action of cisplatin. As shown in Figure 5, the
increased lipid peroxidation is accompanied by the decline of the antiapoptotic cell capacity in the
hippocampus, while the decrease in antioxidative capacity strongly correlates with the prevalence of
proapoptotic mechanisms. Since the estimated relationship between the pro-fantiapoptotic balance
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and the behavioral outcome strongly confirmed the anxiogenic response under the proapoptotic
conditions (Figure 7), it is possible that this coherency is the basis for the connection between the
apoptosis and the behavioral manifestations of neurological disorders [31].

Although there are various investigated brain regions responsible for mood regulation [32,33],
the majority of studies in the field of behavioral alterations are focused on the hippocampus [34,35].
It is worth noticing that increased oxidative damage in all specific brain regions responsible for
mood regulation correlates with mood disorders [36,37]. However, although the mentioned
investigations match with our study on the basis of finally achieved mood alteration, it is hard to
compare them with our results since the methodologies were completely different (mostly chronic,
unpredictable mild stress) when compared to our iatrogenic model based on a chemotherapeutic
agent.

In the study of Zaki and coworkers [38] it is obvious that peripheral neurotoxicity was induced
following prolonged cisplatin administration with a cumulative dose that was twice as high as the
dose applied in this study (16 mg/kg vs. 7.5 mg/kg). A similar observation could be made for NAC
supplementation. Namely, Zaki and coworkers applied NAC in a dose that was 50% higher than
ours. According to those findings, it seems that a protocol with prolonged administration required
higher doses of both cisplatin and NAC in order to produce significant alterations by means of
peripheral neurotoxicity quantification. However, in line with this conclusion, a single
administration of cisplatin and a shorter protocol with NAC were sufficient for the estimation of an
acute response to cisplatin by means of the behavioral alterations. The complementarity of those two
investigations was additionally confirmed on the basis of an increase in oxidative damage and
apoptotic markers induced by cisplatin, which was diminished in both studies by applying
antioxidant supplementation with NAC.

5. Conclusion

According to the results obtained in this study, it seems that the antioxidant supplementation
performed by NAC may attenuate the cisplatin-induced neurotoxicity manifestations. The
underlying mechanism of the beneficial effects of NAC on the adverse cisplatin effects may include
the decline in oxidative damage that down regulates increased apoptosis and reverses the
anxiogenic action of cisplatin. Since the behavioral alterations may be considered as early signs of
cisplatin-induced neurotoxicity, the NAC supplementation in this stage of therapy may be useful in
the prevention of more profound neurological disorders that accompany the therapeutic protocols
based on cisplatin.

Our further investigations will address the estimation of different brain regions involved in the
regulation of stress and anxiety (such as amygdala, paraventricular nucleus, etc.) to provide insights
into the subtle mechanisms that can explain the neuroprotective role of sulfur-containing
compounds, especially on the grounds of cisplatin-induced neurotoxicity. Furthermore, our future
investigations in this field will cover the potential regional differences inside the targeted regions
involved in mood regulation. Namely, according to our previous investigations, the possible
mechanisms that connect behavioral alterations and the pathophysiological base of cisplatin action
may be linked to very specific changes in mood controlling receptors, as well as to the amount of
neurotrophic factors in a subregion of the hippocampus [39] instead of overall expression of mood
regulators in each brain region responsible for mood regulation.

Author Contributions: Conceptualization, R.V., D.S,, and G.R.; Methodology and Investigation, R.V., LK., .].].,
NJ, JSKS, V.M, MD, SV, AA, DS, and G.R.; Software, Validation and Formal Analysis, R.V., J.l.]., N.J,
D.S., and G.R.; Writing — Original Draft Preparation, R.V.,, D.S,, and G.R.; Writing — Review and Editing, ].S.K.S,,
D.S., and G.R.; Resources, Funding Acquisition and Project Administration, D.S. and G.R.

Funding: This research received no external funding.

Acknowledgments: We are grateful to Janko Samardzic for providing his competent skills for the preparation
of the manuscript and his helpful suggestions. This work was supported by the Faculty of Medical Sciences (JP
01/19), University of Kragujevac, Serbia.



Biomolecules 2019, 9, 892 14 of 15

Conflicts of Interest: The authors declare that there is no conflict of interest regarding the publication of this

article.

References

1. Dasari, 5.; Tchounwou, P.B. Cisplatin in cancer therapy: Molecular mechanisms of action. Eur. . Pharmacol.
2014, 740, 304-378.

2. Rosenberg, B.; Vancamp, L.; Krigas, T. Inhibition of cell division in Escherichia coli by electrolysis products
from a platinum electrode. Nature 1965, 205, 598699,

3. Kelland, L. The resurgence of platinum-based cancer chemotherapy. Nat. Rev. Cancer 2007, 7, 573-584.

4. Frezza, M.; Hindo, 5.; Chen, D.; Davenport, A.; Schmitt, 5.; Tomco, D.; Dou, Q.P. Novel metals and metal
complexes as platforms for cancer therapy. Curr. Pharm. Des. 2010, 16, 1813-1825.

5. Jangra, A Kwatra, M.; Singh, T.; Pant, R_; Kushwah, P.; Ahmed, 5.; Dwivedi, D.; Saroha, B.; Lahkar, M.
Edaravone alleviates cisplatin-induced neurobehavioral deficits via modulation of oxidative stress and
inflammatory mediators in the rat hippocampus. Eur. |. Pharmacol. 2016, 791, 51-61.

6. Lomeli, N.; Di, K.; Czerniawski, |.; Guzowski, |.F.; Bota, D_A. Cisplatin-induced mitochondrial dysfunction
is associated with impaired cognitive function in rats. Free Radic. Bio. Med. 2017, 102, 274-286.

7. Tanida, 5; Mizoshita, T.; Ozeki, K; Tsukamoto, H.; Kamiya, T.; Kataoka, H.; Sakamuro, D.; Joh, T.
Mechanisms of Cisplatin-Induced Apoptosis and of Cisplatin Sensitivity: Potential of BINI to Act as a
Potent Predictor of Cisplatin Sensitivity in Gastric Cancer Treatment. Int. |. Surg. Oncol. 2012, 2012, 862879.

8. Manchar, S.; Jamesdaniel, S.; Salvi, R. Cisplatin inhibits hippocampal cell proliferation and alters the
expression of apoptotic genes. Neurotox. Res. 2014, 25, 369-380.

9. Rosic, G.; Joksimovic, |.; Selakovic, D.; Jakovljevic, V.; Zivkovic, V.; Srejovic, L; Djuric, M.; Djuric, D. The
Beneficial Effects of Sulfur-containing Amino Acids on Cisplatin induced Cardiotoxicity and Neurotoxicity
in Rodents. Curr. Med. Chem. 2018, 25, 391-403.

10. Haida, Z; Hakiman, M. A comprehensive review on the determination of enzymatic assay and
nonenzymatic antioxidant activities. Food Sci. Nutr. 2019, 7, 1555-1563.

11. Rosic, G; Selakovic, D.; Joksimovic, ].; Srejovic, L; Zivkovic, V.; Tatalovic, N.; Orescanin-Dusic, Z.;
Mitrovic, 5.; llic, M.; Jakovljevic, V. The effects of N-acetylcysteine on cisplatin-induced changes of
cardiodynamic parameters within coronary autoregulation range in isolated rat hearts. Toxicol. Lett. 2016,
242, 34-46.

12. Sancho-Martinez, S.M.; Prieto-Garcia, L.; Prieto, M.; Fuentes-Calvo, 1; Lopez-Movoa, |.M.; Morales, AL;
Martinez-Salgado, C.; Lopez-Hemandez, F.J. N-acetylcysteine transforms necrosis into apoptosis and
affords tailored protection from cisplatin cytotoxicity. Toxicol. Appl. Pharmacel. 2018, 349, 83-93.

13. Prut, L; Belzung, C. The open field as a paradigm to measure the effect of drugs on anxiety-like
behaviours: A review. Eur. |. Pharmacol. 2003, 463, 3-33.

14.  OChkawa, H.; Ohishi, N.; Yagi, K. Assay for lipid peroxides in animal tissues by thiobarbituric acid reaction.
Amn. Clin. Biochem. 1979, 95, 351-358.

15.  Misra, H.P.; Fridovich, 1. The role of superoxide anion in the auto-oxidation of epinephrine and simple
assay for superoxide dismutase. [. Biol. Chem. 1972, 247, 3170-3175.

16. Beers, R.F; Sizer, LW. A spectrophotometric method for measuring the breakdown of hydrogen peroxide
by catalase. |. Biol. Chem.1952, 195, 133-140.

17.  Ellman, G.L. Tissue sulphydryl group. Arch. Biochem. Biophys. 1959, 82, 70-77.

18. Lowry, O.H.; Rosebrough, N.L.; Farr, A.L.; Randall, E.I. Protein measurement with Folin phenol reagent. |.
Biol. Chem. 1951, 193, 265-275.

19.  Livak, K.J.; Schmittgen, T.D. Analysis of relative gene expression data using real-time quantitative PCR
and the 2(-Delta Delta C(T)) Method. Methods 2001, 25, 402—408.

20. Abdel-Wahab, W.M.; Moussa, F.I. Neuroprotective effect of N-acetylcysteine against cisplatin-induced
toxicity in rat brain by modulation of oxidative stress and inflammation. Drug Des. Devel. Ther. 2019, 13,
11551162,

21. Owoeye, O, Adedara, LA; Farombi, EQ. Pretreatment with taurine prevented brain injury and
exploratory behaviour associated with administration of anticancer drug cisplatin in rats. Biomed.
Pharmacother. 2018, 102, 375-384.

22, Kumburovic, 1.; Selakovic, D.; Juric, T.; Jovicic, N.; Mihailovic, V.; Stankovic, J.K.; Sreckovic, N.;

Kumburovic, D.; Jakovljevic, V.; Rosic, G. Antioxidant Effects of Safureja hortensis L. Attenuate the



Biomaolecules 2019, 9, 892 150f 15

24.

26.

27.

29,

31
32,

37.

Anxiogenic Effect of Cisplatin in Rats. Owid. Med. Cell. Long. 2019, 2019, 8307196,

Shabani, M.; Nazeri, M.; Parsania, 5; Razavinasab, M.; Zangiabadi, N.; Esmaeilpour, K.; Abareghi, F.
Walnut consumption protects rats against cisplatin-induced neurotoxicity. Newrofoxicology 2012, 33,
1314-1321.

Rathinam, R.; Ghosh, 5.; Neumann, W.L.; Jamesdaniel, 5. Cisplatin-induced apoptosis in auditory, renal,
and neuronal cells is associated with nitration and downregulation of LMO4. Cell Death Dis. 2015, 1, 15052.
Donzelli, E.; Carfi, M.; Miloso, M.; Strada, A.; Galbiati, S.; Bayssas, M.; Griffon-Etienne, G.; Cavalett, G.;
Petruccioli, ML.G.; Tredici, G. Neurotoxicity of platinum compounds: Comparison of the effects of cisplatin
and oxaliplatin on the human neurcblastoma cell line SH-5Y5Y. |. Neurconcol. 2004, 6, 685-73.

Gopal, KV.; Wu, C; Shrestha, B.; Campbell, K.C.; Moore, E].; Gross, G.W. D-Methionine protects against
cisplatin-induced neurotoxicity in cortical networks. Newrotoxicol. Teratol. 2012, 34, 495-504.

WVargas, M.R.; Johnson, D.A; Sirkis, D.W.; Messing, A.; Johnson, J.A. Nrf2 activation in astrocytes protects
against neurpdegeneration in mouse models of familial amyotrophic lateral sclerosis. |. Neurosci. 2008, 28,
13574-13581.

Wang, W.F; Wu, 5L; Liou, Y.M,; Wang, AL.; Pawlak, CR; Ho, Y.]. MPTF lesion causes
neurointlammation and deficits in object recognition in Wistar rats. Behav. Neurosci. 2009, 123, 1261-1270.
Sulakhiya, K_; Keshavlal, G.P.; Bezbaruah, B.B.; Dwivedi, 5.; Gurjar, 5.5,; Munde, N; Jangra, A.; Lahkar, M.;
Gogoi, R. Lipopolysaccharide induced anxiety- and depressive-like behaviour in mice are prevented by
chronic pre-treatment of esculetin. Neurosci. Lett. 2016, 611, 106-111.

Eisch, A.]. Adult neurogenesis: Implications for psychiatry. Prog. Brain Res. 2002, 138, 315-342.

Mattson, M.P. Apoptosis in neurodegenerative disorders. Nat. Rev. Mol. Cell Biol. 2000, 1, 120-130.
Lovelock, D.F; Deak, T. Acute stress imposed during adolescence yields heightened anxiety in Sprague
Dawley rats that persists into adulthood: Sex differences and potential involvement of the Medial
Amygdala. Brain Res. 2019, 1723, 146392,

de Bruin JP, Sanchez-Santed F, Heinsbroek R, Donker, A., Postmes, P. A behavioural analysis of rats with
damage to the medial prefrontal cortex using the Morris water maze: Evidence for behavioural flexibility,
but not for impaired spatial navigation. Brain Res. 1994, 652, 323-333.

Scotton, E.; Colombo, R.; Reis, J.C.; Possebon, G.MLP.; Hizo, G.H.; Valiati, F.E.; Gea, L.P.; Bristot, G.;
Salvador, M.; Silva, T.M.; Guerra, A.E.; Lopes, T.F.; Rosa, A.R.; Kunz, M. BDNF prevents central oxidative
damage in a chronic unpredictable mild stress model: The possible role of FRDX-1 in anhedonic behavior.
Behav. Brain Res. 2019, 378, 112245,

Selakovic, [; Joksimovic, [.; Jovicic, N.; Mitrovic, 5.; Mihailovic, V.; Katanic, ].; Milovanovic, D.; Pantovic,
5. Mijailovic, N.; Rosic, G. The Impact of Hippocampal Sex Hormones Receptors in Modulation of
Depressive-Like Behavior Following Chronic Anabolic Androgenic Steroids and Exercise Protocols in Rats.
Front. Behav. Neurosci, 2019, 13, 19.

Hicham, EM.; Tarig, T; Abderrahim, L.; Bilal, EK; Ali. O. Aboubake, E; Abdelhalim, M. Argan Oil
Supplementation Reverses Anxiety and Depressive-Like Behaviors, Neurodegeneration and Oxidative
Stress in Amygdala Induced by Chronic Mild Stress in Rats. [. Depress. Anxiety 2018, 7, 319,

Park, ].K.; Lee, 5.].; Oh, C.5. Treadmill exercise exerts ameliorating effect on isolation-induced depression
via neuronal activation. . Exerc. Relhabil. 2013, 9, 234-242,

Zaki, 5.M.; Mohamed, E.A.; Motawie, A.G.; Abdel Fattah, 5. N-Acetylcysteine versus progesterone on the
cisplatin-induced peripheral neurotoxicity. Folia Morphal. (Warsz) 2018, 77, 234-245.

Stajic, D.; Selakovic, D.; Jovicic, N.; Joksimovic, J.; Arsenijevic, N.; Lukic, MLL.; Rosic, G. The role of
galectin-3 in modulation of anxiety state level in mice. Brain Behav. Immun. 2019, 78, 177-187.

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



