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CA’KETAK

[lusp oBOr ucTpaxkuBama OHMO je Ja HCOUTa AHTUMHUKPOOHA, aHTHOKCHIAIMOHA,
aHTUHH(IIaMaIMjCKa ¥ KapJAUONPOTEKTUBHA CBOJCTBA €KCTpakaTa MOOWjEHUX U3 HaJl3€MHUX
nenoBa Omibke mBamcko IBehe (Galium verum L). AHTHMUKpPOOHA aKTHBHOCT CKCTpakaTa
TecThpaHa je momohy OyjoH MHUKPOIWIYIIMOHOT METOJa, JOK j€é aHTHOMO(HIM aKTHBHOCT
tectupana nomohy Tissue culture plate Tecta. AntuuHduamanujcku edekat eKcTpakaTa
onpehuBan je Ha Mojeny wuH(pIamManuje wW3a3BaHe KapareHMHOM Koj maroBa. OBaj 1eo
cryauje o0yxBaruo je 50 mamosa (5 rpyna no 10 manosa): maroBy Ha TPETMAHy EKCTPAKTOM Y
no3u o1 50 mg/kg, 100 mg/kg u 200 mg/kg untpanepuroneanno (i.p.), uagomeramuaom (10
mg/kg i.p.) u naunoBu Ha Tpermany 0,9% NaCl. Edextu excrpakara mBamckor npeha Ha
GbyHKIMjy MHOKapAa WCIHTHUBAaHM Cy noMohy Mojena ucxemujcko-penepdysuone (M-P)
HOBpEJIe M30JI0BAaHOT CpIIa MMaoBa, MeToI0M perporpande nepdysuje mo Langendorff-y. Opaj
neo excriepuMeHTa o0yxBatuo je 80 mamosa (8 rpyma mo 10 maioBa): 37ApaBH U CIOHTAHO
XHUIIEPTEH3WBHU TAIlOBU KOjU Cy TOKOM 4 Hezesbe, Npe M3a3uBama cpuaHe M-P, Omnm Ha
TpeTMaHy METAaHOJIHUM EKCTPAaKTOM MBambCKOT 1Beha y mo3u ox 125 mg/kg, 250 mg/kg u 500
mg/Kg per 0S u 37paBM W CIOHTAHO XHUIIEPTCH3WBHU HETPETHPAHU MAlOBH. Y y30pIHMa
KOPOHApHOT BEHCKOI ediyeHTa ojapehuBaHM Cy HUBOM NMPOOKCHAAHAcCA, JOK je U3 y30paka
BEHCKE KpBU Of[pe)UBaH CHCTEMCKH pEAOK craryc. Hamm pe3ynaratu cy OTKpWIHM yMEpeHy
aHTHOAKTEepUjCKy U cialy aHTUIJBbUBUYHY AKTHBHOCT €KCTpakaTa, 4HMjU j€ HMHTEH3HUTET
BapUpao y 3aBUCHOCTH OJ TECTHPAHOI MHUKPOOpPraHM3Ma M THUMA €KCTpakTa. MeTaHOIHU
eKCTPaKT MBaWbCKOT I[Beha y CBUM Jj03aMa I0Ka3a0 je 3HadyajaH MOTEHIHjal Ka yOsaxaBamwy
nH(pIamanyje M3a3BaHe KapareHMHOM, IMpH 4YEeMy j€ Haju3pakeHWju edekaT MOCTUTHYT
HajBUIIOM J1030M. UeTBOpOHEE/bHH TPETMaH EKCTPAKTOM HMBAamCKOT IBeha y cBUM mo3ama
3Ha4ajHO je 1Mo0OoJbIao OnopaBak (pyHKIMje MUOKAp/a U JONPUHEO OUyBamkby KOHTPAKIIHjE U
penakcanuje cpua. Takolje eKCTpakT oBe OWJbHE BpPCTE€ YMAmbHO je CpyaHy M CHUCTEMCKY
MPOAYKIH]y MpookcuaaHaca. HaBeneHne npoTrekTuBHE eeKkTe eKCTpakT MBamCKOr I1Beha je
OCTBAapHMO y YCIOBHMa HOPMOTEH3Hje M TIOBHUIICHOT KPBHOT MPHUTUCKA, TMPH YEeMy je
WHTEH3MBHUJU YTHIIQ] HAKOH aJMUHHCTpauuje Bume no3e. ObehaBajyhu epexTy MBamCKOT
nBeha y 0BOj JOKTOPCKO] AMCEpTalUju IMpYXkajy OCHOBY 3a Oynyha mcTpaxkuBama Koja Ou
JIOJIaTHO carjiefajia Tepanujcke MOTYhHOCTH OBe OWMJbHE BPCTE M PaCBETIMIA MEXaHU3ME

MyTeM KOjUX OCcTBapyje (hapMaKoJIOIIKy aKTHBHOCT.

Kibyune peum: Galium verum, wucxemujcko-pernepdy3noHa MOBpeda MHOKap/a,

nH(pIamanuja, OKCHIAIMOHN CTPEC



ABSTRACT

The aim of this study was to estimate the antimicrobial, antioxidant, anti-inflammatory
and cardioprotective properties of the extracts obtained from the aerial part of lady’s bedstraw
(Galium verum L, G. verum L). The antimicrobial activity of the extract was tested by
microdilution method, while the antibiofilm acitivity was assessed by Tissue Culture Plate
test. The anti-inflammatory effects of extracts were determined by using model of
carrageenan- induced inflammation in rats. This part of the study included 50 rats (5 groups,
10 rats per group): rats on the treatment with extracts at doses of 50 mg/kg, 100 mg/kg and
200 mg/kg intraperitoneally (i.p.), indomethacin (10 mg/kg i.p.) and rats treated with 0.9%
NaCl solution. The effects of extracts of G. verum on myocardial function were investigated
by using a model of ischemia-reperfusion (I-R) injury of the isolated rat hearts, by
Langendorff retrograde perfusion method. This part of the study included 80 rats divided into
8 groups: healthy and spontaneously hypertensive rats that were treated with methanolic
extract of G. verum at a dose of 125 mg/kg, 250 mg/kg and 500 mg/kg for 4 weeks prior to
the induction of cardiac I-R, and healthy and spontaneously hypertensive untreated rats.
Levels of pro-oxidants were determined in the samples of coronary venous effluent, while
systemic redox state was estimated in venous blood samples. Our results revealed a moderate
antibacterial and weak antifungal activity of extracts, the intensity of which varied depending
on the tested microorganism and the type of extract. Methanolic extract of G. verum in all
doses showed significant potential to alleviate carrageenan-induced inflammation, with the
most pronounced effect achieved with the highest dose. Four-week treatment with G. verum
extract in all doses significantly improved the myocardial functional recovery and contributed
to preservation of contraction and relaxation of the heart. The extract of this plant species
diminished cardiac and systemic production of pro-oxidants as well. The above-mentioned
protective effects of the G. verum extract were achieved both in conditions of normal and
elevated blood pressure, with more intensive influence after administration of higher doses.
The promising effectsl of G. verum in this PhD thesis provides a basis for future research
which would further explore the therapeutic possibilities of this plant species and illuminate

mechanisms underlying pharmacological activity.

Key words: Galium verum, myocardial ischemia reperfusion injury, inflammation, oxidative

stress



Heusmepny 3axeannocm oyeyjem npogh. Op Braoumupy Jaxosemwesuhy xoju mu je
omeopuo epama ceoje 1abopamopuje, yKazao Ha cee 1enome HAy4HO-UCMPANCUBAYKOS padd
u omocyhuo oa capahyjem ca uzspcHum cmpyurbayuma u jour 6osum syouma. Kenum oa my
ce 3axeanuM HA YKA3AHOM NOBepery, NPEHeCeHOM 3HAaWwY, OpojHUM  O0pa2oyeHuM
NPOeCcUOHATHUM U NPUJAmebCKUM Cagemuma, Cmannoj nomohu, pasymesarsy u noopuiyu
MOKOM OCHOBHUX U OOKMOPCKUX Ccmyouja, wimo je ymuyauio He Camo HA KEaaumem o08e
doxkmopcke oucepmayuje, el u Ha MOj Yea0KYNHU NPOGECUOHANHU PA3B0O] U HANPEOdK.

Benuky 3axeannocm oyeyjem menmopku npog. op Mapunu Tomosuh Hna ceom
VIOHCEHOM MPYOy NPUTUKOM OCMUULBABARA U U3pade 0OKMOpPCKe oucepmayuje, KOpUCHUM
cagemuma, ONMUMU3MY U NOOPUYU KOjU HUKAO HUCY USOCMAJaATU.

Kenum oa ce s3axsarum Opacum Konecama us nabopamopuje 3a KapOUuOBACKYIAPHY
Quzuonocujy: Bnaoumupy Kuexoseuhy, Hesenu Jepemuh u Heany Cpejosuly 3a npeneceno
3Hare y Ge3U eKCNepUMEHMANIHo2 paod, OpojHe cmpyyHe U npujamesncke cageme MmMOKOM
0y2oeoduuirbe 3ajednuyke capaome. Taxkohe eenuxy 3axearnocm oyzyjem opazum Koie2ama u
npujamemuma: Josanu Jepemuh, Anexcanopu Bpanuh, Anuyu Ilemrxoeuh, Hcudopu Cmojuh,
Tamapu Huxonuh Typuuh, Mapky Pasuhy, Mapujanu Anhuh, Mapunu Panxosuh, Heegenu
Ipacunuh, Kamapunu Paoowuh, Maju Casuh u Jacmunu Cpemenosuh na nomohu y
uzgoherby excnepumenama, Koae2UjaIHOCMU U CMAIHO] NPUjamHoj ammocepu Koja ceaxu
PAaoHu 3a0amax npemeapa y 3a0080,/6CMeo.

3axsamyjem ce Ilpedpaey Pasuhy u Jbumwanu Bokosuh na céum KopucHum cagemuma
U NO3UMUBHOJ enepauju Kojy yHoce U 1abopamopujy u c6axku paoru 0aH yuune noceoHuM.

Kenum oa ce 3axeanum u xoneeu Mupocnasy Coepauhy na nomohu oxo excmpakyuje
OumKe, KOpucHum casemuma u Opyyxcery. Takohe monno ce 3axeamyjem npogh. Op
Cnobooanxku Mumpoeuh na uzyzemnoj nomohu npuruxkom xucmonowke aumanuze. Koneeu u
opvey Hywamny Tomawesuhy ce 3axeamyjem 3a c8y NOMON NpuiuKxom mexnHuuyke ooOpaode
dokmopcke oucepmayuje, Koja je omocyhuna oa ona nonpumu c80j KOHAYHU 0ONUK.

3axeamyjem ce u npujamesuma Ha NPYAHCEHO] NOOPUIYU U MOMUBAYUJU Oa Ucmpajem
MoKoM uzpade OOKmMopcKe oucepmayuje.

Cse oHO wmo Huje npemouyuso y peuu oOyeyjem ceojum pooumesmuma, Jerenu u
Bepowyby, u 6aba Bepu. Onu 3ay3umajy nocebHo mecmo y uspaou o06e OOKMOPCKe
oucepmauyuje jep 6e3 mwuxoge 0e3ycioeHe /bYoasu U NOOpUIKe HUWMa 00 0802a He OU OUILO
moeyhe.

Bamra Josana
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1.1. Onuc Bpere Galium verum (mBamcko nBehe)

Galium verum L. (xyto uBamcko 1sehe, 6pohar, 6oropoanyun mpoctupad, Misanosa
TpaBa) je BUIIETO/HINbA 3eJbacTa Ouibka Koja mpumnaaa nmopoauinu Rubiacea. Crabibuka oBe
OWJbHE BPCTE j€ yCIpaBHA, Ye€TBOPOYTIacTa U TOCTIKE BUcHHY o7 60-120 cm. JlucroBu cy 1-
3 CM ayru 1 OKO 2 MM IIMPOKH, CjajHH, TAMHO 3€JICHH, JOK Cy Ha HalIW4jy ajnakaBu. [[BeToBu
Cy XYTHU U CKYIUbCHHU Y BEJIMKE 1IBACTH, JIOK j€ IJIOJ CHTaH, IjpHe 00je. Hamzemuu nenosu G.
VErum ce BEKOBHMa KOPHCTE Y HAPOJIHO] MEIUIIMHU Y TPETMaHy pa3Hux o0osbema. Cakyrba
ce TopmHU Jieo OMJpKe y IBaTy, IO CyBOM M CYHYaHOM BpEMEHY, y TEpPHOAY O jysa IO
cenrremopa (1-3).

WBamcko nehe cmatpa ce npehem ayroBedHoctd u 3apaBiba. OJ JaBHUX BpeMeHa
nocroju obuyaj mehy CpOuma na ce 7. jyna Kajga NpaBOCIaBHM BEPHHULM IPOCIABIbajy
VBannan mpasu BeHal of uBamckor 1seha. Hapon mocrassea BeHall Ha Bpara CBOjUX JOMOBA

jep TMOCTOjHu BepOBamkE Jla OH MITHTH NTOpoauIly oa Hecpeha u Henaha.

Cauka 1. Galium verum (uBamcko 1sehe)
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1.2. ETumouioruja

HasuB oBe Omsbke Galium verum motudve ox rpuke peuun gala mro 3Ha4M MIIEKO U
JaTUHCKE pe4r Verus ITo 3Hayu rnpasu. [[BeTOBH 1 JIMCTOBH MBaCKOT 1Beha calpike eH3UMe
KOjH JIOBOJE J10 3TPYIIaBama MIIEKa U 3aTO ce O] JaBHUHA XepOa oBe OUJbHE BPCTE KOPHUCTH Y
pou3BoAmU cupa (4, 5). Ha ctpanum jesunmMa HasuBu uBambckor neeha cy: lady's bedstraw,
yellow bedstraw (enrmecku), caille-lait jaune, gaillet vrai, gaillet jaune (dpaniyckn),

cuajaleche, galio, presera, sanjuanera (mmascku) (6).

1.3. TakcoHOMMja U pacHpoOCTPal€HOCT HBAKCKOT 1[Beha

WBamcko nehe npunama poxy Galium koju obyxsara oko 400 OMJBHHUX BPCTH, OJ
kojux je 145 pacmpoctpameno y Eonu. ¥V ¢uopu Cpbuje jaBiba ce 37 BpcTH OBe OUIBKE,
Mel)y KojuMa je JKyTO HMBamCKO I[Behe Hajmo3HaTHje Mo ymoTpeOu y TpaauilMOHAIHO]
meaumua (1, 2, 7). Y Tabenu 1 je nmpukazana TakCOHOMH]a UBAmBCKOT 11Beha (6).

NBamcko usehe je pacnpoctpameno y menoj Espomnu, Asuju, CeBepHoj AMepunu u
Ad¢punu. ITopekinom je ca Teputopuje EBporne u Asuje, anu je KacHHje IPEHETO U Ha OcTaie
KOHTHHEHTe. Ha HammMm mpocToprMa oBa OWJbHA BPCTa yCIeBa Ha IUIAHWHCKUM JIUBaJIaMa U

narmmaruma (3, 5).

Tadena 1. Takconomuja Galium verum L.

Takconomcke kaTeropuje Taxkconu
IlapctBO Plantae
Pazneo Magnoliophyta
Knaca Magnoliopsida
Pen Gentianales
damunmja Rubiaceae
Pon Galium
Bpcra Galium verum

1.4. Xemujcku cacTaB HUBambCKOr 1iBeha

TokoM mpoTeksie ABe AeleHHje 3Hau4ajHU UCTPAKMBAYKU HANOpU OWIIM Cy YCMEpEeHU
Ka HCIUTHBaKky OWJPHUX CEKyHIApHUX MeTabonuTa KOju O JompuHenu yHampehemy

31npaBiba Jbynu. CyrcraHie OM/BHOT MOPEKa Kao M eKCTPaKTH, JEKOKTH, YajeBU U eTapcka
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yjba JICKOBUTHX OWJ/baka Hallaze ce y (OKyCy HMHTEpecoBama OpOjHHUX CTyauja 300r
MMITO3aHTHUX OWOJIOMIKNX KapakTepuctuka (8, 9). Anammse ¢uroxemujckor cactaBa G.
VErum ykasyjy Ha MPHCYCTBO Pa3IMUUTHX (PApMaKOJOMIKH aKTUBHUX jeIUICHa KOjUMa Ce
MIPUIIMCY]y MHOTOOpOjHA JIGKOBHUTA CBOJCTBAa OBE OWMJbHE BpcTe. HamsemHu aeo mpexacraba
n00ap WM3BOP MPHUIOMIHUX TIIMKO3UAA, MOTU(PEHONA, aHTPAXHHOHA M TPUTEPIICHA, JO0K CY Y
MambHM KOJMYMHAMa 3aCTYIJbeHU TaHUHH, CAlIOHWHU, AJIKAJIOUH, €TapCKa yJba, MUTMEHTU U
Butamud 1 (2, 3). JloMmuHanTHa OMOAKTHMBHA jeIUE-EHha KOja Cy M HAjBUINC M3ydaBaHa y

CKCTPAKTUMA UBALCKOT uBeha Cy HOJ'II/I(beHOJ'II/I U UPpUIOHUIHU.

1.4.1. llonugpenonna jeourera

[Tonudenonu npencrassbajy jeAHy 04 HAjOPOJHUJUX U HAj3HAYAJHUJUX TpyIa OUIbHUX
CeKyHIAapHUX MeTa0oluTa, KOje KapakTepulle 3ajeJHUYKO IPUCYCTBO Makap jeIHOr
apOMAaTUYHOT TPCTEHA 3a KOjU Cy BE3aHE jeJHAa WM BHINE XUIpOKCcWiHuX rpyma (10, 11).
busbau nonudeHonu 3acTynbeHu Cy MpeTeKHO y Bohy, moBphy, xkuTapuiiama, Buny uta (12).
JlocajammbuM UCTpaKUBabUMa je MOTBPHEHO MPUCYCTBO HEKOJIMKO CTOTHMHA PAa3IUYUTHX
NoJMU(EHONHUX jelUmbekha y JeCTUBUM OHMJbKama, Koja Cy 3aciyXHa 3a KapaKTepHCTUKE
HaMUpPHMIIA KA0 IIITO Cy ropuuHa, 00ja, ykyc u mupuc (13, 14). Cekynnapau MeTabOIUTH KOje
OnJbKa CTBapa HEONMXOJHU CY JOj 3a peryjapaH pacT M 3allTUTy O]l INITETHUX edekara
YITpaJbyOHM4acTor 3pauema, Kao u pa3Boja Mukpoopranuzama (14, 15). Ha ocHoBy xemujcke
CTpYKType mnosn(eHOoTHa jelumbeha ce MOry KiacudukoBatu y cienehe rpyne: ¢eHonHe
KHCeNNHE, (IaBOHOUIM, CTWIOEHH M JIMTHAHU. Y OKBUPY Tpyme (IaBoHOHMIAa HAa OCHOBY
Opoja BOCTPYKHX Be3a, Opoja M TOJ0Kaja CYNCTUTyEHATa ca KUCEOHUKOM paslIUKyjy ce:
(dnaBoHonH, (h1aBoHU, U30(IIABOHH, (IIaBaHOHU, aHTOIMjaHH U (raBaHoau (11).

duroxemMmujcka HUCTpaKMBamba EKCTpakaTa >KyTOI HBamCKor IBeha yka3syjy Ha
MpUCYCTBO OpOojHUX (pIIaBOHOM/IA, KOjU Ce Haja3e Kako y OOJUKY ariMKoHa, TaKO U Yy OOJIUKY
XETEePO3UIHO Be3aHUX MeTabonuTa. neHTndukoBanu cy (pIaBOHOIM MOMYT W30XapMHETHHA,
KBEpIeTHHA, KeM(epoiia, Ka0 U ’UXOBU TIIMKO3UIHO Be3aHU 00muIm: n3opxamHeTnH 3-O-a-
L-pamuonupanosmi-(1-6)-B-D-rnykonupano3un u  kBepueruH-3-O-F-D-rnykonupanosun,
kBepeTuH-3-O-B-D-pyrunosun (pyTHuH) " keMpepo-3-O-f-D-rnykonupano3un
(actparanmun) (16, 17). Takohe Ham3eMHU JA€0 HWBaWKHCKOT IBeha mpenacTaBiba H3BOP
JMOCMETHHA, XpPU3UHA ¥ XUCIUAYJINHA U [NIMKO3U1a TUOCMETHHA Kao IITO Cy: AUOCMETUH /-
O-f-D-rnykonupano3ua, auocmetus 7-O-f-D-kcunonupanosui-(1-6)-4-D-rimykonupanos3us

u THUOCMETUH 7-0O-0-L-pamuonupanosui-(1-2)-[f-D-kcunonupanosun-(1-6)]-4-D-

4
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riaykonupano3us (16-19). Y oBoj 6MibHO] BpCTH HACHTU(GHUKOBAHN CY KATCXHUH M €ITUKATCXUH,
Kao U ¢uaBaHOHCKU TamKo3uj xecrepuaud (18). CTpykType Haj3HA4ajHUjUX (IIABOHOUIHUX
jenumemna npukazane cy Ha Cioumum 2. [Ipumepu Haj3acTynbeHHjUX (DEHOTHHX KHUCEIHWHA Y
uBamkbCKOM 1Behy cy KyMmapuHcka, ¢epynuHcKa, KadenHCKa M XJOporeHa U HUXOBE
cTpyKType npukaszane cy Ha Ciuru 3 (18-21)

[Mocnenwux neuenHuja monudeHOTN Haja3e ce y KIKM HAYYHOT HHTEpEeCcOBamba
3axBasbyjyhu cBOjuUM OpOjHUM TepaneyTcKuM cBojcTBUMa. Hanme HajBeha maxma ycMmepeHa
j€ Ha W3y4yaBame AHTHOKCHUIAIMOHUX edekaTa OBHX OHMOMOJIEKYJIa KOje OCTBapyjy Kako
MOJYJIalljOM aHTHOKCHAALMOHOT CHUCTEMa 3allTHTE TaKO U JAUPEKTUM €(PEKTOM ,,XxBaTama'
cioboaaux paamkana (11, 22). Hajsehu 3qpaBcTBeHH MOTEHIMjaT ToM(peHoIa orjeia ce y
CrpeYaBamy HACTaHKA KapAMOBACKYJIapHUX W MAIUTHUX OoJjecTd, aujabereca, OCTEOnopo3e

u HeypoaerenepatuBHux oonectu (11, 23, 24).
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Cauka 2. CTpykType Haj3HauajHUjuX (DIABOHOMIHKX jeINbECHha U30JI0BaHux u3 G. verum.
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1.4.1.1. dakTopu Koju yTUYY Ha cajpikaj moiaudeHona y eKCTpakTy uBamCKor 1iBeha

Ha canpkaj monmudenona y ekcTpaktuMa Ousbaka yruay OpojHH ¢dakTopa Kao MITo Cy:
XEMH]jCKa CTPYKTYypa jeAUEHha KOoja Ce eKCTpaxyjy, BPCTa €KCTpakiuje, Ay)KHHA Tpajama,
TEeMIIepaTypa, MOJAPHOCT pacTBapada, Kao U MojpyYje ca KOT je CaKyIJbeH OMJbHHU MaTepHjall
(25). HcrpaxuBame KOje je HMCIUTHBAJIO YTULA] PAa3IUUYUTHX TEXHHKA EKCTpakIhje Ha
cagpkaj monmdenona Galium Bpcra m3aBaja eKCTpakijy moj pedIyKcoM Kao IOrojiaH
MeToz1 300r moBehaHe pacTBOPJFUBOCTH eHOIIA M (PITaBOHOM 1A Y EKCTPAKIIMOHOM pacTBapaydy
Opu TeMmIeparypaMa Kibydama pactBapada (26). ['eHepamHOo riegaHo, y mpolecuma
eKCTpakiyje Hajuemhe cy Kao pacTBapayd y yrnorpeOu Boja, alleTOH, METaHOJ, €TaHOJ HUTI.
[IpenHocT Boje Kao pacTBapava oryiefia ce y 0e30€THOCTH, HETOKCUYHOCTH M MOTYhHOCTH
eKCTpakiyje (haBoHOMIA KOjH HCIIOJhaBaj)y aHTHOKCUIAIMOHO jenioBame. C apyre crpaHe,
IpUMEHA ETAHOJIHUX M METAaHOJHHX pacTBOpa Mpyxa MOryhHOCT 3a wH30i0Bame Behe
Konn4yuHe monudeHona u3 OWJPHOT MarepHjajia, JIOK jé METaHOJ HapO4YHMTO TOTOAaH 3a
EKCTPaKIMjy KaTeXHHa, CMKATEXWHA, CIUTrajlokaTexuHa. J[oaTHO Kaja ce KOPUCTH alleTOH
Kao pactBapady Moryhe je eKcTpaxoBaTH MHOT€ XHUIPOCONYOWIIHE | JIMIIOCONYOUITHE
KoMmroHeHte (27, 28).

MebhyTtum, HeocTaTak MpUMEHE BOJIE, METAHOJIA U alleTOHAa CAMOCTAJIHO OTJie/ia ce y
HEZIOBOJFHOM KamalMTeTy 3a M30JI0Bame MONMH(eHoNa Koju ce y OMJbIIM Haja3e Be3aHu 3a
npyre OMOMOJIeKyle MOMyT MoJucaxapuia, TepneHa, xjaopoduna, ITunuaa UTa. YKOIUKO Cy
nou(EeHOoNM Be3aHW BOJOHMYHUM Be3aMa 3a MPOTEHHE, OPraHCKH pacTBapad Hehe OuTh

JIOBOJhAH 32 pacKuiame Be3e, Beh je moxesbHa KOMOMHOBaHA MPUMEHA ca BOJoM (29).

1.4.2. Hpuoouou

JlocTyrnHY mojaim ykasyjy Ha 6orarcTBo OMspbHMX Bpcta u3 poaa Galium upuaonnuma
(3, 6). Upumonau npencraBibajy HEUCTIApJbHBE MOHOTEPIICHE KOjU caapike nukionenTan-[Cl-
MUPAHCKU CKEJIET U MPHUCYTHU Cy y OWJbKama U KMBOTHH-ama. Y Ouibkama ce Hajuerihe
JaBJbajy BE3aHU 3a IITYKO3Yy, OJHOCHO Kao upuaouaHu riuko3uam (30, 31).

W mopen BUILIEBEKOBHE NpPUMEHE HMBamCKOI IBeha y TpaauIMOHAIHO] MEIUIMHH,
Opoj MCTpakMBama KOJH je NCITUTUBAO HETOB XEMH]CKHU cacTaB je orpanndeH. [IpBu mogaru o
3aCTYIJLEHOCTH MPHUIOHWIA Y Ha3eMHOM JIeTy MBamCKor mBeha matupajy ox moderka 80-mx
roguHa 20. Beka. Tama cy Bdjthe-Horvdth K u capapgaunm otkpunum npucyctBo cienehux

jeIMmbema y MBAaKkCKOM IBehy: acmepynosu], acnepylo3uAMHCKAa KHCENHHA, JIealleThI-
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acrnepyJio3uIMHCKa KHCEIMHa, MOHOTPOIIEUH, CKaHI03U] U T€HUIIO3UINHCKY Kuceluny (32,
33). Iloyerak 21. Beka npeacTaBba HaCTaBaK (PUTOXEMHUJCKUX UCIIUTHBAmbA OBe OMIbHE BPCTE.
JlomaTHO Cy WIOCHTH(UKOBAHHW JIOTAaHWH, 6-aleTHIICKAHIIO3UJ M CEKOTaluo3uja, 6-0-emu-
aleTWJICKaHI03u, Naduio3ul U JealeTui-1aQuio3n]] y HaJ3eMHOM JIeNy UBamCKOr 1Beha
(7, 34). I'pyna ucrtpaxuBaua u3 Typcke je Omna mpBa koja je 2006. rox wm3osioBaiga U
pazjacHMIIa CTPYKTYpy 6-O-enu-aneTwiCKaHIO03uJa W alMKIMYHUX MOHOTEPHEHCKUX
riMKo3ua u3 oe ouspHe Bpere (34). Takohe Lee u capagaumm cy yka3anu Ha mpucyctBo 10-
P-AMXUIPOKYMAPOMII-6-0-XUIPOKCUT€HUTIO3U 1A, 10-p-auxuapoKymMapou
JealieTuIaciepyao3ua M METWIeCTpa Aaclepylo3uIUHCKE KHCETUHE y METaHOIHOM
excTpakTy uBamckor IBeha (35). CtpykType Haj3HauajHHjUX HPHUIOWUIA HM3OJOBAHUX U3
uBamCcKor 1peha npukazane cy Ha Cnunu 4.

3npaBcTBeHr OeHeduTH yHOca wupuiounga Oasupajy ce Ha XemaTONpPOTEKIIHjH,
KapAHOIMPOTEKIUjU, HEYPONPOTEKIUjU, Ka0 M aHTUHUH(IAMAIIMIOHOM, AHTUMUKPOOHOM U
AHTHOKCHUJIAIIMOHOM JieioBamby. Takohe wmpumouman cy edukacHM y CHW)KaBamby HHBOA
TJyKO3€ W JUNHJA Y KpBU INTO yKa3yje Ha HUXOBY YJIOTy Yy Tepanuju aumjadbereca
KapAHOBacKylIapHuX Oosectu. 300r KapaKTEPUCTUYHOT TOPKOT YKyca KOPHCTE ce Kao areHCU

3a mobosbmame arnetuta (31, 36).

1.4.3. Ocmana 6uoaxmuena jeourerwa npucymna y uearockom ueehy

[Topen nonudenona u upuaouIa Koju 300r KBAHTUTATUBHE 3aCTYIULEHOCTH HAjBUIIIE
nornpuHoce epeKTUMa UBaCKOT 1Beha, y MambUM KOHIIEHTpaldjaMa UACHTU(GUKOBAHU CY U
MOHOTEpIeHH, aHTpaxuHOHU U ¢urocteponu (3). Ilocroje momamu o TPHUCYCTBY 2
MOHOTEPIICHCKA TJIMKO3K/1a Kao To ¢y Oerynanoy3un A u (2E)-2,6-mumerni-2,7-okTaaneH-
1,6-muon-60- 3 -raykonupaHo3u y Haa3eMHOM Jeny uBamckor 1seha (34). U3 rpyme
aHTpaxuHoHa mnpoHahenu cy 1,3-IUXUAPOKCU-2-METHIAHTPAXUHOH, 2-XUAPOKCH-1,3-
JTUMETOKCH aHTPAXUHOH U 2,5-TUXUAPOKCH-1,3-1uMeToKCHaHTpaxuHOH (37).

duToCcTepOH NIPENICTaBIhajy OMIbHA JeTUbEHA CTPYKTYPHO U (DYHKIIMOHAITHO CITMYHA
xonectepony (38). CnpoBefieHe CTynWje yKa3yjy Ha MPUCYCTBO [3 - cuToctepona (85,46 =+
1,24 ng/g excrpakra) u kemnecreposa (9,86 = 0,04 pg/g excrpakrta) y HaJ36MHOM Iy

uBamCKor 1Beha (19).


https://www.researchgate.net/scientific-contributions/2135155716_TG_Lee?_sg=o0hFJcgIoF8fdICrbLVqb51H3_8_E7xczhHCUmWM4alaVsupH1HH8wyS0OoKSgGbtHk7Rhs.k8yMHMt-wDV84LvEToGBTTuUhi1skIFuAMXCvnKAax2qSmr-7Om_7MEDGsu8lkePxIob9MliHgWX-foEQvBc-A
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Cauka 4. CTpyKType Haj3HauajHUjUX UPUA0UIa H30J0BaHux u3 G. verum.

1.4.4. Emapcko ywe usarwckoz yeeha

Hajsehu Opoj ucTpakuBama KOjU je UMao 3a LUJb MCIUTHBAKE XEMHUJCKOT cacTaBa

uBamCKor 1Beha OMO je ycMepeH Ha eKCTpakTe OBe OuJbHEe BpCTe, JOK Cy MOJAIH O

(UTOXEMHUJCKUM aHalIM3aMa €TapcKor yJba orpaHuueHu. JloctynmHe mHQopmanuje koje ce

OAHOCC Ha KBAHTUTATUBHO-KBAJIMTATUBHU CaCTaB €TAPCKOT YJba HBAKCKOT uBeha IMpUKasaH je

y TaGenu 2.
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Tabena 2. [Ipernen pe3ynrara cTyrja Koje Cy UCIIUTUBAIIC XEMHU]JCKH CacTaB €TapCKOT yiba
G. verum.

Jennmeme % y HBeTOBHMA Pedepenna
nuc-3-xekceH-1-om 0,82
JUCTHICHTTIUKOJI MOHOMETHJI €Tap 0,28 (39)
OCH3MIT aNKOXOJT 0,22
JUOKTHI(TAIAT 0,57
Jequmeme % y HaJl3eMHOM Jey Pedepenna
kapuoduicH 26
KapropHICH OKCH] 16,2 (40)
repMakpes D 11,2
¢uTon 9,27
TeTpageKaH 11,76
XeKcaJeKaH 12,27 ©6)
N-TeTpaseKkan 17,93
OKTa/ICKaTPUCHONYHA KHCEIMHA- METHUII eCTap 8,08
XEKCa/IeKaHCKa KHCEJTNHA- METHJI ecTap 4,32

Haume ctynmja xoja je ucTpakupalia €TapcKo yJbe NTOOHjeHO M3 I[BETOBA OBE OHMJbHE
BpCTE YKa3yje Ha MPHUCYCTBO 4 MacHE KHCEJHMHE, 5 apOMaTHYHUX jeIUbemha U 9 TeprieHonIa
KOJU TpUIaJajy pa3MuUTUM KjacamMa OpPraHCKUX jeIumerma. Y JaunoduiaHoj (pakuuju
JOMHHAHTHO Cy  3acTylubeHH  Imc-3-xekceH-l-om  (29,77%), cksanen  (20,82),
nuetuneHrnukon MoHometun erap (10,17) u Gensun ankoxon (7,85). YkymHa KoauduHA

WCIIapJbUBUX jeIUbeHha N3HOCHIA je 2,74% padyHaTo 1Mo ancoJiyTHO] Macu CyBOT MaTepujaja

(39).

1.5. TpaguumoHa Ha ynorpeda nuBamCcKor useha

busbhe BpcTe Koje mpumnanajy poay Galium kopucre ce y MeIWIIMHCKE CBpPXE O
JTABHUX JIaHAa, TIPH YeMY ce 1Mo HajBeheM TepanujcKoM MOTEHIHjally YOeIJbHBO U3/Baja JKYTO
uBamcko 1Behe (2). HamzemHu nenoBu uBamCKOr mBeha ce TpaauIMOHATHO KOPUCTE Kao
CelaTUBU, IITO jeé M MOTBPIMJIA €THOOOTaHWYKA CTyAHja O YMOTPeOW IUBJbUX JIEKOBHTUX
ouspaka ca teputopuje Llentpamne Cpouje (41, 42). CmaTpa ce 1a cy XeMHUjCKa JeIUbemha U3
rpyrie HPHUIOH/A MOMYT aclepysio3uaa 3aciyxHa 3a cematuBHe edekre Galium Bpcra (43).
NBamcko 1Behe je mo3HaTo u 1o 0JaroTBOpHUM edeKTUMAa Y JIeUehYy eMUJIeTiCHje, XUCTEPH]e,
HepBo3e U poduja (2, 19, 44, 45). XucnuayiauH je A0Ka3aHU JUTaH[ 3a OEH30/1Ma3eNUHCKe
pelenTope ca aHTHKOHBYJI3UBHUM JICJIOBAKEM M FETOBO MPHCYCTBO y MBAKCKOM IiBehy TpBU

nyT je onucano 2016. rogune. OBO jeAnmbEHE 3aj€THO Ca JAPYTUM BPEIHUM CEKYHIApHUM
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MeTabonuTUMa MOXXKE€ OWUTH OJIFOBOPHO 3a TPaJAMLIMOHAIHY YHNOTpeOy HBamCKOr IBeha y
TperMmany enuierncuje (19, 46).

[Tocroje momamu o aHTHAMYPETCKOM e(ekTy wuBamcKkor mBeha W  BHEromoj
BHIIIEBEKOBHO] YIOTpeOH y Jieuerwy nujenurrca u nucrtutuca (19, 41, 44). Takohe ncnospaBa
OcHeduTe W KOJ MpHUTaIMje Oemmke U OyOpera, kameHa y OyOpery u Kojuka, a Moxke Hahu
IpUMEHY ¥ Kao aHTUIHMjapOUK, CIIa3MOJIMTUK U Y JIeUely CTOMayHuxX Teroda (2, 19, 26, 44,
47). llopen Tora, HaI3eMHH JIEJIOBU UBAWCKOr IBeha yTHdy mMpoTeKTUBHO M Ha mopemehaje
jerpe, Aenyjy ¥ Kao xoyiepeTuiid u xosaro3u (2, 34). Ilo3nato je ma ce oBa OWsbHA BpCTa y
Kunu xopuctu u 3a jieueme xenatutuca (48).

Kana je ped o Tepanuju kaHiepa y TpaaulHOHATHO] GUTOMEIUIIMHA HEU30CTaBHA j€
yiora wuBamCcKor 1Beha. [locroje wu3BemTaju O YCHCIIHOM JICUCHY IMalHjeHaTa ca
KapIHHOMOM je3WKa W JIapuHKca NMPUMEHOM Yaja oBe OmspHe Bpcre. Jonathan Hartwells'
CTyIMja HaBOAM Ja ce uBamCcKo 1Behe kopuctu y EBponu u CeBepHoj AMepHIIH y TPETMaHy
KaHIIEPOTeHUX YIIIepa U KaHiepa nojke (5, 49).

JlutepaTypHH TMOAAIM KOjU C€ OHOCE Ha CIHOJbAllY NPUMEHY HBamCcKor mBeha
yKa3yjy Ha HBEroB 3Hayaj y TpeTMaHy KOXKHUX MPOMEHa, TICopHja3e U 3apacTama paHa (2, 5,
42). Takohe BexkoBMMa ce KOPHUCTH U Kao AujaopeTHK W JemypaTuB, a 3a0elexeHd Cy U

MO3UTUBHU €(eKTH OBEe OMJbHE BPCTE KOJ IIOCTOjamha T'MXTa U peymMaTckux oonectH (2, 26, 41,

45).

1.6. @apMakoJIOIIKa AKTUBHOCT UBAKCKOT IIBeha

XKyto uBamcko 1Behe mpencTaBiba jeAHO OJl HajBHILE MPOy4YaBAHUX IMPEACTaBHHUXA
poma Galium (2). Cryamje Koje Cy HCIUTHBajle OuoJomKe ePeKTe OBe OWJbHE BpCTE
JIOMHUHAHTHO Cy OWIe cripoBe/ieHe y 3emsbama A3suje. To je moHeKse U oueKruBaHO MMajyhu y
BUJY Jla je TPaJAWIMOHAIIHA MEIUIIMHA y MHOTO Behoj Mepu MMILIEeMEHTHpaHa y KYITypy U
CBAKOJHEBHH KMBOT HApOJia ca HaBEeICHOT KOHTHHEHTa y oaHocy Ha EBpomy u CAJL (5, 26).
Melhytum oOMM CHpOBEACHUX HCTPaKMBamba je OTpaHHYEH M jolll YBEK HEJAOBOJbAH Ja Y
MOTIYHOCTH carJie/ia yKyIHe MOTEeHIIMjaie OBe OMJbHE BPCTE Y MHOTOOPOJHUM WHIUKAIIM]ama.
JHlocagamima ca3Hama CBEJOYE O 3HAYQjHUM 3JIPAaBCTBEHUM OcHE(PHUTHMA yHOCA WBaHCKOT
nBeha y TpeTMaHy pa3iuuuTUX OOJIECTH U CTamba U HECYMIHMBO MPEICTaBIbajy MOTOAHO TIIO

3a HaCTaBaK MCIUTHBAKbA Y OBOM cMepy y OyayhHoCTH.
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1.6.1. Aumuxanyepozenu egpexmu uearocxkoz ueeha

[Toncruiaj 3a HaydYHa UCTIMTHBAba AHTUKAHIIEPOTEHOT TTOTEHIMjajla UBAakbCKOT IiBeha
JISKU Yy HErOBOj IYrOTPajHOj TPATUIMOHATHO] YHOTPEOH y TPETMaHy MaUTHUX 000JbeHba.
ManoOpojHe crpoBe/ieHe eKCIIEPUMEHTAITHE CTYAM]e CYy yKa3aie Ha yIIOTy OBe OUJbHE BPCTE Y
Jedyery KaHIepa, JOK MojaTaka 0 KIMHUYKUAM CTyAWjamMa u3 oBe obiacTu Hema. JlnocmeTuH
je eKcTpaxoBaH W3 HMBambCKOr IBeha cakymbeHor ca teputopuje Kune m mcrnmtuBaH Ha
nepBukamHuUM henmujckum nuaMjaMa. IlokasaHo je ga Moxke na MHXHOMpa pacT Tymopa U
NpY)XH 3allITUTYy OJ TYMOPOM HMHIyKOBaHE aronto3e TuMmyca. Takohe oBa rpyma ayropa
OTKpHUJIa je J1a €TaHOJIHU EeKCTPAaKT MBambCKOr IBeha Moke na mHXuOupa mnponudepanujy
xymanux MCF-7 henmja kaHuepa Aojke W UHAYKyje hemujcky cMmpT amomnrto3om (50).
JlogatHo, TEKOKT OBE OMJBHE BPCTE MCIIOJBHO j€ MHXUOUTOPHU eeKaT Ha XeMOCEH3UTHUBHE H
XEMOPE3UCTEHTHE TYMOpCKe hennjcke JIMHUje TapUHTEATHOT KapIIMHOMA, YMME j€ OMpPaBlao

HEroBy KOHKOMUTAHTHY yIOTpeOy y Tepanuju KaHuepa riase u Bpara (5).

1.6.2. Edhexmu usarmckoz yeeha na enookpunu cucmem

Manu je 6poj ucTpakuBama Koja ce 0JIHOCE Ha EHJOKPHUHE ePeKTe OBE OMIbHE BPCTE.
CrpoBeieHO je MCTpaKMBame KOje je MMaio 3a LuJb Jla UCIHUTA MPOTEKTUBHHU MOTEHIUjall
BOJICHO-JIKOXOJIHOT €KCTpakTa HMBamCKOr LBeha Ha CTPYKTypHE NpPOMEHE THUpOHUJeje U
oBapujyMa KOJ TaloBa TIOA YCIOBMMa aHaKMHETHYKOr cTpeca. Pesynratm oBor
eKCIIEPUMEHTa TOKa3aJld Cy Ja eKCTpakT y no3u ox 25 mg/100 g rtemecHe mace (T.M.)
CTUMYJIUIIIE aKTUBHOCT THpoujeje u oBapujyma (51). Takohe y apyroj crynuju je youeHo na
y YyCIOBMMa AaHAaKMHETHYKOI CTpeca aJMHHUCTpaldja MCTE J103€ BOACHO-aJIXOXOJIHOT
eKCTpakTa WBambCKOr IBeha TmojayaBa HEYPOCEKPETOPHY aKTHUBHOCT XHITOTATAMUYKHX
MapaBeHTPUKYJIApHUX jenapa. To ce MOoxe JOBECTH Yy Be3y ca CTUMyJalujoM ociobahama
KOPUTHKOTPOIMH-IEeleasing xopMoHa, akTHBaIljOM XOPMOHA TPEIET PeXba XUMopu3e, Kao
U CTUMYJAlMjOM aJpEHAIHUX CTepOUTHHX XOpMoHA. CeKkpeTopHa aKTUBHOCT HBAaHCKOT

uBeha je 1o1aTHO MOTBpheHa U XUCTOJIOMIKUM aHallM3aMa TKUBA KUBOTUHA (43).

1.6.3. Aumuxemonumuuxka akmugnocm usarckoz ueeha

CrnposesieHa je cTyauja Koja je MICITUTHBAIa aHTUXEMOJIMTHYKY aKTUBHOCT €KCTpakaTa

Onspaka ¢ WJbeM JNa uacHTU(UKyje Moryhe KaHIuaaTe 3a Jieueme O0JIECTH MOBE3aHUX ca
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xemonn3oM. OTKPHUBEHO je Ja eKCTPAKT HaJ3eMHOT Jeia MBambCcKor Beha 1o0ujeH MeTonom
MEepPKOJIAlKje CHAKHO aHTArOHU3Yje XEMOJIN3Y H3a3BaHy PEAKTUBHUM KHCEOHUYHUM BpCTaMa.
IC 50 Bpeanoct oBor excrpakTa je usnocmwna 1,32 pg/mL, mro ykasyje Ha Behy noreHTHOCT Y

oxHocy Ha pedepentar ButamuH C umja IC 50 uznocu 235 + 5,26 ug/mL (41).

1.6.4. Xonunecmepaszna akmuenocm

Ananmu3oMm edekata UBambCKOr 1Beha Ha XyMaHy CepyMCKY XOJIMHECTEepa3y YOueHO je
na noBoau no Onare aktusanuje (+16,28 + 0,09 %) y nmopehemy ca pedepeHTHUM areHCOM
HEOCTUTMUH OPOMHJIOM KOjH j€ IMoKa3ao MHXUOUIMjy ox -35,26 + 0,12 %. OBaj mogarak je oj
WHTEpeca jep aKTHBAIMja XOJIMHECTEpa3e HABEICHOM OWJBHHM EKCTPAKTOM MOXE OWTH
MOTEHIMjaJTHO OIacHa y MPUCYCTBY APYTrUX OOJECTH IEHTPATHOT HEPBHOT CHCTEMa IOITYT

Annxajmepose 6omnectu (41).

1.6.5. Aumumuxpoobna akmuenocm usarckoe yeeha

Hako ce Bpcre u3 poma Galium ayrd HHM3 TrofMHAa KOPUCTE Yy TPaJUIMOHAIHO]
MEIUINHA Y TPeTMaHy MH(EKTUBHUX OO0JIECTH, aHTUMUKPOOHA aKTUBHOCT MBamCKOr IBeha
HUje Yy NOTIYHOCTH HCTpaxeHa. Jlocagamme cTynuje cBelode O AaHTUOAKTEPH])CKO)
aKTUBHOCTH €KCTPaKaTa MBamCKOT 11Beha mpema pa3iuuuTuM cojeBuMa ['paM MO3UTHBHUX U
I'pam HeratuBHHMX OakTepuja, JOK je MOTEHUHWjal y Jiedelhy TIJbUBUYHHUX HHQEKIHja
orpanuueH (52-54). IlotBpheHo je na pacTBapay KOjU C€ KOPUCTH MPHIMKOM EKCTpaKIuje
OMJBHOT MaTepujaja JONPUHOCH YKYITHOM aHTUMHKPOOHOM JeNoBamy €KCTpakTa. Pezynratu
MPETXOAHO CIPOBEIECHOT NCTPAXKNUBAKA YKa3yjy Ha U3PAXKEHU]y aHTUOAKTEPH]CKY aKTHBHOCT
XJIOPOPOPMCKOT Yy OJHOCY Ha BOJEHM M €TAaHOJIHU eKcTpakT (52). Mebhytum mnpema
J0CaJallllbUM Ca3HambUMa pa3jiiKa y aHTUOAKTEPHjCKOM M aHTUTJbUBUYHOM €(EeKTYy BOJIEHOT,

METaHOJIHOT M alleTOHCKOT €KCTpaKTa HUj€ MOo3HaTa.

1.6.6. Anmuokcuoauuona akmugnocm ugarckoz yeeha

ITocroje moka3su na OwsbHe BpcTe Koje mpumnanajy poay Gallium mocenyjy
AHTHOKCHJIAIIMOHA CBOjCTBA. EKCTpaKkTH HAJA3EMHOT Jielia MBambCKOT 1Beha MCIosbaBajy BeoMa
CHaXHY aKTHUBHOCT ,,uyucTavya" cI00OJHUX paauKaia Koja je M03HO-3aBUCHA. IIperxomHe

cTyauje onpehuBaie cy aHTUOKCHIAIIMOHYU KalallUTeT eKCTPaKTa MBAaCKOT 1[Beha Ha OCHOBY
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CIOoCOOHOCTH J1a HeyTpanuie 2,2-audenni-1-nukpunxuapazmwin (DPPH) pagukai, Xuapokcum
panukan (OH"), Bogonuk nepokcun (H20;) n uaxubupa nununany nepoxkcuaanujy (Tadena
3).

Ob6ehaBajyhu pe3ynTaTu CnpoBeIeHUX HCTpaKMBama KBATU(UKY]y MBamkCKO IBehe
Kao MOryhum mpHpOJHM HM3BOpP AHTHOKCHIAHTHUX cyrcraHiu. Mehytum crymuje koje cy
WCIUTUBAIC TOTCHIMjal WBamkCKOr IBeha 1a yOJIaXu OKCHUIIIMOHU CTPEC YIJIABHOM CY
npuMemuBasie N VILr0 TecToBe Ha METAHOJHUM, BOJCHO-CTAHOJHHUM M CTAHOJHHUM
ekcTpakTMa. HepaBHoO je cripoBeieHa IIpBa CTyIHja Koja je uMalia 3a IWJb J1a UcuTa edekar
BOJICHO-CTAHOJIHOT CKCTpaKTa HWBamkCKOr IBeha Ha KOHIEHTpalujy NpPOOKCUIaHaca U
aHTHOKCHaHaca y KpBU maroBa. [loka3aHo je 1a je TpeTMaH eKCTPaKTOM HMBamCcKor IBeha
JI0BEO JI0 CHIDKEHha HUBOA HHJEKCA JHUMHUIHE MEpOKCHAalje W TmoBehama aKTHBHOCTH
€H3UMa aHTHOKCHJIAIIMOHE 3aIITHTE Y OJHOCY HAa KOHTPOJHE KUBOTUIbE (56). JlonaTHo, Maimu
Opoj MCTpaKMBamkba UMao j€ 3a IMJb Jla UCIIHTA YTHUIlQ] PUMEHCHOT pacTBapaya MPUIHKOM
SKCTpakIildje Ha CIIOCOOHOCT €KCTpaKTa Ja HeyTpaiuiie ciodoane pamukane. Mavi A u
CapaJIHUIM yKa3ald Cy Ha HajBehy aHTHOKCHJAIMOHY aKTUBHOCT METAaHOJHOT EKCTpPaKTa
KaJga ce YINOpeau ca BOJCHUM W QJKOXOJHHM, KOJU Cy HCIIOJBHJIM JICTIOBAEKEC Yy OICEry
konmenrpanuja 50-500 mg/L (57). Takohe ymopehuamwem Bogenor, 30%, 50% u 70%
AIKOXOJHOT €KCTpPaKTa, YOUCHO j€ Ja HajBehw moTeHmujan Moxke Outu ouekuBaH o 50%
QJIKOXOJIHOT E€KCTpakTa. AHTHOKCHIAIIMOHA AaKTHBHOCT JICKOBHTHX OHMJbaKa IPHUIHCYjE Ce
npucycTBy (rmaBoHousa, Melhy KojuMa ce UCTMYY IO CBOjo] e(pHUKAaCHOCTH (PIaBOHU H

katexun# (58).
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Tao6ena 3. [Iperiien pe3ynitaTa HCTpaXKMBabha KOja Cy HCITUTHUBANA iN Vitr0 aHTHOKCHIAIIMOHY
AKTUBHOCT €KCTPAKTa HAJA3EMHOT JieJia UBaCKOT 1iBeha.

bu/bHn maTepujan Metoaa Pesyarar Ped.
onpehuBame kananurera _
HeyTpanuzanyje DPPHe 1C50=3,10 pg/ml
Memanonnu ekcmpaxm oupeh;;;gszzg;%nmm IC50=0,05 pg/mL
usamwckoz uséeha ca 3namapa, onpehuBabe KanamTeTa (2
Cpouja xsatama H,0, IC50=4,98 pg/mL
WHXUOUIH]ja I IHE IC50 = 11,69 pg/mL
HEepPOKCHUIAIIN]C
onpehuBame —
neyrpanusanuje DPPHe 1C50=8,04 pg/ml.
Memanonnu excmpakm oupehf:;gsz%liﬁnmm 1C50=0,54 pg/mL
LRI onpehuBame KananureTa )
Bemepnuxa, Cpouja xsatama H,0, IC50=3,80 pg/mL
WHXUOUIH]ja THITHIHE IC50=19.47 pg/mL
HEepPOKCHUIAIIN]C
Emanonnu excmpakm onpehuBatbe
usarbckoz uyeeha uz AP . IC50=105,4340,15 pg/mL (20)
. : HeyTtpanuzanuje DPPHe
Tpancuneanuje, Pymynuja
onpehuBare IC50=26,97+1,21 pg/mL
Memanonnu excmpaxm HeyTpanusanuje DPPHe ’ -1 Hgm
usarckoz uyeeha usz onpehjuBame N
Cenuuesuue u Jlanunua, Heytpanmsanuje ABTSe 125,14+9.98 trolox/g (41)
Cpouja oz[peleBa}Le.peJIOKc 70,31 pg/ml
MOTEHIIMjaa
onpehuBame 50 (i
Heyrpamsanuje DPPHe 1C50=59,6+0,04 pg /mL
Memanonnu excmpakm onp ehHBaH’e.p CHOKC 50-800 pg/mL
MOTEHIIMjaa
HAO03emMHoz 0ena uear cKoz onpehuBarbe KanalTeTa
ueeha uz Hpana AP XBATAIA NOLI IC50=1,7+0,01 ug /mL (55)

onpehuBame kanamnurera
xBaramwa H,0,

mpu KoHIIL. o 50 pg/ mL
% uaxubunyja je 92,5

DPPH- 2,2-nudpennn-1-nukpunxuapasun pagukan; OH™ - xwmapoxcun pamukam;, HO,-
BOIOHUK nepokcu; ABTS' - 2,2 -azuno6uc-(3-eTunbensornazonun-6-cyndonar).

1.7. Ucxemujcka G6oJtecT cpua

Koponapna 6onecr cpua (KBC) omnocHo ucxemujcka Oonect cpua (MBC) ocraje

BOIIChI/I Y3POK MOPTAJIMTECTA U UHBAJIMAUTCTA IIUPOM CBETA, Ca paCTYI;lOM CTOIIOM MHIUACHIIC

(59). Axyruu unpapkt muokapaa (AMM) npeacraBba 030UbHY KIMHHUYKY MaHH(eCTAIHjy

KBC u xapakrtepuiie ce oOKIy31joM KOpOHApHE apTepHje Koja JOBOJIU O HETOBOJHHOT JTOTOKA

XpamJbUBUX MaTeprja U KUCEOHUKA JI0 CPYAHOT TKUBA. YCIIE] CMAamEHOT JTOTOKA KHCEOHHKA
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JI0 CpIla TOKOM HCXEMHje MPEOoBIalaBa aHaepoOHU MeTaboiIM3aM, KOju JoBoaM 110 mnaga pH
BpenHoctd U HUBoa ATP-a (60). Kako 6u ce yOnmakmino Hakylbarmke BOJOHMKOBUX jOHA,
Na'/H" usmemuBauka mymma IOKyImIaBa Ja €KCKPETyje BOJOHHKOBE jOHE, IITO Y3POKYyje
nHuykc HaTpujymoBuXx joHa Yy hemmjy (61). 3aycraBiba ce MpoIec OKCHIATHBHE
dbochopmianmje, cmamyje crBapambe ATP-a mTo noBoau 10 cmameHe aktuBHOCTH ATP-aza.
Iax hemmjckor ATP-a y3opkyje cMamenn edmykc Ca’’, orpannuaBa ce mpey3HMame
KaJlMjyMa OJ CTpaHe eHJOIUIa3MaTCKOT pETHKYJIyMa, IITO Y KpajlbeM JOBOAHM [0
npe3acuheHoCcTH IUTOCoIa Ca’*. Ha T4 HAYMH CE KOMIIPOMHTYj€ MPOIIEC peIaKcaIje
Muokapna. Takohe monasu 10 oTBapamba MUTOXOHIPU]CKUX TpaH3uLMoHux mnopa (MTII) mro
JOaTHO ToropmiaBa crBapame ATP-a, [0BOaM [0 XHUIEPKOHTPAKTYpEe M HACTaHKa
KOHTpakImoHnux npyra (euri. contraction band necrosis (60, 62).

HajedukacHuju TepaneyTcku NpUCTyIl Y CMambelhy BEIMYNHE HH(ApPKTa MoIpa3yMeBa
paHoO yCIOCTaBJbak€ MOHOBHOT MPOTOKAa KPBU Kpo3 cpie. To ce moctmwke OIaroBpeMeHoM
penepdy3noHOM TepamnujoM Koja MOXe OWTH MEXaHW4YKa, IPUMEHOM IEpKyTaHe KOpPOHApHE
AHTUOIIJIACTUKE WK (apMaKOJIOIIKA, TIPUMEHOM TpoMOonuTuike tepanuje (59). Mehyrum
1960. roguue Jennings U capaJHUIM Cy YOUWIH Ja pernepdys3rja MOKe MOTropIiaTi HEKPO3y
cpua HakoH ucxemuje (63). OBaj (heHOMEH MO3HAT je Kao ucxeMujcko-penepdysuona (M-P)
MOBpeZa M OMHKCYje Ja TMOBpaTak KHCEOHHKA Yy MUCXEMHUYHH MHUOKApJ TOKOM penepdysuje
MOKE y3pPOKOBaTH MapajgoKacalHy IUCOYHKIHU]Yy KapJUOMHUOIUTA U MpoayOouTH omreheme
TKHBa Y3pOKOBAaHO XMIIOKCMUHUM cTpecoM. Pemepdys3uja Moxe TOBECTH M JO >KUBOTHO
yrpoaBajyhux BEHTPUKYJIApHUX apUTMHja U Y KPajlbeM M3a3BaTH U3HEHATHY CpUaHy CMPT.
Cwmarpa ce na ce edpextn KbC yrnaBHoMm npunucyjy mreTHuM nocienuuama M-P nmospene
Muokapza (60).

XunepreHsuja ce Hamasu Mely HajehuM jaBHO-3/[paBCTBEHHUM MpobiIeMHMa
MOJIEPHOT CBeTa ca TJI00aJHOM HMHIMICHLIOM Koja HajaMmamryje | OWJIMOH CTaHOBAaHHMKA.
[IpenacraBba rtiaBHU daktop pu3uka 3a HactaHak AWM, cpuane wuHCydunmjeHIuje,
MOXTaHOT yaapa, nepudepHe apTepujcke O0ojecTu u aHeypusMe aopre (64, 65). Beh myru
HU3 TOJMHA IMO3HATO je Jla Cy MPOMEHE Yy KPBHOM HPUTHUCKY IpaheHe HeypoXyMOpalTHUM
ajanTanyMjamMma koje ytuuy Ha ucxon M-P mospenme (66, 67). Y ToM cMmucay ofpXKaBame
BPEIHOCTH KPBHOTI' MPUTUCKA Y (PU3MOJIOIIKUM TpaHUIlaMa MpejacTaBiba jon Behu n3a3oB 3a
cucteM 3apaBcTBeHe 3amTute. [loBehano cpuyano onrepeheme U MEXaHUYKU CTPEC KOjU CE€
JjaBJbajy y XUNEPTCH3WJU MOTY Ja YTHYY Ha MOAYJAIM]y C€HIOTCHHX KapJAHMOTOKCHUYHUX H

KapJMONPOTEKTUBHUX MexaHu3ama. Cple MOXe pa3BUTH aJalTHBHE MEXaHU3Me 3a 0opOy
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MIPOTUB CTpeca, ajll YKOJIHUKO OH MPEIyro Tpaje mocienuie ce MaHU(ecTyjy MOropiiambeM
ucxona M-P nmospene. Cmarpa ce na je cpue npeontepeheHo MPUTUCKOM CKIOHO MITETHUM
nocienunama M-P moBpene ycnen cCMameHOT YTHIQja KapAWONPOTEKTUBHUX IIyT€BAa WU

noBehaHe aKTUBHOCTH KapIMOTOKCUYHUX ITyTeBa (68).

1.7.1. Mexanuszmu ucxemujcko/penepgyszuone nogpede muoxapoa

KommiiekcHn MexaHu3MHu yKJbYy4eHM Yy HacTaHak u mporpecujy M-P moBpene ce
MHTEH3UBHO MCIIUTY]y BHLIE OJl YETHPU JELEHM]Ee ca LUJbEM Jia C€ OTBOPHU IIyT Ka HOBUM
epUKaCHUM CcTpaTernjaMa 3a cracaBame MHUOKapaa. Cmarpa ce 1a cy (akTopu KOju HajBHUIIE
nocpenyjy y pasojy U-P mopene: 1) moBehana renepanuja peak THBHIX KHCEOHUYHUX BPCTa
(enrn. reactive oxygen species- ROS) ycnenm yBohema MOJIEKYJICKOT KHCEOHHKA, 2)
HaKyIJbambe ca* 3) oTBapame MUTOXOHAPHUjCKUX TpaH3uimoHux mopa (MTII) koju moBOIH
no ocnobahama muroxpoma C 4) enporenHa auchyHKnWja 5) u3pakeH HHQIAMAIN]CKA
oarosop (59-62)

Haume y mnpBum MuHyTHMa penepdys3uje Aojda3ud [0 T[OjadyaHe MPOIYKIIH]je
npookcuaanaca kao mro cy ROS u peaktuBHe a30THe Bpcte (eHIII. reactive nitrogen species-
RNS) koje ce cmarpajy kpyunnM nnunmjaropuma M-P mospene. Cmarpa ce 1a Mmerabonmike
ajanTanyje IMOoBEe3aHe ca MCXEMHjOM M HM3MEHmEHa XOMEeOoCTaza MHUTOXOHApHja yTHUYy Ha
nosehany mpoaykuujy RNS y penepdysuju. ExcriecuBHa KoleHTpauuja MpoOOKCHaHaca
MO’KE€ HAJBIIQJATH KalalUTeTe €HJOT€HUX AHTUOKCHIAIMOHMX CHUCTeMa ILUTO pe3yiaTHpa
omrehemeM cpria (68-70).

Jeman on nmorahaja 3a koju ce cMarpa Ja JompuHOCH nucyHKIUju cpua ycuen M-P
nospeze je orBapame MTII. Hanme toxom ncxemuje MTII cy 3aTBOpeHH, anu Ha MOYETKY
penepdysuje 36or mpucycta Behe konnentpanuje ROS u RNS, mosehanor HuBoa kaniujyma
y MUTOXOHJpHjaMa U moBpatka PH gona3u go mojauanor orBapawa MTII. OtBapame MTII
yrrue Ha ocrnobahame muroxpoma C Wy Kpajiem goBoau a0 hemmjcke cmptu (71-73).
Oxcupnanmona omrehema MOTY YTHLIATH Ha HACTaHAK CEKyHIApJHHUX Ipolieca, Kao IITO je
npouH(amanuonn oaroBop (74). Jom yBek HuUje y TOTHYHOCTH pa3jallllbeHa Yiora
nHpamanuje y U-P moBpenu, ogHOCHO na v je mHOIaMaluoHu OAroBop Koju mpatu MM
OJIrOBOpaH 3a (YHKIMOHATHE W MOPQOJONIKE TPOMEHE CpPYaHOT TKHBA WM j€ IaK
uH(IaMaIlMOHN OATOBOp peaklldja Ha akyTHy mnoBpeny wMuokapaa (75). Mehyrum

pa3yMeBame TaYHUX NaTO(pU3MOJOUIKMX MeXaHu3ama ykJbyueHuXx y M-P moBpemy u name
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OCTaje H3a30B 3a KIMHHUYAape, a OTKpHBAKBC HOBUX ajlrOpuUTaMa KOjI/I ou JOIPHUHEIN CMALCHY

penepdy3noHe MOBpee je U 1ajbe MPEeIMET pacipaBe y HAYIHO] 3ajeTHHULIH.

1.7.2. ®enomen npeKoOHOUUUOHUPALA MUOKAPOAQ: Y1024 JIEKOBUMUX OUbAKA

Murry wu capagaunm cy pgaBHe 1986. roaumHe youwnM Ja  HM3jarame  cpla
KpaTKOTPajHUM emu30/aMa HCXeMHuje Hu pernepdys3uje mpe AYyroTpajHe HCXEMHUje MOXKE
3HAa4YajHO CMambHUTH BenuuuHy uHpapkra (75). OBaj MaHeBap je ONMMCAH KA0 HCXEMH]jCKO
IPEKOHAULMOHUPAkE, MehyTUM HheroBa KJIMHUYKA IPUMEHa je orpanudeHa. M3 tor pasznora
UCTPaXUBAYM CY YCMEPEHU Kao OTKPUBalkby HEHCXEMUYHHMX, HEXUIIOKCUYHUX areHaca, Moyt
OMJbHUX TPOM3BONA, KOju Ou yoOmaxunum mretHe edekre U-P moBpexne wumurupajyhn
CHTHAJIM3AIMjy W3a3BaHy HCXEMHUjCKUM TNpeakoHaunuonupameM (76). KapauoBackymapHu
oeneduru ynorpebe Ouspaka Cy TMO3HATH BEKOBMMAa M 3aCHHMBAjy C€ Ha HHHUXOBOM
aHTHArperalioHoOM, XHUIOJUIHMJIEMH]CKOM, AHTUMH(IAMALMOHOM, XHIIOTIMKEMHJCKOM U
XHUIIOTEH3UBHOM JienoBamy. (77). Pesynratn OpojHUX HCTpakMBama MPYKajy YBHI y HOBE
TeparneyTcKe UJbEBE U CTpareruje 3a jeueme M-P moBpene mpuMeHOM pa3inuuTHX OMIBHHUX
BpCTa WM Ipemnapara aoOujeHux u3 Omibaka. CmaTpa Jla ce ce HaBelCHE TeparMjcKe
MOryhHOCTH OWJBHHMX €KCTpakara MpHUINCY]y JAOMHUHAHTHO HPUCYCTBY MNOJU(PEHOIHUX
jenumema (78, 79). Kopuct ox yHoca nonudeHona y cHUXaBawby MHIMJICHIN]E KOPOHApHE
6onectu je HayuHo norBphena (80, 81). HaBenena OmoakTHBHA jeUIbEHA MOTY YOJIAXKUTH
mreTHe yrunaje M-P ucnospaBameM aHTHOKCHAAIMOHE W aHTHHH(IaMalnOHE aKTHBHOCTH
(81). TokoM mocneamUx ACLEHUja KOHILEMNT JeyeHmha H30J0BAHUM CYICTaHIlaMa M3 Tpyme
¢eHoNMa WM eKcTpakTHMa OoraTuM (eHoluMa Kao NPUPOAHMM AHTHOKCHAAHCUMA je
nojp>XKaH BeTUKUM Opojem crynuja (82-84). KapauonmpoTekTuBHH eQeKTH akyTHE U
XpOHUYHE TPUMEHE IMOjeIUHNX OMJPHUX BpCTa Ha pa3imuyuTtuM mozaenuma U-P cy HaydHO

notephenu (85-87).

1.8. Uudramanuja: yiaora JeKoBUTHX OW/baKa

Wndpnamanuja mnpeacraBjba NPOTEKTUBHU OJrOBOp OpraHu3Ma Ha HHGQEKIHjy,
UpUTALM]y WIM MPHUCYCTBO CTPAHUX CYICTAaHLHM, KOJU MMa 3a LUWJb J1a YKJIOHM WITETHE
CTHUMYJIyCe Kao IITO Cy MaTOTeHU, UpuTaHcu U xemukaiuje (88). KomruiekcHun MexaHu3mu
KOjHU CYy Y OCHOBH MH()JIaMallMOHOT MpoIeca YKIbYUYjy CajiejCTBO BacKyJIapHOT TKHBA, Ija3Ma

nporenHa wuiau henuja w OpojHMX henujcKUX Meaujatopa YKJbYYEHUX Y HHHIU]AIH]y,
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npomaranujy ¥ mporpecujy 3anajbema (88-90). Baxkny ynory y mporecy uHamanmje
3ay3UMajy XeMHjCKH MeJIjaTOpH KOje YMHE MPOTEHHU IJIa3Me WM MEIHjaTOpU KOjU MOTUYY
u3 henmje monyt mact henuja, HeyTpoduiIa, TpoMOOHTa, MOHOIIUTA M Makpodara. HaBenenu
ME/IMjaTOPH CIIeU(PUIHUM BE3UBAKHEM 33 PEICTITOPE HHIYKY)Y BaCKYJIApHY MPOITYCTIBUBOCT,
XEMOTaKCy HeyTpoduia, KOHTPAKIM]y TJIATKUX MUIIMha ¥ eH3UMCKY aktuBaiujy (91).
Benuku je 3Hauaj] xemujckux meamjaropa kao mto cy NO, mpocrariaHauHu, XUCTAMUH,
neykoTpueHn u Opojuu 1mutokuHu (92, 93). I'maBHe manudecranuje uHbIaMalmje cy
HacTaHaK ejeMa, rpaHyjaomMa U nHGuITpanuja jseykornura (90).

31paBCTBEHH MPOOJIEM JIAaHAIIEHHIIC TPECTaBIba XPOHUYHA HH(IIaMAIIH]ja KOja JISKH Y
OCHOBH PEYMAaTOHMJIHOT apTPUTHCA, WH(IAMATOPHUX OOJECTH LpEeBa, KapAHOBACKyJapHUX,
MAQJIMTHHUX, HEYpOJlereHepaTUBHUX Ooject utTA. CHCTeM KOMIUIEMEHTapHEe M alTepHATHBHE
MEIUIIMHE OTBapa MHOTOOpOjHE MOTYHHOCTH 3a e(pHKACHO JICYCHE BEJIMKE MOIyJaluje ca
unpaamaropaum 6onectuma (94-96). TpeHyTHa Tepamnuja 3ama/beHCKOr Ipolieca 0azupa ce
Ha MPUMEHU CTEPOMTHHX W HECTEPOMIHUX AHTUUH(IAMATOPHUX JIEKOBA, YHMjH j& TJIABHH
He/JoCTaTak IojaBa OpojHHX HexesbeHuX edekara. [IpunuB mMHPOpPMAaIUja O HEKEJHEHUM
epeKTMa CHHTETCKMX aHTUMH(IaMaTOPHHUX JICKOBAa 3HATHO MoBehaBa WHTEepecoBame 3a
oTKpuheM Mame TOKCHYHE, a NMOTEHTHE Tepamujcke antepHatuse (89). Ma3zoB 3a HayuHy
JaBHOCT TpeJCTaBJba TOTpara 3a HOBUM areHCHMa ca JPyrayhjuM MEXaHU3MOM JeJI0Bamba
KOju OW Jpxaiu Tporiec MHQIIaMaiuje 1moj KOHTposioM. McTpakuBama CIpoBEIeHA TOKOM
nocje/ka J1Ba Beka yKaszyjy Ha TO Ja OMJbKe INpeJCTaBibajy JparoleH U OeckpajaH H3BOP
pa3IMUUTUX OHOJIOUIKA aKTUBHUX MOJIEKyNa ca aHTHHH(IIaMaIlMjCKUM KapaKTepHuCTHKaMa
(97, 98). Excrpakuujom OUJHPHOT MaTepHjaja pacTBapauyuMa paziuduTe MOJIAPHOCTH Moryhe
J€ HM30JI0BaTH jeAMIbeHha W3 Ipyle TaHWHA, allkajlouja, TepneHa, (uaBoHounga. Mehyrtum
HajBUILE j€ IPOoyYaBaH aHTUH(HIAMALIMOHM MTOTEHIMjall (hIaBOHOUA, KOJU j€ JOKYMEHTOBAH
OpOJHUM MPETKINHUYKUM U KIUHUYKHM ctyarjama (99, 100). lonaTHa ucnuTrBama OUIBHUX
BpPCTa KOj€ C€ TPATUIMOHAIHO KOPUCTE y TpeTMaHy HH(pIamanuje mpenctaBba JOTHIHY

HCTPaKUBAYKY CTPATETHjy y LIMJbY IIPOHAIAacKa HOBUX aHTUMH(pIaMallMOHUX JIEKOBA.

1.9. MudexTuBHE 00JI€CTH: YJIOTa JJEKOBUTHX OM/baKka

Benuku jaBHO-37paBCTBEHM NMpoOJIeM IMpeACcTaBiba pacTyha ydecTanocT y 3ajeHULU
CTEYCHHUX M OOJHMUYKUX HMH(EKLHja yClel pa3Boja MYJITUPE3UCTEHTHUX MAaTOr€Ha OTIOPHHUX
Ha JOCTYNMHY aHTHOMOTCKYy Tepanujy (101). 3ajenHuYKu Hamopu BiaZe W aKaJIeMCKHX

WHCTUTYIM]ja HEOMXOJIHHU Cy 3a 00pOy MpOTHB MIOOATHOT IIMpPEHa MaTOTeHa OTHOPHHUX Ha
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BUIIIE aHTUMHUKPOOHHUX JIEKOBA, @ HApOUUTO Yy 3eMJbaMa y Pa3BOjy I'Zle cy 3apa3He 0oJiecTH
y3poK mojoBuHe cMpTHHX ciydajeBa (102, 103). Ilopen mukpoopraHu3ama KOju ce y
NPUPOJH jaBJbajy Kao IUIAHKTOHCKUA OPraHW3MH, OAHOCHO WHIMBHyalHE hesuje, BETUKY
OTACHOCT 10 JbYACKO 3/IpaBJbe MpeACTaBba U nojaBa ouodunma. buoduim ce nepunumie kao
3ajelHMLAa OaKTepHja YKJIOIUBEHUX Y MATpPHUKC KOjeé Cy caMe CTBOpHJIE M KapaKTepulle UX
U3MEHEeH (EHOTUI y OJHOCY Ha IUIAHKTOHCKE MHKPOOPTaHM3ME W BHCOK CTEIEH
pesucTteHnyje Ha anTuMuKpoOHe siekose (104). [Ipema HanroHanHOM WHCTUTYTY 3/1paBiba, 3a
Buiie o7 75% wuHbeKIMja KOoje HAcTajy y OpraHu3My OJArOBOPHA e CeCHSiHA 3aje[HHIla -
ouopunm. Takohe o 3Hauajy mpobiema GakTepHjcKe PE3UCTEHIIM]e CBEAOYHM M3BEITa] Aa Y
EBoprin rogumme ympe 25000 sbyam 300r pa3Boja mHQEKIMja MpeMa KojuMma JIOCTYITHU
nekoBH HUCY Omm eukacuu (105).

Pactyha unnuaennuja nHQEKTUBHUX OOJIECTH yApYKEHa ca HaCTAaHKOM OaKTepHjCKe
pEe3UCTEHIMje, Ka0 U O030MJbHU HEXKEJbeHU €(PEeKTH IOCTYIHMX aHTHUMHUKPOOHMX JIEKOBa
yKa3yjy Ha XUTHY MOTpeOy 3a pa3BojeM HOBHX, Mame¢ IITETHUX CYNCTAHIIM aKTUBHUX MPOTHB
Pa3NIMYUTHX COjeBa MUKpoopranuzama. MHore OMJbHE BPCTE€ KOPHCTE €€ O] JaBHHUX JaHa Kao
aHTHUMUKpPOOHa Tepamuja, a MHUXOBa yNoTpebda Kao 3auMHa MOXE CHPEYUTH Pa3BOj
MHUKpOOpraHu3ama M MocieInYHo KBapewe HamupHuna (106, 107). TpaauumonanHa npuMeHa
JIEKOBUTUX OuJjbaka y TpeTMaHy HHQPEKTUBHUX OOJECTH OmIpaBJaHa € MO3UTUBHUM
pesyaTatumMa OpOjJHHX WCTpakMBama. EdUKacHOCT Kako eKkcTpakara Owsbaka, Tako U
MOjeIMHUX OMJPHUX CEKYHJApHHX MeTaboiMTa, HayyHO je MOTBpleHa M jJaHac ce cMmarpa Ja
JeKoBUTE OWJbKE TNpEeACTaBbajy BpeJaH H3BOp aHTMMUKpoOHMX areHaca (108). M3 rtor
pasznora OWJbHU EKCTPaKTH W jeIMberha M30JI0BaHAa M3 Ousbaka Hamaze ce y (okycy
WHTCH3WBHUX HWCTPaXMBamka Yy LWJbY JETAaJbHOT IMpOydyaBama HHHUXOBOT JTHUPEKTHOT U
MHIUPEKTHOT aHTHMHUKPOOHOT nenoBama. bpojHe in Vitro cryamje cy mokasane nga cy 3a
aHTUMUKPOOHO JienoBambe OMibaka Mely ¢uroxeMmukanaujama Haj3aciayKHUJU alKaJOWIH,
TaHWHU, TepreHouan u mnomudenonn (109, 110). bynyhm na Hema mnonmaraka o
aHTUWH(]IaMalMOHO] aKTUBHOCTH WBAKCKOT IBeha, 0/ BEIMKOT 3Hayaja OW OWII0O MCITUTATH

HOTCHL[I/IjaH CKCTPAKTa HABCACHC OuJbHE BPCTC I1a Y6J'Ia)KI/I 3alMaJbEHCKU OATOBOP OpraHrU3Ma.
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1.10. OxcuaannoHu cTpec

1.10.1. Cno600nu paoukanu u pedokc pagnomesrica

Cno0OomHM paaviKand TPEICTaBbajy MOJEKylle, aTOME WJIH JOHE KOJH CaapiKe
HECTIapeHU EJICKTPOH Y aTOMCKO] OpOMTalM M 300T TOra Cy HECTAaOWIIHU M jaKO pEaKTUBHU
(111). OHn Mory na AOHMpAjy €NeKTPOH WIM Jla ra IpuUxBaTe, Ia ce Ha Ta] HauYuH MOTY
MOHAIIATH W Ka0 OKCHJAIMOHA M Kao peaykmuona cpexnctsa (111, 112). CtBapajy ce TOkoM
HOpMaJTHUX henMjcKux MeTaOOoNMYKUX peaklnHja M Kao pe3ysiTaT H3Jlarama CIOJballbiIM
dakropuMa momyT murapera, arahupada u3 Bazmyxa u mHIycTtpHuje, X-3paka (113). Kaga cy
OPUCYTHH Yy OpraHu3My Yy HHCKHUM KOHIIEHTpaldjamMma uMajy yinory Yy henmujckoj u
MUTOXOHJIPHJAJIHO] ~ CUTHanmu3auuju U QyHKIHOHHUCaky. Mehytum y  BHCOKHM
KOHIICHTpaljamMa MPOOKCUAaHCH MouGuKyjy hemujcke kommoHenTe qoBoaehu g0 omrehema
U HapymaBama xomeoctaze (114, 115). 30or cBoje M3y3eTHE PEaKTUBHOCTH MPOOKCHUIAHCH
MOTY CTYIIUTH Y PeaKlidje ca CBUM MOJIEKYJIUMa y OpraHu3My, aji IJIaBHU TapreTH Cy CBaKaKo
munuay, nporenHn u JHK (112). ¥V OuonomkuM cucTeMuMa IMPOOKCHIAHCH/OKCHUAAHCH
npumaaajy Hajsehum nemom peakTHBHUM BpcTama KHCEOHWKa U a3oTa. Y okBupy ROS m RNS
W3/IBajajy Ce€ paauKalICKe W HepaJHMKaJCKe BpCTe U npukaszane cy y Tadenu 4. Op 3Hauaja cy
jour ¥ peakTuBHe BpcTe cymmopa (eHru. reactive sulfur species - RSS) u peaktuBHE BpcTe

yribeHuKa (eHriL. reactive carbon species - RCS) (115).

Ta6ena 4. [Ipuka3 Haj3HaYajHUJUX OKCUAAHACA Y OMOJIOLUIKUM CHCTEMHUMA

PeakTuBHe BpcTe KuceoHuka - ROS

Papnkaincke Bpcre Hepanuxkaincke Bpcre
OKcHAaHT Dopmyiia OKCHIAHT Dopmyia
Cynepokcu aHjoH paguKai 0,” Bononunk nepokcun H,0,
XUIPOKCHI PAIHKa OH- XUIMOXJIOpHA KUCETHHA HOCI
Iepoxcun paguxan ROO- O3o0H O;
AJIKOKCHI paguKal RO-
XuaponepoKCHII paJuKal HOO-
PeakTuBHe BpcTe a3ota - RNS
Papnunkaincke Bpcre Hepanuxkaincke Bpcre
Oxcupast Dopmyna OxcupanT Dopmyna
A30T-MOHOKCH]] paJuKa NO- [TepoKCHHUTPUT aHjOH OONO™
A30T-IMOKCUJ PaJUKaIl NO,* AJKUI NEPOKCUHUTPUT ROONO

AepoOHU OpraHM3MHM Cy pa3sBWIIM CHCTEM aHTHOKCHJIAIIMOHE 3alITUTE KOjU MMa 3a IWJb J1a
HEyTpaJMIlIEe INTEeTHE e(]eKkre MpooKcHaaHaca M oOyxBaTa EH3UMCKE M HEEH3MMCKE

KOMIIOHCHTC.
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Tabena S. [Ipuka3 Haj3HAYaJHUJUX AHTHOKCHIaHACA Y OMOJIOIIKHM CHCTEMHMA

EHgoreHu aHTHOKCHIAHCH

Enzumckn Heenzumckn
Cynepokcun qusmyrasa- SOD B-xapoTeH
Karanaza- CAT Buramun C
I'mytaTron mepokcunaza- GPX I'myratnon- GSH
I'mytaTnon pexykrasza- GR a-TOKO(EepoI

AHTHOKCHIAHCH KOjU YYeCTBYjy y IpuMapHOj 3amtutu opranuzma cy SOD, CAT,
GR, GPx, GSH. SOD je en3um 3amyxeH 3a AUCMYTallMjy peakTHBHE BpcTe KuceoHnka Op”
KOja je HacTalla PeIyKI[jOM MOJIEKYJICKOI KHCCOHWKa jeIHHM elleKTpoHoM. [lox yrurajem
SOD u3 O, nacraje H,0,, xoju moske mox aejctBom CAT GUTH MOTIYHO peyKOBaH JI0 BOJIE
u kuceonnka. C npyre crpane, H,Oz Moke OUTH IETMMUYHO PETyKOBaH JI0 jaKO TOKCHYHOT
xuapokceua paaukana (OH"). V peakuuju O, ca NO Moxe HAaCTaTH jeaH O HajTOKCHYHHJUX
npookcuaanaca nepokcuHutpur (OONO) (111-114). V peaykiuju HyO, Ha 1Ba Mosiekysia
BOJIC U JIMIHIHUX XUIPONEPOKCHIA HA JUNHAHE ankoxoie ydectByje GSH-PX y mpucyctBy
penykoBanor riayratuona — GSH. V Toj peakiuju HacTaje ¥ OKCUJIOBAHU TITYTaTHOH KOJU Ce

MOJT yTHIIajeM eH3uMa TiTyTatnoH peaykraze (GR) Bpaha y peaykoBano crame (116).

1.10.2. Oxcuoayuonu cmpec u kapouosackynapHe 601ecmu: yio2a 1eK08UMUX OUbaKa

Okcumanionn cTpec ce gAedunume kao mopemeha; paBHoTexke wu3Melhy
MPOOKCHJAaHATa M AHTHOKCHJIAHATa, Kao TOCIIEANIIA CMambeHEe AaHTHOKCHIAIMOHE 3aIlTHTEe
M nosehane npoaykiuje cnodoaHux paaukaina (112). Benuku 6poj uctpakuBama CBE10YU
O TOBE3aHOCTH OKCHJIAIIMOHOI CTpeca M pas3Boja KapauoBacKymnapHux Oonectu. IloBehana
rereparja ROS nemaBa ce 300r HapylleHe peayKIHje MOJIEKYJICKOT KUCCOHHKA Ha HUBOY
MUTOXOHJpHja, cekpermje ROS o crpaHe JieykonWTa, eEHIOTEIHE AUCYHKIH]jE,
ayTOOKCHallMje KaTexojlaMHMHa, U3jarama paaujanuju uim 3arahemy u3 Bazayxa. Takohe
yciel UCHPIIJbEHOCTH W/HUIM U3MEHA y eKCIIPECHjU TeHa MoXke JohH 10 cMamerha KaraluTeTa
AHTHOKCHJIALIMOHOT CHCTEMa 3alUTHTE KOjU je KJbydyHU (pakTop y oaOpaHH cpyaHOT U
BacKynapHux mummuha (112, 117).

Hako y3pouHo-mocienuyHa Be3a u3Mely OKcumanmuoHor crpeca u passoja KBbB wu
Jajbe HHje y MOTIYHOCTH pa3jallllbeHa, jaCHU JOKa3M WAY Y MPHJIOT TOME Jia je MO0jayaHo

CTBapame MPOOKCHAAHACA IPUCYTHO y UIMPOKOM CHEKTPY €KCHEPUMEHTAIHUX U KIMHUYKUX
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crama (117). IlpekomepHa KOHIIGHTpaldja MPOOKCHAaHACA yTHYE Ha olnreheme
MakpOMOJICKyJia ¥ HapyllaBamka CUTHAIM3aIMje BACKYJApHOT 3HJa KOJU j€ 3aBUCTaH Off
penokc paBHOTexke. Takohe Hakymbakbe ROS HapymiaBa xoMeocTasy KailHjyma, IITO Ce
MaHH(eCcTyje HACTAHKOM apHTMHja U 3all0YhEbambeM CpYaHor pemojenoBama (118). HemaBho
je TOoCTaBjbeHAa XHWIOTE3a Ja j€ OKCHUAAIMOHH CTpeC KJbYYHH (aKTOp y MaTOTreHE3U
xurneprensuje. Cmarpa ce /1a je KoJl HOBUIICHOT KPBHOT MPUTHUCKA CMambeHa HCKOPHCTIHUBOCT
a30T MOHOKCHJA Kao MOTEHTHOI Ba30JWjiaTaTopa ¥ 3a TO j€ 3aciyXaH JeIMMUYHO
CYNEpOKCH/ aHjoH paaukan. Takole y XHUMEpPTEH3UBHHM YCIOBHMAa CMameHa je€ aKTHBHOCT
SH3MMa aHTHOKCHUIAIIMOHE 3aIlITUTE TIOMYT KaTanase U CYePOKCH]] IU3MYyTaTe U HUKHU HUBOH
,XBaradya" cio00THUX paauKaia Kao mTo cy riryratuoH, Butamuuu E u C. bpojau n3Beniraju
Cy NOTBPAWIIH J1a y pernepdy3uju MOBpaTak KUCEOHHKA Y KUCEOHUKOM NEe(PHUIIUTAPHO TKUBO
y3pokyje ckok y reHepucary ROS. ['nmaBHM wu3BOpHM MpooOKcHIaHaca YKJbY4yjy
MHUTOXOHJIpHjalli PECIUPATOPHU EJIEKTPOHCKU TPAHCIIOPTHU JIaHAll, aKTHBALHWjy KCAaHTHH
OKCHJIa3e LITO pe3yaTupa npoaykiujoM BucokopeaktuBuux Oy u HpO; (119). Iocneamux
rOAIMHa HayYHA MHTEPECOBaa OKPEHYTA Cy Ka IMPUMEHH JICKOBUTHX OWJbaKa MIIU jeHHCHA
M30JI0BaHNX W3 OWspaka y 3amITHTH MHOKapna on M-P moBpenme mpeBacxomHo 300r cBor
MOTEHTHOI aHTHOKcHaanuoHor edekra. I[lpwimB wuHOpManuja Koje ce OJHOCe Ha
AHTHOKCHJIaHCE MTPUPOJTHOT TMOPEKIIa YKa3yjy Ha lbUXOBY IPOTEKTHBHY YJIOTY Y PEBEHIIN]H U
Tepanuju XUIepTeH3uje Kao riaBHor ¢akropa pusuka 3a AIM. Takohe wuxoBa mpumeHa
noOoJblllaBa (PYHKIMOHATIHM OMOPABAK Cplia M CMamyje BeTUUMHY MH(papkTa, yka3zyjyhu Ha
MOTEHIMjaTHO HOBM TEPAINUjCKU AIrOpUTaM Oa3upaH Ha MONU(EHOIMMa y TpeTMaHy
uHpapTka muokapsa (120).

O063upom Ha orpaHuyeH Opoj CTyAHja KOje Cy UCIIUTUBANIE (PapMaKOJIOIIKY aKTUBHOCT
MBAmBCKOT I1Beha OCTaje Hemo3aHMIA Jia JIM €KCTPAKT OBE OMJbHE BPCTE MOXKE HMCIOJBUTH
aHTUMUKpPOOHAa M aHTUWH(IaMalyjcka cBojcTBa. Takole mocTaBba ce MHUTamke Ja JH
Tepanuja eKCTPAaKTOM HBamCKOr 1Beha Moke yOnaxutu (QyHKIMOHAIHE U Mopdoouike

IIpoMeHe cpua n3a3pane 1-P.
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Ha ocHoOBY cBera npeTxoJHO U3JI0KEHOT LIMJbEBU Hallle CTyuje cy ounu cienehu:

2.1. OnmTy nN/bEeBH:

1. EBamyanuja u xommapaija aHTUMHUKPOOHHX ederara MPUMEHEHUX 1032 €KCTpaKTa
nBamCcKor 1seha.

2. EBamyanmja u xommapanuja aHTHMH(IaManujcKuX edekara NPUMEHEHHX 1032
€KCTPaKTa UBamkCKOT 1Beha.

3. EBanmyanmja m kommapanuja edexata XpOHUUYHE aIMUHUCTpPALIMje TPUMEHEHUX 1032
EKCTpaKTa UBAKkCKOT 11Beha y MOJIeNTy MPEeKOHIUIIMOHUpamka Ha (YHKIIN]Y MHOKapIa 1

KOpOHapHY IUPKYJIAIH]y U30JI0BAHOT CpLia MaoBa.

2.2. Cnenu(p4HU HUbEBH:

1. Xemujcka kapakTepusalyja eKcTpakaTa U UCIIUTUBAbE CIIOCOOHOCTH HEeyTpaau3aluje
DPPH’ pamukana.

2. HcnutuBame yTHI@ja pa3IMYUTHX OHOMapKepa OKCHIAIMOHOT omrTehema:
cynepokcun aHjoH paaukana (O;), uutpura (NOy), nHIeKca TUMHUIHE TePOKCUAAIIN]E
(mepen kao TBARS) u Bonmonuk nepokcuna (H,O,) Ha kapAauoauHaMcKe mapaMeTrpe
CpYaHOT pajia U KOPOHAPHY IHUPKYJIAIH]Y IIPH MPUMEHN PA3TUINTHX 1032 EKCTPAKTA.

3. EBanmyanmmja W KoOMIIapamuja BpPEJHOCTH MapKepa OKCHIAIMOHOT omTehema u
AHTHOKCHU/IAIIMOHE 3alITUTE U3 KPBU JKUBOTHHA KOj€ Cy MPETXOJHO OMile M3II0KEHE
TPETMaHy pa3IuYUTHM J[03aMa eKCTPaKTa UBAkCKOT 1iBeha.

4. Cra"mapJHUM XHUCTOJIOIIKMM MeToJamMa HCIUTAaTH U YIOpeAuTH Mopdosomke
nmpoMeHe OyOpera W jeTpe KOJ JKUBOTHH@ KOje Cy IpPETXOJHO Ouje H3JI0KEeHe
TpEeTMaHy pa3IU4YUTUM J03aMa eKCTPaKTa UBAKCKOT 1iBeha.

5. CranmapaHUM XHUCTOJOIIKAM MeToJamMa HWCIHUTATH U YHOPEOUTH MOPQOIIOIIKe
IPOMEHE MUOKap/a HACTajle HAKOH UCXEMHU]je KOJI )KHBOTHbA KOje Cy MPETXOTHO OmIIe

H3JI0KCHE TPETMAHY pa3IMdYUTHUM N03aMa CKCTpaKTa HBaBkCKOT uBeha.
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OBO je eKClepUMEHTalIHA CTY/Hja Ha MHKpPOOpraHuzmMmuMa in Vitro u Ha Matepujairy
aHMMAJTHOT MopeKJIa IN VIVO u ex Vivo. TIpu eKcriepuMEeHTaIHOM pajy Cy MOIITOBaHE 0JIpe10e
nporiucanux akara (EU Directive for the Protection of the Vertebrate Animals used for
Experimental and other Scientific Purposes 86/609/EEC) u mnpuHIHMIA ETHYHOCTH.
ExcnepumeHTaiHM TIPOTOKOA je omo0peH onx cTtpane Ertuwukor ombopa 3a mo0poOuT

EKCIICpUMEHTAIHUX KuBOTUHA (Dakyirera MEIMIMHCKAX HaykKa YHUBEp3UTETa Yy

Kparyjesiy.

3.1. lIpukyn/bame U NpunpemMa OWbHOT MaTepHjaJjia

busbau matepujan je cakymibeH y jyny 2017. Ha monpyyjy cema JloOpocenuna,
ommruHa Yajetnna y 3matmbopckom okpyry. Wnentudukanuja OupHOT Marepujajia
u3BpiieHa je Ha MHctutyty 3a 60Tanuky, buonomku dakynrer, YauBep3urera y beorpany.
VY3opuu cy AenoHoBaHU y xepOapujymy MHctuTyra 3a G0TaHMKy M OOTaHMYKO] OaruTH
»JeBpemoBall’ mojn Opojem Bayuepa 17417. busbHM MaTepujai je OCYIIEH y XJaay Ha

MIPOMajHOM MECTY U JI0 IIPHUIIPEME EKCTPAKTa YyBao CE y MAIUPHUM Kecama.

3.2. [IpunpeMa ekcTpakTa

Hanzemuu neo mBamckor nseha ycuTmeH je 0 cremeHa rpyoor mpaiika (2—6 mm)
nomohy mimna. Kopumthena je Metona noa pediaykcom, Koja moapasymMeBa €KCTpakiHjy Ha
TeMIepaTypu KJby4yama pacTBapada. METaHONHHM, BOJEHH U AaIETOHCKH EKCTPAKTH
npunpeMJbeHu cy excrpaxoBameM 100 g HamzemHor nena 6uspke ca 500 mL oxgrosapajyher
pactBapaua. Cmena je ¢puntpupana kpo3 purrep mamup (Whatman, No.1) u cyBu ekcTpakr je
N00MjeH HaKOH YKJamama pacTBapaya METOJOM ylapaBama IO CHI)KEHHUM HPUTHCKOM
nmoMohy poTanoHOT BakKyyM yrmapuBada. HakoH Tora CyBH €KCTpaKTH Cy YyBaHH y TaAMHHM

cTakieHuM Ooumnama Ha +4°C o ynorpebe 3a najba ucnutuBama (121).
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3.3. XeMHujcka KapakTepHu3aluja eKcTpaKkaTa

3.3.1. Ckpununz ooaopanux jeourerwva HPLC-MS/MS mexnuxom
3.3.1.1. Peareucu

Pearencu koju cy kopumheHu 3a CKpHHUHT ofabpanux (enomHux jeaumema HPLC-
MS/MS texuukom cy: meranon, HPLC gradient grade (J. T. Baker, Deventer, The
Netherlands), xekcan, p.a. (J. T. Baker, Deventer, The Netherlands), mpaBiba kucenuna, p.a.

(Merck, Darmstadt, Germany) u pedepentau cranaapau (Sigma-Aldrich).

3.3.1.2. [Toctymax

PaznBajame u maeHtudukanuja omadpaHUX jeAUmCHA Y EKCTPAKTHMa HBaHCKOT
1Beha M3BpIIEHH Cy TEXHHMKOM TeuHe xpomarorpaduje momohy Agilent Technologies 1200
HPLC-DAD kymioBanum ca Agilent Technologies 6410A ESI-QqQ-MS/MS. Tlpumpema
eKCTpaKaTa 3a aHaJIM3y CIIPOBEJCHA jé MPBOOUTHUM pPacTBAPAKEM y JUMETHWICYI()OKCUIY U
najbuM  pazOnaxkuBameM Kopumrhemem 50 % wMeraHona. [loOujeHe cy KOHIIGHTpaluje
excTpakata o 2%, 0,2 % u 0,02 % koje cy HakoH ¢unTpupama (puiarep oa pereHepucaHe
nenynose, mpomepa 0,45 um) axamusupane Ha LC-DAD-MS/MS. Kako 6u ce ompeano
KBAaHTUTATHBHU W KBAJUTATUBHU CacTaB €KCTpakara, OJHOCHO YTBPIWJIE KOHIEHTpAIIH]je
oabpaHux (EHOIHUX jelUbemha Yy eKCTPaKTy, KopHIIheHa je MpeTXoAHO yTBpheHa merona
(122). Kopwuuihero je mo 5 pL y3opka cBakor oj TecTHpaHHX ekcTpakara. HenmokperHy ¢asy
npencrasibaia je Zorbax Eclipse XDB-C18 konona (50 mm x 4,6 mm, BeluuuHa YecTHIA
1,8 um), a Temmeparypa KosioHe je oapxaBaHa Ha 50°C Tokom aHanmuze. MoOuiHy ¢asze
YHHHO je cucTeM pactBapaua: A- 0,05% BojaeHU pacTBOp MpaBJbe KHUceanHe U B- meTtaHo.
[Mporox mo6miHe ¢paze usHocuo je 1,0 mL/min. [IpumemeH je cnenehn nuHeapHu rpaanjeHt:
0 min 30 % B, 6 mun 70 %, 9 mun 100 %, 12 mun 100 %, npu uyemy je Bpeme pe-
eKBIIIHOpaIije N3HOCWIO 3 MUHYTA.

Unentudukanuja omabpaHux OWJPHUX CEKYHIApIHUX METa0oIMTa W3BpIICHA je
nopehemeM criekaTtapa U PETEHIIMOHOI BPEMEHA CYICTAHIE ca CHEKTPOM M PETEHLHOHUM
BpeMeHOM cTaHmapaa. IlotBpma wuneHtudukanuje ogaOpaHuUX jeUIbEHa BpIICHA je
npahewem UV/VIS curnana y omcery 190-700 nm nHakoH yera je eduyeHc mpociehen Ha
MS/MS nerekrop. Kopumrthenn cy cnemehm mapamMeTpu jOHCKOr HM3BOpa: IPUTHCAK

HeOynajzepa 50 psi, Temmeparypa u mpotok raca 3a cymreme (N2) 350 °C u 10 I/min, namon

28



Josana bpaouh MATEPUJAJI U METOJ

Ha kamwiapu 4000 V, HeratuBHM mojaputeT. Jenumema cy npaheHa y pexxumy ogadpaHe
peaknuje ¢pparmenraryje (enri. selected reactions monitoring- SRM).

Merona ekcrepHOr cTaHaapiaa KopumihieHa je Kako OM ce KBaHTU(HUKOBaia
UCIUTHBAHA jelubeha y eKcTpakTy. [loyeTHH pacTBop MaceHe KoHieHTparuje 1,0 mg/mL
HaIpaBJbEH j€ 3a CBaKM KOPHIINEHU CTaHAapll, a HAKOH Tora je pasz0iiaxemeM y ogHocy 1:1
HampaB/be€Ha CepHja pacTBopa MaceHe KouueHTparmuje 1,53 ng/mL - 25,0 pg/mL.
Koncrpyucamem kanuOpannoHe KpuUBE 3a CBakk crapaapa onpehena je wmaceHa
KOHIICHTpalyja oja0paHux OWOMOJIEKyJla y TECTHPAaHHMM €KCTPaKTHMa. 3a OYHTaBambe
MOBpPIIIMHE MHKOBAa M3 Xpomartorpama kopwuinhen je MassHunter Workstation Qualitative
Analysis codtrep, Bep3uja B.06.00 (Agilent Technologies), nok cy xamubpannone Kpuse
KOHCTpyHCaHe W KOHIEeHTpamuje ouutaBane y Microsoft Excel codrsepy. Pesynrar je

H3PAXKEH Kao |lg 01abpaHor jenumbeba 1Mo 1 § CyBor eKCTpakTa ([Ug jeanmbema/g c.e.).

3.3.2. Oopehusarme ykynnoz ghenonnoz caopcaja

3a onpehuBame YKymHOr (DEHONHOT cajapkaja y HWCIHUTHBAHUM EKCTPaKTUMa
npuMembeHa je crekTpodoTomerpujcka Merona Singleton-a u capaanuka mpuiarohena 3a
mukporiode (123). Kopumihen je Folin-Ciocalteu (FC) pearenc xoju ce cactoju u3 cmerie
dbochoBondppamoBe u PochomonudbaeHcKke KucenuHe. HaBemena wMeroma moapa3zymeBa
OKCHJIaNN]jy oNu(EHOHUX jenbema y mpucycTBy FC pearenca 1o peHOKCHIHUX aHjOHA, a
penyKIHjy peareHca 10 Boidpam-okcuaa 1 MoJIMOieH-0Kcra iase 60je. IHTeH3UTeT 1iaBe
00je ce neTekTyje crneKTpoOoTOMETpHjCKH Ipu arcopbaHuuju A=760 NM u AUPEKTHO je

MPOTIOPIIMOHAIAH KOJHYNHHM TIOIM(EHOIIA Y HCITUTHBAHUM Y30pIMMa €KCTpaKaTa.
Na,WO./Na,MoO, + ®enoa —’((I)eno.n-l\/IOWnO4o)4-

Mo(V1) (kyTa 60ja) + e- —Mo (V) (m1aBa 6oja)
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3.3.2.1. Pearencu

Pearerncu koju cy kopumheHu 3a onapehuBame yKymHOT (EHOJIHOT caapxaja y

CKCTPAKTUMA UBAILCKOT uBeha Cy:

» FC pearenc (0,1 M);

» PactBop Na,COj3 (75 g/L);

» OcHoBHH pacTBOp ranue kucenune 1 mg/ml koju je nasbe paszdiakuBaH BOJOM KakKo
ou ce noOwmiie moueTHe KoHIleHTpanuje y pacmony: 80, 60, 50, 40, 30, 20, 10, 5, 2,5,
1,25u 0,625 pg/mL,;

» PactBopu ucnuTuBaHux ekcrpakata (250, 65 u 32,5 pg/mL).

3.3.2.2. [loctymak

[IperxogHo cHOMeHYTH pa30JakeHH pPAcTBOPH TajlHE KHCEIHMHE Y pPAacIloHy
konueHrpanuja 0,625 — 80 pug/mL Ouam cy HEONMXOAHH 3a KOHCTPyHCAmE KalnOparnoHe
kprBe. OCHOBHU PacTBOp EKCTpaKTa je pa30iiakeH Kako OM ce JOOMIM pacTBOPH IOYETHUX
koHIeHTpanuja oz 250, 65 u 32,5 ug/mL. Peakimona cMeria je ooyxsarana: 30 puL ekcrpakra
koju je momerran ca 150 uL 0,1 M FC pearenca u 120 uL 75 g/L Na,COg3. Cnena npo6a je
IpUIlpeMJbeHAa Ha MCTH HAYyMH OCHUM IITO j€ YMECTO €eKCTpaKTa JoJaT pacTBapay
(metanon/50% wmetanon/nectunoBana H,O (dH,0). Hakon 2 cata Ha coOHOj TeMmmepaTypH
aricopOaHIIMja pacTBOpa je OYMTAHA CIIEKTPOPOTOMETPHJCKH Ha TaJlacHO] AykuHH (60 NM Ha
Multiskan Spectrum uurtauy mukporoda (Thermo Scientific).

Canpxaj ¢QeHOMHUX jeAMmEHma M3padyHAT je MOoMOohy KanuOpaluoHe KpHBe
CTaHJApAHOI pacTBopa rajHe kuceianHe ((yHKIUje amncopOaHIMje Yy 3aBUCHOCTH OJ
KOHIIEHTpanuje). Pesynrar je mpukasaH mNoOMOhy Cpenme BpPETHOCTH TPU Mepema M

npejcTaBba MY eKBUBAJICHATA raJTHe KUCEITMHE 110 § cyBor ekcTpakTa) (123).

3.3.3. Oopehusame ykynnoz ¢pnasonouonoz caopicaja

VYkynHu (IaBOHOUAHU cajpxkaj onapeheH je mpema HpeTXOoAHO YTBphEHO] MEeTOIH
Chang-a u capaauuka, npuiaarolenoj 3a mukpo tioue (124). MeToza ce 3acHHUBa Ha OCOOMHHU
(dbnaBoHOWIA N1a ca MeTallMMa Tpajae OAroBapajyhe MeTallHe KOMIUIEKCe. Y pPeakiuju
dmaBononna ca AlCls, AP ce Besyje 3a ykymHe (raBoHOMIE M HACTaje KOMIUIEKC

¢maBoHoMAa ca anymyHujymMoMm. MHTreH3uter o0ojeHOr KomIuiekca ce oxapehyje
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CHeKTpo(OTOMETPUJCKH MepemeM arcopbanmuje Ha A=415 nm u mnpomnopumoHanaH je

caipkajy (JIaBOHOUAA Y UCIIMTUBAHOM Y30DKY.

Cauka 5. Peaknuja guaBoHOM 12 ca METAIOM M HACTaHAaK 000jEHOT KOMILIeKca

3.3.3.1. Pearencu

Pearcencu koju cy xopumhenn 3a ojnpehuBame yKymHOT ()IABOHOHMIHOT cajpikaja y

CKCTPAKTUMA UBAKLCKOT uBeha Cy:

» AICl3 (0,75 M);

» CH3;COONa (1 M);

» OcHoBHHE pacTBOp kBepierura 1 mg/mL koju je nasbe pasdnaxkusan ca 80% meraHoIoM
Kako OM ce qo0uIie moveTHe KOHIeHTpaIuje kBeprernna: 84, 60, 50, 40, 30, 20, 10, 5, 2,5,
1,25 u 0,625 pg/mL;

» PactBopu ncnutuBanux excrpakara (1000, 250 u 625 pg/mL).

3.3.3.2. [loctymak

Jlobujenu pacnoH KoHIeHTpaluja ksepreruna 0,625-84 pg/mL 6uo je Heonmxoxan 3a
KOHCTpyUCame KaauOpalnnoHe KpuBe. PacTBOpM HCHMTHBAHUX €KCTpakata OWIH Cy Yy
konrentpandjama 1000, 250 u 625 pug/mL, a pagne mpobe mpunpemMibeHe Cy y 3 MOHaBJbamba.
Peaknmona cmema je odyxBarana: 30 uL ekcrpakra koju je momemnian ca 90 pL meranomna, 6
puL 0,75 M AICl;, 6 uL 1 M CH3COONa u 170 puL H;0. Cnena npo6a je npunpemMibeHa Ha
UCTU HaYMH OCHUM IIITO j€ YMECTO eKCTpaKTa ojat pactBapad (Meranoin/50% meranon/dH,0).

Ancopbaniiija pacTBopa je ounraBaHa criekTpodoromerpujcku Ha A=415 nm na Multiskan
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Spectrum uymrauy wmukporutoua (Thermo Scientific) makon 30 wmwuuyra. Kopwucrehn
KaauOpalMoHy KpUBY CTaHAApIHOT pPAacTBOpa KBEpLETHHA onapeheH je ykyman caapxaj
beHONMHUX jenumera. PesynraT je mpuKazaH Kao cpelma BPEIHOCT TpU Mepema =+

CTaHJap/iHa JeBHjallija U MpecTaB/ba MJ eKBUBaJIeHaTa KBEPLIETHHA MO J CYBOT €KCTPaKTa.

3.4. OnpehuBame cnocodHocTn HeyTpanuzauuje DPPH: pagukana

In vitro aHTHOKCHIAaMOHA AaKTUBHOCT OJa0paHMX eCKTpakaTa HBamCKoOr IBeha
npolemeHa je nmomohy Meroze 3a oxpehuBame crnocoOHocTn Heyrpanusaiuje DPPH™ (1,1-
nudeHmn-2-nuKpuixuapasun) panukana. Kopumhena je cmektpodoTomerpujcka MeTona
aytopa Sanchez-Moreno u capannuka, npuiarohena 3a mukporioue (125). OBaj pagukan ce
4ecTo MpuMemYje 3a oapehuBame CiocCOOHOCTH jeTUbCha 1A ,,XBaTajy  CII000HE pajuKaie
(enrn. free radical scavengers), oqHOCHO aa JTOHHpPAjy IPOTOH U eleKTpoH. Hamme Tect ce
3aCHUBA HAa YMILCHHIIM Ja Kaja ce (DeHOJHA jenumbeha Hal)y y MPUCYCTBY CTaOWIIHOT a30T-
nentpupanor DPPH® (JpyGruacTi pacTBOp) MOTy JOHHUpPATH BOJOHUK WM €JIEKTPOH, IPU

yemy DPPH’ npenasu y penykosanu ueyrpaaau DPPH-H (skyre 6oje) (125, 126).
3.4.1. Peacencu

Pearencu koju cy xopumnheHu 3a oapehuBame KamnaluTeTa €KCTpaKaTa HBaECKOT
nBeha 3a Heyrpanucame DPPH':
» Ocnosuu pactsop DPPH’ pearenca: 3 mM (1,18 mg/mL) DPPH’ y eranony;
» Pamguu pactsop DPPH’ pearenca: 67,2 uM (26,4 pg/mL) DPPH’ y meranony;
» Excrpakru:
- AtieToHcku 1 MeTaHoyHU ekctpakTH (250, 500, 1000, 2000, 4000, 8000 u 16000 pg/mL)
- Bogenu excrpaxr (125, 250, 500, 1000, 2000 u 4000 pg/mL);
Cranmapa- OyrunoBanu xuapokcutonyed (BHT) (0,078 - 5 mg/mL).

3.4.2. llocmynak

Cepuja pacTBOpa IBOCTPYKTHX pa30iiakema MPUIIPEMIbEHA je OJ1 eKCTPAKTa TOYETHUX
kourenrpanyja 300 mg/mL u 200 mg/mL wu no0ujeH je pacmoH KOHIIEHTpaIlHja Of
125-16000 pug/mL y 3aBHCHOCTH O] THIIa €KCTpakTa. PajgHe mpobOe mpumnpemibeHe cy y 3
noHasJbama. PactBopy y3opka (10 pL excrpakra/crangapaa) je momato 100 pL 90 pmol/L

DPPH' u 190 pL meranona. Kao kontpona ymecto y3opka kopumheHa je ucTa 3anpeMuHa
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pactBapaya (metanon/50% wmeranon/dH,0). Hakon 60 mMunyra amcopOaHImja pacTBopa je
ounTaBaHa crekrpodoTomerpujcku Ha A=515 nm wna Multiskan Spectrum uuTauy
mukporioda (Thermo Scientific) y tamu Ha coOHOj Temiiepatypu.

Cnocobunoct excrpakra aa Heyrpamume DPPH' paguxan (emrs. radical scavenging

capacity- RSC) - RSCpppy” M3pauyHarta je Ha OCHOBY cienehe jennaunne:

RSCDPPH. (%) = (1 - A/(AKOH - Acn)) x 100

npu uemy je A- amcopOaHIMja €KCTpakTa, Ay, -ancopOaHnuja KoHTpoie, a Ay -
aricopbaHInja cierne mpooe.

Konnenrpanuja exctpakra npu kojoj je 50% pagukana HeyTpanucaHo Hazua ce 1C50
Bpeanoct. Ona ce oxpelyje Ha ocHoBy RSCpppy’ BpeqHOCTH OYMTaBameM ca rpaduka Koju
npencrasiba Gyukiuujy RSCpppy” (%) y 3aBHCHOCTH 0J] pajiHe KOHIIEHTpaLMje, KOpUIIhemeM
codTBepa 3a ananu3y nogataka Origine 8.0. Pesynrar ce npukasyje Kao cpelrba BPEIHOCT

Tpu Mepema |C50 + crangapaHa neBujanuja u u3paxana ce y pg/ml.

3.5. UcnuTuBame AaHTUMUKPOOHE AKTHBHOCTH €KCTpaKaTa

3.5.1. Kopuwihenu anmumukpoonu nexkosu

JIekoBU KOju cy KopuuheHH Kao cTaHAapIu NPUIMKOM ojpehuBama aHTUMHKPOOHE
aKTUBHOCTH €KCTpakTa cy aHTuOMoTtuk pgokcuuukiuH (['anenumka A.Jl., beorpan) u

aHTUTJbUBUYHH JIeK (rykonason (Pfizer Inc., US).

3.5.2. Ilpunpema excmpakama u Xpan.ouee noonoze

HcnuTrBaHU €KCTPAKTH Cy PACTBOPCHU Y TUMETHICYI(POKCHITY, & 3aTUM pa30IaKeHn
XpamJbUBUM TEYHUM MEIAMjyMOM Yy Iiby aoOujama 10% pactBopa. JloKcHIMKIMH je
pactBopen y Mueller-Hinton Gyjony, a ¢aykonazon y Sabouraud dextrose Oyjony. HaBenene
XpaHJpUBE ToIIoTe Mo6mjeHe cy ca Toprnaka, beorpan.

Mueller-Hinton Gyjon mpeacraBiba cTaHAapAX30BaHy MMOIOTY HPOMKMCAHY OJ CTpaHe
HanmoHanHor KOMHTETa 32 KIMHHYKE U JJAOOpATOPHUjCKe CTaHAap/e AMEpUKE U KOPHCTH Ce
32 HCIIUTHBAE aHTUOAKTEPH)CKOT JIeJI0Bamka pa3IuunuTHX areHaca. Cactoju ce u3 2 g MecHOr
ekcTpakta, 17,5 g kaseuH xuaponumsara u 1,5 ¢ ckpoba. Sabouraud dextrose Oyjon

MpeACTaB/ba MOJJIOTY KOja C€ KOPHUCTH 3a y3r0] W OJpKaBame TJbUBHUIA (MTATOTCHUX M
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HETaTOTeHMX), HApOYMTO OHHUX Koje mpumnanajy rpynu aepmarodura. Cactoju ce u3 5 ¢
MaHKpeaTHYHEe JWTecTHje Ka3euHa, 5 § MeNTHYHE AWUTeCTHje >KUBOTHICKOT TkuBa, 40 ¢

nekcrpose u 15 g arapa.

3.5.3. Hcnumueanu mukpoopzanusmu

AHTUMUKpPOOHA aKTHBHOCT €KCTpakaTa Ouia je TectupaHa Ha 20 MUKpOOpraHu3ama.
CBu TecTHpaHW MHKPOOPTAaHM3MM Cy TpenctaBibeHu y Tabemm 6. KnmHnuku wm3onatu
naToreHux Oakrepuja cy nokjaoH MHcrturyra 3a jaBHO 3apaBibe, Kparyjesan, Cpouja. Ocranu
MUKpoOpranm3mMu cy obe3behenn wu3 xoneknuje Jlaboparopuje 3a MHKPOOHOIIOTH]Y,

[Tpupomro-maremarndkor akynrera YHuBep3uTera y Kparyjepiy.

Ta6ena 6. Crincak TecTUpaHUX MUKPOOpPraHU3amMa MPHIMKOM ojpeliBama aHTUMUKPOOHE
aKTHBHOCTH €KCTpaKaTa MBam-CKOT IBeha

Bbakrepuje I''buse
Staphylococcus aureus Rhodotorula mucilaginosa
S. aureus ATCC 25923 Saccharomyces boulardii
Bacillus cereus Candida albicans ATCC 10231
Bacillus subtilis Penicillium expansum
B. subtilis ATCC 6633 P. chrysogenum
Escherichia coli ATCC 25922 P. italicum
Proteus mirabilis ATCC 12453 Trichoderma viridae ATCC 13233
Pseudomonas aeruginosa ATCC 27853 Aspergillus flavus ATCC 9170
Cronobacter sakazakii ATCC 29544 A. fumigatus ATTC 204305
Salmonella enteric A. niger ATCC 16404

3.5.4. Ilpunpema cycnensuja

Kononuje Oaktepuja W rjpUBa Cy y3eTe ca Mojjore W cycnenmosane y 10 ml
CTepUJITHOT (DU3HOJIOMIKOT PAacTBOpa 10 HACTaHKA MpeaBHleHE TYCTHHE CYCIEeH3Hje Koja je
onpehena momohy mensuromerpa. Ymopehuame rycrune je Bpmeno ca 0,5 McFarland

CTaHIAp/IOM, KOjH j€ EKBUBAJICHTAH CaJpiKajy OaKTEepHjCKe CYCIIEH3H]je 01 OKO 108 CFU/mL, a
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cycrensuje kBacua oko 10° CFU/mL (CFU- Jeamunua 3a dopmupame xonouuja) (127).
Cycrniensuja cropa IJbHMBa je MPHUIPEMJbEHA MAXJBUBUM YKJIAmHabeM CIOpa W3 MHIEIH]a.
Paz0Onaxeme moueTHHX CycneH3Wja BpuieHo je kopumhemem 0,85%  crepumHOr
¢usmonomkor pacropa y oaHocy 1:100 3a Oakrepuje u kBacHume u 1:1000 3a

(buIaMEHTO3HE TJbUBHIIE.
3.5.5. locmynak

3a ucnuTuBame iN Vitr0 aHTUMUKPOOHE aKTHMBHOCTU KOpHIIheHa je MUKPOAUITYLIHOHA
MeTona y3 momoh pecasypuna (128). Ilnounna 3a mMukpotutap ca 96 oTBOpa HalymeHa je
xpawspuBoM momrorom (100 plL), a 100 pL cBakor TecTHpaHOr EKCTpakTa ITOYETHE
koHueHrpauuje 20 mg/mL nmonaro je y mpBH pen MHKpoTHTapcke ruode. HakoH Tora cy
HalpaBJbeHA JIBOCTpPYKa paz0iiakerma TaKo Ja je paclioOH KOHIIEHTpalMja eKCTpakTa Ouo of
10 mg/mL y npBom peny mo 0,078 mg/mL y nocneamem peny. Hakon tora je momato 10 pl
cycrieH3mje OakTepuja, TJbHBA W Criopa y oaroBapajyhe orBope. McnuTuBaHa jeumema Cy
TECTHpaHa NPHMEHOM OaKTepHjcke KoHuentpammje ox 5 X 10° CFU/ml u kommenTpamnmje
criopa KBacHHIIA U TJbHBA OJ 5 X 10® CFU/mI. Hakown cBera HaBEJCHOT JI0JIaT je peca3ypuH,
CYIICTaHLa IUIaBO-JbyOHuacTe 0oje, Koja MOJ YyTUIAjeM OKCHIOpenyKTa3a >XMBHMX henuja
npenasu y pe3opypuH koju je pose ¢uyopecueHtHe 6oje (129). Mukpotutapcke miode cy
nHkyoupane Ha 37° C oxo 24 yaca 3a Oakrepuje, Ha 28° C Tokom 48 caTu 3a KBacle u 72 cara
3a CTIope TJbHBA.

AHTUMHUKpOOHA AaKTHBHOCT j€ TpOLEHEeHa Ha OCHOBY BPEIHOCTH MHUHHUMAIIHE
uHxubutopHe konueHrpauvje (MHWUK) u MuHMMamHe MUKpOOMOLMAHE KOHILIEHTpAIHje
(MMK). MUK je nedpunncana kao HajMamba KOHLEHTpallMja UCIIMUTAHOT eKCTpaKkTa Koja Hehe
JIOBECTH JI0 TPOMEHE 00je pecazypuHa O]l IIaBe J0 po3e, 0K Kaja je ped o GuiIaMeHTO3HUM
rpuBaMa MUK mpencraBiba HajMamby KOHIIEHTpPALM]y €KCTpakTa Koja je CIpedusia pact
munenuje. MUK ce oapehyje Buzyenno. OnpehuBame MMK crnpoBoau ce Tako mro ce
y3opak (10 pl) y3me U3 oTBOpa IJI04Ye y KOjOj HUjE JOIUIO A0 pacTa OaKTepHja U MOCTaBU Ce
Ha miovactu arap. KoHIeHTpamuja Tpu KOjoj ce He JETeKTyje pacT OakTepuja HAKOH
npeaBuheHor mnepuojga HMHKyOanuje o3HadyaBa ce kao MMK. Cpaku TecT je yKIbyuyHO

KOHTPOJY pacCTa U KOHTPOJY CTCPUIIHOCTU U H3BCIACH je Yy AYILIUKATY.
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3.6. UcniuTuBame aHTHOMO(PUIM AKTUBHOCTH €KCTPaKaTa

3.6.1. Ilpunpema excmpaxama u Xpau.ouee nooioze

Excrpaktu uBamckor 1seha cy pactBopenu y DMSO, na onzna pasonaxenu Mueller-
Hinton Oyjonom 0 HacTanka pactBopa koHieHTpanuje ox 10 %. Kao cranmapn kopuiiheH je

JOKCHUIIMKJIMH KOJHU j€ PaCTBOPEH y UCTO] XPAHJBUBO] MOJJIO3H KA0 U €KCTPAKTH.

3.6.2. Hcnumueganu MuKkpoopzanusmu

AHTHOMO(DUIM aKTUBHOCT EKCTpakKaTa HMBambCKOr IBeha TecTUpaHa je Ha 2 BpCTE

oakrepuja: Bacillus subtilis ATCC 6633 and Proteus mirabilis ATCC 12453

3.6.3. Ilpunpema cycnensuje

Y muby mpunpeMama CycleH3uje OakTepuja KOJOHHjE Cy y3UMaHE ca IOJJIoTe |
CYCIIEHJIOBaHE y CTEpHJIHOM (u3HnonomkomM pactBopy (5 mL). I'ycruna cycnensuje je
nozxemasana nomohy naensuromerpa (DEN-1, BioSan), Ha ocHoBy ymnopehuBama ca 1,0

McFarland cranmapaom.

3.6.4. Tissue culture plate (TCP) mecm

TCP Tect mpeacraBiba jenaH oj Hajuemrhe KOpUITheHUX TecTOBa 3a UCIHUTUBAE
aHTHOMO(UIM aKTUBHOCTH Pa3IMYUTHX areHaca u omucaiu cy ra Christensen u capaanunu
(130). Cpaku TecT je mompasymeBao M KOHTpony ¢opmupama Ouoduama. O ’'Toole u
capaJHUIM TPYXHWIH Cy YBHA y TNpoIec HacraHka Oakrepujckor Owmodpmima (131).
[IpukspyunBame IUTAHKTOHCKMX henuja y mojuiore 3a ¢GopMupame CecUIHHX henuja
MpeJCTaBJba MOYETHU KOpakK y HacTaHKy Ouodunma. Kaga ce henuje npuuBpcre HacTaBsbajy
Jla pacTy y 3ajeIHHUIM U Kao pe3ynraT Harpaau ce ouodunam. ITomohy kpucran BHoieT TecTa
Moryhe je mpoIeHNUTH Be3nBame henrja, a TECT ce 3aCHUBA Ha CITOCOOHOCTH 00je JAa IPoaupe
y henujcky mMemOpaHy Be3aHUX henuja yMMe ce Mpyka CIMKa O TYCTHHH HpUYBpIINEHHX
hemmja. (132, 133). AHTuOMOMIM aKTHBHOCT M3paXkaBa ce Kao OModuiIM HHXHOHTOpHA
koHnenrpauyja (BMK) ogHOCHO HajHM)KAa KOHIIGHTpalMja eKCTpakTa Koja HHXHOupa

dbopmupame ouoduama (y mporeHTUMA).
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[Tmoue ca 96 orBopa cy mpunpemsbeHe nonaBameM 100 puL xpanspuBe mojgore 3a
Oakrepuje y cBaku oTBOp. M3 Stock pactBopa McnuTHBaHMX eKcTpakaTa (KOHIICHTpalluja
20 mg/mL) y3eto je 100 uL u momato y mpBu pen 1uiode. HakoH Tora BPIICHO je CEPHjCKO
JBOCTPYKO pa30iiakehe TECTUPAHUX EKCTpaKaTa y CBAKOM HapeJHOM pey, a JOOHjeHHU OIicer
KOHIIEHTpanuja pactBopa u3Hocwo je ox 10 mo 0,78 mg/mL. ITorom je 10 pL cBexe
cycrensuje Gakrepuja, mouerte kounenrpanuje 102 CFU/ML u paz6uaxema y oxxocy 1:100,
MUIETHPAHO y CBaKU OTBOp. MHOKynHcaHe tuioue cy nHkyoupane Ha 37°C tokom 24 nnu 48
h, y 3aBucHOCTM Oa TOra Ja JH je ped O Ipam-HeraTMBHUM WM [ paM-TO3UTHBHUM
Oaktepujama. JlomaTHux 24 yaca miode cy MHKyOMpaHe y LuJby npahema yTuilaja eKkcTpakTa
Ha Gopmupanu 6HopUIM.

Hakon wHkyOammje caapkaj CBaKOr OTBOpa je MaXXJBHBO YKJIOHEH, a OTBOPH CY
ucnupanu nomohy 200 pL pactBopa mydepa (0,15 M amonujym-cyndar, 0,1 M kamujym-
muxunaporerdocdar, 0,034 M narpujym--nuxuaporenutpar u 0,001 M marnesujym-cyndar)
na Ou ce oTkioHWIE Heamxepupane Oakrepwje. [omato je 100 puL meranoma mga Ou ce
¢bukcupao 6nopuam. opMupann 6HOPUIMOBH O]l B€3aHUX henrja y OTBOpHMa Cy 000jeHH
kpucran Buosierom (0,1% W/V) U uHKYyOMpaHu Ha COOHOj TemriepaTypud TokoMm 20 MUHYTA.
Bumak 0oje je ykiIoJbeH TeMEeJbHUM HCIHMpameM ca JIeJOHM30BaHOM BOJOM, a 3atuM ca 100
pL eranona. Ontuuke rycTHHE 000jeHUX Be3aHUX henuja OakTepuja cy HmpolemeHe nomohy
mukpo ELISA unraua mioua (RT-2100C, Rayto, Shenzhen, China) Ha tanacHoj qyuHU 0On
630 nm. Camo OyjoH miu OyjoH ca pa3iIMYUTHM KOHIEHTpalujaMa TeCTUPAaHUX eKcTpakara
CIIy’)KWJIM Cy Kao KOHTpOJa MpPOBEpe CTEPHJIHOCTU U HecleUu(HUUHOT Be3UBama MeIujyMa.

TerpanuknuH je kopuilheH Kao MO3UTHBHA KOHTposia. CBHU TECTOBU Cy HU3BEIEHU Y

JTYTUTUKATY.

3.7. UcnutuBame aHTHHH(IaMANMjCKe AaKTUBHOCTH €KCTPAKATa MBAHCKOT
nuseha

3.7.1. Excnepumenmanne jcusomuise

VY okBHpY UCHUTHBamba aHTUUH(IIaMallljCKOT JeJI0Bamka eKcTpakara KopuiiheHu cy
oapaciu maroBu Wistar coja, MyImkor mosa, ctapoctd 8 Hezesba, TenecHe mace 200-250g.
Xusotume cy Ouie dyBaHe y CTPOro KOHTPOJHMCAHUM ycioBHMa (Temmeparypa 22+2°C,
IUKIyc cBemocT:Tama 12:12 dacoBa). Boga u xpaHa cy OWJIM JOCTYNIHH Yy JIOBOJHHO]

KOJIMYMHH Ja OM TallOBH MOTJIH Jla UX y3uMajy npema nmotpebu (ad libitum).
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3.7.2. Huoykyuja nokanne ungpaamayuje u mpemman eKCmpaKmuma

HcnutrBame aHTHENEMAaTO3HE aKTUBHOCTH CIPOBEICHO je HAa MOJENy KapareHHWHOM
n3a3BaHe WH(QIaMalyje marne mnamoBa. KapareHuH je mpouHGIaManuoHa CYICTaHIA Koja
NpUMeeHa WHTpAIUIaHTAapHO Yy Iamy [anoBa M3a3uBa aKkyTHY HH(Iamanujy, Koja ce
KapakTepuine Op30M I10jaBOM epuTeMa, eiema W xunepainresuje. OBaj MOCHI je BHUCOKO
penpoayuuOuIaH U 4ecTo KOopuinheH y HayYHMM HCTpPaKMBambUMa y LUJbY HCIHUTUBAA
aHTUMH(IaMaIIMOHE aKTUBHOCTH pa3nuuuTux cyrncraniu (134, 135).

Jleo ucTpakMBama KOjU HCIUTYyje aHTHUMH(]IamanuoHe edekTe uBambCKOr IBeha
o0yxBatno je 50 XMBOTHIA TOACJBCHHUX Y JIBE TPYIE EKCIIEPUMEHTAIHY W KOHTPOJIHY.
Excnepumenrtanau mpoTtokosn npukazaH je Ha Cimmu 6. CBUM mamoBMMa H3a3BaHa je
nHpaamanuja npumeroM 1 mL 0,5% ¢u3uonomkor pacTBopa KaparcHHHA WHTTPAIUTAHTAPHO
y 3311y JIeBY LIAIy MaroBa.

[TaoBu yKJby4eHH y OBaj JI€0 HCTpaKHBamba OMIIHU Cy mojesbeHu y 5 rpyna (10 xuBoTuma mo

TpyIu):

1) 50 GVE - xuBoTHIE CEe TpeTHpajy aKyTHOM HHTparepuToHeanHoM (I.p.) MHjEeKIUjoM
ekcrpakTa y no3u ox 50 mg/kg, 60 munyTa npe u3a3uBama HHIAMALH]C.

2) 100 GVE - XUBOTHIbE CE TPETHPAjy aKyTHOM i.p. MHjEKIMjOM eKCTpakTa y no3u on 100
mg/kg, 60 MuHyTa TIpe n3a3uBamka HH IaMaIuje.

3) 200 GVE - xuBOTHIGE CE TPETUPA]y aKyTHOM I.p. MHjEKIIUjOM eKCTpakTa y jo3u o1 200
mg/kg, 60 MmuHyTa Npe U3a3uBama HH IAMAIH]e.

4) WHAOMETANMH - XUBOTHUEC CE TPETHPAjy aKyTHOM i.p. MHjEKIMjOM Yy HHIOMETalluHa
CyCIieHJOBaHOT y (usnonomkoM pactBopy y no3u ox 8 mg/kg, 60 muHyTa mpe
n3a3vBama HHdIamaImje.

5) KOHTposa - XHBOTHIE CE TPETUPAjy I.p. HHjEeKIHjoM (U3HOIOIMIKOr pacTBopa, 60

MUHYTa IIpe n3a3uBamba HHQIamMaImje.
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ANVIMKalHja KapareHHHa

(1 ml 0,5% NaCl unrtpannanatapHo) J

- .
Wistar albino (n=50) Hipauynapame
nponeHTa
I'Ipmue}la HCMHTHBAHOT PacTBOpa MHXHﬁ"l[lle enema

HHTPAaNepHTOHEAHO: manuue

50 GVE - 50 mg/kg

100 GVE - 100 mg/kg

200 GVE - 200 mg/kg
HHaoMeTanun - 8 mg/kg
KouTposna rpyna - 0,9% NaCl

Lol ol s

Cauka 6. CxeMaTcKy IprKa3 eKCIIePUMEHTATHOT ITPOTOKOJIa 338 UCITUTUBAE
aHTUHH(IIaMaI1jCKe aKTUBHOCTH UBambCKOT 11Beha

3.7.3. Oopehusarwe anmuungphramayuone akmueHOCmMuU eKcmpaxama

Y mwby kBaHTH(UKanWje aHTUWHGIAMAIH]CKOT e(eKTa MPUMEHEHHX eKCTpakaTa
MepeHa je 1ebJpuHa TKUBA JIEBE IIAMKIE CBAKOT TAIloBa y clieichuM TpeHyluMa: HEMOCPETHO
npe u3azuBama MHpaamanuje u 1,2,3,4 yaca HakoH HH(pIamanyje. /leOspuHa TKHBA ce MepH
Ha CpPEeIMHU IANMIle ManoBa KopumihemeM JUrMTanHOr Kanumnepa. [Ipouenar uHxuOummje

efiemMa IIanuiie payyHa ce npemMa GopmyJiu:
% unxubuyuje =100 x [1- (Yt/Yc)]

I'me je Yt = npoceuno nosehame neOpUHE 1IaNe y TPETUPAHO] IPyNu maioBa usmely asa
TPEHYTKa Mepema, a Y C= npocedHo nosehame AeObUHE 1IaTe Y HETPETUPaHO) IPYNH MaloBa

u3Mely 1Ba TpeHyTKa Mepema.

3.8. UcnuTuBamke KApAHONPOTEKTUBHUX e(eKaTa eKcTpaKkaTa HBaAHCKOT
nseha

3.8.1. Exchepumenmanne ycugomuive
Y okBUpY HCIHTHBama edekara eKcTpakaTa HBAambCKOr I[Beha Ha HMCXEMH]CKO-

penepdy3nono omTehewme cpua KOPUCTWIM Cy C€ 3ApaBU M CIOHTAHO-XUIEPTEH3UBHU

MaloBH MYIIKOT I10JIa, CTApOCTH 8 Hepesba, TenecHe mace 200-250g. OBaj neo ucTpaknBama
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obyxBatuo je 80 xuBoTuma (1o 10 y cBakoj rpynu) Koje cy Oujie mojejbeHe y JIBe TpyIIe,
EKCIIEPUMEHTAIIHY U KOHTPOJIHY.

ExcnepuMeHnTajiHa rpyna je Ha OCHOBY IpPHUCYCTBa HJIM OJICYCTBAa CIIOHTAHO pa3BHjEHE
XHUIIEPTECH3UjE U TIPUMEHCHE J103€ eKCTpakTa Owia mojaesbeHa y 6 moarpyna (10 mo cBakoj
MOATPYIIH ):

1) 125 GVE - 31paBe KUBOTHIE KOje Cy TPETHPaHE EKCTPAKTOM UBaCKOT IiBeha y 1o3u of
125 mg/kg per 0s y Tpajamy ox 4 Hesesbe.

2) 250 GVE - 3apaBe )KHBOTHIE KOj€ Cy TPETHPAHE €KCTPAKTOM MBamCKOT 1Beha y 1031 o1
250 mg/kg per 0s y Tpajamy 01 4 Heesbe.

3) 500 GVE - 3apaBe )KHUBOTHIE KOje Cy TPETHPAHE EKCTPAKTOM MBamCKOT 1Beha y 1034 011
500 mg/kg per 0s y Tpajamy ox 4 Heesbe.

4) SHR + 125 GVE - cnoHTaHO XUIIEPTEH3UBHE )KUBOTUILE KOj€ CYy TPETHPAHE EKCTPAKTOM
uBamCcKor 1Beha y 103u ox 125 mg/kg per 0s y Tpajamy o1 4 Heaebe.

5) SHR + 250 GVE — cnoHTaHO XMIIEPTEH3UBHE )KUBOTUELE KOj€ Cy TPETUPAHE EKCTPAKTOM
uBamckor 1nseha y mo3u ox 250 mg/kg per 0S y Tpajamy o1 4 Heaebe.

6) SHR + 500 GVE — cnioHTaHO XHUIEPTEH3UBHE )KUBOTHILE KOj€ Cy TPETHPAHE EKCTPAKTOM

uBamCcKor 1Beha y g03u ox 500 mg/kg per 0S y Tpajamy o1 4 Heaebe.

KounTposaHa rpyna je 6una nmojespeHa y 2 moarpyue:

1) CTRL - 3mpaBu Wistar mamoBu Koju HHCY KOH3YMHpPAlIHd EKCTPAKTe HMBambCKOTr IBeha
TOKOM Tepuoja oj 4 Heziesbe, Beh cy KOPpUCTUIM CTaHJapHy XpaHy U Bo1y 3a nuhe.

2) SHR - cnonrano xwumnepren3uBHu Wistar mamoBu KOju HHUCY KOH3YMHPAIH EKCTPAKTE
MBambCKOT I1Beha TokoM meproaa ox 4 Hezielbe, Beh Cy KOPUCTHIIN CTaHIApIHy XpaHy U BOIY
3a niuhe.

Kako 6u ce o0e30ennna mperu3Ha KOJUYMHA JieKa 332 CBAaKy XHBOTHIbY, MAIlOBU CY
YyBaHU y OJIBOJEHHM KaBe3nMa (jeHa >KMBOTHxA MO KaBe3y). byayhu na mamoBu mwjy y
npoceky 60 — 80 ml Bome mHEBHO, y TOj 3almpEeMHHH je PacTBOpPEHA IMOjeIMHAYHA 1034
eKCTpakTa nmpuiaroleHa TenecHoj Macu namosa. Vcta npoueaypa je moHaB/baHa CBAKOTI J1aHa
eKCIIEpUMEHTAIIHOT MPOTOKOJIa TOKOM 28 naHa. HakoH KoH3ymalje ekcrpakaTa y MepHoy
ol 4 Henesbe, CBE KUBOTUIHE CYy KPTBOBAHE, HAKOH Yera ce JPYTrH JIe0 UCTPaKuBamba 00aBHO
Ha €X VIVO MoJieny M30JI0BaHOT cpIia MaroBa. EKCIepUMEHTATHH MPOTOKOJ je MPHKa3aH Ha

Cnunu 7.
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3.8.2. Hcnumuearse €X VIVO ¢pynkyuje cpuya

HcnutuBame €X VIVO (yHKIMje cpua 00aB/bEHO je MOMONY Mojela peTporpamHe
nepdysuje u3osoBanor cpua mo Langendorff-y (Langendorff apparatus, Experimetria Ltd,

1062 Budapest, Hungary).

3.8.2.1. Monen usonoBane perporpazate nepdysuje mo Langendorff-y

Mogen uszonoBane perporpaane nepdysuje mo Langendorff-y cmatpa ce morogaum 3a
je mpoydaBame (YHKIMjE Cplla ¥ KOpOHApHE IMPKYJalyje M30J0BAHOT cpia cucapa (Imac,
3amopunh, namnos, 3eu, mauka). [Toctoje aBe TexHuke paaa Ha Langendorff anapary oz xojux
ce jemHa Oa3upa Ha nepdy3uju cpua Mpu KOHCTAHTHOM MPOTOKY, JIOK C€ Jpyra OJHOCH Ha
nepdy3ujy cpla npu KOHCTAHTHOM NMPUTHCKY KPO3 KOPOHAPHO BACKYJIAPHO KOPHUTO. Y OBOM
UCTPaXHBay MPUMEHWIH CMO MeToAy mepdysuje cpua npu KOHCTAHTHOM KOPOHAPHOM
nepdy3rnonom nputucky ox 70 cmH,0.

Amapar ce cacToju U3 JBE BEPTHKAIHE CTakJeHE 1eBU (Mama ce Hama3u y Behoj)
n3mely kojux mpotuue Boja 3arpejana ao ¢usnonomike Temmnepatype on 37 °C. [logemasame
TeMriepatype oMoryheHo je 3axBasbyjyhu BoJieHOM KyIaTuily Koje omoryhaBa Ha Taj HAUMH U
3arpeBame untaBor cuctema. Krebs-Henseleit-oB pactBop je pacTBop KOju mpoTHue Kpo3
amapar W wucxpamyje cpue. [lo XeMHjCKOM cacTaBy CaJp)KH CBE KOMITOHEHTE CIIMYHE
eKCTpaleNyJapHO] TEYHOCTH W TOMONy HEraTMBHOI NpUTHCKa yballyje ce y LEB Mamber
kanuOpa. LleB Mamer kanuOpa ce 3aBpllaBa KaHHJIOM Ha KOJy C€ MOCTaBJba M30JI0OBAHO CpILIe
naroBa. PesepBoap koju caapxu Krebs-Henseleit-oB pactBop je moBe3aH ca 1€BH Mamber
kanmuoOpa u 6orom ca cmemom racoBa O, : CO; y omHOCy 95% : 5%. Yiora 6ore ca cMemom
racoBa je ga omoryhu mocruzame (puznosomkor napuujaisor nputucka O, u CO; xoju je
MPUCYTaH y apTEepPHjCKOj KPBH Kao M Jia JONpeMa pacTBOp JI0 YHYTpallikhe IIEBU CHUCTEMa
nmoMohy HeraTMBHOT TPUTHUCKA KOJU HacTaje y pesepBoapy. M3omoano cpiie ce momohy
acIleJICHTHE aopTe MPHKAaYl 3a KaHWIy KOja Cce Hajla3W Ha 3aBpPIIHOM JIeNTy IEBH Mamber
kanmuOpa u omoryhaBa ce HecmeraH mpoTtok Krebs-Henseleit pactBopa kpo3 cpue. Censop
OJTHOCHO TPaHCAjycep MMa yJory KOHTHMHyHpaHor mpahema cpuyaHe (QyHKIHje U HU3UUKH je
MOBE3aH Ca JyYHO CaBHjEHOM, TAaHKOM METAJHOM II€BH Ha YHjeM Ce€ Kpajy Hajla3u OaJioH
UCIYECH JCCTUIOBAaHOM BOZIOM. [IpoknaameM MUTpaliHe BajByse U3Mel)y jeBe IpeTKoMope
U JIeBe KOMOpe yBOAM ce OaloH ceH3opa y JeBy kKomopy. PaduyHap ca oxarosapajyhum

copreepom (Spel Advanced HaemoSys v3.24) nobuja mHbpopmaiuje 0 paay cpiia momohy
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CEeH30pa M MPEBOJHU HMX y HM3JIa3He MojaaTke moMohy marematuukux (opmyna. Ha Taj Hauun
OUMTABAKEM BPEIHOCTH Ca padyHapa OMOTYheHO je KOHTHHyupaHo mpaheme pana jeBe
KOMOpEH U TO OelnexemeM cienehux napamerapa:
» dp/dt max — makcumaiHa cTomna npoMeHe MPUTHCKA Y JIEBOj KOMOPHU KO0ja Ce M3pakaBa
y mmHg/s;
» dp/dt min — MmuHHUMaITHA CTOIA TPOMEHE MPUTHCKA Y JICBOj KOMOPHU KOja Ce HU3pakaBa
y mmHg/s;

» SLVP — cuctoiaHu npuTHCakK y JIEBOj KOMOPH KOjU ce m3pakaBa y mmHg;

A\

DLVP — nujacTonHu npuTUCaK y J€BOj KOMOPHU KOjU ce u3pakaBa y mmHg;
» HR — dpekBenna paga cpua kKoja ce u3paxkaBa Kao Opoj OTKyIaja 1mo MUHYTY (€HTIL
beats per minute, bpm).
Koponapuu npotok (CF) je mepen ¢umoymerpujcku (flowmetrically) u uspaxasa ce y mL
KOpPOHApHOT BEHCKOT ediyeHTa y MHHYTY. bynyhu na je neBa komopa MOPQOJIOUIKH |

(YHKITMOHATTHO JOMHHAHTH]ja, paheme mheHe PYHKIN]e MOXKE OCIIMKATH Pajl CpIia Y MEJIOCTH.

3.8.2.2. Krebs-Hensenleit pactsop 3a nepdyHaoBame cpiia

Krebs-Hensenleit-oB mepdy3nonu pacTtBop A0BOAM XpaHJbHBE MaTepuje 10 Cpla U
oMoryhaBa meroBy UCXpaHy M HECMETaH paJ] Ha amapaTy. KoMImoHeHTe Koje ynase y HmeroB
cacraB cy: Hatpujym xsopua (NaCl — 118 mmol/L), kamujym xmopun (KCI — 4,7 mmol/L),
marHe3njym cyiadara (MgSO4x7H,O — 1,66 mmol/L), kamujym nuxuaporeH ¢ocdar
(KH2PO4x2H,0 — 1,18 mmol/L), natpujym 6ukapoonar (NaHCO3; — 24,88 mmol/L), raykosa
(CeH1206xH,0O — 5,5 mmol/L) u kamuujym xmopuxa (CaCl, — 2,52 mmol/L). pH Bpennoct

pactBopa u3Hocu 7,4.

3.8.2.3. M3onoBame U mpuipema cpia

HakoH KpaTKOTpajHe HapKo3e WHTpPANEPUTOHEATHOM MPUMEHOM KOMOWHAIIH]e
KeTaMHHA M KCHJIa3MHA CBH MAIlOBU C€ JKPTBY]y liepBuKamHoM auciokarujom (Schedule 1 of
the Animals/Scientific Procedures, Act 1986, UK). OtBapa ce abmoMeH, Jy4HO cede
naujadparMa, HAaKOH TOTa Ce BPIIK OTBAapame IPYIHOT KOIa JIYJHO, AYK MaMHJIapHE JIMHH]e,
1a OW ce y KpajieM TpecerameM MepruKapaa W30J0Baio cpiie. TOKOM mpolieca M30IIaluje

Cplie ce IpesuBa XJIaJAHUM (PU3UOJIOIIKAM pacTBOpoM Temiiepatype ox (+4°C) kako Ou ce y
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Tpajalky MaHUIYJAlKje OJpXKAao HEroB pax y OKBHpHMa Xomeoctaze. [lo ykmamamy u3
OpraHu3Ma OjIMax Ce CTaBJba y JIEACHU (PU3HOJIOMIKH PACTBOP Kako OW ce MMIIPOBHU30BaJa
T3B. ,,(pU3HOIOMIKA KJIemTa™ Koja METabOIMUKe TPOIIece Yy CPILy CBOAEC HA MUHUMYM. Tyrom
IpenaparyjoM cplia ce yKJiamajy HenoTpeOHHU JCIOBH U U3/Baja aclie[eHTHa aopTa Koja he ce
MPUYBPCTUTH 32 KaHWIY. Y [Ny aypuKyJie MPUCTYIa Ce JICBOj MPETKOMOPH, IMUHIIETOM CE

MPOKK/Ia]y MUTPAJIHU 3aJIMCIHU U OMoryhaBa yjia3ak ceH3opa.

3.8.3. Ekcnepumenmaninu npomoko.n

Haxkon nocraBspama cplia Ha anapar yeka ce yCIOoCTaBJbambe CTAa0MIIHOT pajia Koje ce
Bepu(UKyje HEMPOMEHEHUM BPEIHOCTUMA KOPOHAPHOT MPOTOKA M mMapamerapa (yHKIHje
Cplla HaKOH HEKOJHKO Y3aCTONIHUX Mepema. HakoH crabunmsanuje cpua Cy MOABPTHYTa
r7100amHo] UCXeMUjU y Tpajamy o 20 MUH 3aTBapameM MPOTOKA KpPO3 Cplie, HAKOH Yera je
ycrocTaBibeHa penepdysuja (IOHOBHO YCIIOCTaBJbalkEe MPOTOKA) Y Tpajamy oA 30 MHUHYTA.
Koponapuu BeHCku e(iyeHT MpHUKYIUbaH je y cienehuM Taukama eKCIIEpUMEHTa: y TauKd
crabmmmzanyje (C), y mpBoj Tauku penepdysuje HaKoH JaBajeceTroMuHyTHe ucxemuje (P1),
Ka0 U Ha CBaKMX 5 MUHYTa TOKOM niepuoja penepdysuje (P2-P7). Y naBegenumM unreppaiuma

CO(I)TBepCKI/I cy OCJIC)KCHU U CBU MNpEeTXOAHO HABCACHU KapJAUOJUHAMCKHU ITapaMETpPHU.

3.9. UcnutuBame epexaTa UBAHCKOT 1[Beha HA CHCTEMCKHU M CPUYAHM
peaoKc cTaTyc

Tokom pTBOBama KUBOTHH-A Y30PIHM KPBU 3a OMOXEMMjCKE aHAIIM3€ CY CAKYIJbEHH
U3 jyryjJapHe BeHe y IMJbY MCIUTHBama edexaTa MBamCKOI 1Beha Ha CHCTEMCKH pPeaoKC
craryc. HakoH ueHTpudyrupama KpBH H3/IBOjJEHH CY Iula3Ma M JIM3aT epUTpoluTa. Y
y3opiuMa Tutasme onpehuBaHM Cy TPOOKCHIAHCH Kao INTO Cy: HHISKC JIUIHIHE
nepokcuaanyje - meped kao TBARS, azot monokcun y popmu nHutputa (NO7'), cynepokcun
a"jon pamukan (O;) u Bomonuk nepokcun (H,0;). Cnenehu mapamerpu aHTHOKCHUAANIMOHE
3aITUTE Cy oJipehuBaHm U3 y30paka epuTPOIUTA: aKTUBHOCT cynepokcuyiu3myrase (SOD) n
karanase (CAT), kao u HEBO peaykoBaHor riryrarnona (GSH). Kako 6u ce ucnuranu epextn
eKCTpaKTa MBAmCKOT I[Beha Ha cpuaHy NPOIYKIM]y IPOOKCHIAHACA Y Y30pIIMMa KOPOHAPHOT
BeHcKor eduryeHTa onapehuBanu cy muou: TBARS, NO,, O, u H;0,. CBe Guoxemujcke
ananu3e onpahene cy cmekrpodoromerpujcku (Specord S-600 Analytik Jena, Benuka

bpuranuja).
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3.9.1. Oopelhusarme unoexca nunuone nepoxcudayuje (mepen kao TBARS)

WNunexc nunuaHe nepokcuaanyje oipehuBaH je MHAUPEKTHO MEPEHEM IMpoayKara
peakiuje JUIUIHE TTepOKCUIaIje ca THO0apOUTYpHOM KUCEITMHOM, OOJHOCHO HHBoa TBARS
(eurut. Thiobarbituric Acid Reactive Substances). CekrpodoTomeTpujcka Meroa ce 6asupa
Ha ojpehuBamy HUBOA JHMHIHUX TEPOKCHIA HAa OCHOBY pEaKIHje MAaIOHWITUAIICXH]IA

(MDA) ca Tuobapoutypaom kucenurom (TBA) (136).

3.9.1.1. Pearencu

Pearencu xoju cy kopumthenu 3a oapehuBame HuBoa TBARS cy: 2-tnobGapOutypHa

kucenuna (TBA), 28% tpuxinopcupherne kucenune (TCA) u mHatpujym xuapokcun (NaOH).

3.9.1.2. [Toctymax

VY enpysety je ctaBibeHo 800 pL y30pka 0AHOCHO KOPOHAPHOT BEHCKOT e(dayeHTa U
200 pL 1% TBA y 0,05 M HaTpujyM XUAPOKCUIY. Y30pLHU Cy MHKYOMpaHM Yy BOJIEHOM
KyNaTuny y Tpajamy of 15 munyta, npu Temneparypu on 100°C, Hakon yera cy 15 MuHyTa
WHKYyOWpaHU Ha COOHO] Temmeparypu mpe ojapehuBama arcopbaniuje. AmncopOaHuuja je
Mmepena criekTpodoromerpujcku Ha A=530nm. Krebs-Hensenleit pactBop je xopumihen kao
cierna npoba, y KOJTUYMHY €KBUBAJIEHTHO] 3alIPEMUHN KOPOHAPHOT BEHCKOT eQuIyeHTa.

[Iporokon 3a oapehuBame HUBoa TBARS y mna3mu ce He3HaTHO pasznukyje. Hanme
nomenta ce 400 pL 28% TCA u 800 pL mnasme u ocraBu 15 munyra Ha neny. Hakon Tora
cienu Tmiporiec LeHTpudyrupama y Tpajaky ox 15 mmH mpu 6000 rpm. YV 800 pL
cynepHaranta jgonaje ce 200 pL 1% TBA, a motom ce mobujeHU y30pIu HHKYOHpA]y Y
BojieHOM KymaTuiy 15 munyra Ha 100°C. HacraBak nmpoTokoja je UCTH Kao U 32 KOPOHAPHU
BeHCKH e¢uyeHT. [lecTuioBaHa Boja je KopuirheH Kao ciena mnpoba, y KOJIWYMHHU

GKBI/IBaJ'IeHTHOj 3alIpEMHHU ILIa3MeE.
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Konnentpanuja ocno6ohennx TBARS uzpauynara je Ha oCHOBY cienehe jeqHaunHe:

nmol TBARS/mL eduayenta nian miazme = AA (Ay-Acn)/1,56 X 1,25

npu uemy je Ay ancopOaHua y3opka, 10k je A, arnicopdaHua ciene mpoode, 1ok ¢y 1,56 u 1,25
KOpEKIMOHHU (DaKTOp 3a OBaj ecej.

Komnunna ocno6ohenux TBARS no rpamy cpuanor TkuBa u3padyHara je Ha cienehu HaumH:
nmol TBARS/munyTy/g wt = AA/1,56 X 1,25 X CF/Mcpya

Huso TBARS ce uspaxkapa y UM, 3a pa3iuKy O] OCTAIUX MEPEHHUX MMPOOKCHIAHACA YH]ja je&
KOHIIEHTpalrja u3paxanana y NM jep je konnunHa TBARS 3a jenan panr BenuuuHa Beha of

CBUX OCTaJIMX IlapaM€Tapa.

3.9.2. Oopelhusarwe numpuma (NO3’)

Mepeme HUBOA OCI000)CHMX HUTPUTA Y KOPOHAPHOM BEHCKOM €QUIYEHTY
MPeJICTaB/ba MOTOIHY METOAY 33 WHIUPEKTHY MPOIEHY (DYHKIIMOHATHOCTH €HIOTETHOr L-
apruauH:NO cucrema y kopoHapHoj mupkymanuju. A3otr moHokcupa (NO) y peaknuju ca

MOJIEKYJTapHUM KHCEOHHKOM JoBou 10 Hactanka HuTputa (NO;) Ha cnenehu HauuH:

NO + %40, — NO,

Kako y oBOj peakuuju Hacraje €KBUMOJIApHA KOJMYMHA HUTPUTA, CMATpa c€ Ja j€ HHUBO
HUTPUTA y KOPOHAPHOM BEHCKOM e(JIyeHTYy 3alpaBO HUBO OCIO00EHOT a30T MOHOKCHIA.
Merona ce 3acHuBa Ha kKopuiihemy Griess-oB peareHca KOju y MPUCYCTBY HUTPHUTA JTOBOAU

JI0 HaCTaHKa Tna30-KoMIUIeKca Jbyouuacre 6oje (137).

3.9.2.1. Pearencu

Pearencu xoju cy xopuithenu 3a oapehusame HUBoa NO; cy: cyndaHuIHA KUCETUHA
(4-amuHOo OeH3eHcyindoHcka kucenuHa), N-(l-HadTun)-eTHICHIMAMHH JAUXUIPOXHIPAT
(NEDA), amonujym xmopun (NH4CI), 6opakc (Na,B;O7x10H,0), 85% opro-hochopua
xucenuna (HsPOy), p=1,685 gem™®; narpujym mutpur (NaNO).
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3.9.2.2. Iloctymnak

Griess-oB peareHc ce mpuipema €X tempore Tako MITO ce IMOMEIIajy jeaHaKe
sanpemune (V/V) 1 % cyndanuinne kucenuHe pacTBopeHe Y 5 % opTo-¢hochopHOj KUCETHHU U
0,1 % Boxenor pactBopa N-(1-nadTun)-etmienanamun quxuapoxiopuaa (NEDA).

VY enpyser (12 x 100) ce mumerupa 1 mL koponapHor BeHckor eduryenta, 250 pL
cBexe HarmpaBibeHor Griess-oB pearenca u 125 pL amonwmjaunor mydepa (pH=9.0).
Awmonujaynu nmydep caapxku amonujym xiopua (NH4Cl) u varpujym terpadopat (NaB4O7) u
HMa yIory y crabuiusanuju auaso-komiuiekca. Krebs-Hensenleitov pactsop kopuctu ce kao
ciemna mpooa.

KonnenTpanuja ocinodohernx HATpUTA ofipehyje ce Ha OCHOBY KamOpanmoHe KpUBE.
Konctpyucame xanubpaimone KpuBe BpIIM CE HA OCHOBY €KCTHHKIIMja y30paKka Koju y cebu
cajap)Ke MO3HATy KOHIICHTPAIW]y HUTPHUTA, HAKOH peakije ca Griess-oBMM pearcHCOM y
npucyctBy nydepa. obuja ce mumerupamem 3, 6, 12 u 24 pL Bomenor pactsopa 1 mM
NaNO; y 1 mL Krebs-Hensenleitov-or pactBopa uume ce 100uja KOHIICHTpAIMja HUTPHUTA OJI
2,18; 4,37; 8,73 u 17,34 nmol NO, /mL. Hakon 5-10 muHyTa nonasu g0 crabuiusanuje 6oje
Ha COOHO] TeMIlepaTypu W MPUCTyNa ce oJipehuBamy KOHIIEHTpAIHje 0clI000)eHNX HUTpUTA
CHEKTPO(QOTOMETPHjCKH Ha TajacHo] ayxuHH on A=550 nm. Konmentpammja, a 3aTum
KOJIMYMHA 0cNI000heHNX HUTpUTA J00H]jaHa j€ Ha OCHOBY:

OnpehuBama crangapanor gakropa (F), koju ce nodujao us cneaehe jenHaumnne:

Excmunxyuja cmanoapoa-excmunkyuja ciene npooe

Konyenmpayuja NaNO; y cmanoapoy

3a cBaku mnojenuHauyHu crangapn (F1-F4), a 3atum noOujameM HBHUXOBE apUTMETHYKE
CpeaMHE.

JlesbemeM pasiuKe eKCTUHKITN]a y30pKa U cierne mpode ca ctanaapaom F:
nmol NO2/mL eduyenta = AE (Ey-Esp)/F

Hakon TOTra, KOJHYMHA OCJ'IO6OBCHI/IX HUTpUTA 110 TIpaMy CpYaHOI' TKHBaA CC€

onpehuBana Ha cnenehu HauMH:

nmol NOy/munyt/g wt = AE/F X CF (kopoHapHH IPOTOK)/Mcpya
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3.9.3. Odpelusame cynepokcuo anjon paoukana (0;)

OpnpehuBame KoNMUMHE CynepoKcu] aHjoH pagukana (Oz) y KOpOHApPHOM BEHCKOM
edUIyeHTY U TUIa3MU 3aCHUBA ce Ha peakiuju Oy ca HUTPO TeTpa3oiujyM miaBum (eHrit. Nitro
Blue Tetrazolium, NBT) npu uemy Hacraje murpodopmasan miaBu (138). Mepeme ce

CIPOBOJIM HA TAJIACHO] Ty)KUHU Amax=550nM.

3.9.3.1. Peareucu

Pearencu koju cy xopumhenu 3a oxapehuBame HHBoa O; cy: TRIS (Tpuc
(xumpokcumetra) amuHomerad, C4H11NO3), 37% xmoposogonununa kucenuna (HCI), p=1,19
gcm'?’, Na;EDTA, Hutpo-terpazomujym miaBo xjopuna (NBT, CaoHz0CIN1gOs), XKenatun
(C15H11N2 NaOy).

3.9.3.2. [Toctymax

VY enpysere (12x100) ce mumetupa 50 pulL y3opka u 950 uL ecejue cmerre. Ecejua
cmerira (“assay mixture”) mpezacraesba cmerry 50 mM TRIS-HCI nydepa (pH=8,6), 0,1 mM
EDTA, 0,1 mg/mL sxenatuna u 0,1 mM NBT. Kao cierna mpo6a yMecTo KOpOHApPHOT BEHCKOT
eduyenra kopumihen je Krebs-Hensenleitov pactBop. Ha mouerky peakiuje u3mepu ce
eKCTUHKIIM]a CMEIEe U TO C€ O3HauaBa Kao ekcTuHkuMja Eq. 3atum ce Ha cBakux 60 cexyHIu
BpILIM Mellamke IJACTUYHUM IITanmuheM M HOTHpa EKCTHHKIMja HAaKOH Mellamka U Taj
MOCTYMaK ce€ IOHaB/ba 1O JOCTH3amkba NPUOIMKHO HMCTE BPEAHOCTH JIBE Y3aCTOIHE
exctuHkuyje. [locneama ekcTUHKCH]a ce o3HayaBa kao Ej. Mctu nmoctynak ce cipoBoau | 3a

cnemy ipoOy. Konnentpanuja ocnodohenor O, mobujeHa je Ha OCHOBY clie/iehux jeTHauYnHA:

AE =Ej-E1, (3a y30pak)
AEgy=Ejsp-E15p (3a crmermry mpo0y)
AE=AE,-AEs,
nmol O, /mL edayenta= AE/0,015 x 1/0,05

Hakon tora kommumnaa ocnobohenor O, mo rpamy cpuaHor TKuBa ce oapehuBama mpema
cnenehoj jenHaunHY:

nmol O, /munyt/g = AE/0,015 X 1/0,05 X CF/Mcpua
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3.9.4. Oopelhusame 600onux nepoxcuoa (H,0,)

OnpehuBame H,O, 3acHuBa ce Ha okcuaanuju (EHON MPBEHOr MoMohy BOJIOHUK
MEPOKCHUJT PEaKIUje Koja je KaTallM30BaHa CH3UMOM IIEPOKCHIA30M M3 KOHCKE POTKBHIIC
(eurs. HorserRadishPerOxidase - HRPO). OBa peakiuuja goBoau 10 GopMupama jeIumbema
YMjH je MAaKCHMYM amncopmuuje Amax=610 nm (139). Jluneapua 3aBucHOCT arcopbanie 610
nm o kourentpanuj H,O, je mocrojana 3a 1-60 uM omcer konrentpanuja (1-60 nmol/mL).
OBoM meronmom Mmoryhe je oxpenuTn HactaHak u ociobahame HyOz y TOKy BpeMeHCKOT

uHTepBaia o1 5-60 MuHyTa.

3.9.4.1. Peareucu

Pearencu xoju cy xopumhenn 3a opapehuBame HHBoa HyO; cy: kammjym
xugporeadochar muxunpar (KoHPO, x 2H,0), kamujym auxuaporeHdpocdar auxuapar
(KH2PO4 x 2H,0), narpujym xmopun (NaCl), Bogonuk mnepokcun (H,0;), D(+)-rmykosa
MoHOXHUApaT (aekcTposa), dhenon mpseno (enri. phenol red, CigH1405S), mepokcumasza us

KOmbCKe poTkBuiie (eHru1. peroxidase from horse radish, HRPO EC 1.11.1.7).

3.9.4.2. Tloctymak

VY enpysere (12x100) ce nunerupa 200 puL xkoponapHor BeHckor ediyenta u 800 pL
CBeXKE HampaBibeHOr pacTtBopa ¢enon mpseHor (enrn. Phenol Red Solution-PRS). PRS
Hactaje memarbeM 140 mM NaCl, 10 mM kanujym ¢docoarsor nmydepa (pH =7), 55 mM
D(+)-riryko3e u 0,28 mM denoun npsenor. Hakon tora ce y y3opke moma 10 uL (1:20) HRPO
KOjH je MpHUIpeMJbEH X tempore. Y3opiu ce ocTaBibajy Ha coOHOj Temnepatypu 10 MuHyTa,
HakoH yera ce momohy 1 M NaOH mnonecu pH ~12. Kao cnena mpoba ce xopuctu Krebs-
Hensenleitov pactBop ymecto kopoHapHOT BeHCKOT edayenTa. KoHienTpaiuja ociaobohernor
H,0, y xopoHapHOM BEHCKOM e(UIyeHTy H3padyHaBa ce Ha OCHOBY CTaHIAapIHE KpHUBE,
onpehuBaHe 3a CBaku ecej. 3a KOHCTPYKLHU]y CTaHAapJHE KpHUBE, KOPUCTU C€ CTaHAAPIHU
(Stock) pacteop H20,, y3 nmperxomny npoBepy KoHieHTparmje (Azs 3a 10 mM H,0; uznocu
0,810). ¥ 3 enpysere ce nunerupa: 5, 10 u 20 uL 1 mM pacrBopa HoO; (ymecto kopoHapHOT
BeHckor edayenta), 200 uL mectumosane, 800 puL pactBopa denon upsenor u 10 ulL (1:20)

HRPO. Hakon unky6anuje y Tpajamy o1 10 MuHyTa Ha cOOHOj TeMIeparypu, MmojeniaBa ce
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pH Bpeanoct oko 12 momohy 10 uL 1 M NaOH. ®wunanna konuentpanuja HoO, y 3 y3opaka
crangapaa usHocwiaa je: 2,75; 5,49; u 10,99 nmol/ H,O./mL. Mepeme ancopbanie (A)
cipoBohjeHe Cy CHEKTPO(OTOMETPHjCKH Ha TalacHO] Iy>KUHH MaKCHMaJHE allCOpIIHje
Amax=610 nm, y craknenum kuBerama 3ampemuHe 1 mL. Ox poOujeHMx amcopOaHIn
oJly3UMaHa je BpeIHOCT arcopOanile cierne npode (B), unme ce mobuja koHauHa arcopOaHIa
(AA). Konnenrpanuja, a 3atuM U konwdmHa ociobohenor H,O; y KOpoHapHOM BEHCKOM
eQIIyeHTy n3padyyHaBaHa je Ha OCHOBY:

1) daxropa ancopbaniie (F) mo jexaom NMOI-y BOIOHKK MepoKcHa:
F= AA/nmol H,O,/cuv

2) Ha OCHOBY arcopOaHIle y30pKa Ha Amax=610 nm (A,) u meHor yrnopehuBama ca ciernom
npobom (Asp) u3pauyHaBa ce ¢uHanHa ancopOaHua (AA) (A=Ay-Asp). Ilomohy oBaxo
nobujeHe amncopbanie, ¢akropa F u KoJIMYMHE KOpPOHAPHOT BEHCKOr ediayeHTa
yrnorpebsbeHor omoTrpedbeHor y ecejy (200 mL) wuspauyHaBaHa je KOHIIEHTpamnuja Hu

koimanHa H,O, y KopoHapHOM BeHCKOM eduryeHTy 1o (hopmyIu:
nmol HyO,/mLedayenta = AA/ F

3) kommumHa ociaobohenor H,O; mo rpamy cpuaHor TkuBa ce oapehusana Ha cienchu
HAYHMH:

nmol H,Oo/mL /munyt/g wt = AA/F X CF/Mepya

3.9.5. Oopehusamwe kamanaze (CAT)

AKTUBHOCT Kartanaze y coHudukary oxapelhyje ce mpumeHom merone mo Beutler-y
(140). Merona ce cactoju y cnekTpodoromMeTpujckoM npahemy Op3uHe pa3rpambe BOJOHUK-
MEePOKCUA y IPUCYCTBY KaTajiaze Ha TajnacHoj ayxuHu oa 230 nm npu kojoj HoO, aricopdyje
ceerioct. [Ipenm3Ha KOHIIEHTpallMja BOJOHHUK-TIEPOKCHIA ce€ onapelhyje y OIHOCy Ha
aricopruujy pasomnaxenor pactBopa nydepa (1:10). Kao nHyma, ounTtaBa ce amcopruuja
pactBopa cactaBibeHor o 0,9 mL pazomaxenor mydepa u 0,1 mL pazomaxenor 30%

pactBopa H202(1:100).
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KOHHCHTpaI_[I/Ija BOOOHHK IICPOKCHAAa H3padyHaBa C€ Ha OCHOBY CKCTHHKIHOHOI'

koedunujenta, koju je 3a H2021a 230 nm, 0,071, mo ¢popmymnu:

C =AA/0,071

Haxkon Tora, noOujeHa KoHIIEHTpaIuja ce pazonaxyje o 10 mM.

3.9.5.1. Iloctymnak

VY kBaprHy KuBeTy y k0joj ce Hamazu 50 puL nydepa momaje ce mamehy 5 u 50 pL
y30pKa (3aBUCHO O] akTHBHOCTH Karanase). Jlomarkom 1 mL 10 mM pacrtBopa BOJOHHK-
MEPOKCHU/Ia MHHUIIMPA CE PEaKilMja pasrpajmhe BOJOHHMK-TIEPOKCHIA TMOJI YTHIIAjeM KaTajase.
[Tag ancopOaniyje npatu ce Ha TanacHo] aykuHU 230 NM y Toky 3 MuHyTa. AKTUBHOCT C€
n3paxkaBa y jea/mg nporerHa, a jequHuIa je neuHrucana Kao KoauanHa peaykoBanor H20:,

u3paxkena y UM y munytH. 3padyHaBame ce Bpiu npema ciienehoj jennaqnam:
AA*R /0,071 * Low * V

npu yemy je AA — npomeHa ancopOaHiie y MUHYTH; R — pa3zonaxemwe; V — 3anpeMuHa y3opka

(ml); Low — xonmmuuna nporenna (Mg/mL conndukara).

3.9.6. Oopelusame cyneporkcuo oucmymasasze (SOD)

OnpehuBame aktuBHOCcTH SOD crnpoBoau ce momohy enuHepUHCKE METO/IE Koja ce
3acHUBA Ha npahemy cMamemha Op3MHE ayTOOKCHUIAlNje Y alIKalHOj CPEAMHHU, KOja 3aBUCH O]
02" (141). SOD yknama O, ¥ Ha Taj HAUMH CIIpeYaBa ayTOOKCHIAIM]Y enuHepprHa. bp3una
ayTOOKCHUJIAIIM]€ CE JIETEKTYyje creKTpodoTOMEeTpHjCcKU Ha arcopbanmu ox 480 nm. Kontpoiry
npejcTaBjba Op3uHa ayTookcujainuje enuHeppuHa y oxacyctsy SOD, nok Op3unHa

ayTookcuaanyje enuHedpuna y npucycrsy SOD npencraBsba €0 pehepeHTHUX BPETHOCTH.

3.9.6.1. IToctymak

VY enpysery ce noga 100 pL m3ata u 1 mL kapOonaTtHOT mydepa yuMe ce 3amounbHe
mporec. Hakom Tora ce gomaje 100 pL  enunedpuna. Mepeme ce  Bpuin

crniekTpooTOMeTpHUjcKU Ha TanacHoj ayxuHHu oa 470 nm. AxtuBHocT SOD ce m3paxkasa y
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jenuHMIIAaMa eHe akTuBHOCTH 1o Trpamy Hb (unit/gHb) (142). UspauynaBame ce BpIIH

IpeMa HaBeJeHO] PeaKIuju:
SOD-1=2(AK-AA)*R/V *Hb* AK

AK je mpomeHa arcopmiigje KOHTPOJIHE peakinje y MUHYTH; AA je mpomMeHa arcopIInje
peakimje ca y30pKoM y MUHYTH; V je 3alipeMuHa y30pKa Koja Ce€ CHIla Y PEakIHOHYy CMEeIry

(mL); Hb xonnunna xemorsioduna (g/100mL nu3ara); R je pasonaxeme.

3.9.7. Oopeljusare pedyxosanoz znymamuona (GSH)

Huso GSH y eputponutimMa ce oapelyje criekrpodoromeTprjcku mo meroau Beutler-
a Koja ce 3acHMBa Ha okcumamuju riayratmoHa GSH momohy 5,5-mutno-6uc-6,2-

HuTpoOen3oese kucennnoM (DTNB) (143).

3.9.7.1. [Toctymax

GSH ce ekcrpaxyje Tako mto ce y 0,1 mL 0,1% EDTA nona 0,4 mL y3opka u 0,75
mL pactBopa 3a nmpeuunuranyjy. OBaj pacTBOp ce MpaBU MpeMa Tako IITo ce nomema 1,67 ¢
metadpochopue kucenuue, 0,2 g EDTA, 30 g NaCl, a motom momymu mo 100 mL
nectuioBaHoM BojioM. Ilocie Memrama Ha VOrtex Memanuiy HaBeJeHa CMella ce eKCTpaxyje
15 munyTa Ha neny u neHTpudyrupa 10 munyra ma 4000 rpm. ¥V enpysere (12 x 100) ce
nunerrpa 300 pL y3opka, 750 pL NazHPOsu 100 uL DTNB (1 mg DTNB/ml 1% natpujym
nutpata). Kao crnena mpoba ce xopuctu aectuiioBana Boja. Mepewe HuBoa GSH ce oasuja
CIIEKTPO(POTOMETPH]CKU Y KBApIIHUM KHBeTama 3anpemune 1 mL.

Konnenrpanuja, a 3aTUM ¥ KOJMYMHA PEIYKOBAHOT TIIYTATHOHA Y EPUTPOIMTHMA
onpelyje ce Ha OCHOBY CTaHJIapAHE KPUBE 3a CBAKH €cej. 3a KOHCTPYKIM]Y CTaHAapIHE KpUBE
KOPHUCTHU ce cTaHIaaHu StOCK-pacTBOp peayKOBaHOT IIIyTaTHOHA KOHIEeHTpamuje 1,5 mmol/L
Tako mrto ce y 4 enpysere nunerupa 10, 20, 30 u 40 pL 1 mM pacrBopa GSH, 300 pL
xmaaaor nepdysuonor Krebs-Hensenleit-oor pactBopa. Ha oBaj nHaumu ce ompehyje
KOHIIEHTpalldja HUTpUTA y y3opiuma crargapaa (nmol/GSH/mL). Mepeme ancopbaniie (A)
BpIIM C€ Ha TaJacHOj IYXHHM MakcumanHe amcopniuje on 420 nm. On moGujeHux
aricopOaHIi Ofy3MMa ce BPEIHOCT arncopOaniie cierne npoode (B), unme ce nobuja koHauHa

ancopOantia (AA).
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ITomohy oBako mobOujeHe amcopOanie, cranmapaHor ¢akropa (F), u kommuuHe
BEHCKOT e(iyeHTa YyHOTpeOWmEHOT y ecejy M3padyyHaBa ce KOHIICHTpalfja TIyTaTHOHA Yy

BEeHCKOM eduryeHTy nipema mieaehoj popmyomu:

nmol GSH / mL eputpouuta =AA /F

3.10. XucTonarToJionmka aHajau3a cpua namona

Y MOMEHTY XpPTBOBama U30JI0BaHU Cy OYOper U jeTpa cBake *KUBOTHUHE, JIOK CY CpIia
y3era 1o 3aBpiietky nporokosia M-P wa Langendorff-osom anapary. HaBeaenu opranu cy
¢dukcupanun y 10% pactBopy dhopmangexuga Ha cOOHO] TeMIepaTypu. 3allpeMHHA pacTBOpa
kopumrheHor 3a ¢ukcanujy Ouna je 10 myra Beha y ogHOCy Ha 3ampemuHy opraHa. Hakon
TOra Cy OpPraHd yKallyIlJbeHU y napaduHCKe OJOKOBE W MCEYCHHU Ha pe3oBe JeOJbUHE 5 pm
nomohy wmukporoma. [lpecenn Cy HaHelleHM Ha MpPEIMETHA CTakia, a 3aTHM OOjeHH

XEMaTOKCHIMHOM U eo3uHOM (H&E).

3.10.1. ITocmynax

[TapadvHCKH MCeYIH Cy MPETXOHO 3arpejanu y Tepmoctary Ha +56 °C y Tpajamy oj
45 MuHyTa. 3atuM cy Jenapa@uUHUCaHM Yy KCUJIONY W HCHOUpaHM Yy omajaajyhum
KOHIICHTpAallMjamMa eTHJI aTKOX0Ja Y IHJbY JeXHIpaTallije TKBa Ha ciieehr HauuH: J1Ba IMyTa
Mo 5 MHUHYTa y arcoJIyTHOM ajKoxXxoiy, 5 mMuHyTa y 96% ankoxony, 5 muHyta y 90%
askoxoiy, 5 MunyTta y 70% ankoxoisy U Ha Kpajy 5 MUHYTa y JecTuioBaHoj Boau. [Ipenaparu
cy 6ojenn Mayer-osum xematokcuauaom (Sigma Aldrich, St. Louis, MO, USA) 10 munyTa, a
MOTOM CYy HMCITUPAHU JECTUIOBAHOM BOJOM, a HaKOH Tora TeKyhoM BOJOM y Tpajamy o S5
munyTa. [Ipenapatu cy 3atum 6ojern amkoxonHuM eozuHoM (Sigma Aldrich, St. Louis, MO,
USA) 2 munyta. Hakon 60jema TKUBO je JeXUAPATUCAHO U MPOCBETIHEHO Y KCHIIONY. Y LUJbY
nexujaparanyje kKopuiiheHe cy pacryhe koHueHTpaiuje amkoxoja M To: 5 mMuHyTta y 70%
AIKOXO0Jy, 3aThM 5 MuHYTa y 90% ankoxoiy, 5 MuHyTa y 96% ankoxoiry U Ha Kpajy JBa ImyTa
10 5 MHHYTA Y afcoJIyTHOM ajikoxoiry. HakoH 06ojema 1 mocTymnka aexujipaTaiuje, 100ujeHr
IpernapaTtd Ccy MPOCBETJHEHU IOTANamkeM TOKOM jeTHOT MUHYTa Y MELIaBHHM KCHIIONA U
arCoJIyTHOT ajlkoxoja y ogHocy 1:1, a motom zBa myta o 1 MUHYT caMo y Kcuitony. TKUBHU
uceuld Cy MpekpuBeHH KaHaga Oamsamom (Canada balsam, Centrohem, Cp6uja) wu

MMOKPOBHUM cTakJinMa. HakoH cymiema y Tpajamy o1 24 cara npemnapaTi Cy aHaJIM3UPaHH MO
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ceeriocHuM  mukpockormom (Olympus, Japan). Pesynraru XHCTONATOJIOIIKE aHAIM3E,
onnocHo H&E Gojema henmja, mpeacraBbenn cy cnukama. CTerneH nmpoMeHa Ha 0yope3uma u
cpuy onpeheH je Ha OCHOBY MPETXOIHO OMHUCAHHMX CKalla Koje Kiacudukyjy omrehema

HaBeneHuX oprana Ha rpagyce O-1V (144, 145).

3.11. Cuara cTyauje v BeJIMYHUHA Y30pPKAa

[IpopadyH yKymHOT y30pKa je 3aCHOBAaH Ha pe3yiaTaTHMa MPETXOJHO MyOJIMKOBAHHUX
crynuja (146). 3a mpopauyH je kopuinheH t-TecT 3a Be3aHH Y30pakK, IBOCTPYKO, V3
npernocTaBky anda rpemke ox 0,05 u cuare cryauje 0,8 (6eta rpemka 0,2) u y3 kopuitheme
oarosapajyher pauynapckor nporpama (147).

V3umajyhu y 003up pesyarare OBHX CTyAWja, YKyHaH OpoOj EKCIEepUMEHTAIHUX
KUBOTUA je mpopauyHaT Ha 104 (nmo 8 y cBakoj rpynu). Mmajyhu y Bumy MoryhHoct
UCKJbYYeHa HEKUX EKCIEPHMEHTAIHUX XMBOTHbA U3 3aBPIIHE aHAIM3E, YKYITHU CTY/IH]CKU

y30pak je yrBpher Ha HajMame 130 ekcriepuMeHTATHUX JKUBOTHEHA.

3.12. CratucTuyka odpaja mogaraka

3a cratucTHUKy 00pady nmojaTtaka kopumheH je craructuuku naker IMB SPSS 20.0
for Windows. 3a wucnuTHBame HOPMAIHOCTH PpACIOJee KOPHUCTHIM Cy C€ TECTOBU
Kolmogorov Smirnov u Shapiro Wilk u xucrorpam u normal QQ plot. 3a tectupame pasnika
n3Mely mapamerapa, y 3aBUCHOCTH O] BbUXOBE MPUPOJIE, KOpUCTHIN ¢y ce CTyIeHTOB T-TeCT,
Mann-Whitney tect, ®uiiepoB TecT arcoiyTHe BepoBaTHOhe, jemHO(AKTOpCKA WIIH
nBO(aKTOpPCKa aHaM3a BapujaHce. YKOJIUKO j€ YTBphEHO /1a MOCTOjU CTAaTUCTHUYKU 3Ha4yajHa
pasnuka u3Mel)y rpyna kopuctuo Se Bonfferoni tect kako Oum ce mcnmrano mismely kxojux
rpyna ce IojaBUja CTAaTUCTMYKM 3HavyajHa pasnuka. Bpeanoct p<0,05 ykaszyje Ha
CTaTUCTUYKU 3HaudajHy, a BpeaHocT P<0,01 Ha CTATUCTHUUKH BHUCOKO 3Ha4yajHy pasuKy.
BpennocTy ucIMTHBAHMX TTapaMeTapa MpruKa3aHe cy Kao cpelma BpeaHocT (X) + ctanmapHa

nesujanmja (SD). 3a xpeupame rpadukona u tadena kopumhen je Microsoft Excel.
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4.1. Yruuaj pacTtpapaya pa3jin4yuTe M0JaAPHOCTH HA MPUHOC eKCTPaKaTa
HBaILCKoOr 1Beha

[TpunukoM ekcTpakiuje HaA3eMHOTr neia uBamckor neeha kopumrheHu cy Boja,
METaHOJI M alleTOH Kao pacTBapavd. ¥ 3aBUCHOCTH O] MOJAPHOCTU KOpHINThEeHUX pacTBapada
caJpkaj CyBOT €KCTpaKTa y MCIIMTHBAHUM Y30pIIMMa Haja3uo ce y omcery ox 8,9 mo 12,3

(Tabemna 7).

Ta6ena 7. [IpuHocu excTpakiifje UBambCKOr 11Beha ynoTpeOom pacTBapaya pa3inyuTe
MOJIAPHOCTH.

Pacmeapau Ipunoc excmpaxma (9/100g opoze) %
Bona 10,2
MeTtaHon 12,3
AnieToH 8,9

4.2. XeMHjCKa KAapPaKTePHU3aLHja eKCTPAKATA HBAKCKOT HBeha

4.2.1.0oabpana jeoumwemwa y excmpakmuma uearckoz ueeha

HPLC xpomarorpamMu MeTaHOJHOT, BOJACHOT M AalleTOHCKOT €KCTpaKTa HaJa3eMHOT
nema G. verum mpukazanu cy Ha Cimmm 8, 9 m 10. HPLC amanms3a otkpuina je ma cy
Haj3aCTyIUbCHHU]A JEIUHbCHA Y METAHOTHOM EKCTPAKTY: XJIOPOT€HCKA KUCETWHA, IIUHAPO3U/T
(myreonun-7-O-TyKo3un), KBepueTuH-3-O-TayKo3u/1, KBEepLETHH, TyTe0JIMH, N30PAMHETHUH U
ypcoliHa KHCENMUHa. Y BOJEHOM EKCTPaKTy jeHbermha Koja cy Oulia y HajBUIIEM MPOIEHTY
3aCTyIJbEHA Cy: XJIOPOTEHCKA KHUCEeNNHA, P-KyMapruHCKa KUCEIHHA, IMHAPO3Ua (JIyTeOIHH- /-
O-riyko3um), KBEPIETWH, JYTEOJIMH, HW30paMHETHH W YypcoiiHa KucenuHa. JlomatHo,
JOMHHAHTHO MECTO Y alleTOHCKOM eKCTpaKTy 3ay3umajy cieaehu Ouomonexymnu:
XJIOPOT€HCKAa KHCENHMHA, IMHAPO3UA (JIyTeoNuH-7-O-TIyKo3ua), KBepueTuH-3-O-TIyKo3u,
KBEPIICTHH, JIyTEOJHH, W30pPaMHETHH W YPCOJIHA KHCElMHA. XJIOPOTeHCKa KHCEIMHAa Ce

UCTHYE M0 HajBehoj KOHIIEHTpalMjH Y CBUM UCIIUTUBAHUM €KCTPAKTHMA.
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Cauka 8. HPLC xpomarorpam MeTaHoJcKOT ekcTpakta G. verum: jennmeme 1- xjioporeHcka
KHCEIIMHA; JeIUBbECHE 2- IIUHAPO3U/T; jeIubehe 3- KBepLeTUH-3-O-TIyKO3U I, jeiumbemhe 4-
KBEPIIECTHH; JSIHBCHE 5- JTYTCONH; jeTHbCHE 6- N30PAMHETHH; jJeUHCHE /- YPCOTHA
KHCEJIMHA.
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Cauxa 9. HPLC xpomarorpam BozeHor ekctpakTta G. Verum: jemumemne 1- Xxmoporencka
KHCEIINHA; jeIUbCHe 2- P-KYMapHHCKA KUCEIIHHA; JeTUHCHC 3- IIMHAPO3UT; jeTUbEhE 4-
KBEPIIECTHH; JSIUBEHHE 5- JTYTCOINH; jeTHBCHE 6- N30PaAMHETHH; JeTUHCHE /- YPCOTHA
KHCEJIMHA.
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%10 4 | ES| MAM, sesinns aanmo
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Cauxa 10. HPLC xpomaTorpam arneToHcKor ekcTpakta G. verum: jennmemme 1- XsoporeHcka

KHCEIINHA; jeIUBEHe 2- ITMHAPO3U]T; jeIHBEHe 3- KBepleTHH-3-O-TITyKO3HT; jeumhemhe 4-
KBEPIIETHH; JeIUBbEHE 5- JTYTCONINH; jeIHBCHE 6- N30PAaMHETHH; jeIHBCHE /- YPCOJTHA

KHUCCJINHA.

59



Josana bpaouh

PE3YJITATH

Ta6esa 8. Konnentpaiija oqabpanux 6uomosnekyna y ekcrpaktuma G. Verum uspaxeHa Kao
Lg/g CYBOT EKCTpaKTa.

. Auyemoncku Memanonnu Booenu Pemenuuono
HNme jenumema
eKcmpaxkm eKcmpaxkm eKcmpaxkm speme [tr]
L YpconHa KucennHa 5376 + 35 8900 + 58 30,3+0,2 9,5
Xioporera 20368 +1018 15561+ 778 27420 + 1371 08
KHCCIINHA
3. UzoxBepueTnH 6900 + 207 6873 + 206 290 £ 8,7 2,25
4 unaposun 6918 + 207 9612 + 288 5032 + 151 2,13
5 Ksepuerun 145,6 + 437 179,1 +537 12,2+37 3,74
6. p-xymapuicka 44,9 + 4,0 54,3 + 4,9 137,6 + 12,4 1,69
KHUCCIINHA
Actparanua 724+29 93,8 +3,8 63,725 2,8
Kagemcxa 2424+ 1,7 196+1,4 226+1,6 1,18
KHUCCIINHA
9 LIRS 15,8+ 1,6 173+1,7 38.8+39 1,9
KHUCCIINHA
10 Jlyreonun 19,7+1,0 33,9+1,7 10,0+ 0,5 4,03
11 Msopamuerun 38,5423 60,2 + 3,6 2,2+0,1 4,79
12, Anurerpun 225+1,1 45,8423 155+ 0,8 2,81
13, Eamomres 159+ 4.8 147444 14544 1,24
KHUCCIINHA
14. p-
XUJIPOKCHOEH30€Ba 10,6 £ 0,6 8,0+£0,5 26,7+1,6 1,08
KHUCCIINHA
15 Kemndepon 9,4+ 0,6 73+05 0,5 + 0,04 4,55
16. XecniepeTuH 12,9+0,2 144+ 0,4 1,0+ 0,05 444
1 s 19402 18+0,1 31402 0,79
KHUCCIINHA
18.  pammernn <528 < 4,89 < 4,89 5,84
19. Nuocwmernn 6,1 12,4 2,9 5,02
20. Py3mapuHcKa 19 03 14 243
KHCEIUHA ' ' ' '
21, Anusapun <26 <244 <244 5,95
22, Amumm <0,16 <0,16 <0,16 2,6
23 Bajkamun <0,16 <0,16 <0,16 3,4
24. EnuranokarexuH <065 <061 <061 081
rajar ' ' ' '
25. Enukarexun < 0,65 <0,61 <0,61 0,95
26, Tnuuupusun <0,16 <0,16 <0,16 7,41
27 Xuneposun <0,32 <0,31 <0,31 2,16
28.  Karexun <0,65 <0,61 <0,61 0,74
29 Mupuuerun < 20,85 < 19,55 < 19,55 2,67
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. Auyemoncku Memanonnu Booenu Pemenuuono
HNme jenumema
eKcmpaxkm eKcmpaxkm eKcmpaxkm speme [tr]

30.  0- kymapuHCKa <0,16 <0,16 <0,16 2,62

KHCCIINHA
3L Pyrum <0,16 <0,16 <0,16 2,33
32. I'munuperuHcka <032 <031 <031 893

KHACEIIMHA ' ' ' '
33 Enarma xucennna <0,32 <0,31 0,6 + 0,01 2,61
34. Keepuutpun <0,16 <0,16 <0,16 2,75
35 Burekcun <0,16 <0,16 0,3+ 0,02 1,9

4.2.2. Caopoicaj ykynnux penona u pragonouda y ekcmpakmuma

YxynHu canpxaj ¢enonma Ouo je HajBehm y BOJIEHOM, a HajMambH Yy METAaHOIHOM
eKkcTpakTy uBamckor useha. JlogatHo HajBehu caapxkaj ¢daaBoHOMZA OTKPUBEH j€ Y

METAaHOJIHOM, a HajMamH y alleTOHCKOM eKCTpakTy. Pe3ynratu cy npukasanu y Tabenu 9.

Ta6esa 9. Yxynuu cagpikaj ¢heHona u ¢paBoHOHIA y €KCTpaKTUMa UBAECKOT 11Beha.

MeTaHOJHH
BOZICHI/I CKCTPAKT AHeTOHCKH €CKTPAKT
eKCTPaKT
VKkynnu caapxaj penona’ 27,34+2,12 127,57 + 11,25% 101,58 + 7,96**"
Yiynuu canpaaj 67,11+ 4,13 6124+ 6,11° 30,51 £ 3,37
draBonoua

®mg exBuBanenta ranue kucenune (EGA)/g c.e.; bmg exBuBasneHTa kBepueruHa (EQU)/g c.e.;
C.€. - CYBM €KCTPaKT; PUKa3aHa je cpelliba BPEAHOCTH TPH Mepema + CTaHIapHa JIeBUjaluja
(X = SD). **craructuuku 3HauyajHa pasznauka Ha HHMBOY P<0,01 npuinkom nopehema
Al[CTOHCKOr ¥ METAHOIHOT eKCTPAKTa; 'CTATHCTHYKM 3HAYajHA pasinka Ha HuBOy P<0,05
TIPHIAKOM Tiopeljerba alleTOHCKOT M BOJGHOT eKCTPAKTa; ' CTATHCTHIKY 3HAYajHA Pa3iiuKa Ha
HuBoy P<0,01 mpummkoMm mopeljersa aleTOHCKOT M BOJACHOT EKCTPAKTa;  CTATHCTHUKH
3Ha4ajHa pas3yuka Ha HUBOYy P<0,05 mpunukom nopeherma METaHOTHOT ¥ BOJICHOT €KCTPaKTa,
Weratuernuky 3HavajHa pasnuka Ha HEBOY P<0,01 mpmiEKOoM Topeliera METaHOTHOT U

BOACHOI' CKCTPAKTA.

4.3. Kamanurer HeyTpaaucama DPPH  pagukana

PeBy.]'ITaTI/I HCIIUTUBAalka aHTUOKCUIAIMOHE aKTHUBHOCTH C€KCTpaKaTa MBaHCKOT! uBeha

yKa3yjy Ha To 1a Hajsehu moreHuujan Heyrpanmusauuje DPPH’ mocenyje mMeranonnu, HakoH
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gera ce UCTUYE BOJICHU eKCTpakT. C Japyre cTpaHe, akTUBHOCT alleTOHCKOT eKCTpaKkTa Ouia je
CTaTUCTHYKU 3HAYajHO HUXKa y mopehemy ca MeraHoimHuM U BojeHuM (P<0,05). Kamanurer

neyrpaimucama DPPH’ uspaxen je nmpexo IC50 Bpennoctu koje cy npukasane y Tabemu 10.

Tademna 10. Kananurer ncnutuBanux excrpakara jna neyrpamuiry DPPH pamukait.

Y3opak IC50% (ng/mL)
Boaenn ekcrpakr 8,78 £0,10
MeTaHOJIHH eKCTPAKT 9,63 +£0,32
AIIETOHCKHM €KCTPaKT 11,65 +1,16** #
BHT 11,64 1,144 1

Bpennoctu cy npukasane Kao cpelmba BpeJHOCTH TPH Mepema + cTaHIapAHa Aesujanuja (X +

SD); BHT - OyruioBaHM XHIPOKCHUTOJYEH. **CTAaTUCTUYKH 3HAYajHA pa3liika Ha HUBOY
# .

p<0,01 mpunukom nopehema aeTOHCKOr M METaHOJICKOT €KCTPaKTa; CTaTUCTHYKH 3Ha4YajHa

paznuka Ha HHBOY P<0,05 mnpmimkoMm mnopehema aneTOHCKOT W BOJEHOT EKCTPAaKTa;

WeratucTiuky 3HauvajHa pasimka Ha HEBOY P<0,01 mpmamKoM mopeliema METaHOICKOT

excrpakta 1 BHT; Terarucriukn snauajua pasmuka ma HuBoy p<0,05 mpmmmkom mopelersa
BOZICHOT eKkcTpakta u BHT.

4.4. AHTUMHMKPOOHA aKTMBHOCT €KCTPAKAaTAa HBAKCKOT HBeha

In vitro ucnuTHBaEme aHTUMHKPOOHE AKTHBHOCTH €KCTpakata HBamcKor IBeha
crnpoBesieHo ja Ha 10 Bpctu marorenux Oakrepuja u 10 Bpctu ripuBa. Bpennoctu MUK u
MMK onrosapajyhux ekcrpakara, Kao ¥ JOKCHUIIMKIMHA U (IIYKOHA30J1a Ka0 MO3UTHBHUX
KOHTpOJIa NpuKa3zanu cy y Tabenu 11.

WHTEeH3uTeT aHTMMUKpPOOHE aKTUBHOCTH Bapupao j€ y 3aBUCHOCTH O]l TECTHPAHOTr
MHUKpOOpranusma u tumna ekcrpakta. MUK BpeqHOCTH 3a HCTUTHBAaHE €KCTPAKTE HaJla3uje Cy
ce y oncery ox <0,078 mo 5 mg/mL. Hajsehy ocetsprBOCT mokasaia je 6akrepuja Bacillus
subtilis ATCC 6633 ca Bpennoctu MUK <0,078 mg/mL 3a meTanonHu u anetoHckd u 0,313
mg/mL 3a BomeHH eKCTpakT. M3pakeHa aHTHOAKTEpHjcKa AKTHBHOCT CBUX TECTHPAHUX
eKcTpakara yodeHa je npema Oakrepujama Staphylococcus aureus ATCC 25923 u Salmonella
enterica ca Bpeanoctuma MUK 1,25 mg/mL.

AHTUTJbUBUYHA AaKTHBHOCT WCIHMTHBAHUX EKCTpakaTa Owia je reHepayiHo ciaba, a
n00HjeHn pe3ynTatu cy npukaszanu y TabGenu 12. CBU UCIUTHBAHU €KCTPAKTH MCTIOJBHIIU CY
YMEpeHY U HIKY aKTMBHOCT NpemMa BehuHHM KBacHUIA U (PUIAMEHTO3HHUX IJbHBA Y OJTHOCY Ha
MO3UTUBHY KOHTposy. M3y3erak je youeH KOJ alleTOHCKOI €KCTpakTa IpeMa BpPCTU
Aspergillus niger ATCC 16404 ca Bpeanoctt MUK 0,625 mg/mL, umja je aHTUT/BHBHYHA

AKTUBHOCT OWMJIa BHINIA Y OJTHOCY Ha (IIyKOHA30IL.
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4.5. AHTHOOHO(NIM AKTHBHOCT €KCTPAKATA HBAakbCKOT IiBeha

HcnutuBame in Vitr0 aHTHOMO(HIM aKTUBHOCTH CIIPOBEIHO j€ Ha 2 BpCTe OakTepHja
U pe3ynTaTH cy npukazanu y Tabenu 13. BogeHu eKCTpakT je UCIOJbHO CHAKHUjH edeKaT o]l
METAHOJIHOT M alleTOHCKOI CKCTpakTa Ha HMHXHOHIM]y (opmupama Ouoduama B. subtilis
ATCC 6633 u P. mirabilis ATCC 12453. HauMe Huje yodyeHa 3HadajHa AKTHBHOCT
METaHOJHOT U aIlleTOHCKOT €KCTPaKTa y TECTHPAaHUM KOHIIeHTparjama. EdukacHocT BogeHOT
ekcrpakta y dopmupamy Ouopunma B. subtilis ATCC 6633 u P. mirabilis ATCC 12453
youeHa je mpu KOHIeHTpauuju ox 5mg/mL. JlomaTHO BOAEHH EKCTPAKT je HCIOJbHO
aKTHBHOCT mpeMa dpopmupanom ouodunmy P. mirabilis ATCC 12453 npu KOHIEHTpAIKjH O]
5,47 mg/mL.

Ta6ena 13. AHTHOMODIIM aKTHBHOCT €KCTpaKaTa MBambCKOT 1Beha.

®opmupame Ouopuaima ®opmupanu 6uodpuaIm

Tun excTpakra
p Bognenn Metanoanun Aneronckn Bogenu  MeranHoanu  AneroHckn — TerpanukjivH

Bpcra BUK5,

MHUKPOOpPraHuimMa

B. subtilis

ATCC 6633 5 >10 >10 >10 >10 >10 <156
P. mirabilis

ATCC 12453 > >10 >10 5,47 >10 > 10 156

*bUK—muHuManHa OuoduiaM MHXMOMTOpHA KOHIIEHTpaldja mpu Kojoj je mouuto g0 50%

MHXUOUIM]je- 32 OMJbHE EKCTPaAKTe U3paxeHa je y mg/mL, 1ok je 3a antuOuotuk y pg/mL.

4.6. AHTHHH(IAMANMjCKA AKTUBHOCT eKCTPaKaTa nBambCKor nseha

MeTtaHoHU eKCTpakT uBamCcKor 1Beha y mo3u o1 500 mg/kg u 250 mg/kg ucrnossuo je
3Hauajuy (p<0,05-0,01) wHXMOMIMjy emeMa mame mamoBa HakoH 1., 2., 3. u 4. cara of
alyIMKalMje KaparecHnHa y OJHOCY Ha KOHTPOJIHY rpymy. JlomaTHo, HajHIKA 7032 JTOBEja je
70 3HaYajHe WHXUOHWIMje eleMa Iiarne HakoH 2., 3. W 4. cara o1 NMPHUMEHE KapareHHHA.
MelyTuM MHIOMETAIMH je M3a3Bao MPOIEHTYaTHO Behe CHIKEE efeMa Iiane y OJHOCY Ha

CBE TPETUPAHE U KOHTPOJIHY Ipyny y 2., 3. u 4. cary.
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Ta6ena 14. YTunaj excrpakara uBamCKor Beha Ha CMambemke 1eOJbUHE MIaTe MaroBa.

IMosehame nedbuHe mane namosa (Mm) ( % uHxUOUUH]jE)

I'pyne 1h 2h 3h 4h
50 GVE 0,84 +0,01 (6,7) 1,56 £0,13*(17,02) 2,18 +£0,23* (11,38) 1,56 & 1,13** (25,71)
100 GVE 0,75 + 0,04* (16,6) 1,22 +£0,3*%*%(35,1) 1,78 £0,12** (27,64) 1,56 +0,2** (26,62)
200 GVE 0,4 +0,03* (33,3) 1,1**+ 0,4 (41,49) 1,67 +0,2** (32,25) 1,4 £0,3** (33,3)

HngoMeranun 0,79 £ 0,01 (12,2) 1,01 £0,12** (46,81) 1,16 = 0,04** (52,77) 0,9 +1,3** (57,14)
Kounrpona 0,9+0,02 1,88 £0,11 2,46 £0,23 2,1+0,17

Pesynarati cy mpukazaHu Kao cpelma BpEAHOCT + craHmapina neBwjaiuja (X £ SD);
*CTATUCTUYKM 3HAuajHa pasnuka Ha HuBoy P<0,05 y oJHOCY Ha KOHTPOJHY TpyIly;
**CTaTUCTUYKK 3Ha4YajHA pa3iuka Ha HuBoYy P<0,01 y oJjHOCY Ha KOHTPOJIHY TPYILY.

4.7. EdpexTn ekcTpakaTa uBamCKOr uBeha na mopgomerpujcke
KapaKTepUCTHKE ManoBa

4.7.1. E¢hexmu excmpakama usarckoz yeeha na menecHy macy »cueomurva

Ha mnoueTky ekcreprMEHTAaTHOI IMPOTOKOJa CBE 3/paBe XUBOTUHE YKIJbYUEHE Y
ctynujy Oowmie cy tenecHe mace 210 = 40 g, 10K Cy COHTaHO-XUIIEPTECH3UBHE KHUBOTHHHE
texwie 150 + 30 g. HakoH ueTBOpoHeIEJbHOI TpeTMaHa EKCTPAaKTHMa MBAmbCKOT IiBeha
YOUEH j€ MopacT TeJeCHE Mace y OAHOCY Ha MPBH JIaH €KCIEPUMEHTAIHOT NMEepHoa KO CBUX
KHUBOTHHbA. [lopeuiu cMo TelleCHY Macy 3[paBUX HETPETUPAHUX >KUBOTHHA Ca CIIOHTAHO
XHUIIEPTEH3UBHUM HETPETUPAHUM, Ka0 M 3/JpaBe M CIOHTAHO XUIIEPTEH3UBHE IMAI[OBE KOjH Cy
npumain ucty no3y excrpakra (CTRL vs SHR, 500 GVE vs SHR + 500 GVE, 250 GVE vs
SHR + 250 GVE u 125 vs SHR + 125 GVE). Youunu cmo jga je TemecHa Maca 37paBHX
KHUBOTHH-a OWJIa 3HAYajHO BHILA y OJHOCY HA CIIOHTAHO XMIIEPTEH3MBHE KUBOTHHE Y CBHUM
rpynama. Melhytum HakoH 28 naHa TepanujcKor MpOTOKOJa HHUCY 3a0elieKeHe CTATUCTUYKU
3HaYajHe pa3liuKe y BPEAHOCTHMA TelleCHe Mace M3Mel)y 3/paBHX HETPETHpPAHHX M 3ApaBUX
maoBa Ha TpPeTMaHy eKCTpakTUMa HBamcKor IBeha. Takole koH3ymanmja ekcrpakara
uBamCKOr IBeha HUje 3HAYajHO yTHIANa Ha MPOMEHY TeJECHE Mace, HU Y CMUCIY HEHOT

npupacta HUTH TyouTka Ko SHR mamoga.
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4.7.2. E¢hexmu excmpaxkama usarckoz yeeha na macy cpua, jempe u 6yopeza ycusomurva

Henocpenno HakoH XpTBOBama >KUBOTHHIA M30JIOBaHM Cy OyOper, jeTpa u cple.
ArconytHa Maca OyOpera W jeTpe HM3MEpeHa jeé HaKOH JKPTBOBama, JIOK je Maca cpia
M3MEpeHa HAKOH 3aBpIlleTKa MPOTOKoJia ucxemuje U penepdysuje Ha Langendorff amapary.
W3pauyHaTa je ¥ peiaTMBHA Maca OpraHa Koja Mpe/cTaBba OJHOC allCOJIyTHE Mace OopraHa
(mQg) u TenecHe Mace KUBOTHILE (J). 3a CTATUCTHUKY aHAIKM3Y eeKaTa eKCTpaKaTa HBaHCKOT
nBeha Ha MopdomeTpHjcke KapaKTepHCTUKE KOPHUCTHIIM CMO BPEIHOCTH pEIaTUBHE Mace.
[Topenuim cMo penaTuBHY Macy cpiia, Oyopera u jeTpe 3IpaBUX HETPETHPAHUX KUBOTHHbA Ca
CMIOHTAHO XWIIEPTEH3WBHUM HETPETHUPAHUM, KA0 M PEIATUBHY Macy 3JIpaBHX U CIIOHTAHO
XHUIIEPTEH3WBHUX T1all0Ba KOjU Cy NMPHUMAaJIH MCTY J03y eKCTpakra. Pesynratu ykasyjy naa je
penatuBHa maca cpua Beha kon cBux rpyna SHR y onHocy Ha 31apaBe maroBe, a 3Ha4yajHH
ckok je youeH y SHR + 250 GVE rpynu y ognocy va SHR + 125 GVE rpymy.

Kana je peu o pernaruBHOj Macu OyOpera oHa je O6mna Buma koq SHR u SHR + 500
GVE y omnocy Ha CTRL u 500 GVE. PenaruBna maca jerpe je 6una Huxa y SHR y omHoCcy
Ha CTRL u Buma y SHR + 250 GVE y onnocy na 250 GVE. V rpynu 250 GVE youeno je
cHIKeme y oaHocy Ha CTRL, mok y rpynu XumepTeH3MBHHUX HHje OWIIO CTaTUCTHYKU

3HAYajHUX pasiiuka u3mehy rpyna.

Ta6ena 15. Edextu excTpakTa UBamCKOr 1Beha Ha TelecHY Macy MaloBa U arncoylyTHE Mace
cpua, 6yopera u jerpe.

TM (9) MC (9) MB(9) MJ (9)

CTRL 319,83 + 21,23 1,13 + 0,04 0,9 + 0,09 13,2+0,15
125 GVE 340,23 £ 15,6 1,22 £0,07 1,02 £0,23 129+2,1

250 GVE 356 + 19,6 1,21 +£0,5 1,01 +£0,76 11,64 + 0,87
500 GVE 336,75 + 37,78 1,25+0,1 0,91+ 0,1 13,05+ 0,2
SHR 210 + 15% 0,94 £ 0,08 0,65 £ 0,09 6,890+ 0,9
SHR+125 GVE 2152+ 10° 1,02 £ 0,04 0,63 +0,02 7,78+ 0,012
SHR+250 GVE 203,2 + 15,3 1,05 + 0,07 0,62 + 0,04 8,08 + 0,02
SHR+500 GVE 2056 + 14,97 1,01 40,01 0,61+ 0,03 7,36 £ 0,87

Bpennoctn cy mpukazaHe Kao Cpelma BPEIHOCT =+ craHmapiHa aeBujanuja (X+SD).
*CTaTMCTHYKM 3Ha4ajHa pasirka Ha HuBoy P<0,05 y omgnocy na CTRL rpyny; “3Hauajuoct Ha
nuBoy P<0,05 y omnocy Ha 125 GVE rpyny; B3HaqajHocT Ha HUBOY P<0,05 y ogHocy Ha 250
GVE rpyny; 'pasnuka na ausoy p<0,05 y oxnocy na 500 GVE rpyny; TM- TenecHa maca;
MC- maca cpua; Mb- maca Oyopera; MJ- maca jerpe.
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Tabesna 16. Edextn ekcTpakTa HBamCKOT 11Beha Ha pelaTuBHYy Macy cpia, Oyopera u jeTpe.

MC/TM MB/TM MJ/TM
CTRL 353,31 2814 4127,19
125 GVE 358,58 299,80 3791,55
250 GVE 339,89 283,71 3269,66*
500 GVE 371,20 270,23 3875,28
SHR 447 ,62* 309,52* 3280,95*
SHR+125 GVE 473,98 292,75 3534,76
SHR+250 GVE 516,73% 305,13 3976,38°
SHR+500 GVE 491,25 296,69 * 3579,77

Bpennoctu cy mpukasaHe Kao Cpeima BpPeIHOCT + craHmapaHa aeBujanmja (X+SD).
*CTaTUCTUUKK 3HAYajHa pasinka Ha HuBoy p<0,05 y omrocy na CTRL rpyny; “Craructiukn
3HauajHa pasznuka Ha HUBOY P<0,05 y omnocy Ha 125 GVE rpyny; PCrarucriuku 3HauYajHa
pasnuka Ha HEBOY P<0,05 y omrocy Ha 250 GVE rpymny; 'CraTucTHuKy 3Ha4YajHa pa3inka Ha
uuBoy p<0,05 y oxmocy ma 500 GVE rpymy; *CTaTHCTHUKM 3HAaYajHA PA3IMKA HA HHBOY
p<0,05 y omnocy na SHR+125 GVE rpyny; MC/TM — oaHOC Mace cpiia ¥ TeJIECHE Mace;
MB/TM - oxroc Mace cpiia OyOpera u tenecHe mace; MJ/TM — ogHOC Mace jeTpe U TelecHe
Mmace.

4.8. EdexTn ekcTpakaTa uBamckor npeha Ha Mmapkepe okCHIaAIHMOHOT
cTpeca y KpBH IIaoBa

4.8.1. E¢pexmu excmpakama usarckoz yeeha na cucmemcku pedokc cmamyc 30pagux

nayosa

4.8.1.1. Edextu excTpakaTa WBamCKOT 1Beha Ha IpOOKCHIAIMOHE TTapaMeTpe MEPEeHe y KPBU

3paBuX MmamnoBa

Bpennoctu npookcunanmonnx mapametrapa TBARS, NOy, O; u H,O, mepenux y
IUIa3MU MAaIj0Ba Ha TpeTMaHy ekcTpaktima y no3u ox 500 mg/kg, 250 mg/kg u 125 mg/kg kao
U HETpeTHpaHuX IMaloBa IpuKazaHe cy TabenapHo u rpaduuku (Tabema 17, I'padux 1).
Bpennoctu mapaMerapa cy M3pakeHE Kao Cpelmha BPEJHOCT + CTaHJapiHa JeBHjaluja
(X+£SD) ca craTicTHYKM 3HaYajHOM pa3iuKoM 3a BpeaHoct P<0,05.

CBHM MCIIUTHBAHU MTPOOKCHUJIALIMOHN MapKepH OUJIM Cy CTAaTUCTUYKH 3HAYajHO HUKH
y TPyIH KoOja je Omia Ha TpETMaHy HajBUIIIOM JI030M, JIOK j€ IPUMEHA €KCTpPaKTa y J03H O

250 mg/kg cmamuna konnentpaiuje Oy H,O, u TBARS y omHOCy Ha KOHTpOJIHE YCIIOBE.
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Hajamxka n03a excTpakrTa AoBelna je 10 cMamema KoHneHtpanuje O, u HyO, y mopehemy ca
BpEeIHOCTUMA y TPYyIU HeTpeTupanux namosa Takohe nmxke Bpeanoctu Oz, H,O, u TBARS
ouse cy 3a0enekeHe HAKOH TpeTMaHa eKcTpakTtoM y ao3u ox 500 mg/kg y omnocy Ha 125
mg/kg, nok je konuentpamuja H,O, Onna HuKa y TPYIIH Ha TPETMaHy HAjBHIIOM y OAHOCY Ha
cpeamy 103y ekcrpakta. Huje Omino pasiuka y BpeJHOCTHMA HaBEICHUX Mapamarapa y rpynu

KOja je KOPUCTHIIA CPE/IHE M HAjHIDKE J103€.

Tabena 17. Edextu npumeHe ekcTpakara UBambCKOT 1[Beha Ha MPOOKCHIAIMOHE TTapaMeTpe
(TBARS, NO;’, O, u H,0,) y mia3mu 3apaBux narosa.

TBARS (pumol/ml) NO, (nmol/ml) O, (nmol/ml) H,O, (nmol/ml)
CTRL 0,98 + 0,09 2,8+0,1 1,36 +£ 0,22 3,2+0,32
125 GVE 0,68 £ 0,05 2,56 +£0,31 1,17+ 0,1 2,59+0,13
250 GVE 0,51 +0,08 242 +0,11 1,16+ 0,16 2,54 +£0,25
500 GVE 0,38 £ 0,03 2,39+0,12 1,1 +0,15 2,36 +£0,23

Bpennoctu cy npukasane Kao cpeiiba BpeAHOCT + cTaHaapaHa aesujaiuja (X+SD).

1,5 4

TBARS (umol/ml)
*
NO,™ (nmol/ml)
w
*

CTRL 125 GVE 250 GVE 500 GVE CTRL 125 GVE 250 GVE 500 GVE

Oz (hmol/ml)
-
—
—
H,05 (nmol/ml)
~
. .
—
—_
—

CTRL 125 GVE 250 GVE 500 GVE CTRL 125 GVE 250 GVE 500 GVE

I'pagux 1. IIpookcunammonu napamerpu (TBARS, NO,, O u Hy0;) mepenn y miazmu
3[paBUX MalO0Ba Ha TpeTMaHy ekctpaktuma y no3u ox 500 mg/kg, 250 mg/kg u 125 mg/kg
Kao W HETPETHPAHWX 3/IpaBHX IaroBa. BpemHOCTH Cy mMpuKazaHe Kao Cpelma BPETHOCT +
cranfapana aesujanja (X+SD). *Cratuctuuku 3HavajHa pasnuka Ha HuBoy pP<0,05 y

onrocy Ha CTRL rpymy; *Crarucriuku sHauajua pasnuka Ha ausoy p<0,05 y oxrocy Ha 500
GVE.
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4.8.1.2. EdexTn excTpakaTa UBambCKOT 11Beha Ha aHTHOKCHIAIIMOHE TTapaMeTpe MEepeHe y
KpBH 3JIpaBUX MaIoBa

Bpennoctu antnokcuaanuonux napamerapa SOD, CAT u GSH mepenux y nuzaty
EpUTPOIIMTA 3/IpaBHX IMAI[0Ba Ha TPETMaHy ekcTpaktuma y ao3u oa 500 mg/kg, 250 mg/kg u
125 mg/kg, xao u HeTpeTHpaHUX MAIOBa MpHKa3aHe cy Tabemapuo u rpaduuku (Tabena 18,
I'padux 2). BpenHocTn mapamerapa Cy H3paKCHE Kao Cpelllba BPEIHOCT + CTaHIapaHa
nesujayja (X+SD) ca craructuyky 3Ha4ajHOM pa3iukoM 3a Bpearoct P<0,05.

AxtuHOocT SOD je Omna 3Ha4ajHO MOBHUIICHA Y TPYNH KoOja je Owmiia HAa TPETMaHy
ekctpaktom y mo3u ox 500 mg/kg u 250 mg/kg y omHOCY Ha HETpeTHpaHE >KHBOTHIHE.
3Ha4yajHO HUXKA aKTMBHOCT OBOTI' €H3MMa 3a0eJiekeHa je y IpyNH Koja je KOPUCTHIIA HaJHUXKY
no3y (125 GVE) y ognocy Ha cpeamy no3y (250 GVE). Cnuune Bpennoctn CAT u GSH

OwJie Cy IPUCYTHE Y CBUM IpyliaMa 3[[paBUX KHUBOTHHA.

Ta6ena 18. Edextu npuMeHe ekcTpakaTa UBAamBCKOT 1iBeha Ha aHTHOKCHIAIIMOHE ITapaMeTpe
(SOD, CAT u GSH) MepeHe y 1u3aTy epUTPOIIUTA 3[PaBHX MMAI[0Ba.

SOD (U/g Hb x 10%) CAT (U/g Hb x 10°) GSH (nmol/ml RBC)
CTRL 16,5+2,8 7,6+0,5 89560 + 4500
125 GVE 19,8 +3,1 8,9+ 0,6 92748 + 2110
250 GVE 223+2,5 8,7+0,5 93045 £ 2500
500 GVE 25,8+ 1,6 8,4+09 92005 £+ 5200

BpennocTu cy mpukasaHe Kao cpeliha BpeIHOCT + cTanAapaHa aesujaimja (X+SD).
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I'padpux 2. Antuokcumauuonu mnapamerpu (SOD, CAT u GSH) wmepenu y nuzaty
epUTPOLIUTA 3[IPAaBHUX MAll0BA HA TPETMaHy eKcTpaktuma y ao3u ox 500 mg/kg, 250 mg/kg u
125 mg/kg, ka0 u HeTpeTHpaHHX 3[paBHX MalnoBa. BpeqHOCTH Cy MpHKa3aHE Kao Cpeima
BpeIHOCT * craHaapiaHa aesujauuja (X+SD). *CrarucTtuuku 3HauyajHa pasivka Ha HHUBOY
p<0,05 y ommocy ma CTRL rpymy; "Crarucruukn 3HauajHa pasnnka Ha HuBoy p<0,05 y
omHocy Ha Tauky 500 GVE rpymy.

4.8.2. E¢pexmu excmpakama ugarbckoz yeeha na cucmemcku pedoKkc cmamyc CROHmMAano

XUnepmeH3uéHux nauoea

4.8.2.1. Edextn excTpakaTa nBamCKOT 1Beha Ha MpoOOKCcHIAIIMOHE MTapaMeTpe MepeHe Y KpBU

CIIOHTAHO XUIICPTCH3MBHUX IMallOBa

Bpennoctu npookcunanmonux napamerapa TBARS, NO,', O u HO, mepenux y
IUIa3MU CIIOHTaHO XUIIEPTEH3UBHUX IMal[0Ba HA TPETMaHy eKcTpakThMa y 103u ox 500 mg/kg,
250 mg/kg u 125 mg/kg kao u HeTpeTHpaHUX CIIOHTAHO XUIEPTCH3WBHUX MAIlOBA MPHKa3aHE
cy TabenapHo u rpapuuku (Tabena 19, I'padux 3). Bpennoctu napamerapa cy uzpaxkeHe Kao
Cpelma BpeIHOCT + cTanaapaHa aeBujanuja (X+SD) ca cTatucTHYKy 3HaYajHOM Pa3IHKOM 32
Bpeanoct p<0,05.
ITpumena ekcrpakta y mo3u ox 500 m 250 mg/kg moBena je 10 CHIDKEHa CBHX
OnoMapkepa OKCHAALMOHOT CTpeca, MoK je no3za ox 125 mg/kg moBena no mama y

koHneHrpanajama HyO, u TBARS y omgHOCy Ha HETpeTHpaHE CIIOHTAaHO XHWIIEPTEH3UBHE
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xuBoTue. Bpennoctu Oz u HoO; cy 6uite 3Ha4ajHO HUKE Y TPYNU HA TPETMAHy HajBUIIOM y

OJTHOCY Ha HaJHUXKY J03Y.

Tabena 19. Edextu nmpumeHe ekcTpakaTa HBambCKOT iBeha Ha MPOOKCHIAIIMOHE TTapaMeTpe
(TBARS, NO;’, O 1 H;05, 1) y riia3mu CHOHTaHO XHMITEPTCH3MBHUX T1aII0BA.

TBARS (pumol/ml) NO," (nmol/ml) O, (nmol/ml) H,0, (nmol/ml)
SHR 1,69 + 0,05 4,15+0,01 3,8+£0,42 4,56+ 0,15
SHR + 125 GVE 1,25+ 0,08 4,09+0,1 3,31 +0,54 4,1+0,31
SHR + 250 GVE 1,22+ 0,07 3,75+0,12 3,23 +£0,62 3,97+0,19
SHR + 500 GVE 1,13 £ 0,06 3,77+0,3 3,12+0,31 3,68 +0,17

Bpennoctu cy nmpukasane Kao cpejiiba BpeIHOCT + cTaHaapaHa aesujamnuja (X+SD).

(N

5 |

1 1

SHR +125 GVE SHR + 250 GVE SHR + 500 GVE SHR +125 GVE SHR + 250 GVE SHR + 500 GVE

4 -
3 -
2

2 -
1

14
0 - 4

SHR +125 GVE SHR + 250 GVE SHR +500 GVE SHR +125 GVE SHR + 250 GVE SHR + 500 GVE

TBARS (umol/ml)
NO,* (nmol/ml)
w

=3
n

O, (nmol/ml)
H,O, (nmol/ml)
w

I'padux 3. IIpookcumarmonn napamerpu (TBARS, NO,, O u H,O;) Mepenn y miazmu
CIIOHTAHO XHUIIEPTEH3MBHUX MMAI[0Ba HAa TPETMaHy ekcTpaktuma y o3 ox 500 mg/kg, 250
mg/kg u 125 mg/kg, kao 1 HeTpeTUPAHUX CITIOHTAHO-XHUIIEPTEH3WBHUX MMAIloBa. BpeaHocTH Ccy
IpUKa3aHe Kao cpejiba BPeAHOCT *+ cTaHaapaHa aesujanrja (X+SD). *CraTtucTuyky 3HauajHa
pasnuka Ha HEBOYy P<0,05 y ommocy ma SHR rpymy; “Cratictiuky 3HauajHa pasinka Ha
nuBoy p<0,05 y ogaocy na SHR+500 GVE.
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4.8.2.2. EdbexTu excTpakaTa UBambCKOT 11Beha Ha aHTHOKCHIAIIMOHE TTapaMeTpe MEepeHe y

KpBH CIIOHTAHO XHUIICPTCH3UBHUX I1Al10OBa

Bpennoctn antrokcumpanuonnx napamerapa SOD, CAT u GSH mepenux y nuzary
EpUTPOIIMTA CIIOHTAHO XUIICPTCH3MBHHUX IAI[0Ba Ha TPETMaHy eKCTpakTuma y no3u ox 500
ma/kg, 250 mg/kg u 125 mg/kg, kao 1 HETpeTUPAHHUX XUIIEPTEH3UBHUX MAIlOBa IPUKA3aHE Cy
tabenapao u rpaduuku (Tabena 20, I'padux 4). Bpennoctu mapamerapa cy u3paxkeHe Kao
Cpenma BPEIHOCT + cranmapaHa aeujainuja (X+SD) ca CTaTUCTHYKY 3HAYajJHOM Pa3IMKOM 3a
BpeaHoct p<0,05.

AxtuHOcT SOD je Omna 3Ha4ajHO MOBUIICHA Y TPYNH KoOja je Owmiia HAa TPETMaHy
exkcTpaktoM y mo3u ox 500 mg/kg u 250 mg/kg y omHOCy Ha HETpETHpaHE >KHBOTHILE.
3Ha4yajHO HUXKAa aKTMBHOCT OBOTI' €H3MMa 3a0eJIekeHa je y IPyNH Koja je KOPUCTHIIA HaJHUXKY
no3y (125 GVE) y ognocy Ha cpeamy no3y (250 GVE). Cnuune Bpennoctu CAT u GSH

OwJie Cy IPUCYTHE Y CBUM IpyliaMa 3[[paBUX KHUBOTHHA.

Tadena 20. Edextu npuMeHe ekcTpakaTa HBamCKOT 11Beha Ha aHTHOKCHAAIMOHE TapaMeTpe
(SOD, CAT u GSH) mepene y nu3ary epuTPOLUTA CIIOHTAHO XUIIEPTCH3UBHUX MMAIlOBA.

SOD (U/g Hb x 10°) CAT (U/g Hb x 10%) GSH (nmol/ml RBC)
SHR 98+1,8 43+04 78954 + 1592
SHR + 500 GVE 12,3+2,1 5,1+£0,7 76523 £2132
SHR + 250 GVE 11,2+ 2,6 49+0,6 79800 £+ 2593
SHR + 125 GVE 10,6 £1,2 4,87+0,8 82002 + 5645

Bpennoctu cy nmpukasaHe Kao cpejiiba BPeIHOCT + cTaHaap/aHa aesujamnuja (X+SD).
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I'papux 4. Antuokcupanumonu mnapamerpu (SOD, CAT u GSH) mepenu y nuzary
EpUTPOIIMTA CIIOHTAHO XUIICPTCH3MBHHUX IAI[0OBA HA TPETMaHy SKCTpakTuma y j1o3u ox 500
mg/kg, 250 mg/kg u 125 mg/kg kao u HeTpeTHpaHWX 3IpaBUX MaloBa. BpemaHOCTH Cy
MpHKa3aHe Kao cpejiiba BPEAHOCT + cTanaapaHa aepujanuja (X+SD). *CraTHCTHYKHY 3HaYajHA
pasiuka Ha HuBoy p<0,05 y ogHocy Ha SHR rpymy; “Crarucriuky 3HauajHa pasinka Ha
HuBoy pP<0,05 y ogrocy Ha tauky SHR+500 GVE rpymy.

4.8.3. Paznuke y ymuyajy ekcmpaxama uearsckoz yeeha na cucmemcku peookc cmamyc

30paeux U CHOHMAHO XUNEPpmMeEH3UBHUX JHCUGOMUIbA

Paznuke y mpoOKCHAAalMOHMM TapamMeTpuMa u3Mel)y HeTpeTHpaHux 3ApaBUX H
CIIOHTaHO XWIIEPTEH3MBHUX TaIoBa Mpuka3aHe cy Ha ['paduky 5. CBH MepeHH mapameTpH
6unm cy 3Ha4yajHo BumM y rpynu SHR y onqnocy na CTRL.

Paznuke y aHTHOKCHAALMOHMM MapamMeTpuma u3Mel)y HeTpeTHpaHux 3ApaBUX H
CTIOHTAHO XWIIEPTEH3WBHUX MarjoBa Mpukazane cy Ha ['papuky 6. CBu MepeHH MapaMeTpu

O cy 3Ha4ajHo HYkH y rpyni SHR y omrocy Ha CTRL.
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I'padmk 5. Edextn excrpakara mBamCKOr IBeha Ha MpooKcHIalMOHE MapKepe y IIa3Mu
3IpaBUX M CHOHTAaHO XWIEPTEH3WBHHUX TamoBa. BpemHOCTH Cy NpuKazaHe Kao Cpedmba
BpenHocT + cranmapana jaesujanuja (X+SD). *CraTvcTHYKY 3HAYajHA pas3liMKa Ha HUBOY
p<0,05 y ognocy ma CTRL rpymy; “*CratucTiuky 3Ha4yajHa pasiuka Ha HuBOy p<0,01 y
onuocy Ha CTRL rpymy.

aa
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CTRL SHR CTRL SHR

100000 a

80000

60000
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CTRL SHR

I'paduk 6. Edextn exkctpakata nBamCKOT IBeha Ha aHTHOKCHAAIIMOHE MapKepe MEpeHe Y
TM3aTy epUTPOIINTA 3PaBUX U CIIOHTAHO XHMIIEPTEH3WBHUX MMaIoBa. BpemHocTy cy mpukaszaHne
Kao cpelrba BpeaHoCT + cranaapana aeprjanuja (X+SD). *“CratucTiyky 3Ha4ajHa pasjirvka Ha
auBoy P<0,05 y ognocy na CTRL rpyny; **Craructuuky 35a4ajua pasnuka Ha Husoy p<0,01
y ogHocy Ha CTRL rpymy.
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Pasnuke y edexktuma ekcTpakaTa HBamCKOT IBeha Ha MPOOKCHIAIMOHE H
AHTHOKCHIAIMOHE TIapaMeTpe KO 3/IpaBUX U CIIOHTAHO XUIEPTCH3MBHUX MAI0Ba MPHUKa3aHE
cy Ha I'padummma 7 u 8. BpemHocTu mapaMerapa Cy U3pa)KeHE Kao Cpema BPEIHOCT +
crangapana aeujanuja (X£SD) ca craTUCTHYKHY 3HAYajHOM pasiaukoM 3a BpeaHocT p<0,05.

[Topehemwe je uzBpuieHo usmel)y 31paBuX U XUMEPTEH3UBHUX HETPETUPAHUX I1aII0BA,
Kao 1 u3Mel)y 3/[paBUX U XUMEPTCH3UBHUX MAI0OBA KOJH Cy KOPUCTUIIM UCTY 103y €KCTPaKTa.
YoueHo je Ja Cy BpPEIHOCTHM CBUX MapKepa OKCHJIAIMOHOT CTpeca 3HAuajHO BHIIE KOJ
CIIOHTAaHO XWIIEPTEH3MBHUX I1all0Ba HAKOH NMpUMEHEe CBUX jAo03a ekcpakata (I'padux 7). C
Jpyre cTpaHe, BpeAHOCTH aHTHOKCHIAIMOHUX MapaMeTrapa Ousie 3Ha4ajHO BUIIE KO 3APaBUX
naroBa y CBUM Ipynama y OJHOCY Ha oAroBapajyhe xunepTeH3uBHe rpyre. JEeAnHo Huje Ouio
pasnuke y auBoy GSH m3mely 31paBux u XUIEPTCH3UBHUX MMAIOBA HA TPETMaHy €KCTPAKTOM

y no3u oz 250 mg/kg (I'paduxk 8).
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I'papux 7. Tlopehewe edexata pasmTuuUTUX J103a EKCTpaKTa HBambCKOr IBeha Ha
MPOOKCHIAIIMOHE TTapaMeTpe 3/paBUX M CIOHTAHO XHMIIEPTCH3MBHHUX MaloBa. BpemHoctu cy
NpHKa3aHe Kao Cpelma BPEAHOCT + craHmapiaHa aeBujanmja (X+SD). PPCrarucriukn
3HauajHa pasnuka Ha Huoy P<0,01 y omHocy Ha 125 GVE rpymy; “CrartucTuuku 3HauajHa
pasnuka Ha HEBOY P<0,01 y omHocy Ha 250 GVE rpyny; YCrarncTiukn 3HaYajHa pa3iiuKa
Ha HuBOY P<0,01 y omHocy Ha 500 GVE rpymy.
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I'pagux 8. Ilopeheme edexata pa3nmuUUTUX 032 EKCTPAaKTa HBamkCKOr nBeha Ha
AHTHOKCHUIAIIOHE TTapaMeTpe 37paBuX M CIIOHTAHO XWUIIEPTEH3UBHUX MaroBa. BpemHoctu cy
NpUKa3aHe Kao Cpe/ima BPEIHOCT + craHaapaHa jaeBujarmja (X£SD). PbCrartucriukn
3HayajHa pasnuka Ha HuBOY P<0,01 y oamocy na 125 GVE rpyny; “Cratuctuyky 3Ha4ajHa
pasnuka Ha HuBOY P<0,01 y omnocy Ha 250 GVE rpymy; YCrarncTruxn 3Ha4yajHa pa3iiuKa
Ha HUBOY P<0,01 y onnocy Ha 500 GVE rpymy.

4.9. EdexTH eKcTpakaTa HBalkHCKOT IIBeha HA KapAuoAMHAMCKE MapaMeTpe
U KOPOHAPHM MPOTOK U30JI0BAHOI CPLA MAL0BA

Bpennoctu dp/dt max, dp/dt min, SLVP, DLVP, HR u CF GenexeHe cy y: TpeHYTKY
crabmimzanyje (C), y npBoM MHHYTY penepdysuje HakoH ucxemuje (P1) u Ha cBakux mer
MHUHYyTa TOKOM TpHaeceToMuHyTHe penepdysuje (P2-P7). MelhyTum 3a cTaTuCTUUKY aHATU3Y
MojiaTaka y3uMaHe Cy y 003Up TpU TauKe OJf UHTepeca: BPEAHOCTH Y MOMEHTY cTaOun3aiuje

(C), naxon npsor (P1) u nocnenmer munyta penepdysuje (P7).

4.9.1. Bpeonocmu kapouoounHamckux napamemapa u KOpoHapHo2 npomoKa u3oio6aHo2

cpuya nempemupanux nauoea

Bpeanoctu kapanoAMHAMCKHMX IapaMeTapa M KOPOHApHOI IMPOTOKAa HETPETHPaHMUX

3/IpaBUX U CIIOHTAHO XHUIIEPTEH3UBHX KMBOTHHA HAKOH JBAJICCETOMHUHYTHE HCXEMHU]je Koja je
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npaheHa TPUIECCTOMHHYTHOM pernepdy3njoM MpHKasaHe cy tadbenapHo u rpaduuku (Tabema
21, I'pacuk 9).

VY rpynu 3apaBux manoBa (CTRL) momnwto je mo 3HauajHor moBehama dp/dt max y
MpBOj Tadykud penepdy3uje y OTHOCY Ha TMEPUOa CTAaOWIM3alMje M TOCICAHH MHUHYT
penepdysuje. 3Hauajan max y dp/dt max kao u amconyrHoj BpeaHoctu dp/dt min 3abenexen
je y tauku P7 y omHocy Ha BpemHOCT mpe ucxemuje. JlogaTHO, HAKOH TPHIECETOMHHYTHE
penepdysuje Bpennoct SLVP Ouna je mmka y omnocy Ha Tauky C, mox ce DLVP Huje
3HAa4ajHO MEHA0 YHYTap TpyIe y MOCMaTpaHuM TadykKama oJ] HHTepeca. M3pakeHO cMambeme
cpyaHe (PEKBEHIIE Kao ¥ BPEJAHOCTH KOPOHAPHOI MPOTOKA YOUEHO je Ha Kpajy
perepdy3uoHOT Meproia y OJHOCY Ha BPEAHOCTH MPE UCXEMHU]eE.

Kox croHTaHO XWIIEPTEH3WBHUX HETPETHPAHHX TalloBa YOUYEH je CTAaTHCTUYKH
3HaYajaH CKOK y Bpeanoctd dp/dt max y mpBoM MuHYTY pernepdys3uje y OQHOCY Ha MEPHO.T
cTabunmn3anyje u Kpajibu MUHYT penepdysuje. Takohe 3a0enexkeHO je CMambEHhE BPEIHOCTH
OBOTI' MMapameTpa Ha Kpajy penepdysmje y omaHocy Ha crabunmsanujy. Jomwio je 1o
CTaTUCTHYKU 3HAYajHOT Taja y ancoiyTHoj BpeaHocTu dp/dt min wa kpajy pernepdysuje y
OJTHOCY Ha TPBH MHHYT periepdysuje u craduiu3anuoHu nepuona. JloJaTHO OTKPHBEHO je
3Ha4ajHO CMamEHe CHCTOJHOI MPUTUCKA Ha Kpajy penepdysuje y OAHOCY Ha NMPBU MUHYT
MOBpaTKa MPOTOKa U nepuoj cradminzanuje. Takohe Huxke BpeqHOCTH cpyaHe (PpEeKBEHIEe U
KOpPOHApHOT MPOTOKa 3a0eNie’KeHe Cy IMOCie TPUIAECETOMUHYTHE pernepdys3uje y OJHOCY Ha
BPEIHOCTH TIpe UCXEMU]e.

3nauajHo Hmwke BpemHoctu dp/dt max y tpenyrky C u Pl u Bumie amncomyTtHe
Bpeanoctu dp/dt min y P1 yodeHe cy KoJ CIOHTAaHO XWUIEPTEH3UBHHUX Y OJHOCY Ha 3I[paBe
naroBe. CuctonHu nputHcak y TperyTky Pl u qujacromuu y P1 u P7 6unm cy mamxun y SHR y
onnocy Ha CTRL rpymy. Cpuana ¢pekBeHna je Oenexuna Hibke BpeaHoctd konx SHR
KUBOTHE-A Y CBHUM Tauykama oOJf MHTepeca, JOK Ce€ KOPOHapHH NPOTOK HHje 3HA4ajHO

Pa3IuKOBAO.
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Ta6ena 21. KapinoanHaMcku mapamMeTpu KOJ HETPETUPAHUX 3/IPaBUX U CIIOHTAHO

XUICPTCH3NMBHUX I1allOBA.

dp/dt max(mmHg) dp/dt min(mmHg) SLVP(mmHg)
Cc 1603,8 + 240,16 -1101,85 + 100,32 53,42 + 8,77
CTRL PI  1815,8+307,23* 104523 + 734 58,9 + 7,65
P7  1300,7 +120,47"* 904,07 + 35,2% 45,6 +7,22%
Cc 1303,8 + 235,2 -1145,85 + 90,32 49,6 + 4,6
SHR PI1 1415,8 + 123,5% -124525 + 73,26 53,6 +7.9
P7  1223,2+118,54% -970,1 + 84,4*" 39,3 + 6,2
DLVP(mmHg) HR(bpm) CF(mL/min)
C 1,1+0,19 2754 + 26,68 73 +0,52
CTRL P1 1,2+0,13 305,07 + 43,39 7,65 +0,31
P7 1,1+0,17 217,1 +£21,2% 53 +0,66
C 1,01 £0,16 230,5 25,2 7,5 £0,5
SHR P1 1,1+0,13 220,5+31,2 7,2 +0,31
p7 0,93 + 0,06 180,2 + 19,2%" 6,41 = 0,66*

Bpennoct cy mpukaszaHe Kao Cpeima BpPEAHOCT + craHmapaHa aeBujanmja (X+SD).
C - crabunmmzanuja; P1 - npBu MunyT penepdysuje; P7 - mocneamu MUHYT penepdysuje;
*CraTUCTHUKM 3HauyajHa pasnuka Ha HUBOY P<0,05 y onmnocy Ha Tauky C y rpynu;
*CrarucTiuky 3HauajHa pasnnka Ha HHBOY P<0,05 y oHOCY Ha Tauky P1y rpymu.
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(CTRL) u cnionTano xumneprensuBaux (SHR) namosa. BpenHoctu cy npukasaHe Kao cpefima
BpeAHOCT * cranfapaHa aesujanyja (X = SD). C - crabuwnmmzanuja; U - ucxemuja; P1-P7 -
BPEIHOCTH OCJIe)KeHEe Ha CBaKMX NET MHHYTAa TOKOM TPHJIECETOMHUHYTHE penepdysuje.

m

CTaTUCTHYKY 3Ha4ajHa pa3nuka Ha HuBOY P<0,05 y TpeHyTKy onm mHTepeca mu3Melyy rpyma;
CTAaTUCTUYKHU 3HaYajHa pasznuka Ha HUBOY P<0,01 y TpeHyTKy o1 mHTEepeca uzMel)y rpyma.
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4.9.2. E¢hexmu excmpaxkama usarckoz yeeha Ha kapouoounamcke napamempe u

KOpOoHapHu npomokK 3()pa6ux nauoea

4.9.2.1. Edextu 125 mg/kg ekcrpakTa nuBamckor Beha Ha KapInoJMHAMCKE apaMeTpe u

KOPOHAPHU ITPOTOK 3ApPaBUX I1AIlOBA

Bpennoctu KapauoJMHAMCKUX IMapaMeTapa ¥ KOPOHApHOT IPOTOKA IMPHKA3aHE Cy
tabenapao u rpadpuuku (Tabema 22, I'papuk 10). IIpoTokonom ucxemuje y Tpajamy ox 20
MuHyTa U penepdysuje y Tpajamy oa 30 munyTa npaheHe cy nmpoMene napamerapa GyHKIUje
cpla y TpylH XKHBOTHI-A KOje Cy IPETXOJHO OMiie Ha TPETMaHy eKCTPAaKTOM MBambCKOT IBeha
y no3u ox 125 mg/kg (125 GVE). Takohe mpukaszaHne Cy CTaTHCTHYKH 3HAYajHE PA3IIUKE y
HABEJCHUM MapameTrpuMa moja yrunajem 125 mg/kg ekcrpakra y OZHOCY Ha KOHTPOJIHE
ycnose (CTRL rpyna).

VY rpynu u3n0XeHOj YeTBOPOHEIEIbHO] IPUMEHH EKCTPaKTa NBACKOT 1iBeha y mpBoM
MHUHYTY perniepdy3uje eBUIASHTUPAH je CTATUCTUYKU 3Ha4ajaH mopacT y BpeaHoctu dp/dt max
Yy OJIHOCY Ha KOHTPOJIy W IMOCJIEeIHU MUHYT peniepdysuje. JlomatHo, Ha Kpajy pernepdys3uje
youaBa ce 3HauajaH man dp/dt max y omHocy Ha mepuon crabunmsanuje. Behe BpemHoCTH
KOPOHApHOT MPOTOKa 3a0eexeHe ¢y y IPBOM MUHYTY pernepdys3uje y 0JlHOCY Ha EpUos mpe
ucxemuje u kpaj penepdysuje. Mehyrum Huje OmiI0 3HAYajHUX TMPOMEHA y BPEJHOCTHMA
OCTanX HWCNHUTHBAaHUX TMapamerapa, Beh cy oHe OwWie KOHCTaHTHE TOKOM ITOCMaTpaHOT
nepuoa.

CrarucTiyky 3HavajHe pasznuke y BpemHoctuma dp/dt max, dp/dt min, HR u CF
youeHe cy u3Mmel)y HeTpeTHpaHMX MaloBa M NaloBa KOjU Cy OMIIM M3JI0KEHH TPETMaHy
eKCTpakTOM HBamCcKor mBeha y mo3u ox 125 mg/kg. Haume HakOH TpHIIECETOMUHYTHE
peniepdy3uje Bpeanoctu dp/dt max y rpymu Koja je KOpUCTHIIA €KCTPAKT OWJie Cy 3Ha4ajHO
Buie. Behe anconyrae Bpegnoctu dp/dt min y mpBoM u mocnenmem MUHYTY perniepdysuje
Ouse cy youeHe y TpeTHpaHOj Ipylnu y oJHOCY Ha HeTpertupane. Ha mouerky penepdysuje
noBehamwe cpuaHe (QpeKBeHIE E€BHACHTUPAHO j€ y HETPEeTHpaHoj IpynH, na Ou Ha Kpajy
peniepdy3uje BUIIa BPETHOCT OBOT MapaMeTpa Omiia youeHa y TpeTupaHoj rpymnu. Takohe mo
3aBpIIETKY pernepdy3uje OoTKpuBeHE cy Behe BpPEAHOCTH KOPOHAPHOI MPOTOKA y TPYINU

W3II0KEHO] eKCTPAKTY.
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Ta6ena 22. Edextu TpeTMaHa eKCTPaKTOM HBambCKor 1Beha y qo3u ox 125 mg/kg Ha

KapaAuOoJUMHaMCKE MmapaMeTpC U KOPpOHApPHU NPOTOK U30JIOBAHOT CPpIia 3ApaBUX IanoBa.

dp/dt max(mmHg) dp/dt min(mmHg) SLVP(mmHg)
Cc 1603,8 + 240,16 -1101,85 + 100,32 53,42 + 8,77
CTRL P1  1815,8+307,23* -1045,23 + 73.4 58,9 + 7,65
P7  1300,7 +120,47"* 904,07 + 35,2* 45,6 + 7,22%
C 1650,3 + 402,14 -1098,73 + 352,19 4928 + 11,8
125 GVE PI 1852,3 + 495,6* -1123,5+ 162,71 52.8+5.5
P7  1506,17 + 235,09*" -1043,2 + 329,77 472 + 8,1
DLVP(mmHQ) HR(bpm) CF(mL/min)
Cc 1,1+0,19 275,4 + 26,68 73 +0,52
CTRL P1 1,2+0,13 305,07 + 43,39 7,65 +0,31
P7 1,1+0,17 217,1 £21,2% 53 +0,66
C 1,1+ 0,002 271,3 +32,8 7,2 +0,06
125 GVE pPI 1,15 + 0,004 2742 + 455" 8,2+0,012%
P7 0,96 £ 0,006 261,2+ 31,21 7,1+ 0,66"

Bpennoctu cy mpukaszaHe Kao cpefara BPeIHOCT + craHmapaHa aesujanmja (X + SD). C —

crabwinzanyja; Pl - mpBu MunyT penepdysuje; P7 - mocnenmu MHHYT penepdysuje;
*CraTUCTHUKM 3HauyajHa pasnuka Ha HUBOY P<0,05 y onmnocy Ha Tauky C y rpynu;
*CratucTiuky 3Hauajua pasnmka Ha HuBOoy P<0,05 y ommocy Ha Tauky Pl y rpymm;
"Cratuctnuky 3Hauajua pasnnka Ha HEBOy P<0,05 Y OJHOCY Ha HETPETHPAHE KUBOTHEE Y
HCTOM TPEHYTKY OJI HHTEpeca.
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I'pagux 10. KapamoamHamcku mapaMeTpd M KOPOHApHHU MPOTOK 3JIPaBHX IAIloBa KOjH Cy
OWiM Ha TpeTMaHy E€KCTpPakToM y o3 oa 125 mg/Kg u HeTpeTHpaHuX 3ApaBUX MAalloBa.
Bpennoctu cy mpukazaHe Kao cpeama BpeOHOCT =+ cranmapaHa aeswjaija (X + SD).
C - crabunmmzanmja; U - ucxemuja; P1-P7 - BpenHocTn OenekeHe Ha CBAaKMX MET MUHYTa
TOKOM TpHUJEceT MUHYTa penepdysuje.
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4.9.2.2. Edextu 250 mg/Kg ekcrpakTa nuBamCKor Beha Ha KapInoJuHaMCKe apaMeTpe U

KOPOHAapHHU MPOTOK 3/IpaBUX NanoBa

Bpennoctn kapAauonMHAMCKUX TapaMeTapa W KOPOHAPHOT NPOTOKAa NpPUKa3aHe Cy
tabenapuo u rpaduuku (Tabena 23, I'padux 11). IIporokosom mcxemuje y Tpajamy ox 20
MuHyTa U penepdysuje y Tpajamy on 30 munyTa npaheHe cy mpoMeHe napamerapa QyHKIUje
cplua y rpylu )XHBOTHEA KOj€ Cy MPETXOAHO Oniie Ha TPETMaHy eKCTPaKTOM MBambCKor IBeha
y mo3u ox 250 mg/kg (250 GVE). Takohe mpukasaHe Cy CTaTUCTHYKH 3HA4YajHE PaA3IMKE Y
HaBeJIeHUM mMapameTpumMa moj yrunajeM 250 mg/Kg ekcTpakra y OJHOCY Ha KOHTPOJIHE
ycioe (CTRL rpyma).

VY rpymnu kxoja je 6uia moaBpruyTa TpeTMaHy €KCTPaKTOM MBAmbCKOT 1Beha y 103U 01
250 mg/kg youen je mopact Bpeanoctu dp/dt max y mpBom MuHYTY perniepdysuje y 0IHOCY Ha
BpeAHOCT npe ucxemuje. Hakon tpuaeceromunytHe pernepdysuje Bpeanoctu u dp/dt max u
dp/dt min 6une cy ciuuHe BpeaHOCTHMA 3a0elie)KEHUM y nepuoay crabuiusanuje. Takohe
BPEIHOCTH CHCTOJHOT, IHMjacTONHOT TNPHUTHCKA, KA0 W CpYaHe (PEKBEHIE M KOPOHAPHOT
IPOTOKA C€ HUCY 3HaYajHO MEHajie TOKOM UCIIUTHBAHOT MEPUO/IA.

Paznuke usmely rpyme koja je KOH3yMHpaja eKCTpakT UBambCKOT 1iBeha y 1o3u ox 250
mg/Kg ¥ HeTpeTHpaHHX IaIOBa YOUEHE CYy y BPEIHOCTHMA CBHX HCIHUTHBAHUX Mapamerapa
M3y3€B JIUjacCTOJIHOT MPUTHCKA. HanMe Ha caMoM moueTKy penepdys3uje cy OTKpUBEHE HUKE
Bpeanoctu dp/dt max, ma 6u Ha Kkpajy penepdy3uje Te BPEIHOCTH OWJIe 3HAYAjHO BUIIE Y
OJTHOCY Ha HeTpeTHpaHe mnaroBe. Takole y oBoj rpynu AOLLIO je 7O 3HadajHOr noBehama
aricoryTHux Bpeanoctu dp/dt min y cBuM mocmarpaHuM Tadkama oj wmHTepeca. Ha kpajy
TpuneceromuHyTHe penepdysuje SLVP je Oemexno Buie BpemHOCTH y TPymH Koja je
KOPUCTHJIAa €KCTPAKT WBambCKOr 11Beha. JlogaTHo, y TPy NOABPTrHYTO] TPETMaHy HaBEICHUM
EKCTPAKTOM 3alaXeHe Cy HIKE BPETHOCTH cpuyaHe (PpeKBHIE y IPBOM MUHYTY penepdysuje.
Hacympot Tome Ha camoM kpajy penedysuje BpeIHOCTH OBOT MapameTpa cy Ouie 3HadajHO
BUIIE y OJHOCY Ha HETPETHPaHE >KUBOTHHIE. Takole KOH3yMmalldja eKCTpaKTa HBAaFCKOT
nseha noBena je 1o nosehama MPOTOKAa y MPBOM U TMOCIEIHEM MHUHYTY penepdysuje y y

OJTHOCY Ha IpyIy Koja HUje Ouia NoJBPrHyTa HaBEJCHOM TPETMaHy.
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Ta6ena 23. Edexktu TpeTMaHa eKCTPaKTOM HBambCKOr 1Beha y qo3u ox 250 mg/kg Ha
KapAHOJUHAMCKE MTapaMeTpe U KOPOHAPHU TPOTOK M30JIOBAHOT CpIia 3[PaBUX MAI0Ba.

dp/dt max(mmHg) dp/dt min(mmHg) SLVP(mmHg)

C 1603,8 + 240,16 -1101,85 + 100,32 53,42 + 8,77
CTRL P1  1815,8+307,23* -1045,23 + 73,4 58,9 + 7,65
P7  1300,7 +120,47* -904,07 + 35,2* 45,6 +7,22%
C 1677,83 + 86,76 -1289,13 + 146,167 53,72 + 3,75
250 GVE Pl 17822 +361,83* 1138 + 130,331 59,5+ 11,93
P7  1729,85+ 160,18 -1123 + 228,21 56,8 + 4,121
DLVP(mmHg) HR(bpm) CF(mL/min)
C 1,1+0,19 275,4 + 26,68 73 £0,52
CTRL PI 1,2+0,13 305,07 + 43,39 7,65 031
P7 1,1+0,17 217,1 £21,2% 53 +£0,66
c 1,2+0,1 265,2 £23,2 7.6+ 1,4
250 GVE PI 1,12 + 0,006 2782+ 323" 8,4+ 1,017
P7 1,03 + 0,04 255,2 + 36,31 7,62 + 1,55"

BpennocTu cy mpukazaHe Kao cpelra BpeIHOCT *+ cranaapiHa aesujanuja (X £ SD). C -
crabunuzanyja; Pl - mpBu MuHyt penepdysuje; P7 - mocneawmu MUHYT penepdysmuje;
*CraTHCTHUKHM 3HauajHa pasznuka Ha HUBOY P<0,05 y omnmocy Ha Ttauky C y rpynw,
*Cratncriakn 3HavajHa pasnuka Ha HUBOY P<0,05 y omnHocy Ha Tauky Pl y rpymu;
"Crarucriuxn 3nauajua paznnka Ha HuBoy P<0,05 y OHOCY Ha HETPETHPAHE KHBOTHELE Y
HCTOM TPEHYTKY OJ1 UHTepeca.
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I'pajgux 11. KapaunoanHamcku mapaMeTpd M KOPOHApHU NMPOTOK 3/paBHX IaloBa KOjU Cy
OWJIM Ha TpeTMaHy eKCTpakToM y ao3u on 250 mg/kg m HeTpeTupaHHMX 3apaBHX MAIllOBa.
Bpennoctu cy mpukasaHe Kao cpeima BpeAHOCT + craHpapiaHa aesujauuja (X + SD). C -
crabmmzanuja; 1 - ucxemuja; P1-P7 - Bpennoctu OenexeHe Ha CBaKUX MET MUHYTa TOKOM

TpUJECET MUHYTa penepdysuje.
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4.9.2.3. Edextu 500 mg/Kg ekcrpakra nuBamCckor nBeha Ha KapInoJuHaMCKe apaMeTpe U

KOPOHAapHHU MPOTOK 3/IpaBUX NanoBa

Bpennoctu kapauoJMHAMCKUX IMapaMeTapa ¥ KOPOHApHOT TPOTOKAa IMPHKa3aHE Cy
tabenapuo u rpaduuku (Tabema 24, I'paduk 12). [IpoTokosom ucxemuje y Tpajamy ox 20
MuHyTa U penepdysuje y Tpajamy on 30 munyTa npaheHe cy mpoMeHe napamerapa QyHKIUje
cpua y rpylu )XUBOTHEA KOje Cy MPETXOAHO OMiie Ha TPETMaHy eKCTPaKTOM MBambCKoT IBeha
y mo3u ox 500 mg/kg (500 GVE). Takohe mpukasaHe Cy CTATUCTHYKH 3HA4YajHE PaA3IMKE Y
HaBeJICHUM MapamerpuMa mox yrunajem 500 mg/Kg excTpakTa y OAHOCY Ha KOHTPOJIHE
ycioe (CTRL rpyma).

VY rpynu koja je Ouiia TpeTHpaHa eKCTpakToM mBamCcKor 1Beha y mo3u ox 500 mg/kg
Jouuio je 10 ckoka y BpexHoctu dp/dt max y P1 y omHocy Ha tpenyrke C u P7, amm y
MOCJICIEEM MOMEHTY penepdy3uje BPEIHOCTH Cy OHIIe CIMYHE BPEIHOCTUMA 3a0eIeKECHUM
npe ucxemuje. AncosyrHa Bpeanoct dp/dt min 6uia je Beha Ha kpajy pernepdysuje y ogHOCY
Ha MOMEHAT cTabmin3anyje. BpeaHOCTH CHCTOHOT U IMjacTOHOT MIPUTHUCKA Y JIEBO] KOMOPH
Cy OCTajie KOHCTaHTE TOKOM IIOCMAaTpaHor mepuoaa. MelytuM kazna je ped o CpYaHoj
¢dpexBennu 3adenexeHo je nosehamwe y P1 y ognocy Ha C, 1ok HHje OMII0 3HaYajHUX pa3iiuKa
y BpeaHocTuMa 3abenexenum y P7 y onnocy Ha C.

Kana ce ymopese 3apaBu naroBy U NMaoBy Ha TPETMaHy eKCTpakToM, BpeaHocT dp/dt
max je Ouia 3HauajHO MOBHUIIIEHA Y TPETUPAHO] TPYIH y CBUM Tadykama oJ uHTepeca. JlomaTHo
ariconmytHe BpenHocTu dp/dt min 6ue cy Behe y rpynu koja je KOPUCTHIIA €KCTPAKT y IPBOM
U TmocneameM MoOMeHTy penepdysuje. Hakon ymorpebe ekcTpakTa HBamCKOT IBeha y
HAjBUIIO] JI03M yYOUEH j€ CKOK y BPEIHOCTUMA CHCTOJHOT TPUTHCKA MPEe MCXEMHje U HAKOH
3aBpIleTKa pernepdysuje y 0AHOCY Ha KOHTPOIY, AOK HHj€ JIOLUIO JIO0 3HaYajHUX MPOMEHa Ha
HUBOY JIMjacToJIHOT puTHcKka. CpuyaHa (ppeKBeHIla HAKOH TPUIECETOMUHYTHE penepdysuje je
Owia 3Ha4ajHO BUINA Y TPETHUPAHO] TPYIH, JIOK j€ BPEAHOCT KOPOHAPHOT MPOTOKA y OBOj

rpynu O6mna Beha y cBUM TaukaMma o1 HHTepeca y OJTHOCY Ha HETpEeTHUpaHe TaIloBe.
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Ta6ena 24. Edextu TpeTMaHa eKCTpakToM HBambCcKor nseha y qo3u ox 500 mg/kg Ha

KapaAuOoJUMHaMCKE MmapaMeTpC U KOPpOHApPHU NPOTOK U30JIOBAHOT CPpIia 3ApaBUX IanoBa.

dp/dt max(mmHg) dp/dt min(mmHg) SLVP(mmHg)
C 1603,8 + 240,16 -1101,85 + 100,32 53,42 + 8,77
CTRL P1  1815,8+307,23* -1045,23 + 73.4 58,9 + 7,65
P7 13007 +120,47°* -904,07 + 35,2* 45,6 +7,22%
C 1700,2 + 228,21 -1168,82 + 91,87 72,7 + 4,627
500 GVE Pl 2037,65 + 165,98+ -1323,93 + 94,347 63,4+ 495
P7 1690,2 £ 136,91 -1182,95 + 69,04*1 62,4 + 6,12+
DLVP(mmHg) HR(bpm) CF(mL/min)
C 1,1+0,19 275,4 + 26,68 73 +0,52
CTRL PI1 1,2+0,13 305,07 + 43,39 7,65 +0,31
P7 1,1+0,17 217,1 +£21,2% 53 +0,66
C 1+0,1 278,65 + 33,46 8,95 + 1,257
500 GVE PI 12+0,16 3233 + 29% 9,8 +1,03"
pP7 1,01 +0,08 262,55+ 21,31 8,2 +1,011

BpennocTu cy mpukasaHe Kao cpejma BpemHOCT + craHaapaHa nesujanuja (X £ SD). C —
crabunu3anyja; Pl - mpBu muHyT penepdysuje; P7 - mocinenmsu MHHYT pernepdysuje;
*CraTHCTHUKHM 3HauajHa pasznuka Ha HUBOY P<0,05 y omnmocy Ha Ttauky C y rpynw,
*Cratncriakn 3HavajHa pasnuka Ha HUBOY P<0,05 y omnHocy Ha Tauky Pl y rpymu;
"Crarucriuxn 3nauajua paznnka Ha HEBoy P<0,05 Y OAHOCY Ha HETPETHPAHE JKHBOTHELE Y

HCTOM TPEHYTKY OJf HHTEpeca.
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I'pagux 12. KapauoanHaMcku mapaMeTpyd M KOpPOHApHHU MPOTOK 3[ApaBHX MAljoBa KOjU CY
OWiM Ha TpeTMaHy eKcTpakToM y jao3u onx 500 mg/kg m HeTpeTupaHHMX 3apaBHX MAIllOBA.
Bpennoct cy mpukasaHe Kao Cpelma BPEAHOCT + cranaapiHa aesujanuja (X + SD).
C - crabunmmzanuja; U - ucxemuja; P1-P7 - BpenHocTn OenexeHe Ha CBAaKUX MET MHUHYTA
TOKOM TPHJECET MUHYTa pernepdy3uje.
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4.9.2.4. [IpomeHe KapAUOAMHAMCKHUX MTapaMeTapa U KOPOHAPHOT MPOTOKA U30JI0BAHOT CpLIa

3/IpaBUX MAI0Ba Y OJJHOCY HA MPUMEHCHY J03Y €KCTPAKTa HBAKHCKOT I[Beha

Bpennoctu xapanoIMHAMCKUX IapaMeTrapa ¥ KOPOHApHOT MPOTOKa MpHKa3aHe Cy Ha
I'paduxy 13. IIpoTokosiom ucxemuje y tpajamy oa 20 muHyTa u pernepdysuje y Tpajamby 01
30 munyta npaheHe cy nmpomMeHe mapamerapa QyHKIHUje cpla y TPYIH 3/paBHX KUBOTUHA Y
OJTHOCY Ha MPUMEEHY 7103y €KCTpaKTa UBalCKOT IBeha.

VY TpeHyTKy cTabunu3anuje Huje om0 pasnuka y Bpeanoctu dp/dt max usmely rpyma,
mehytum amociayrHa BpexHocT dp/dt min je Ouia 3HAYajHO HUXKA y TPYIH KOja je KOPUCTHIA
HajMamy 103y y ogHOCy Ha octane rpyme. C apyre cTpaHe, CTaTUCTHYKM 3HA4YajaH MOpPAcT
ariCOIyTHUX BPEAHOCTH OBHX NapaMeTapa YOUeH je y MPBOM MHUHYTY penepdysuje y rpynu
KOja je moJABpruyTa HajBehoj J03M eKCTpakTa y OJIHOCY Ha JApyre JBe MpUMEHEHE 03€.
Hakon TtpunmeceromunyTHe penepdysuje Bpemnoct dp/dt max wu dp/dt min ce nucy
pasnukoBaie u3Mel)y rpymna Ha TpeTMaHy ekctpakToM y go3u o1 500 mg/kg u 250 mg/kg, amu
Cy T€ BPEAHOCTH 3HAYajHO BHILE Yy OJHOCY Ha BPEIHOCTH OBa JBa MapaMeTpa KOJ IamoBa
koju cy xopuctuiu 125 mg/kg ekcrpakra. Y mnepuony crabuiin3anuje BPEAHOCT CHCTOIHOT
NPUTHCKA Y JIEBOj] KOMOpHU OMJIa je 3Ha4ajHO BHUILA y TPy Koja je kousymupana 500 mg/kg
eKCTpakTa y OJHOCY Ha JIpyre IBe Tpyme. Y MPBOM U IOCIEAEM MHUHYTY penepdysuje
youaBa C€ CTaTUCTHYKHU 3Ha4yajaH CKOK y BPEAHOCTH CHUCTOJIHOT MPUTHUCKA y TPYIHU Koja je
IpUMaia HajBUIIY 103y €KCTpaKTa y OJHOCY Ha HajHWXKY. VICTH TpeHa je mpucyTaH Ha Kpajy
TPUJECETOMUHYTHE penepdy3uje Kajla je ped O JUjacTOJHOM MpHUTHUCKY. Ha moderky
penepdysuje BpeAHOCT cpuaHe PpeKBeHIle je Oula CTaTUCTUYKY 3HauajHO BHILIA y TPYIHU KOja
je omna m3noxkena mo3u ox 500 mg/kg y omHOCy Ha ocraje JaBe J03€, JIOK Cy Ha Kpajy
penepdy3uoHOT MepHoia CIMYHE BPETHOCTH OBOT MapameTpa 3alelie)keHe y CBe TpH Ipyle.
Koponapuu npotok je 6Mo HajBUIIM Yy TPYIH Koja je Omiia Ha TpeTMaHy HajehoM J030M Y

OAHOCY Ha OCTaJIC IBC 103€ Y CBUM UCIIUTHUBAHUM TPCHYILIUMA.
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I'pagux 13. Ilopehewme edexara pa3snTuuUTUX J03a EKCTpakTa HBambCKOr IBeha Ha
Kap/MOJIMHAMCKE IapaMeTpe W KOPOHAPHH MPOTOK HM30JOBAHOI CpL@ 3]paBUX IallOBa.
Bpennoctu cy mpukazaHe Kao cpelma BPEJHOCT + cTaHpapiaHa jaesujanuja (X+SD). C -
crabmiunzanyja; U - ucxemuja; P1-P7 - Bpeanoctu GenexeHe Ha CBAaKUX MET MHUHYTa TOKOM
TpuzeceT MuHyTa pernepdysuje. “CTaTUCTHYKU 3HAYajHA pasinka Ha HuBOY P<0,05 usmelhy
rpyne 500 GVE u 250 GVE y TpeHyTKy o MHTepeca; PCrarucrnaxu 3HaYajHa pa3jiuKa Ha
HuBoy p<0,05 msmehy rpyne 500 GVE u 125 GVE; "CratucTiuky 3Ha4yajHa pasiivka Ha
HuBoy p<0,05 uzmehy rpyme 250 GVE u 125 GVE.
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4.9.3. E¢hexmu excmpaxkama usarckoz yeeha Ha kapouoounamcke napamempe u

KOpOHapHu npoOmoOK CROHmMAaHo Xunepmen3ueHux nauoea

4.9.3.1. Edextu 125 mg/kg ekcrpakTa nBamCKor 1Beha Ha KapInoIuHaMCKe IapaMeTpe U

KOPOHAPHU IIPOTOK CIIOHTAHO XUIICPTCH3MBHUX I1AalIOBA

Bpennocty kapauoJMHAMCKUX TMapaMeTapa ¥ KOPOHApHOT TPOTOKAa IMPHKa3aHE Cy
tabenapuo u rpadwiku (Tabema 25, ['paduk 14). [IpoTokomom ucxemuje y Tpajamy ox 20
MuHyTa U penepdysuje y Tpajamy on 30 munyta npaheHe cy nmpoMmene napamerapa GyHKIUje
cpua y TpyIu XUMepTEH3UBHUX )KUBOTHIbA KOje Cy MPETXOJHO OMjie Ha TPETMaHy €KCTPAKTOM
uBamckor 1eeha y gosm ox 125 mg/kg (SHR + 125 GVE). Takohe npukaszane cy
CTaTHCTUYKM 3HA4YajHE pa3jMKe y HAaBEJICHUM MapamerpuMa moja yrtuiajem 125 mg/kg

€KCTpaKTa y OJJHOCY Ha KOHTpoJHe ycioBe (SHR rpymna).

OTKpHBEHO je CTAaTUCTUYKU 3HauyajHo moBehame BpenHoctdu dp/dt max y rpymnu
M3JI0’KEHO] TPETMaHy UBAKCKUM IBeheM y pBOM MHUHYTY perepdy3uje y OJHOCY Ha MEePHO.T
crabmimzanuje u kpaj penepdysuje. Octanu UCIUTUBAHU MapaMeTPH Y HABEJIEHO] TPYIH Cy
OeneXuIy CIIMYHE BPEJHOCTH Yy MCHUTHBAHUM Taykama O]l MHTepeca. EKCTpakT HMBamCKOT
nseha moBeo mo moBehawa Bpemnoctn dp/dt min y mpBoM M TOCHEIHEM MOMEHTY
peniepdysuje u DLVP Ha xpajy penepedy3uje y o1HOCY Ha HETpPETHpPaHE KUBOTUHE. Takohe
3a0ene)keHe Cy BHIIE BPEOHOCTH CpYaHe (PPEKBEHIIE y TNMPBOM H TOCIEAHEM MHHYTY
penepdy3uje U KOPOHApHOI MPOTOKAa y NMPBOM MUHYTY penepdysuje y TpeTHpaHO] Ipynu

I1amoBa.
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Ta6ena 25. Edextu TpeTMaHa eKCTPaKTOM HBambCKor Beha y qo3u ox 125 mg/kg Ha
KapJIMOAMHAMCKE MapaMeTpe U KOPOHAPHU MPOTOK U30JI0BAHOT CpIla CIIOHTAHO
XUNEPTEH3MBHUX IAII0BA.

dp/dt max(mmHg) dp/dt min(mmHg) SLVP(mmHg)
C 1303,8 +235,2 -1145,85 + 90,32 49,6 + 4,6
SHR PI1 1415,8 + 123,5% -1245,25 + 73,26 53,6 +7,9
P7  1223,2+118,54%" -970,1 + 84,4%" 39,3 + 6,2
C 1315,2 + 54,95 -1056,2 + 56,3 45,6 + 4,51
SHR+125GVE p; 14463 +235.2% -1098,9 + 84,51 45,56 + 5,54
P7 1310,2 + 220" -1016,2 + 140,21 41,3 +13,5
DLVP(mmHg) HR(bpm) CF(mL/min)
C 1,01 £0,16 230,5 + 25,2 75 0,5
SHR PI1 1,1+0,13 220,5+31,2 7,2 +0,31
P7 0,93 + 0,06 180,2 + 19,2 6,41 + 0,66*
C 1,15+03 2452 +17,3 7,56 £ 0,23
SHR +125GVE  pyg 1,12+0,13 256,2 + 21,97 8,17 +0,15"
P7 1,12 + 0,061 2342 + 12,31 6,97 + 0,159

Bpennoct cy mpukasaHe Kao Cpelma BPEAHOCT + craHiapaHa jaesujauuja (X + SD).
C - crabwimsauuja; P1 - npBu munyt penepdysuje; P7 - nocinenwu MuUHYT penepdysuje,
*CraTHCTHUKHM 3HauajHa pasznuka Ha HUBOY P<0,05 y omnmocy Ha tauky C y rpynw,
*Cratncriakn 3HavajHa paznuka Ha HUBOY P<0,05 y omnHocy Ha Tauky Pl y rpymu;
"Crarucriukn 3nauajua paznnka Ha HEBOy P<0,05 Y OHOCY Ha HETPETHPAHE KHBOTHELE Y
HCTOM TPEHYTKY OJ1 UHTepeca.
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I'pajux 14. KapiuoauHaMcKy napaMeTpy U KOPOHAPHHU NMPOTOK CIIOHTAHO XHUIEPTEH3UBHUX
maroBa Koju cy OWJIM Ha TpeTMaHy eKcTpakrtoM y no3u oa 125 mg/kg u HerpeTmpanux
XHUIIEPTEH3WBHUX ManoBa. BpemHOCTH Cy mpuKa3zaHe Kao cpelma BPEJHOCT + CTaHIapAHa
nesujarija (X £ SD). C - crabwmsanmja; U - ucxemuja; P1-P7 - Bpennoctu OenexeHne Ha
CBaKHUX IMET MHHYTa TOKOM TPHUJIECET MUHYTa penepdysuje.
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4.9.3.2. Edextu 250 mg/Kg ekctpakTa nBamCKor 1Beha Ha KapInoIuHaMCKe IapaMeTpe U

KOpPOHAapHM IPOTOK CIIOHTAHO XUIIEPTEH3UBHUX I1a1[0Ba

Bpennoctu kapauoJMHAMCKUX IMapaMeTapa ¥ KOPOHApHOT TPOTOKAa IMPHKa3aHE Cy
tabenapuo u rpaduuku (Tabena 26, I'padux 15). IIporokosom mcxemuje y Tpajamy ox 20
MuHyTa U penepdysuje y Tpajamy on 30 munyTa npaheHe cy mpoMeHe napamerapa QyHKIUje
cpua y TpyIu XUNEpTEH3UBHUX )KUBOTHIbA KOje Cy MPETXOHO Oujie Ha TPETMaHy €KCTPAKTOM
uBamckor 1seha y gosum ox 250 mg/kg (SHR + 250 GVE). Takohe npukaszane cy
CTaTHCTUYKU 3HA4YajHE pa3jMKe y HaBEJICHUM MapamerpuMa moja yrtuiajem 250 mg/kg
eKCTPaKTa y OJJHOCY Ha KOHTpoJHe yciioBe (SHR rpyma).

Cratuctuuku 3Ha4ajHo nosehame Bpeanoctu dp/dt max u cmamerme dp/dt min youeno
j€ y TpyIH U3JI0KEHO] TpeTMaHy MBambCKUM 1iBeheM y mpBOM MHUHYTY penepdysuje y 0JHOCY
Ha mepuoj crabwimszanuje U kpaj penepdysuje. Takohe 3abenexeH je CKOK cpuaHe
(dpekBeHIIe y TPBOM Y OJHOCY Ha MOCIIEABH MUHYT penepdysuje.

Kana ce ynopene BpeJHOCTH KapAHOAMHAMCKUX MTapaMeTapa y rpylH HeTPEeTHPAHUX U
TPETUPAHUX IalloBa youaBajy ce cielnehe mpoMeHe: y TPETHpaHOj TPYyMU JONUIO je JI0
nosehama BpenHoctu dp/dt max y cBum taukama o uHTepeca, dp/dt min y kpajibeMm MUHYTY
penepdysuje, CUCTONHOT MPUTHCKA Yy NMPBOM MUHYTY penepdys3uje U cpuaHe (peKBeHLE Y
MIPBOM U TNOCJIEHEM MUHYTY pernepdysuje. Takolhe BpeqHOCTH KOPOHAPHOT MPOTOKA Ccy Ouse

BUIIE y TPyNHM KOja je KOH3yMHpajla eKCTPakT MBamCKOI I[Beha Ha MOYeTKy U Kpajy

penepdysuje.
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Ta6esa 26. Edextu TpeTMaHa eKCTpakToM HBambCcKor nBeha y mo3u ox 250 mg/kg na

KapaAuOoJUuHaMCKE MapaMeTpC U KOPpOHAPHU IMPOTOK U30JIOBAHOT' Cplia CIIOHTAHO
XUINCPTCH3NMBHUX I1allOBA.

dp/dt max(mmHg) dp/dt min(mmHg) SLVP(mmHg)

C 1303,8 +235,2 -1145,85 + 90,32 49,6 + 4,6
SHR PI1 1415,8 + 123,5% -1245,25 + 73,26 53,6 +7,9
P7 12232+ 118,54* -970,1 + 84,4+ 39,3 + 6,2%
C 1418,15 + 121,37 -1172£102,3 455 +5,5
SHR+250GVE  p7r  1595,13 + 150,6*" -1120,2 + 102,3* 374 +627
P7  1444,17 +£200,5™ -1156,8 + 110,2™ 40,7 +3,1
DLVP(mmHg) HR(bpm) CF(mL/min)
C 1,01 £0,16 230,5 + 25,2 75 0,5
SHR PI1 1,1+0,13 220,5+31,2 7,2 +0,31
P7 0,93 + 0,06 180,2 + 19,2 6,41 + 0,66*
C 1,21 £ 0,009 251,2+ 18,2 7,91 + 0,45
SHR +250 GVE  pyj 1,16 £ 0,01 2602 + 31,17 8,12 + 0,391
pP7 1,08 +0,14 239,2 +19,2" 7,39 + 0,967

Bpennoct cy mpukasaHe Kao cpelma BPEAHOCT + craHiapaHa jaesujauuja (X + SD).
C — crabunuzauyja; P1 - npBu Munyt penepdysuje; P7 - nocinenwu MUHYT penepdysuje;
JCraructinukn 3HavyajHa pasnuka Ha HuBOy P<0,05 y omHocy Ha Tauky C y rpymny;
*Cratncriakn 3HavajHa paznuka Ha HUBOY P<0,05 y omnHocy Ha Tauky Pl y rpymu;
"Crarucriuxn 3nauajua paznnka Ha HuBoy P<0,05 y OAHOCY HAa HETPETHPAHE KHBOTHELE Y
HCTOM TPEHYTKY OJf HHTEpeca.
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I'padux 15. KapniuonuHamcku napaMeTpud U KOpOHapHHU MPOTOK CIIOHTAHO XHUIEPTEH3MBHUX

namoBa KOju Cy OWJIM Ha TPETMaHy eKCTpakToM y ao3u ox 250 mg/kg u HeTpeTHpaHux

XMIIEPTEH3UBHUX MaloBa. BpenHocTu cy mpukazaHe Kao cpelilba BPEJHOCT + CTaHJapAHa
nesujanmja (X + SD). C - crabunmuzauuja; U - ucxemuja; P1-P7 - BpenHoctu GenexxeHe Ha

CBaKHUX MET MHUHYTa TOKOM TPUJIECET MUHYTa penepdysuje.
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4.9.3.3. Edextu 500 mg/kg ekcrpakTa nBamCcKor 1Beha Ha KapInoIuHaMCKe IapaMeTpe U
KOPOHAPHH MPOTOK CIIOHTAHO XUIIEPTCH3UBHUX MaI[0Ba

BpenHnoctu kapauoIMHAMCKUX TNapamerapa W KOPOHApHOT NPOTOKA MPHKA3aHH Cy
tabenapHo u rpaduuku (Tabena 27, I'paduk 16). [Iporokosom ucxemuje y tpajamy ox 20
MuHyTa U penepdysuje y Tpajamy ox 30 munyTa npaheHe cy mpoMeHe napamerapa QyHKIUje
cpua y TpyIu XUIMEpTEH3UBHUX )KUBOTHIbA KOj€ Cy MPETXOHO OMJIe Ha TPETMaHy €KCTPAKTOM
uBamckor 1seha y gosum ox 500 mg/kg (SHR + 500 GVE). Takohe npukaszane cy
CTaTHCTUYKM 3HAuYajHEe pa3jMKe y HaBEJCHUM Mapamerpuma moja yrtuiajem 500 mg/kg

eKCTpaKTa y OJJHOCY Ha KOHTpoJHe yciioBe (SHR rpyma).

VY rpynu M3JI0KEHOj TPETMaHy eKCTPaKTOM HWBamcKor nBeha y nosu ox 500 mg/kg
BPEIHOCTH HCIUTUBAHHUX Tapamerapa (yHKIHje cpla HHCYy C€ 3HAa4ajHO MEHaje TOKOM
nocMmarpasor nepuozaa. Burre Bpenroctu dp/dt max y taukama C u P7 Guie cy youeHe y
TPETUPAHO] TPYIH Y OJIHOCY Ha CIIOHTAHO XHMIIEPTEH3UBHY KOHTpOy. JlogaTHo y rpymnu Koja
j€ KOH3yMHpaia eKCTPaKT HMBamCKOr IBeha y mocnemmeM MUHYTY penepdysuje Omie cy
NPUCYTHE M3PaKEHO BUIIIE anconyTHe BpenHoctu dp/dt min. Takohe mperpeTMaH WBambCKUM
nsehem 10Beo je A0 3Ha4ajHOr MoBehama CHCTONHOT MPUTHUCKA Ha Kpajy penepdysuje y
OJTHOCY Ha HeTpeTupaHe namoBe. CpuaHa (pekBeHLa je Ouila 3HauyajHO BHILA y MEPHOAY
cTabmin3aiyje u 1o 3aBpIIETKY pernepdys3vje y Tpymu Koja je Omia u3JIokKeHa TpPeTMaHy
excTpakToM. Takole KoJ OBHMX MaloBa KOPOHapHHU MPOTOK je OMO 3HAYajHO BUIIU Y CBUM

HUCIIMTUBAaHUM TPCHYHIHMaA.
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Ta6ena 27. Edextu TpeTMaHa eKCTpakTOM HBambcKor nBeha y qo3u ox 500 mg/kg Ha

KapaAuOoJUuHaMCKE MapaMeTpC U KOPpOHAPHU IMPOTOK U30JIOBAHOT' Cplia CIIOHTAHO

XUINCPTCH3NBHUX I1AallOBA.

dp/dt max(mmHg) dp/dt min(mmHg) SLVP(mmHg)
Cc 1303,8 + 235,2 -1145,85 + 90,32 49,6 + 4,6
SHR P1 1415,8 + 123,5% -1245,25 + 73,26 53,6 7,9
P7  1223,2+118,54%" -970,1 + 84,4%" 39,3 + 6,2
Cc 1450 £ 75,91 -1188,83 £ 90,8 53,42 + 8,77
SHR + 500 GVE PI 1435,1 + 146,8 -1212,93 + 40,2 58,1+ 7,66
pP7 1420,8 + 59,57 -1121,95 + 150,27 42,1 +7.21
DLVP(mmHg) HR(bpm) CF(mL/min)
Cc 1,01 0,16 230,5 + 25,2 75 £0,5
SHR P1 1,1+0,13 220,5+31,2 7,2 £0,31
P7 0,93 + 0,06 180,2 + 19,2 6,41 + 0,66*
C 1,3+0,1 250,3 + 20,21 8,6+ 121
SHR +500 GVE  pg 128 +0,01 2489 + 28,5 9,240,971
pP7 1,29+ 0,14 230,8 + 19,8 8,1+ 1,127

BpennocTu cy mpukasaHe Kao cCpejma BpeIHOCT + craHaapiaHa nesujanuja (X £ SD). C —
crabunuzanyja; Pl - mpBu muHyT penepdysuje; P7 - mocnenmu MHHYT pernepdysuje;
*CraTHCTHUKHM 3HauajHa pasznuka Ha HUBOY P<0,05 y omnmocy Ha tauky C y rpynw,
*Cratncriakn 3HavajHa paznuka Ha HUBOY P<0,05 y omnHocy Ha Tauky Pl y rpymu;

"Crarucriuxn 3nauajua paznnka Ha HuBoy P<0,05 y OAHOCY HAa HETPETHPAHE KHBOTHELE Y
HCTOM TPEHYTKY O]l HHTEpeca.
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I'pagux 16. KapauoguHaMcky mapaMeTpy U KOPOHAPHHU MPOTOK CIIOHTAHO XHUIEPTEH3UBHUX
maroBa Koju cy OWwiM Ha TpeTMmaHy ekcrpaktoM y no3u oa 500 mg/kg u HerpeTmpanux
XMIIEPTEH3UBHUX MaloBa. BpenHocTu cy mpukazaHe Kao cpelilba BPEJHOCT + CTaHJapAHa
nesujanyja (X £ SD). C - crabunmuzauuja; U - ucxemuja; P1-P7 - Bpennoctu GenexxeHe Ha
CBaKUX MET MUHYTa TOKOM TPUJECET MUHYTa penepdysuje.
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4.9.3.4. [IpomeHe kapAHOAMHAMCKHUX MapaMeTapa U KOPOHAPHOT MPOTOKA U30JI0BAHOT CpLIa
CIIOHTAHO XUIIEPTEH3UBHMX IAI[0BA Y OJHOCY HAa IPUMEHEHY 103y €KCTPAKTa UBAHCKOT

nseha

Bpennoctu kapAnoIMHAMCKKX Mapamerapa U KOPOHApHOT NPOTOKA MPUKA3aHU Cy Ha
I'paduky 17. [Iporokosnom ucxemuje y Tpajary oa 20 munyTa u penepdysuje y Tpajamby o
30 mumHyra mnpaheHe cy mnpoMeHe mapamerapa (QYHKIHMje Cpla y TpyOd CIIOHTAHO
XHUIIEPTEH3UBHUX )KUBOTHIHA Y OHOCY Ha MIPUMEHECHY 7103y EKCTPaKTa UBambCKOT 11Beha.

AnconytHe Bpeanoctu dp/dt max u dp/dt min cy Ouse 3HauajHO BHIE Yy rpymnama
tperupanum ca 500 mg/kg u 250 mg/kg exctpakra y ogHOCY Ha Tpymy TpeTupaHy ca 125
mg/kg ekctpakTa y mepuoay crabuiu3aiidje W Ha Kpajy penepdysuje. JomatHo y mpBomM
MHUHYTY penepdysuje 3anakeHa je 3Hadajuo Bumia Bpeanoct dp/dt max y 250 GVE rpymnu y
OJIHOCY Ha OCTaJe TpyIe, A0K Kaja je ped o dp/dt min Buie BpeqHOCTH Cy OWiie IPUCYTHE Y
IpyIy U3J0KEeHO] HajBehoj J03M y 0JTHOCY Ha ocTalie MpuMemeHe 103e. [loBehame BpeqHocTH
CHCTOJIHOT TIPUTHCKA YOUCHO je y TpyIu Koja je Omita Ha Tpermany ca 500 mg/kg excrpakra y
onarocy Ha 250 mg/kg u 125 mg/kg y nepuoay crabuiausanuje u IpBOM MHHYTY penepdysuje.
Vctu TpeHn je yodeH KoJ AMjacTOHOT IMPUTHCKa, alu Ha Kpajy penepdysuje. IIlpomena noze
MPUMEEHOT EeKCTpakTa HHje MMajla yTHIlaja Ha BPEAHOCT cpyaHe (pEKBEHIlE, 0K je
KOPOHApHHU MPOTOK OMO 3HAYajHO BUINK Yy Tpynu Tpetupanoj ca 500 mg/kg ekcrpakra y

oanocy Ha 125 mg/kg ekctpakTa y CBUM HCIUTHBAHUM TPEHYLIUMA.
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I'pajpux 17. Ilopehewe edekara pa3znuuuTUX J103a EKCTpaKTa HBamCKor IBeha Ha
KapJIMOJMHAMCKE TIapaMeTpe W KOPOHApHH TPOTOK HW30JIOBAHOT CpIa CIOHTaHO
XHUIIEPTEH3WBHUX TaloBa. BpemHOCTH Cy mpuKa3zaHe Kao cpella BPEJHOCT + CTaHIapAHa
nesujarja (X+SD). C - crabunmmzanuja; U - ucxemuja; P1-P7 - BpemHocTH OenexeHe Ha
CBaKHX I€T MUHYTa TOKOM TPHUJECET MUHYTa penepdysuje. “CTaTUCTHUKK 3HAYajHA Pa3IMKa
Ha HuBoy p<0,05 m3mehy rpyne SHR + 500 GVE u SHR + 250 GVE y Tpenytky ox
unTepeca; ““CTaTMCTUUKM 3HAYajHa pasiuka Ha HuBOy p<0,01 usmehy rpyme SHR + 500
GVE u SHR + 250 GVE y TpenyTKy of uHTepeca; PCTaTHCTHUKY 3HAYajHA PA3INKa Ha HHBOY
p<0,05 usmely rpyme SHR + 500 GVE u SHR + 125 GVE; "PCrarucriukn snauajua pasimka
Ha HuBoy P<0,01 usmely rpyme SHR + 500 GVE u SHR + 125 GVE; "Cratuctinuku 3Ha4ajHa
pasznuka Ha HuBOY p<0,05 n3mely rpyne SHR + 250 GVE u SHR + 125 GVE.
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4.9.4. Paznuke y ehexkmuma exkcmpaxma ugarckoz yeeha na kapouoounamcke napamempe

U Koponapru npomok K00 3()pa6ux U cnomrmano xunepmeHnH3uenux nayosa

[Ipomene mnapamerapa ¢yHKIUje cplia y TpPyNH HOPMOTCH3MBHUX M CIIOHTaHO
XHUIIEPTCH3UBHUX JKUBOTHEbA TOJ YTHIAjeM pa3IMYUTHUX 032 EKCTPAaKTa IpHKa3aHe Cy
rpaduuku ([padumnm 18, 19 u 20).

Bpennoct dp/dt max u HR y rpynu 31paBux namoBa koju cy kopuctwim 125 mg/kg
eKCTpakTa OWJia je 3Ha4ajHO BUINIA Y OJHOCY HA XUICPTCH3MBHE MAllOBE TOKOM HCITUTHBAHOT
nepuoza, 10K ce BpexHoct dp/dt min u KopoHapHOT MPOTOKA HUjE 3HAYAJHO Pa3IUKOBAJIA.
Kox xumepTreH3uBHUX TaloBa CUCTOJIHU MPUTHCAK je OMO HIKHM Ha MOYETKy penepdysuje, a
JIMjaCTOTHY BUIIN Ha Kpajy penepdysuje y omnocy Ha 3apase (['paduk 18). Y rpynu 3apaBux
maroBa Ha TPETMaHy eKCTpakToMm y no3u on 250 mg/kg 3abenexeHe Cy BHIE BPEIHOCTH
dp/dt max u SLVP TokOoM CBHMX MCIHMTHBaHHX Tadaka oj uHTepeca, dp/dt min y mepuoay
crabmmzanje 1 HR y mpBom wmuHyTy penepdysuje. Hu amjacTonHM TpPUTHCAK HU
KOPOHapHH TMPOTOK C€ HHUCY 3HAYajHO pa3IUKOBaIM wu3Mel)y HOPMOTCH3MBHUX U
XHIIEPTCH3UBHUX IaI[0Ba TOKOM nocmatpaHor nepuoza (I'paduk 19).

Buma Bpeanoct dp/dt max Omna je youeHa KOJ 3IpaBHX JKHBOTHEA Ha TPETMaHY
ekcTpaktoM y no3u of S00 mg/kg TOKOM Imenor mocMaTpaHor Mepuoja y OIHOCY Ha
XHWIIEPTEH3UBHE JKHBOTHIbE, JTOK HHje Omiao pasnuka y Bpeanoctu dp/dt min. Takohe
BPEITHOCTH CHUCTOJHOI MPUTUCKA Cy Ouie BHUIlE, a JUjaCTOJIHOT HMXKE Yy TPYNH 3/paBHX Y
nepuojy ctabuinsanuje u Ha Kpajy penepdysuje. [IpuMena ekcTpakTa Ko 3ApaBUX IaIoBa
Ousa je moBe3aHa ca CTATUCTHYKM 3HAuyajHUM noBehawmeM cpuaHe (PEKBEHILIE y CBUM
TPEHyIMMa, JOK C€ KOPOHApHH MPOTOK HHUJE€ 3HAYAJHO PA3JIMKOBAO W3Mel)y MCIIUTHBAHUX

rpyna (I'paduxk 20).
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I'pa¢uk 18. ITopehemwe edpexara 125 mg/kg excrpakra nBamCcKor nBeha Ha KapIHOIHHAMCKE

nmapaMeTpe HOPMOTCH3UMBHUX W CIIOHTAHO XUIICPTCH3UBHUX IIallOBA.

Bpennoctu cy

MpHKa3aHe Kao Cpelliba BPEAHOCT + ctanaapaHa neBujanuja (X£SD). C - crabunuzanuja;
U -ucxemwuja; P1-P7 - BpeaHocTn OenexeHe Ha CBaKUX MET MUHYTAa TOKOM TPUIECET MUHYTA
peniepdysuje. “CrarucTHaky 3HauajHa pasnuka mmehy rpyna 125 GVE u SHR + 125 GVE;
**CTaTUCTHUYKY BICOKO 3Ha4YajHa pa3nuka u3melhy rpymna 125 GVE u SHR + 125 GVE.
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I'pa¢uk 19. ITopehemwe edpekara 250 mg/kg excrpakra nBamcKor nBeha Ha KapAHOJHHAMCKE

mapaMeTpe HOPMOTCH3UMBHUX W CIIOHTAHO XHUIICPTCH3UMBHUX IIallOBA.

Bpennoctu cy

MpUKa3aHe Kao Cpelliba BPeAHOCT + cranmapaHa nesujanuja (X£SD). C - crabunu3zanyja;

U - ucxemwnja; P1-P7 - BpennocTn GenexkeHe Ha CBaKUX MET MHUHYTa TOKOM TPUJIECET MUHYTa
peniepdysuje. “CrarucTHaky 3HauajHa pasnuka mmehy rpyna 250 GVE u SHR + 250 GVE;

**CTaTUCTUUYKU BUCOKO 3HauyajHa paznuka usmely rpyna 250 GVE u SHR + 250 GVE.
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I'paguk 20. [Topehemwe epexara 500 mg/kg excrpakra nBamcKor nBeha Ha KapAHOJHHAMCKE

nmapaMeTpe HOPMOTCH3UBHUX W CIIOHTAHO XHUIICPTCH3UBHUX IIallOBA.

Bpennoctu cy

MpHKa3aHe Kao cpela BpeAHOCT + cranaapana neBujanuja (X£SD). C - crabunuzanuja;

U - ucxemuja; P1-P7 - Bpennoctu GenexxeHe Ha CBAKUX MET MUHYTa TOKOM TPUAECET MUHYTa

penepdysuje.  CraTHCTHUKH 3HauajHA pasnuka u3Mehy rpyma 500 GVE u SHR + 500 GVE;
**CraTUCTHUYKY BICOKO 3HauyajHa paznuka usmely rpyma 500 GVE u SHR + 500 GVE.
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4.10. E¢exTH eKcTpakaTa MBamh-CKOT Beha Ha Mapkepe oKCHAAIMOHOT
cTpeca y nepgy3ary u30J10BaHOI CpLa NAL0Ba

KonnenTpanuje mpookcuaanaca kao mro ¢y Oy, NO,, H,O, u TBARS onpehusane
Cy W3 KOPOHApHOT BEHCKOT e(diyeHTa KOju je caKylbaH y TpeHYyTKy crtadwmmsaiuje (C),
pBOM MHUHYTY penepdysuje HakoH ucxemuje (P1) m Ha cBakMX mHeT MHHYTa TOKOM
TpugeceromunytHe penepdysuje (P2-P7). Mehytum 3a craTHCTHUKY aHaiIM3y MOAaTaka
y3UMaHe Cy y OO3HMp TpH Tayke OJi MHTEpeca: BPEAHOCTH y MoMeHTy cradmimmsanuje (C),

HakoH npsor (P1) u nocnenmwer munyta penepdysuje (P7).

4.10.1. Bpeonocmu mapkepa okcuoayuonoz cmpeca y nepgy3samy uzono6anoz cpua

Hempemupanux navoesa

[Iporokonom ucxemuje y Tpajamy on 20 muHyTa u penepdysuje y tpajamy ox 30
MuHyTa mnpaheHe cy mpoMeHe MapKepa OKCHIAIMOHOT omrehema y Tpymu 3ApaBUX |
XHUIIEPTEH3UBHUX JKUBOTHHbA, a BPEAHOCTH HCIHMTHBAHUX IlapamMerapa Cy MpHKa3aHe Cy
tabenapHo u rpaduuku (Tabena 28, I'paduk 21).

H-P je noBena 10 3HAYajHOr CKOKA y KOHIIGHTPALMjU CBHUX HCIHUTHUBAHUX Makepa
OKCHJAIIMOHOI CTpeca Ha Kpajy penepdysuje y oJHOCY Ha BPEIHOCTH IIpe UCXEMHjE KaKO Y
yCIIOBUMa HOPMOTCH3Hje TaKo W KOJ XurepTeH3uBHuUX mnaroBa. HuBo TBARS-a je 6umo
3HA4ajHO MOBUILIEH Y IPBOM MUHYTY penepdys3uje y o0e rpyre y 0JHOCY Ha CTaOMIN3aluOH!
nepuos, Aok je HMBO NO; OMO MNOBHIIEH Ha MOYETKYy penepdysuje y oOJIHOCY Ha
CTa0MIIN3alUjy caMO KOJI XUIIEPTEH3UBHUX MalloBa.

Kox xunepreH3uBHUX manoBa youyeHa je Bumia konnenrpanvja O, u TBARS Ha kpajy
peniepdysuje, H,O, y mpBOM 1 mocineameM MEHYTY peniepdys3uje, Kao U HiIbKa KOHIICHTpaIija

NO, y crabunuzauju.
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Ta6esa 28. [IpookcunalinoHu MapKkept Y KOpPOHAPHOM BEHCKOM e(IyeHTY HETPETUPAHUX

3ApaBUX U CIIOHTAHO XUIICPTCH3MBHUX IMAallOBA.

TBARS (umol/ml) NO; (nmol/ml) O, (nmol/ml) H,O, (nmol/ml)
C 223+24 97,7+ 14,9 58,3+1,3 56,5+4,2
CTRL P1 27,4+ 1,8% 104,5+ 13,9 62+1 59,2+ 6,2
P7 27,8 + 3% 105,8 £21,2* 69,5 +5,3* 61,5+ 3,4%
C 21+1,8 87,7+ 13,21 62,1 +2.5 58,3+2,1
SHR P1 25,5+ 2,1* 103,6 + 12,1* 65+4,7 64,2 +3,6
P7 30,2 £2,3% 106,3 £12,7* 76,2 + 3,8* 67,8 £1,7*

Bpennoctu cy mpukasaHe Kao cpelma BpEIHOCT + craHmapaHa aeBujaimja (X £ SD).
C — crabwmmzanyja; P1 - nmpBu munyt penepdysuje; P7 - mocnenmu MUHYT penepdysuje;
*CraTUCTHUKM 3HauyajHa pasznuka Ha HUBOY P<0,05 y oxnocy Ha Tauky C y rpynu;
*CrarucTiuky 3HauajHa pasnnka Ha HEBOy P<0,05 y oHOCY Ha Tauky P1y rpymu.
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I'padux 21. [Ipookcuganonn Mapkepu y KOPOHapHOM BEHCKOM e(IyeHTY HETpeTHpaHHX
3npaBux (CTRL) u cionTano xumnepren3uBHux (SHR) mamoBa. Bpexgnoctn cy npukasane xao
cpeama BpeTHOCT + cranaapaHa aepujanuja (X = SD). C - crabmmusanuja; U - ucxemuja; P1-
P7 - BpenHocTH OenexeHe Ha CBAKMX MET MHHYTa TOKOM TpUIECEeT MHUHYyTa pernepdysuje.
YeratucTiuky 3Hauajua pasnuka Ha HEBOY P<0,05 y TpeHyTKy ox mHTepeca u3Meljy rpyma;
WeratueTiaxy 3uauajia pasnuka Ha HuBoy p<0,01 y TpeHyTKy ox HHTepeca m3Mel)y rpyrma.
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4.10.2. Epekmu excmpaxama ugarockoz yeeha na mapkepe oKcuoayuonoz cmpeca y

nept[)ysamy uszoijioseanoe cpua 30pa6ux nauoea

4.10.2.1. Epextu 125 mg/kg ekcrpakra uBamCKor 1iseha Ha cpuaHe MpOOKCUIAIIOHE

MAapKepe 3paBuX I1alloBa

Bpeanoctu Mapkepa OKCHAAIIMOHOT CTpeca MpHKazaHe cy TabenapHO U rpaduuku
(Tabena 29, I'paduk 22). IIporokonoM ucxemuje y Tpajamby ox 20 MuHyTa U penepdysuje y
Tpajay ox 30 mMuHyTa mpaheHe cy mpoMeHe MmapameTrapa OKCHIAMOHOT CTpeca y Tpymu
KUBOTHHbA KOj€ Cy MPETXOTHO OWJIE Ha TPETMaHy €KCTPAKTOM MBamCKOT I1Beha y no3u ox 125
mg/kg (125 GVE). Takohe mpukazaHe Cy CTATHCTHYKH 3HA4YajHE Pa3iMKe y HABEICHUM
napametpuma o yrumajem 125 mg/kg excrpakTa y omHocy Ha koHTposHe yciaose (CTRL
rpyma).

Hakon Ttpermana ekctpaktrom y mo3u onx 125 mg/kg youene cy mpomeHe
koHueHTtpauuja NO;” u Oy mu3mely mocmarpanux Tpenyraka. J[omuwio je A0 CTaTUCTUYKU
3HauyajHOr nopacrta koHueHtpauuje NO,  y mpBoM MHUHYTY pernepdy3uje y 0OJHOCY Ha MEePHOT
crabunm3anuje. Jlomarno auBo O je OMO 3HAYAjHO TOBUINIECH Ha Kpajy penepdysuje y ogHocy
Ha MIepHOJI TIPe UCXEMH]E U MPBH MUHYT penepdysuje.

Hwmxe konnenrpauuje TBARS y npom munyty penepoysuje u NO,' y cBuM Taukama
O]l MHTepeca Ouje cy 3abeinexeHe y IpylH Koja je KOH3yMupaja eKCTPakT Yy OJHOCY Ha

KOHTPOJIHE YCJIIOBC.

Tadena 29. Edextr TpeTMaHa eKCTpakTOM uBambckor 1eha y no3u o 125 mg/kg Ha
NPOOKCHIAIIMOHE MapKepe Y KOPOHAPHOM BEHCKOM e(uIyeHTY 3/[paBHX MaIoBa.

TBARS (pmol/ml) NO, (nmol/ml) O, (nmol/ml) H,O, (nmol/ml)
C 223+24 97,7+ 14,9 58,3+ 13 56,5+ 42
CTRL P1 27,4+ 1,8% 104,5+ 13,9 62 +1 59,2 +6,2
P7 27,8 £ 3% 105,8 £21,2* 69,5+ 5,3* 61,5 £ 3,4%*
C 229+1,1 92,5+ 52" 60,2 + 5,6 572+1,6
Gl\Z/SE P1 23,4+12" 98,8 + 3,9%" 60,1 + 4.8 58,6+ 5,6
P7 25,46 + 3,6 96,4 + 3,17 65,3 + 2,8*" 59,1 +7.2

Bpennoctn cy mnpukazaHe Kao cpemma BpemHOCT + craHmapaHa JAesujanmja (X +  SD).
C — crabowmuzanyja, Pl - npeu muuyT penepdysuje; P7 - mocnenmsu MHUHYT penepdysuje;
CTaTHCTHUKY 3HAaYajHA pasinka Ha HuBOYy: P<0,05 y oxHocy Ha tauky C y rpymu; * p<0,05 y oxHoCy
Ha Tauky P1 y rpymm; ' p<0,05 y omHOCY Ha HeTpeTHpaHe KHBOTHEE Y HCTOM TPEHYTKY O/l HHTEpeca.
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I'pagux 22. [IpookcuganoHn MapKkepu y KOPOHAPHOM BEHCKOM e(IyeHTY 3/IpaBHX I1alioBa
KOju Cy OWJIM Ha TpeTMaHy eKCTpakToM y a03u oj 125 mg/kg u HeTpeTHpaHux 3/paBUX
naroBa. BpeaHocTu cy nprkasaHe Kao cpeiiba BpeIHOCT + cTanaapana aeBujaidja (X £ SD).
C - crabunmmsanuja; U - ucxemuja; P1-P7 -Bpeanoctn OenexxeHe Ha CBaKMX NET MHHYTa TOKOM
TpHUAECET MUHYTa penepdysuje.

4.10.2.2. Epextu 250 mg/kg ekcrpakra uBamCcKor 1iseha Ha cpuaHe MpOOKCUIAIIOHE

MapKepe 3/IpaBUX ImaoBa

Bpennoctn Mapkepa OKCHAAIMOHOT CTpeca INMpHKa3zaHe Cy TalenapHO W rpaduyku
(Tabena 30, I'paduk 23). [IpoTokonoMm ucxemuje y Tpajamy oa 20 MuHyTa U penepdysuje y
Tpajaky on 30 mMuHyTa mpaheHe cy mpoMeHe mapamerapa OKCHUAALMOHOI CTpeca y Tpynu
KHUBOTHHbA KOj€ Cy MPETXOTHO OMJIE Ha TPETMaHy €KCTPAKTOM MBamCKOT I1Beha y no3u ox 250
mg/kg (250 GVE). Takohje mpuka3aHe Cy CTaTHCTHYKHM 3Ha4YajHE Pa3JIMKe y HaBEICHUM
napamerpuma moa yrumajem 250 mg/kg ekcrpakTa y ogHocy Ha koHTposHe ycimoBe (CTRL
rpyrma).

VY rpynu XKUBOTHH-a KOja je Ouila M3JI0KEHa TPEeTMaHy E€KCTPakToM Y 103U of 250
mg/kg youene cy npomene Bpeanoctd TBARS u NO, Tokom mocmarpanor nepuoja. Hanmve
JONIIO je J0 3HAYajHOT CKOKa y KoHIeHTpanuju |BARS y mpBoM W mocneameM MUHYTY
penepdysuje y onHOCY Ha mepuoj crabunmszanuje. Takohe y mpBoM MuHYTY penepdysuje
koHnentpauuja NO; je 6una 3Ha4ajHO BUIIA Y OAHOCY Ha OCTajia JBa OCMaTpaHa TPEHYTKa

o MHTEpECaca.
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[Ipumena exkcTpakTa JoBeda je 10 3HA4YajHOr MaJa y KOHIEHTPAlMjU CBUX
MCIIUTUBAHUX Mpookcuaanaca ceM HyO, HakoH TpuaeceTOMUHYTHE penepdy3nje y 0THOCY Ha

3/IpaBe HETpeTUpaHe KuBoTHmHE. Takohe Hmxke Bpennoctu TBARS u O, 6une cy 3abenexene

y OBOj TPYIIH U Y IPBOM MHUHYTY pernepdysuje.

Taodemna 30. Edextr TpeTmMaHa ekcTpakToM uBamckor 1eeha y nosu ox 250 mg/kg Ha
IPOOKCHUIAIIMOHE MAPKEpPe y KOPOHAPHOM BEHCKOM e(IIyeHTY 37paBHX I1aI0Ba.

TBARS (umol/ml) NO; (nmol/ml) O, (nmol/ml) H,O, (nmol/ml)
C 223+24 97,7 + 14,9 583+1,3 56,5+ 4,2
CTRL P1 27,4+ 1,8% 104,5 + 13,9 62+ 1 59,2+ 6,2
P7 27,8+ 3% 105,8 +21,2% 69,5 + 5,3% 61,5+ 3,4*
C 20,2+ 1,13 93,6+ 1,9 56,8 +4,2 542+4.8
éf’/% P1 22,3 +2,1*1 102,3 + 1,2% 57,6 +3,6" 57,5+2,1
P7 22,6 +1,21*" 942 + 56" 60,2 + 3,91 58,4+ 49

Bpennoctu cy mpukasaHe Kao cpelma BpPeIHOCT + cranmapaHa aeujaiuja (X + SD).
C — crabunuzauuja; P1 - npBu munyt penepdysuje; P7 - mociaenwsu MUHYT penepdysuje;
*CraTUCTUUKM 3HayajHa pasnuka Ha HUBOY P<0,05 y omHocy Ha Tauky C y rpymnu;
*Cratucriuku 3HayajHa pasnuka Ha HuBOy P<0,05 y omnmocy Ha Tauky Pl y rpymu;
Crarucriuxy 3nHavajua pasmuka Ha HEBOY P<0,05 Y OJHOCY HA HETPETHPAHE KHBOTHIGE Y
HCTOM TPEHYTKY OJ] HHTEpeca.
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I'pagux 23. [IpookcuaanmoHn Mapkepu y KOPOHAPHOM BEHCKOM e(IIyeHTY 3/IpaBHX IaroBa
KOjU Cy OWJIM Ha TPeTMaHy eKCTpPakToM y 1o3u o1 250 mg/Kg u HeTpeTHpaHHX 3apaBUX
naroBa. BpeaHocTu cy nprkasaHe Kao cpeiiba BpeIHOCT + cTanaapana aeBujaidja (X £ SD).
C - crabunmmzanuja; W - ucxemuja; P1-P7 - BpenHocTn OenexeHe Ha CBAaKUX MET MHUHYTa
TOKOM TpHUJIeceT MUHYTa pernepdysuje.

4.10.2.3. Epextu 500 mg/kg ekcrpakra uBamckor 1iseha Ha cpuaHe MpOOKCUIAIIOHE

MapKepe 3/[paBuX MaroBa

Bpennoctu Mapkepa OKCHAALMOHOI cTpeca IMpHKa3zaHe Cy TabenapHO U rpaduyuku
(Tabena 31, I'paduk 24). [IpoTokonoMm ucxemuje y Tpajamy oa 20 MuHyTa U penepdysuje y
Tpajaby ox 30 mmuHyTa mpaheHe cy mpoMeHe mapamerapa OKCHAAIMOHOT CTpeca y Ipynu
KHUBOTHHbA KOj€ CY MPETXOTHO OMJIE Ha TPETMaHy eKCTPAKTOM MBambCKOT 11Beha y no3u o 500
mg/kg (500 GVE). Takohe mpukasaHe Cy CTaTHCTHYKU 3Ha4ajHE pa3liMKe Yy HaBEJICHUM

napamerpuma noa yrumajem 500 mg/kg ekcrpakra y ogHocy Ha koHTpoiHe ycioBe (CTRL

rpyma).

VY rpynu koja je Ouna TpeTHupaHa eKCTPAaKTOM JIOIIJIO j€ 10 CMambeha KOHIIEHTpallyje
H,0; Ha kpajy penepdy3uje y 0JIHOCY HA MIEPUO]T CTA0MIH3AIIH]€E, IOK CY BPETHOCTH OCTAIIUX
napamerapa Owie HenpoMemeHe. Takohe konnentpauuja TBARS u NO, 6una je 3HauajHO
BHUIIIA Y IPBOM MUHYTY penepdys3uje y o1HOCY Ha cTabuiIu3aiujy u Kpaj penepdysuje, 10K je

koHmeHTpanuja Oy y TpuaeceToM MUHYTY OMJia HUXKa y OJJHOCY Ha TIPBU MUHYT penepdysuje.
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TpeTmaH eKcTpaKkTOM J0BEO je 10 3HAYajHOT CHIDKEHa KOHIICHTPAIUje CBUX MEPEHUX
IpoOKCcHaHaca Ha Kpajy pernepdysuje y oaHOCY Ha KOHTpoJHE yciose. Takohe cBu Mapkepu
ceM NO, Owimu cy 3HaYajHO HWXKHM Yy TIPBOM MHHYTY perepdysuje y TpynH H3II0KEHO]
ekcTpakty, Aok cy TBARS wu O, Oenexunn HWKE KOHIICHTpAIlMje M Y MOMEHTY

crabwim3anmyje.

Tademna 31. Edextr TpeTmMaHa ekcTpakToM uBamckor 1eeha y nosu o 500 mg/kg Ha
HPOOKCHIAIIMOHE MapKepe y KOPOHAPHOM BEHCKOM e(uIyeHTY 37[paBHX HaloBa.

TBARS (umol/ml) NO, (nmol/ml) O, (nmol/ml) H,0O, (nmol/ml)
C 223+24 97,7+ 14,9 583+1,3 56,5+ 4,2
CTRL P1 27,4+ 1,8% 104,5 + 13,9 62+ 1 59,2+ 6,2
P7 27,8+ 3% 105,8 + 21,2* 69,5 + 5,3% 61,5+ 3,4*
C 182+ 1,8" 96,7 + 6,1 50,9+ 54" 54,5+5,7
c?g?z P1 243+ 1,5% 107,9 + 5,2% 54,1+32"M 524+5,1"M
P7 19,2 +23%" 91,9+ 58" 50,1 2,911 49,5 + 4*11

Bpennoctu cy mpukasaHe Kao cpelma BpPEIHOCT + craHmapaHa aesujanuja (X + SD).
C — crabunuzanyja; P1 - npBu Munyt penepdysuje; P7 - mocnenwmu MUHYT penepdysuje;
*CraTUCTHUKM 3HauyajHa pasnuka Ha HUBOY P<0,05 y onmnHocy Ha Tauky C y rpynu;
*Cratncriakn 3HavajHa pasnuka Ha HUBOY P<0,05 y omnHocy Ha Tauky Pl y rpymu;
"Crarucriuxn 3nauajua paznnka Ha HEBOy P<0,05 Y OAHOCY HA HETPETHPAHE JKHBOTHELE Y
HCTOM TPEHYTKY OJ1 MHTEpeca.

113



Josana bpaouh PE3YJITATHU

35 140
30
25 - 100 -
20 4 £
—=—500 GVE
+sesesCTRL

—=—500 GVE
+ssv0s CTRL

TBARS (pmol/ml)
NO;  (nmol/ml)

40

c u P1 P2 P3 P4 P5 P6 PT7

=—a=— 500 GVE
eeseas CTRL

—=— 500 GVE

Oy (nmol/ml)
IS
S

H,0, (nmol/ml)

c P1 P2 P3 P4 P5 P6 P7 c M PI P2 P3 P4 P5 P6 PT

I'pagux 24. [IpookcuaanoHn MapKkepu y KOPOHAPHOM BEHCKOM e(IIyeHTY 3/IpaBHX IaroBa
KOjU Cy OWiM Ha TpeTMaHy ekcrpakToMm y mo3u o 500 mg/kg um HeTpeTHpaHHX 3apaBUX
naroBa. BpeaHocTu cy nprukasaHe Kao cpejiiba BpeIHOCT + cTanaapana aesujaidja (X £ SD).
C - crabunmmzanyja; U - ucxemuja; P1-P7 - BpenHocTn OenekeHe Ha CBAaKMX MET MUHYTa
TOKOM TpHUJIeceT MUHYTa pernepdysuje.

4.10.2.4. IIpomeHe cpyaHUX MPOOKCUIAMOHUX MapKepa 3/IpaBHX MaloBa y OJHOCY Ha

MIPUMEBECHY /103y €KCTPaKTa HBambCKoOr 11Beha

Paznuke y BpeaHOCTMMa IPOOKCHJIAIMOHUX MapKkepa y KOPOHAPHOM BEHCKOM
edayenty mox yrumajem 500, 250 u 125 mg/kg excrpakra nprkazaHe cy Ha ['paduky 25.
PesynraTtu cy npeCcTaB/beHH Y BHIY CPEIBHX BPEIHOCTH + cTaHaapaHa aesujanuja (X = SD)
ca CTaTUCTHYKHU 3HA4ajHOM pasznukoM 3a BpenHocT P<0,05 u cTaTHCTHYKKA BHCOKO 3HAYajHOM
pasznukoMm 3a Bpeanoct p<0,01.

Konnenrpauuja TBARS je Ouna 3HauajHo Hmka y craOMiM3alMju U Ha Kpajy
peniepdys3rje y Tpynu MOABPIHYTO] HAJBUINO] Y OAHOCY Ha HAJHWXKY 103y. Takohe HMKa
Bpeanoct TBARS otkpuBeHa je Ha kpajy penepdysuje y rpynu Ha tpermany 500 mg/kg y
onnocy Ha 250 mg/kg u 250 mg/kg y omHocy Ha 125 mg/kg excrpakra. ¥V rpymu koja je
KOpUCTHIIa HajBUIy 103y KoHueHTpanuja NO, je Omia 3Ha4ajHO BHUINA y MPBOM MHUHYTY
peniepdy3rje W HWKa Ha Kpajy pernepdys3uje y OaHOCY Ha HajHWXKY Ao03y. Kox marosa

tperupanux ca 500 mg/kg excrpakra OTKpHBEH je 3HauajHo HWkH HHBO O, y OJHOCY Ha
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ocTtaje JIBe /03¢ Y CBUM HCIUTHUBAHUM TpeHynuma u HyO, y mpBoM U mocieameM MUHYTY

penepdysuje.
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I'pagux 25. ITlopehewe edexata pa3nuuUTUX J03a EKCTpaKTa MBAWKCKOT IBeha Ha
KOHIIEHTPALIMjy CpUaHUX MPOOKCHaHaca KOJI 3/IpaBUX MalloBa. BpeqHOCTH cy nmpuKka3zaHe Kao
cpenma BpedHOCT + ctanaapana aesujanuja (X£SD). C - crabunuzanuja; U - ucxemuja; P1-
P7 - BpenHocTH OenexeHe Ha CBAKMX MET MHHYTa TOKOM TpUAEceT MHUHYyTa pernepdysuje.
“CrarucTiyku 3HauajHa pasiuka Ha HuBoy p<0,05 usmelhy rpyne SHR + 500 GVE u SHR +
250 GVE y TpeHyTKy oA HHTepeca; PCratucrnaxu 3Ha4yajHa pasznuka Ha HuBoy p<0,05
msmehy rpyme SHR + 500 GVE u SHR + 125 GVE; PPCratucriukn 3nauajra pasnuka na
uuBoy p<0,01 uszmely rpyme SHR + 500 GVE u SHR + 125 GVE; "Cratuctuuku 3Ha4ajHa
pasnuka Ha HuBOY p<0,05 n3mehy rpyne SHR + 250 GVE u SHR + 125 GVE.
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4.10.3. Egpekmu excmpaxama ugarockoz yeeha na mapkepe oKcuoayuonoz cmpeca y

nepcj)ysamy u3ojioseanoz cpuya CnoLmano XxunepmeH3ueHux nauoea

4.10.3.1. Edexn 125 mg/kg excTpakta MBamCKOT I[Behia Ha cpuaHe MPOOKCHIAIHOHE

MapKepe CIIOHTAHO XHUIICPTCH3MBHUX IT1allOBa

[Tporokonom wucxemuje (20 muu) u penepdysuje (30 muu) mpaheHe cy mpomeHe
napaMeTrapa OKCHIAIIMOHOT CTpeca y TPYIH XHIIEPTEH3UBHUX JKHUBOTHHA Ha TPETMaHY
eKCTpPaKTOM HBamCKor 1Beha y mo3u ox 125 mg/kg (SHR+ 125 GVE). Bpennoctu mapkepa
OKCHJIAIIMOHOT CTpeca MpuKaszane cy tadenapao u rpapuuku (Tadena 32, I'paduk 26).

VY rpynu koja je konsymupaia 125 mg/kg excrpakTa JONUIO je 0 3HAYAjHOT CKOKA Y
KOHIICHTPALlMjU CBHX HCIUTHBAHUX IapaMeTapa Ha Kpajy penepdy3uje y OIHOCY Ha
ctabunm3anuonu mepuoi. lomatHo oTkpuBeHa je Bumia KoHIeHTpanuja TBARS y Pl y
onuocy Ha C, kao u NO; u H,0,y P7 y onHocy Ha P1.

Hakon nmpumene ekcTpakTa youaBajy ce cMameHe KoHueHTtpauuje TBARS Ha kpajy
penepdysuje u nosumene NO; y mepuoay crabuimzainyje y OJHOCY Ha XUINEPTEH3UBHY
KOHTpOJHY rpyny. Takole kox TpeTupaHux naroBa 3a0esexeHa je Hika KoHIeHTpanuja Oy

y CBUM TpEHyLIMMa OJf UHTEpeca.

Ta6ena 32. Edextu TpeTMaHa eKCTpakToM uBamckor 1seha y no3u ox 125 mg/kg na
MIPOOKCUAIIMOHE MapKepe Y KOPOHAPHOM BEHCKOM €(UIyeHTY CIOHTAHO XUIIEPTEH3UBHUX

I1aoBa.
TBARS (pmol/ml) NO, (nmol/ml) O, (nmol/ml) H,O, (nmol/ml)

C 21+18 87,7+32 62,1 £2.,5 583+2,1

SHR Pl 25,5+2,1 103,6 2,1 65+4,7 64,2+ 3,6

P7 302423 106,3 +3,2 70,2 +£3,8 67,8+ 1,7

SsHrR C 222+1,5 93,5+2,5" 56,9 + 2,31 59,5+4,5

1;5 P1 27,8 +3,6% 98,5+ 4,9 59,6 £ 6,57 60,2 £ 6,8
GVE  py 26,1+ 2,8*" 107,1 + 8,9% 61,2+ 7,2+ 66,6 + 9,2+

Bpennoctu cy mpukazaHe Kao Cpelama BpEOHOCT + craHmapaHa aeujanuja (X £+ SD).
C — crabunuzanyja; P1 - npBu mMunyt penepdysuje; P7 - mocneamun MUHYT penepdysuje;
*CraTUCTHUKM 3HauyajHa pasnuka Ha HUBOY P<0,05 y onmnocy Ha Tauky C y rpynw;
*CratucTiuky 3Havajua pasnmka Ha HuBOy Pp<0,05 y ommocy Ha Tauky Pl y rpymm;
"Craructiuky 3nauajua pasmnka Ha HEBOY P<0,05 y OAHOCY HAa HETPETHUPAHE KHUBOTHEE Yy
HCTOM TPEHYTKY OJ MHTEpeca.
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I'pagux 26. I[IpookcuIanMoHM MapKepU y KOPOHAPHOM BEHCKOM €(QIIyeHTY CIIOHTAaHO
XHMIIEPTCH3UBHUX TIal0Ba KOjU Cy OWiIM Ha TpeTMaHy ekcrpakrom on 125 mg/kg u
HETPETHPaHUX XUIIEPTEH3UBHUX IalloBa. BpenHoCcTH cy mpuKa3aHe Kao Cpelilba BPEAHOCT +
crangapana aesujaija (X £ SD). C - cradmnuzammja; U - ucxemuja; P1-P7 - Bpeanoctn
OenexeHe Ha CBaKUX IEeT MUHYTa TOKOM TPHUAECET MUHYTa penepdysuje.

4.10.3.2. Edextu 250 mg/kg excrpakra nBamckor 1iseha Ha cpuaHe MPOOKCHIAIIMOHE

MapKepe CIIOHTaHO XUIIEPTEH3UBHUX I1all0Ba

Bpennoctn Mapkepa OKCHAAIMOHOT CTpeca INMpHKa3zaHe Cy TalenapHo W rpadpuyku
(Tabena 33, I'paduk 27). [IpoTokonoM ucxemuje y Tpajamy oa 20 MuHyTa U penepdysuje y
Tpajaky onx 30 mMuHyTta npaheHe cy mpomeHe mapamerapa OKCHUAALMOHOI CTpeca y Tpynu
CIIOHTAHO-XUMEPTEH3UBHUX JKUBOTHA KOj€ CY NPETXOAHO OMiie Ha TPETMaHy E€KCTPaKTOM
uBamckor 1eeha y gosm ox 250 mg/kg (SHR + 250 GVE). Takohe npukaszane cy
CTaTHCTUYKM 3HA4YajHE pa3jMKe y HaBEJICHUM mapamerpuma moja yruiajem 250 mg/kg
eKCTpaKTa y OHOCY Ha KOoHTpoJiHe yciose (SHR rpyma).

Tperman excrpakrom y no3u ox 250 mg/kg moBeo je mo moBehama KOHIEHTpalmje
NO, u O, Ha kpajy pernepdy3uje y 0OJHOCY Ha MEPHOJ] IPe HCXEMHU]eE, JIOK CY KOHIIEHTpaIlHje
TBARS u H,0, 6ue HenmpoMemeHe TOKOM UCITUTUBAHOT TIEPUO/Ia.

[Ipumena ekcTpakTa JoBela je 1O Maga y KOHLEHTPAIMjH CBUX HMCIUTHBAHUX

nmapamerapa Ha Kpajy penepdysuje y OIHOCY Ha HETpPETUpaHe KOHTPOJHE >KUBOTHUIHE.
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HonatHo youeHne cy u Hke koHIeHTparuje NO,  ,0, u H,O, y mpBoM MunyTy penepdysuje

a Oy uy crabmim3anuju.

Ta6ena 33. Edextu TpeTMaHa eKCTPaKTOM HBambCKOr 1Beha y qo3u ox 250 mg/kg Ha
MIPOOKCUAIIMOHE MapKepe Y KOPOHAPHOM BEHCKOM €(UIyeHTY CHOHTaHO-XUIIEPTEH3UBHHUX

arosa.
TBARS (umol/ml) NO; (nmol/ml) O, (nmol/ml) H,O, (nmol/ml)

C 21+1,8 87,7432 62,1 £2.,5 58,3+2,1

SHR Pl 255+2,1 103,6 + 2,1 65+4,7 64,2 3.6
P7 302+23 106,3 +3.2 70,2 +3,8 67,8+1,7

SHR C 232+12 90,2 + 1,69 57,8+1.2" 56,6 2.3
2;0 P1 25,6423 95,6+ 5,6 60,2 +5.9' 584+7,11
GVE  p7 252+1,91 100,2 + 4,9% 63,4 + 4,4%1 56,8 + 4,91

Bpennoctu cy mpukasaHe Kao cpelma BpPeIHOCT + cranmapaHa naeujaiuja (X + SD).
C — crabunuzanuja; P1 - npBu munyt penepdysuje; P7 - mocienwsu MUHYT penepdysuje;
*CraTHCTHUKHM 3HauajHa pasznuka Ha HUBOY P<0,05 y omnmocy Ha Tauky C y rpynw;
*Cratncriakn 3HavajHa pasnuka Ha HUBOY P<0,05 y omnmocy Ha Tauky Pl y rpymu;
"Crarucriuxn 3nauajua paznnka ma HuBoy P<0,05 Y OAHOCY HAa HETPETHPAHE KHBOTHELE Y

HCTOM TPEHYTKY OJf MHTEpeca.
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I'padpux 27. IlpookcunanmoHU MapKepd y KOPOHAPHOM BEHCKOM €(QUIYEHTY CIIOHTaHO
XHUIIEPTCH3UBHUX TIal[0Ba KOjU Cy OWiIM Ha TpeTMaHy ekcrpakrom on 250 mg/kg u
HETpeTHpaHUX XUIEPTEH3UBHUX MaloBa. BpenHocTu cy mpukazaHe Kao cpelmba BPEIHOCT +
cranfapana nesujanuja (X £ SD). C - crabwm3zanyja; U - ucxemuja; P1-P7 — Bpeanoctu
Oese’xeHe Ha CBaKMX MEeT MUHYTa TOKOM TpUeceT MUHYyTa penepdysuje.

4.10.3.3. Epextu 500 mg/kg ekcrpakra uBamcKor 1iseha Ha cpuaHe MpOOKCUIAIIOHE

MapKepe CIIOHTaHO XUIIEPTEH3UBHUX I1all0Ba

Bpennoctu Mapkepa OKCHAALMOHOI cTpeca IMpHKa3aHe Cy TabenapHO U IpadUyku
(Tabena 34, I'padux 28). IlpoTokonaom ucxemuje y tpajawy oa 20 Mmunyta u penepdysuje y
Tpajaky ox 30 mMuHyTa mpaheHe Cy mpoMeHe MmapaMeTapa OKCHIAIMOHOT CTpeca y TpyIH
CTMIOHTAHO-XUMEPTEH3UBHUX JKUBOTHA KOj€ CY NPETXOAHO OMiie Ha TPETMaHy E€KCTPaKkTOM
uBamckor 1Beha y nosm ox 500 mg/kg (SHR + 500 GVE). Takohe npukaszane cy
CTaTHCTUYKM 3HA4YajHE pa3jMKe y HaBEICHMM TMapaMeTpuma moa yrumajem 500 mg/kg
eKCTpaKTa y OJJHOCY Ha KOHTpoJHe yciioBe (SHR rpyma).

[Ipumena exkcTpakTa y HajBHILO] JI03M JoBena je ckoka y koHueHtpauuju NOy y
IIPBOM MHUHYTY pernepdysuje u najga y konnenrpauujama O, u HyO, Ha kpajy penepdysuje y
oqHoCcy Ha mepuoxa crabwinumzanyje. Takohe HHMBO O, je OMO HIWXKM Ha Kpajy

TPUAECETOMUHYTHE penepdy3uje U y OAHOCY Ha IIPBU MYHYT MOBpATKa MPOTOKA.
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Tperman exctpaktom y go3u ox 500 mg/kg noBeo je 10 3HAYajHOT CHHIKCHHA
konnenrpauuje TBARS, O, u HyO; Ha kpajy pemnepdysuje y onHOCY Ha HETpETHpaHE

XUICPTCH3UBHC JKUBOTUILC.

Tademna 34. Edextr TpeT™MaHa eKCcTpakToM uBamCcKor 1Beha y no3u oq 500 mg/kg Ha
HPOOKCHAAIMOHE MapKepe Y KOPOHAPHOM BEHCKOM e(lIyeHTY CIIOHTAHO XHUITEPTCH3UBHUX

arosa.
TBARS (umol/ml) NO; (nmol/ml) O, (nmol/ml) H,O, (nmol/ml)
C 21+1,8 87,7+32 62,1 £2,5 583+2,1
SHR  PI 255+2,1 103,6 + 2,1 65+£4,7 64,2+ 3,6
P7 302423 106,3 3,2 70,2 £3.8 67,8+ 1,7
SHR C 22,9+ 14 94,5 + 6,1 56,9+5,5 57,7457
530 P1 233419 100,9 + 4,1* 592454 53,41 +5,1"
GVE  p7 22,3 +04" 972458 50,1 + 2,911 50,5 + 4, 1%

Bpennoctu cy mpukasaHe Kao cpelma BpPeIHOCT + cranmapaHa aeujaiuja (X + SD).
C — crabunuzanyja; P1 - npBu Munyt penepdysuje; P7 - mocneawmu MUHYT penepdysuje;
*CraTUCTHUKM 3HayajHa pasnuka Ha HUBOY P<0,05 y omHocy Ha Tauky C y rpymnu;
*Cratuctiuku 3HayajHa pasnuka Ha HuBOy P<0,05 y omnHocy Ha Tauky Pl y rpymu;
Crarucriuxy 3nHavajua pasmuka Ha HEBOY P<0,05 Y OJHOCY HA HETPETHPAHE KHBOTUIHE Y
HCTOM TPEHYTKY OJ] HHTEpeca.
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I'pagux 28. [IpookcHIanoHM MapKepu y KOPOHAPHOM BEHCKOM €(QIIyeHTY CIIOHTaHO
XHUIIEPTCH3UBHUX TIal0Ba KOjU cy Owinm Ha Tpermany ekcrpakrom on 500 mg/kg u
HETPETHPAHUX XWUIEPTECH3UBHUX TanoBa. BpenHocTH Cy mpukazaHe Kao Cpeamba BPEIHOCT +
cranfapana aesujanuja (X £ SD). C - crabunuzanmja; U - ucxemuja; P1-P7 - Bpeanoctu
OesexeHe Ha CBaKMX IeT MUHYTa TOKOM TpUAEceT MUHYyTa penepdysuje.

4.10.3.4. IIpomeHe cpyaHUX NMPOOKCUIAIMOHUX MapKepa CIIOHTAHO XUIIePTEH3UBHUX NalloBa

Y OAHOCY Ha IPUMECHCHY 103y CKCTPAKTAa UBAKCKOT uBeha

Pasnuke y BpeaHOCTMMa MPOOKCHIALMOHMX MapKepa y KOPOHAapHOM BEHCKOM
edayeHTy XWIepTeH3WBHUX mamoBa moxa yrtuiajem 500, 250 um 125 mg/kg ekcrpakta
npukasane cy Ha ['papuky 29. Pesynratu cy NpeiacTaB/beHH Yy BHIY CpeImBbUX
BpeIHOCTUCTaHIapAHa neBujanuja (X£SD) ca CTaTUCTHYKKM 3HAYajHOM pa3IMKOM 3a
BpeanocT P<0,05 u p<0,01 usmehy rpymna XumepTeH3MBHUX MAIlOBa HA TPETMAHY Pa3IHIUTHM
J03aMa €KCTpaKTa.

CraTucTHYKH 3HauajHa pa3livka u3Mely maroBa Koju Cy KOPUCTHIIA HAjBUILY 03y Y
OJIHOCY Ha oOcTajlle JBE JI03¢ YyodyaBa C€ Yy KOHIIEHTpalujamMa CBHUX HMCIHTUBAHUX
npookcuaanaca. Hanve tperman mo3om ox 500 mg/kg Guo je moBe3aH ca 3HAYajHO HIKUM
KOHIIEHTpallMjaMa CBHX Iapamerapa Ha Kpajy pernepdysuje y onHocy Ha 103y ox 125 mg/kg u
HIDKUM KoHneHTpamjama TBARS, O, u HyO, y omnocy Ha no3y ox 250 mg/kg. Takobe

TBARS u H;O, cy Ounm HmWwKM y TpyNHd HM3JI0KEHO] HAJBUINO] 03U Yy MPBOM MHUHYTY
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peniepdys3rje y OHOCY Ha HaJHIKY 1103y, 10K je HO, Ounu Hku y ogHoCcy Ha 103y of 250
mg/kg. ¥ rpynu Ha Tpermany 500 mg/Kg exctpakTa oTkpuBeH je ckok y HuBoy NO™ y npBom
MUHYTY penepdysuje y OAHOCY Ha Ipyre nBe rpymne. Pasmmka m3mely mamoBa koju cy
kopuctuu 250 mg/kg u 125 mg/kg exctpakra yodaBa ce y BpeanoctumMa mapamerapa Hy0»
u NO, mo 3aBpmieTky penepdysuje Koju ¢y OMIIM 3Ha4ajHO HWKU Y TPYITH KOja j€ KOPUCTHIIA

250 mg/kg ekcrpakra.

35 140
BB aBp ap VB

120 -

——SHR + 500 GVE 80
—=—SHR + 250 GVE

—+—SHR + 125 GVE

—SHR + 500 GVE
—=—SHR + 250 GVE
=4=SHR + 125 GVE

60 -

TBARS (umoliml)
NO;- (nmol/ml)

10 40 -

20

cC M PI P2 P3 P4 P5 P6 P7 c w P1 P2 P3 P4 P5 PG PT

80 80 af appy
aap

——SHR + 500 GVE
—=—SHR + 250 GVE
—+—SHR + 125 GVE

——SHR + 500 GVE
—e—SHR + 250 GVE
=4—SHR + 125 GVE

O, (nmol/ml)
S
[

H,0, (nmoliml)
8

w
=]

c u Pl P2 P3 P4 P5 P8 F7 c u Pl P2 P3 P4 P5 P6 PT

I'pagux 29. Tlopeheme edexata pasmUUUTHX 032 EKCTpaKTa HBAKCKOT IBeha Ha
KOHIIEHTPALK]y MPOOKCUAALMOHUX MapKepa y KOPOHAPHOM BEHCKOM €(IyeHTY CIIOHTaHO
XUIEPTEH3UBHUX NAl0Ba. BpenHocTn cy npuka3zaHe Kao Cpelma BPEOHOCT + CTaHJapiHa
nesujanuja (X £ SD). C - crabunmuzauuja; U - ucxemuja; P1-P7 - BpenHoctu GenexxeHe Ha
CBaKHX II€T MUHYTa TOKOM TPHUJECET MUHYTa penepdysuje. “CTaTUCTUUKH 3HAYAjHA Pa3/IMKa
Ha HuBOy p<0,05 m3mehy rpyme SHR + 500 GVE u SHR + 250 GVE y TpenyTtky on
WHTEpeCa; PCrarncrnuku 3HavajHa paznuka Ha HuBoy p<0,05 m3mehy rpyne SHR + 500 GVE
 SHR + 125 GVE; PPCrarucruukn 3HauyajHa paznuka Ha HuBoY p<0,01 m3mely rpyne SHR +
500 GVE u SHR + 125 GVE; "Cratuctiuku 3HauajHa pasnuka Ha HHBOY p<0,05 m3melhy
rpyne SHR + 250 GVE u SHR + 125 GVE.
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4.10.4. Paznuke y ehekmuma ekcmpaxkma uearockoz yeeha na cpuane npookcudanmme

mapkepe K00 30pa6ux U CHOHmMAaHo XxunepmeH3ueHux nayosa

[TpomeHe BpeaHOCTH CpUaHUX HMPOOKCHIAHACA Y TPYIH HOPMOTEH3UBHHUX M CIIOHTAHO
XHUIIEPTEH3UBHUX JKUBOTHIbA O] YTHULAjeM pa3IMUUTHUX J03a EKCTPAaKTa MNpUKa3aHe Cy
rpapuukn  (Ipapuum 30, 31 wm 32). Pesgynratu cy NpeACTaBbeHH Yy BHUAY CPEIBUX
BpenHocTU+CcTaHgapAaHa neBujanuja (X+SD) ca crarucTuuku 3HAYajHOM, OJHOCHO
CTATUCTUYKHA BHCOKO 3HayajHO pasiaukoM 3a BpeaHocT P<0,05, omnocno p<0,01 usmehy
HOPMOTEH3UBHHUX ¥ XUIEPTEH3UBHHUX >KUBOTHH-@ HAa TPETMaHy MCTOM JI030M EKCTpaKTa y
Tayakama oJ] HHTepeca.

VY Tpynu XunepTeH3UBHHUX JKUBOTHIA KOj€ Cy OWIIE M3JI0KEHE €KCTPAKTY Y 03U OJ
125 mg/kg 3abenexene cy: Buia KoHieHTpanuja TBARS y nmpBom MuHyTy penepdysuje u
Buma konnentpanuja NO, u H,O; Ha kpajy peniepdysuje (I'padux 30).

Jenuaa pasnuka koja je 3alemexxeHa wu3Mel)y Tpyne XWUNEPTEH3UBHHX H
HOPMOTEH3UBHHUX TIAIl0OBa KOjU Cy OWMJIM M3JIOKEHE eKCTpakTy y ao3u ox 250 mg/kg ouna je
BUIIA KOHIIeHTpanuja TBARS ko xumnepTeH3UBHHX MaloBa y CBUM TaykaMa OJf UHTepeca U
O, Ha kxpajy penepdysuje (I'paduk 31).

VY rpynu XunepTeH3UBHUX JKUBOTHH-A KOje Cy OMile M3JI0KEHE €KCTPAKTy y JI03U O]1
500 mg/kg 3abenexene cy: Buine KoHieHTpaiuju TBARS y TpeHyTKy cTabumuszanuje u Ha
Kpajy penepdysuje u Oz y TpeHyTKy cTabmin3aiuje 1 npBoM MUHYTY penepdysuje (I'papuk
32).
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I'papuk 30. Tlopehewe edexara 125 mg/kg excrpakta uBamckor nBeha Ha cpuane
MPOOKCHIAaHTHE MapKepe HOPMOTEH3UBHHX M CIIOHTAHO XUIIEPTEH3UBHUX MaroBa. Bpeanoctn
Cy MpHUKa3aHe Kao cpemba BpeJHOCT + ctanfapaHa aesujanuja (X £ SD). C - crabunusanuja;
U - ucxemmuja; P1-P7 - Bpennoctu GenexxeHe Ha CBAKUX MET MUHYTa TOKOM TPUAECET MUHYTa
penepdysuje. CTaTHCTHUKH 3HauajHa pasnnka m3mely rpyma 125 GVE u SHR + 125 GVE;
** CTAaTUCTHYKM BUCOKO 3HauajHa pa3nuka uzMely rpyma 125 GVE u SHR + 125 GVE.
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TBARS (pmol/ml)
-
o]

w
=1

0," (nmol/iml)
&

I'papuk 31. Tlopehewe edexara 250 mg/kg excrpakTa uBamcKor IBeha
MIPOOKCHUIaHTHE

3]

(¢}

~250 GVE
—=—SHR + 250 GVE
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——250 GVE
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P4
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~——250 GVE
—e—SHR + 250 GVE

P7

P4

P5

P6

CIIOHTAHO-XHUIICPTCH3UBHUX

——250 GVE
—e—SHR + 250 GVE

P7

Ha Cp4YaHe
naroBa.

Bpennoctn cy mpukasaHe Kao cCpeama BPEIHOCT =+ craHmapaHa naeujaija (X+SD).

C - crabunmuzanuja; W - ucxemuja; P1-P7 - BpenHocTn OenexeHe Ha CBAaKUX MET MHHYTa
TOKOM TpHeCeT MHHyTa perepdysuje. ~CTaTHCTHUKM 3HAaYajHA pasnuka usmely rpyma 250
GVE u SHR + 250 GVE; ** craTcTHYKM BHCOKO 3HauajHa pasiuka usmely rpymna 250 GVE
u SHR + 250 GVE.
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I'papux 32. Tlopeheme edexara 500 mg/kg excrpakra wuBamckor IBeha Ha cpuaHe
MIPOOKCHIAHTHE MapKepe HOPMOTEH3UBHUX M CIIOHTAHO XMIIEPTEH3UBHUX MaroBa. Bpeanoctu
Cy TIpHKa3aHe Kao Cpellba BpeaHoCT £+ crangapana aeujanuja (X£SD). C - crabunmsamnyja;
U - ucxemuja; P1-P7 — BpenHocTu OenekeHe Ha CBAaKUX MET MUHYTAa TOKOM TPUJIECET MUHYTa
penepdysuje. CTaTHCTHUKM 3HauajHa pasiuka usMmehy rpyma 500 GVE u SHR+500 GVE;
** CTAaTHCTUYKU BUCOKO 3HauajHa pa3nuka uzmely rpyma 500 GVE u SHR+500 GVE.
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4.11. E¢exTHn ekcTpakaTa nBamCcKor useha na ouyBanoct rpale oprana
namnoBa

4.11.1. Epexmu excmpaxama uearsckoz yeeha na ouyeanocm zpale jempe 30pasux u

CHOHMAHO XUnepmeH3ueHUuxX nauoea

I'pabha jerpe 3mpaBuX HETPETUPAHUX KAO W KUBOTHHA KOje Cy Ouie Ha TpeTMaHy
eKCTPaKTOM MBamCcKor 1Beha y nosu oxn 125 mg/kg, 250 mg/kg u 500 mg/kg npukaszana je Ha

cimu 11.

Cumka 11. Xucronarosomnike mpoMeHe y jeTpH 3apaBux nanosa (yBehame, x 200): A, C-
CTRL rpyma; B, D- 500 GVE rpyma.

I'paba jeTpe croHTaHO XWIEPTEH3MBHUX HETPETUPAHUX KA0 U KUBOTHHA KOje Cy Ouie Ha
TpeTMaHy eKCTpakToM HuBamcKor IBeha y mosm om 125 mg/kg, 250 mg/kg u 500 mg/kg

IpUKa3aHa je Ha ciuiy 12.
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Cauxa 12. XucTonatosiomke IpoMeHe y JeTpu CIIOHTaHO XUIEPTEH3UBHUX aI[0Ba
(yBehame, x200): A, C- SHR rpyna; B, D- SHR + 500 GVE rpyna.

MUKpOCKOITICKa aHallM3a jJeTPUHOT IMapeHXMMa CBUX OJKPTBOBAHHUX JKHBOTHIHA je
noJpasymeBana Hajehy moBpmmHy ca mo 3 mpeceka Ha mpeckok on 20 mmkpona. Hema
pas3iyKa y XHCTOJIOIIKAM IpoMeHaMa u3Mely Ipyra u 3/[paBHX U XMIIEPTEH3WBHUX I1all0Ba
YaK HU HAaKOH TPEeTMaHa eKCTPaKTOM MBamCKOr 1Beha y pactyhum gozama. Y cBUM rpymnamMa
KUBOTHIA YOUEHO je cieaehe: jeTpuH mapeHXuM je YriIaBHOM ouyyBaHe JoOynapHe Trpale ca
[IEHTPAHO IIOCTaBJbEHOM BEHOM OJ] KOje Cy Yy HEMPaBWJIHO pPaIdjaTHOM apaHXMaHy
MOCTaBJbEHE TPENUIIE XETaTonnTa u3Mel)y Kojux ce Haa3e CHHYCOWIATHH MPOCTOPH JIaKo, a
NIEPUBEHYIApHO U3paKEHHUje NUIATUPAHU, YTIaBHOM HOPMAaJIHE LETYJIAPHOCTH Ca YOUJbUBUM,
MOjeIMHAYHUM, HEMPABHIIHO pa3MEIITeHMM MOHOHYKJIeapHuM henujama u Kyndepoum
Makpogaruma. JlogaTHO, IIOPTHU MPOCTOPH CY HOPMOLIETYJIAPHHU, (DOKATHO cajipike BHIIE OJT
jenHor ounujapHor kanainuha. be3 perynapHoctu y ogHOCY Ha J00yIapHY apXUTEKTypy jeTpe

yodaBajy ce JerceHepaTHBHE IPOMEHE XHJIPOICHOT THUIAa U MHUKPO(OKYCH, YIIIaBHOM
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YHHUIIeNyIapHuX Hekpos3a. [IpucyTtHa je xumepeMuja, Haju3pa)keHHje IEPUBEHYIIAPHO,

(boKaHO XMIPOIICHA JETeHEepallja XenaToLUTa U HEKpo3a.

4.11.2. Epekmu excmpaxama ugarscxoz yeeha na ouysanocm zpale oyopeza 30pasux u

CHOHMAHO XUunéepmeH3ueHUuxX nauoea

I'paha GyOpera 3/paBuUX HETPETHPAHUX KAO U KUBOTHHbA KOj€ Cy OuJie HA TpeTMaHy

eKCTpakTOM MBamckor nseha y nos3u ox 125 mg/kg, 250 mg/kg u 500 mg/kg npukaszana je Ha

cimnu 13.

Camka 13. XucronaTosomnike npomMene y 0yopesuma 3apaBux namosa (ysehame, x200): A-
CTRL rpyna; B- 125 GVE rpyna; C- 250 GVE rpyna; D- 500 GVE rpyma.

I'paha Oybpera CIIOHTAaHO XUIIEPTEH3UBHUX HETPETUPAHUX KAaO M JKUBOTHELA KOje Cy Oue Ha
TpeTMaHy eKCTpakToM HuBamcKor IBeha y mosm om 125 mg/kg, 250 mg/kg u 500 mg/kg

MpuKa3aHa je Ha ciuiu 14.
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Cauxa 14. Xucronarosomke npoMeHe y 6yope3rmMa CloHTaHO XUIEPTEH3UBHUX Ial[0Ba
(yBehame, x200): A- SHR rpyna; B- SHR + 125 GVE rpyna; C- SHR + 250 GVE rpyma; D-
SHR + 500 GVE rpymna.

ITponena omrrehema OyOpera u3BplleHa je Ha OCHOBY IIpUCYCTBa ciieehuX KapaKTepuCTUKa,

a npema aedunucanoj ckamu (144):

1.

2
3
4.
5

['yOurak yeTkacTor mokposa (CUMILTH(UKAIja enrTeNa TyOya)
I'yburak enurennux henuja

Hekpo3za

WNuTtpanymunanau henmujcku nedpuc

WNHTpanyMUHaTHU XOMOT€HH LUIUHAPU
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Tabena 35. Ckaya 3a nmpoIieHy CTeIeHa MpoMeHa CTPYKType Oyopera.

IIpouenTyajiHa 3acTym/beHOCT omrTehema
Crenen npomena

TyOyJ1a
I'pagyc 0 <10%
Ipanyce I 10-25%
I'paxyc 11 26-50%
I'pamyc 111 51-75%
I'pagyc IV >76%

Pesynraru npouene npomeHna cTpykrype Oyopera 31paBux narosa IpuKaszanu cy y Tabenu
36.

Ta6ena 36. YTunaj ekcrpakara HBamCKOT 11Beha Ha MpOMEHY CTPYKType OyOpera 31paBux u
CIIOHTAHO XUIIEPTEH3UBHHX IAI0BA.

I'pyna I'panyc

CTRL 2
125 GVE
250 GVE
500 GVE
SHR
SHR + 125 GVE
SHR + 250 GVE
SHR + 500 GVE

P N NN W O -k =

AHanM3upaHu Cy y3Iy>KHH IIpecen 06a OyOpera mamoBa u3 cBux rpymna. [Ipahene cy
XHUCTOJIOIIKE TPOMEHE Ha CBUM (DYHKIIMOHAIIHO -MOP(OIOMIKIM CETMEHTHUMA KOpe U MeTyJie
OyOpera, mpu d4emy Cy c€ U3[BOjWJIe TPOMEHE Ha KPBHUM CyJOBHUMA, TIIOMEpPYIHMa M
MIPOKCUMAJTHUM TyOynuMa HedpoHa.

KpBHu cynoBu OyOpera 3apaBuX MaioBa cy peryjiapHe Mopdoioruje, J0K ce KO
OyOpera CIOHTaHO XHIIEPTEH3WBHUX MAI[0Ba, TOCEOHO HA apTeproiIaMa U MMM MHUIIHhHUM
apTepjama, yodaBa 3HATHO 3aJe0Jbambe 3uja y3 MOCIECIUYHO CYKeHhe yMeHa. | oMepynu
KaKo 37paBUX TaKO ¥ CIIOHTAaHO XWIIEPTEH3WBHUX TalloBa Cy YIJIABHOM pETyJIapHe
Mopdoiorrje, ca (HoKATHUM MpoMEHaMa y TPYHH XWUIIEPTEH3WBHUX JKUBOTHH-A. DokaiHe
IIpOMEHEe Cy OWJie HajBUIIEC HM3pAKEHE Yy TPYNU HETPETUPAHUX XUIEPTCH3MBHUX I1all0Ba, Y

BUJY XUIOLEIYJAapHOCTH, TMPOLIMpEHa CyOKalCylapHOI MpPOCTOpa M MECTHUMHUYHE
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€03nHO(UITHE XOMOTeHM3aIje HaMuK Guopo3u. HajynmanpuBuje mpoMeHe Cy MPUCYTHE Ha
npokcuManHuM TyOynuma. [Ipema panuje nepuHHCAHOM CKOPY OIICHUBAHE Cy XHCTOJIOIIKE
npoMeHe y OyOpe3uma U youeHoO je Jia Cy OHE Haju3pakeHHUje KO HeTPEeTUPAaHUX MaroBa, U TO
BUIIEC KOJ HETPETHPAHMX XUICPTCH3MBHHX IaioBa, ca omtehemem koje 3axBara ox 50 1o
75% mnoBpmune. HajMamwe npoMene koje moapasymeBajy mame o 10% omrehema Ouie cy
MPUCYTHE KOJI 3[JpaBUX Iall0Ba KOjH Cy OMJIM HA TPETMaHy HajBHIIOM J030M eKcTpakTa. Hema
yhaJybMBe pasivke Yy rpaaycy omrehema m3Mmel)y mamoBa Koju Cy KOPHUCTWIHM CpEliby U

Ha_]HI/I}Ky J03Yy €KCTPAKTa HU y I'PYIIH 34paBUX HU CIIOHTAHO XUIICPTCH3WMBHUX XUBOTHHA.

4.11.3. Ehekmu excmpaxama usarckoz yeeha na ouyeanocm zpale cpua 30pasux u

CHOHMAHO XUNEPMEHIUGHUX NALY068A HAKOH Ucxemuje-penepdysuje

MUKpPOCKOIICKY Cy aHAIM3UPAHU Y3Y>KHH IIPECELM CpLia CBUX I1all0BA, IIPaBJbEHHU Ha
3-4 mm ox enukapaHe nospuiuHe. [Ipahene cy xucrosomke nmpoMeHe Ha MUOKapJy CBHX
CpPYaHMX LIYIJbMHA, Ca aKI[EHTOM HAa MHOKAp/[ JIEBE KOMOPE, U TO JATEPAIHU 3UJ, CENTYM H
amekc. benmexkeHe cy mpoMeHe HAa MHUIIMNHUM BIaKHUMA, HWHTEPCTHIMJYMY WU KPBHHUM
CyJAOBUMa, MOCEOHO Cy TpaJupaHu eleM, 3alajbeHcka WHQWITpaluja, CTeNeH HEeKpo3e U

JleTeHepaTUBHUX NTPOMeEHa, ipeMa panuje Aeunucanom ckopy (Tabena 37) (145).

Tabena 37. Ckaina 3a mpoIieHy CTETeHa MPoOMeHa CTPYKTYpE Cplia.

Crenen npomena Omreheme cpuaHor TKMBa

Perynapua xucromopgosioruja, UCKpeTHE
JiereHepaTUBHE IPOMEHE
doxanHe 1 yHULEITyTapHE HEKPO3e
I'panyc I OrpaHUyYeHe Ha CyOeHI0KapHH 1ojac,
JUCKPETHE ACTCHCPATHUBHE MTPOMCHEC

I'pagyc O

I'panyc 11 dokanHe, MpJbACTE HEKPO3E
I'panyc 111 Beha nosba Hekpo3e
I'panyc IV OrncexxHa mojba KOH(IIYEHTHE HEKPO3€e

Muxkpomopdoromike poMeHe Koje cy AepuHucane HeKpo3y U AeTeHepallnjy cy yKJbyunuBae:
(dbparMeHTaIjy BiakaHa, 1MOjaBy KOHTPAKIMOHHUX TpakKa, Talacamke M aTeHyallljy BiIaKaHa,
XUTIEPEO3UHOPUIIH]Y, MHTPAIIMTOIIa3MATCKY BaKyoJIapHYy JeTeHepalnjy U TyOuTaK MmonpedHe

cTpHjamyje, y3 ryourak, noauMopdusam, eeM, THKHO3Y U KapuOPEKCy jeaapa.
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I'paha cpua HeTpeTupaHuX 3/ApaBHX KMBOTHHA Ka0 M JKUBOTHUHA KoOje Cy Oumiie Ha
TPEeTMaHy €KCTpakToM uBamckor IBeha y no3u ox 125, 250 u 500 mg/kg HakoH m3narama

npotokoiry U-P npukazana je na cmumm 15.

Cauxa 15. Xucronaronolke IpoMeHe y Cply 3/IpaBHX MaloBa HAKOH HcxeMuje (yBehame,
x200): A- CTRL rpymna; B- 125 GVE rpyna; C- 250 GVE rpyna; D- 500 GVE rpyna.

I'pabha cpria HeTpeTHpaHUX CIIOHTAHO XUIMEPTEH3MBHUX JKUBOTHHA KA0 U JKUBOTHHHA
Koje cy OWile Ha TpeTMaHy eKCTPaKTOM HBambCKor mBeha y mosu ox 125, 250 u 500 mg/kg

HAKOH M3Jarama npoTtokony W-P npukaszana je Ha cimnm 16.
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Camka 16. XycTonaToJIomKe TPOMEHE Y CpIly CITIOHTAHO XUTIEPTEH3UBHUX MMAllOBa HAKOH
ucxemuje (yBehame, x200): A- SHR rpyna; B- SHR + 125 GVE rpyna; C- SHR + 250 GVE
rpyna; D- SHR + 500 GVE rpymna.

Ta6ena 38. YTunaj ekcrpakara UBambCKOT [[Beha Ha MPOMEHY CTPYKTYpe CpYaHOT TKHBA
3JIpaBUX U CLIOHTAHO XUIEPTEH3UBHUX I1al[0Ba HAKOH UCXEMHU]e.

I'pyna I'panyc

CTRL 3
125 GVE
250 GVE
500 GVE
SHR
SHR + 125 GVE
SHR + 250 GVE
SHR + 500 GVE

P W o w s P NN
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XHUCTOMATONIONIKA aHAJIM3a je TOKa3zala Ja Cy KPBHHM CYJOBH 3JpaBHUX I1all0Ba
perynapue Mop¢oJorgje, JOK ce Yy Tpynd CIOHTaHO XHUIIEPTEH3MBHUX, IOCEOHO Ha
apTepuoiiaMa U MaJluM MUIIMhHUM apTepHjaMa, youaBa 3a/e0barbe 31/1a U CY)KEHhE TyMeHa.

XHCTOMATOJIONIKE TPOMEHE Ha MUOKap/y Cy HajU3paKeHHje KOJ CpLa HETPETUPAHUX
30paBUX M CIIOHTAaHO XHUIIEPTEH3UBHHUX JKUBOTHHIA. Ha CpIy HeTpeTupaHHX >KUBOTHHHA
(Cmuka 15A u 16A) mnpucyrHa cy Beha mospa Hekpoze ca (parMeHTalMjoM |
Xurepeo3nHouarjoM MUIMhHUX BiIakaHa, T'yOMTKOM jefapa WM BUXOBOM JETCHEPAIjoM,
npaheHa enemMoM, 1M0jaBOM KOHTPAKLIMOHHUX IPyra M WHTPALUTOIUIA3MATCKUX BaKyoJja, MpH
4yeMmy je HeKpo3a u3pakeHuja y Bunay Behux, kondmayentHux 3oHa y SHR rpymnu.

VY rpymu 31paBuX MaroBa HajMame omreheme MUOKap/a je€ MPUCYTHO KOJI )KUBOTHHA
tperupanux ca 500 mg/kg excrpakra (Ciuka 15D). Ha muokapay HOMHHHPA]y JTUCKPETHE
JieTeHepaTHBHE TIPOMEHE BJIaKaHa, JAKOCTEICHHU €/IeM ca OJlaruM moauMop(hu3MoM jenapa, y3
YHHILIENTyJIapHE U MUKPOCKOIICKE HEKpO3€e OrpaHuueHe Ha cyoennokapanu nojac (Cruka 15D).
Hema ymanspuBe pasnuke y CTENEeHYy HEKpO3€ W JIereHepanuje MUIIMhHUX BiakaHa m3mely
rpyma 31paBUX IaloBa TPETUPAHUX CPENH-OM M HAJHIKOM N1030M ekcTpakta (Cimka 15B u
15C), anu cy Te MpoOMeHe Mamer Olcera i MHTEH3UTEeTa Y OJHOCY Ha MHOKap/ HETPETHPAHUX
3/1paBux naiona (15A).

Ha cepujckuM mpecenma ncedaka MHOKap/Aa CIOHTAaHO XWIEPTEH3MBHHX I1alloBa
KOJU Cy OWIM Ha TpeTMaHy €KCTPAKTOM Yy HajBUIIO] JO03M Kao M HETpEeTHpaHUX NaIloBa,
XHMCTOJIOIIKY JOMUHHMpA XUNepTpoduja MUIIMNHUX BlIaKaHa, AUCKPETaH €leM, PETKH (OKYCH
XUIIEPLETYIapHOT MHTEPCTUIIMjyMa MOHOHYKJIeapHOT U (UOpOLUUTHO-(PUOPOOIACTHOT THIIA,
HEKpO3a M JIeTeHepaTuBHEe nmpoMeHe. Hekposa u jereHepaTuBHE NMPOMEHE Cy M3pakeHHUje y
IpyNy HETPETHpAaHUX TNaloBa U YKJbY4Yyjy 30HalHE, KOH(QIIyeHTHE HEKpo3e, ca
XHIepeo3nHopuanjom, pparMeHTaIjoM BllakaHa U T'yOUTKOM jenapa. Y rpylH maroBa Koju
cy OmiM Ha TpeTMaHy youeHe cy (oKallHe HEKpO3€ M 3aXBarajy Mamu Opoj KapIMOMHUOIIUTA
WIN Cy YHHIICTYJIapHE U OTpaHWYCHE caMo Ha CyOeHIIOKapJHH Tojac. ['eHepaiHo riiegano, y
TPy XUMEPTCH3WBHUX TMAIlOBa XHUCTOJIOIIKE MPOMEHE Cy Haju3pakeHHje Ha MHOKApIy
HETPeTHPAHUX KHUBOTHIA, 4 HajMahe ollITehemne je MPUCYTHO KO KUBOTHH-A TPETHPAHUX Ca
500 mg/kg exctpakra (Ciuka 16A u 16D) Hema pa3znuke y cTeneHy HEKpPO3€ U JereHepalmje
MUIIMNHUX BlakaHa u3Mely MHOKapia mamoBa KOju cy OuiaM u3nioxkeHu 1o3u ox 250 u 125

mg/kg excrpakra (Cnuka 16B u 16C).
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N360p mBamckor npeha kao OWJBHOT MaTepHjajia y OBO] JTOKTOPCKO] JIHCEpTaIvju
3aCHOBaH j€ Ha HErOBOj IMUPOKO PACIpPOCTPAbEHO] TPAJAMIIMOHAIHO] YIIOTPEOH Kpo3
UCTOpHjy, Ta cCaMHUM THM M MOTyhoj HMMIUIEMEHTAalMju Kao TEepaleyTCKOr CpeACTBa Yy
caBpeMenoj meauiuuau. KopumheHna je ekctpakiuja moj pediykcoM Kao METoa Io0ujama
eKCTpakTa 300T paHHje yTBpheHe MPEeIHOCTH HaJ OCTAIMM TEXHUKaMa eKCTpakiije, Koja ce
ornena y nosehanoj pacTBopJbMBOCTH (peHONA U (IIABOHOMIA Y €KCTPAKIIMOHOM pacTBapaydy

Ha BUIIKUM Temrieparypama (26).

5.1. Xemujckm cacTaB eKCTpaKaTa nBamCKor nuseha

Bynyhu na ce ¢apmakonomko nenoBame €KCTpakTa 3acHHBA Ha AJAWTUBHO] HIIU
CHHEPIHCTHYKO] aKTHBHOCTH jeIHIbEba KOja yJia3e y IeroB CacTaB, MPBH IHJb OBE JOKTOPCKE
aucepranyje OMO je Ja ce M3BPIIM XEMHUjCKa KapaKTepu3alldja BOJCHOT, METAHOIHOT U
areToHCKOor ekcrpakta wuBamckor meeha. LC-DAD-MS/MS ananmmsza kopumrheHa je 3a
onpehrBame KBAaHTUTATHBHE M KBAIUTATHBHE 3aCTYIJHEHOCTH OMOMOJIEKYJIA y HCITUTHBAHUM
excrtpakTuma. [loTBpheHO je mpuCycTBO pazNUUYUTUX OWOAKTUBHUX MOJIEKYNa, JOK CYy
Haj3aCTYIUbCHH]a jeIUHCHA Y CBUM €KCTpaKTUMa Ouia: XJIOPOTeHCKa KHUCENMHA, [IMHAPO3H/I,
M30KBEPIETUH U p-KyMapuHCKa kucenuwHa. OBa aHanm3a je mpyxmwia uHbopmaiuja na cy
BOJIa, METAaHOJ M aIeTOH eKCTPAaxOBaJHM CIMYHE OHOMOJIEKYJEe, ald y pa3InIUuTUM
KOJIMYMHAaMa, Y 3aBUCHOCTH OJ1 lbUXOBE pacTBOpJbUMBOCTH. HajBakHuju (akTopu KOJjU yTUUY
Ha PacTBOPJHUBOCT MOMHU(EHONA Cy IPUCYCTBO U MOJ0XkKA] XUIPOKCUIHUX TpyIa, BEIMYHUHA
MOJIEKyJia U AyKHHA YrJboBOAOHWYHUX JaHaia (148). McnuTuBameM YKYITHOT (EHOTHOT U
(bmaBOHOMIHOT cajpkaja OTKPUBEH je HajBehu caapika) peHona y BojaeHOM, a (JIaBOHOHUAA Y
METaHOJHOM €KCTpakTy. ExcTpakT ca HajBUIIMM caapxkajeM (IaBOHOUAA, OAHOCHO Yy OBOM
Clly4ajy  METaHOJHH, KopuimheH je 3a HUCIUTUBAKkE  KapAUONPOTEKTUBHE U

aHTUHH(IIaMaI1jCKe aKTUBHOCTH UBambCKOT I1Beha.

5.2. CnocodHoct HeyTpaauzauuje DPPH' pagukana

KonBepsuja crabunnor ciobognor DPPH'  pamgukana y 1,1-nudenunn-2-
NUKPUIXUIPA3UH y MPUCYCTBY aHTHMOKCHJAHAca MpPEJACTaBJba MOTOJaH, TayaH M IIUPOKO
KopuitheH MeToJ 3a HUCHHUTHBAaWmE CIIOCOOHOCTH NPUPOJIHUX JEIUIEHha Jla HEYTPATUILY
cmobonue pamukaie (149). Pesynratu oBe CTyadje jacHO yKa3yjy Ha TO Ja HMCIUTHBAHU

eKCTPAKTH TIOKa3yjy aHTHOKCHUIAIIMOHU MOTEHIIMjaJ, INTO CE€ MOXKEe MPUIUCATH
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CUHEPIrUCTHUYKUM e(eKTHMa UICHTU()UKOBAHUX OMOJIOIIKH aKTUBHUX JEUHbEHA Kao IITO CY
¢benomm, QuaBonouau (150). AHTHOKCHIAIMOHA AKTUBHOCT METAHOJHOT M BOJCHOT
eKCTpaKkTa MBamCcKor IBeha Omia je Buma y ogHocy Ha kopuuthenu cranmapa BHT. Hamm
HaJIa3y Cy Yy KOpellalUju ca pe3yiaTaTuMa JIpYrHx ayTropa KOjU Cy OTKPHJIM Jla METaHOJIHU
excrpakt G. verum takohe moxe na Heyrpanuie DPPH paaukan y3 1C 50 Bpexnoct ox 8,04
ug/ml (2). Mehytum y ucTpakuBamy CIPOBEICHOM O] CTpaHE APYrUX ayTopa METaHOIHU
eKCTPaKT UBambCKOT 11Beha, T0OHMjeH yATpa3BydHOM €KCTPAKIIH]OM, TI0KA3a0 j€ 3HAYajHO HUXKY
criocobHocT HeyTpanucama DPPH pagukana (IC 50 = 26,97 + 1,21 pug/ml) y ogHocy Ha Hamr
METAHOJIHU EKCTPAaKT. JeaHO oJ objallmerma 3a HUKU aHTHOKCHJALMOHHM MOTEHLHUjal je
Moryha okcuganMja ® Jerpajanyja HEKHMX aHTHOKCHIATUBHUX CYNCTAaHIH TOKOM
conndukamuje (148, 41). JlomatHo, meraHonHu ekctpakt G. verum cakymsbeH y Hpany
MCIIOJBHO j€ MambU MOTeHIIMjal 3a yonaxaBame okcunanuonor crpeca (MC 50 Bpegnoct 6miia
je 59,6 = 0,04 pg/ml) y nopehemwy ca METaHOJHUM SKCTPAKTOM TECTUPAHHM Yy HAIOj CTYIHUjH.
[lopen uymmeHune na cy OWJpHE BpPCTE CaKyIUbCHE Ca pa3IMYUTHX JIOKAIUTETa, OBa
JTUCKpENaHila y pe3yidTaTuMa je JIOTHYHa wuMajyhm y BHAY Ja Cy ayTopu CTyIuje
eKCTpaxoBaJlid OMJbHU MaTepujall IpoliecoM Marepaluje Ha coOHoj TemnepaTypu. Hacympor
TOME, eKCTpakifja 1moja pedaykcoMm Koja je KopuilheHa y Hallloj CTyIUjU Ce cMaTpa jeHOM
0J1 Haje(pUKaCHUJUX TEXHHMKA 33 U30JIal1j]y aHTUOKCUAAHTHUX KOMIIOHEHTH U3 OMJBbHHUX BpCTa
(55, 151). Ilopehewem paznmuuutux Bpctd U3 poma Galium samaxeno je ma ce G. verum
U3/Baja MO M3Y3€THO] aHTHMOKCUAIMOHO] aKTMBHOCTU M BeheM cajlpikajy ¢uiaBoHOUAA Kao
NPUPOJHUX aHTHOKCHIaHaca y oxnHocy Ha G. molugo, G. odoratum u G. aparine (20).

Nmajyhu y Buny 1a 610JI01IKa aKTUBHOCT €KCTpaKaTa HajBUIIIE 3aBUCH OJ] IOJapuTeTa
EKCTPaKIIMOHOT pacTBapaya, IUJb OBE JIOKTOPCKE IucepTaiuje je OMo M Ja ce YyIopeau
AHTUOKCHU/JIAIIMOHY AaKTHMBHOCT METAaHOJHOT, BOJIEHOI M aIETOHCKOT EKCTPaKTa HMBAaHCKOT
nBseha. Hamm pesynratu cy nmokasanu aa Hajpehy akTHBHOCT HeyTpainucawa DPPH mocenyje
METaHOJIHH, JOK j€ HajHUKa aKTUBHOCT alleTOHCKOT.eKcTpakTa. OBaj pe3yiTar je JeIUMUYHO
OueKMBaH momTo je Beh mMmo3Haro nma MeraHon wWMa Behy CIOCOOHOCT J1a EKCTpPaKTyje
AHTUOKCHJIAHTHE CYIICTaHIle, Kao WMTO cy (eHonu, y mopehemy ca BOJAOM M alETOHOM.
Hexonuko crynuja notBplyje unmeHHIly 1a ce Hajseha aHTHOKCHJATHBHA aKTUBHOCT MOXKE
OCTBapUTH aKO C€ METaHOJI KOPUCTHU Kao pactBapau (152). [lo cajga HUje OUII0 UCTpaKuBamba
Koja OM yKazaja Ha pa3jifKy y aKTHBHOCTH METAHOIHOT, BOJICHOT M alleTOHCKOT €KCTpaKTa
HaJ36MHHUX JeJIoBa MBamCKor mnBeha ka ,,unmhemy" DPPH pamukana. Jloctynmau monanu

CYTepHIlly Ha IPEJHOCT BOJE Yy OJHOCY Ha METaHOJ Kaja je ped o in Vitro Heyrpamusamnuju
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DPPH exkctpakra, 10k ce Beha criocoOHOCT MHXHUOUIM]E MEPOKCUIAIIN]€ TTOCTHIKE METaHOJIOM

(57).

5.3. AHTUMHKPOOHA AKTUBHOCT €KCTPaKaTa HBaWHCKOT 1[Beha

O63upom Ha pactyhy WHIUACHIY HH(EKTUBHUX OO0JIECTM W PE3UCTCHIH]Yy Ha
JOCTYITHE JIEKOBEe, OpojHa HCTpaKMBama Cy yCMEpeHa Ka OTKpuhy HOBHX areHaca ca
AHTUMUKPOOHHMM CBOjCTBMMA. | JTaBHM M3a30B y II100ATHOj 3IpaBCTBEHO] 3aIUTHTHU je OTKpuhe
HOBHX, €()UKACHUX U MPUCTYIIAYHNX aHTUMH(PEKTUBHHUX areHaca, a JIEKOBUTO OMJbE Ce MCTUYE
Kao JparoileH HW3BOp OpOjHMX KOMIIOHEHAaTa ca TpaKeHHUM Kapaktepuctukama (153).
JlekoBuTe OMJbKE M OMJBHH EKCTPAKTH KA0 aHTHMUKPOOHH areHCH Hajla3e ce y KIKU Hay4IHOT
HWHTEpecoBama 300T cBOje 0e30eqHOCTH, OCTYIMHOCTH U HHUCKe IieHe. Takohe mpumeHom
Jjenumbemha TPUPOJHOT Topekyia Moryhe je mpeBazuhu jaBHO 3ApPaBCTBEHH IpoOIieM
PE3UCTEHIIN]je MUKpOOpraHu3aMa Ha Hajuenihe kopuirheHe CHHTETCKe JekoBe (154).

Ha anTuMuKpoOHY aKTUBHOCT jeiMbCHha U3 OuJbaka yTUay OpojHU (pakTopH Kao IITO
Cy: TEHOTHII, YCIIOBH CpEAHMHE, BpEeMe IMpHKyIlJbaJba OWJbHE BpCTE, YCIOBH UYyBamba,
reorpadcka Jokanuja W yciaoBu ekcTpakiuje (155). M mopen mmpoke TpaauIMOHATHE
IPUMEHE MBaWKCKOT IBeha, HEroB aHTUMHKPOOHM NOTEHIMjad jé HEAOBOJHHO HMCTPAXKEH.
EdukacHocT uBamckor 1seha y TpermMany HH(GEKTUBHUX OOJIECTH je Hay4HO NOTBpheHa, amu
YyTHIIQ] pacTBapa pa3jiM4uTe IOJAPHOCTH Ha AHTUMUKPOOHAa CBOJCTBA EKCTpaKTa HHJeE
JOBOJHHO TIO3HAT.

Kako 61 ce yTBpAMIIO Ha KOjU HAYMH pacTBapayd pa3IMUUTe MOJApHOCTH yTUUY Ha
KapaKTEepUCTUKE eKCTpakaTa, UCIIUTUBAH j€ aHTUOAKTEPHUjCKH U aHTUTJbUBUYHU MOTEHIIM]jal
BOJICHOT, alleTOHCKOT M METaHOJHOT €KCTpaKTa MBamCKOT nBeha. Hamm pesynratu ykaszyjy
Ha yMEpeHY aHTHOAKTepUjCKy aKTUBHOCT €KCTpakara mpema BehMHW HCIUTHBAHUX COjeBa,
IpU YeMy HHUje OUJI0O pa3iuKe y aKTUBHOCTH npema ['pam mo3uTuBHUM U ['pamM HeraTuBHUM
Oakrepujama. VHTEH3UTET aHTUMHUKpOOHE aKTUBHOCTH  3aBUCHMO je O  BpCTE
MHUKpOOpraHu3ama, Mpu 4demy je 3amakeHa HajBeha cemsutuBHOCT Bacillus subtilis ATCC
6633 mpema cBa TpH THIA EKCTPAaKTa, Ca HW3PAKEHHjOM AaKTHBHOIINY METaHOJIHOT W
arleToHckor. Takolje o OCeTJFMBOCTH Ha CBa TPH EKCTpakTa ce m3aBajajy u Staphylococcus
aureus ATCC 25923 u Salmonella enterica. JlonatHo, aHTUIJbMBHYHA aKTUBHOCT je Owiia
reHepagHo cinaba npema BehWHM KBacHMIIA M (UIAMEHTO3HMX TJbHMBAa Ca HU3Y3€TKOM
Aspergillus niger ATCC koja je oceT/bMBHja Ha alCTOHCKH €KCTPaKT y OJHOCY Ha

cTaHAapaHU aHTUYHTaTHU JIeK (uykoHa3on. VHTEH3WBHHMja aHTUMUKPOOHA AKTHBHOCT
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yOY€Ha KOJI alleTOHCKOT E€KCTPaKTa MOXKeE ce 00jaCHUTH CIIOCOOHOIINY alleToHa J1a eKCTpaxyje
IIUPOK CIEKTAp jeIUCHhA Pa3IMYUTE MOJTAPHOCTH KOja HCIIOJhaBajy eeKaT Ha MaToreHe
cojese (153).

3a pasnuKy O] IUIAHKTOHCKAX MHUKpOOpraHu3zamMa Koju (DYHKIMOHHUIIY Kao
WHIUBHAyaHe henuje, BEeMWKH TpoOJeM Ha MOJby HHPEKTUBHUX OOJIECTH MpeACTaBIba
dbopmupame Ouodpunma. Behumna Oaxrtepuja, rpMBa UTA je crmocoOHA Ja aaxepupa Ha
OMOTHYKY W aOWOTHYKY TMOBPIIMHY M Harpagd OWOQWIM KOjU TOKaszyje Apyraduje
(EHOTUNHCKE KapaKTEPUCTHKE Y OJHOCY Ha IUIAHKTOHCKE MHUKpoopranuzMe. OmnacHOCT
dbopmupama OnodpuiIMa MpoucTUYe U3 YUILCHHULE Aa cy Oaktepuje yHyrap Omoduima 10-
1000 myra oTmopHHUje HAa aHTUOMOTHKE y OJHOCY Ha IUIAHKTOHCKE MHUKpoopraHusme (156,
157). bynyhu 1a KOHTpOJIa CeCHITHE 3ajeTHHIIC TPE/ICTaB/ba U3a30B y Tepanuju HHOEKTUBHUX
Oojectd, Hall Wb je OMO J1a MCIHUTAa W MOTEHIHMjall eKCTpaKTa Ja yTHYe Ha HacTajame
ouduama, kao u Ha Beh Gpopmupanu omodunm B. subtilis ATCC 6633 u P. mirabilis ATCC
12453. Youmim cmo HajBehy ehrkacHOCT BOJCHOT eKCcTpakTa npema Gopmupamy onoduima
HaBEJICHUX OakTepuja Mpu KoHIeHTpaiuju o1 5 mg/ml u Ha dopmupanu 6odunm P. mirabilis
ATCC 12453 npu koutentpamuju ox 5.47 mg/ml.

HcnutrBameM eekata METAHOIHOT U XJIOPO(OPMCKOT eKCTpaKTa UBamkCKOT I1Beha ca
teputopuje Typcke mpema XyMaHHM MaTOreHUM KIMHWYKMM m3onatuMa Candida albicans
YOYEHO je Ja OHM He TMOKa3yjy aHTHIJPUBHUYHY AKTUBHOCT, IITO j€ y CarjlaCHOCTH ca
pesynratuMa Hamer uctpaxuBama (54). Takohe mnpoyuaBanu cy e(eKTH BOJCHOT,
ankoxosHor (70%) u xsnopodopMcKOr ekcTpakTa MBamCKor IBeha nmpoTtus cienehux cojesa
oakrepuja: Staphylococcus aureus 15923, Escherichia coli 25922, Pseudomonas aeruginosa
2789, Bacillus subtilis 6633 u Proteus vulgaris 4636. Kopucrehu auck nudy3uoHy MeTOLy
ayTOpH Cy MOTBPIMJIN 3HA4ajaH aHTUOAKTEPH]CKH MOTEHIUjall XJIOPO(OPMCKOT eKCTpaKTa y
koHueHtpauujama ox 20 m 50 g/l mpema cBUM MCIIMTHBaHUM BpcTama, a JaujameTap
nHXHOHIHMje 30He pacrta je uznocno: 30, 3 £ 0,4 u 32,4 + 0.3 mm npotus coja S. aureus, 12,0
+ 0,1 u 13,2 £ 0.2 mm nporus coja E. coli, 21,2 = 0,2 u 20,2 + 0,3 mm npotuB coja
P. aeruginosa, 20,2+0,3 u 30,34+0,4 npoTus coja B. subtilis u 16,1 = 0,3 u 15,1 + 0,2 npotus
coja Proteus vulgaris, penom. C npyre crpane, BogeHu u ankoxoiHH (70%) eKcTpakT HHCY
MoKa3aJid aKTHBHOCT IpeMa MCHHUTHBAaHUM OakTepujama. Takolhe y OKBUpPY HCTE CTyAMje
OTKpPHUBEHO je na cy cojeBu B. subtilis 6633 u S. 15923 u3y3eTHO OCeT/bUBH Ha JUMODUITHA
KOMIUIEKC MBambCKOT I1Beha, MITO je y Kopenanuju ca HauM pesyiaTtatuma. Jujamerap 30HeE

uHXuOuIHMje pacra 3a S. aureus 15923 usnocuo je 32,4 + 0,3, a 3a B. subtilis 6633 30,3 + 0,4
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(52). OBa rpyna ayropa mpeiiaxke reHepaiHo cla0y akTHBHOCT mpema mpema cojy C.
albicans.

JlonaTHO, MpoyYaBameM aHTHOAKTEPUJCKUX edeKaTa eTaHOIHOT EKCTPAKTa UBAHCKOT
nBeha OTKpPUBEHO je Ja je MHXUOUTOpHA aKTHMBHOCT YIJIABHOM YycMmepeHa npema ['pam-
MO3UTHBHUM OakTepujama (S. aureus u Listeria. monocytogenes) u y MameM CTEICHY ImpeMa
I'pam-neratuBauM Oaxtepujama (Salmonella typhimurium, E. coli). ExcrpakT oBe OuibHe
BpCTE€ TI0Ka3a0 je YyMepeHy aHTHOaKTepHjCcKy aKTHBHOCT mpoTHB L. monocytogenes
(mmjameTtap uMHXMOUIKMje 16 MM) ¥ OrpaHUYEHY AKTHMBHOCT IPEMa OCTAIMM TECTHPAHHUM
naroreHuMa. JlujaMeTpu 30He MHXUOUIIMjEe U3HOCKIH Cy: 3a S. aureus 11 + 0,05, E. coli 10
0,05 u S. typhimurium 12 + 0,05. Takolhe y OBOM €KCIIEPHUMEHTY jeé OTKPUBEHO Jla CTaHOJIHU
eKCTPaKT MBamCKOr IBeha ucnomasa cinady antudynrandy aktuBHoct nporus C. albicans,
ca AMjaMeTpoM 30He uHxuOummje pacra 15 + 0,05 (20).

Pesynrtatu nctpaxupama crpoBegeHor o crpaHe Quave u capagnuka 2008. roauHe
yKa3yje Ha TO J1a €TAaHOJHHM EeKCTPaKT MBamCKor nBeha ca moapydja Urtanuje HUje MMao
edekTa Ha pacT U HacTaHaK OMO(HIMa METHLIMIIMH PE3UCTCHTHOT S. aureus-a (158). Ilpema
HAIllUM J0Ca/IallllbiM Ca3HambUMa, He NOCTOoj€ MOJAM O AHTUOMO(PUIM aKTUBHOCTH BOJIEHOT,
METAHOJIHOT M alleTOHCKOT EeKCTpakTa HBamCKor IBeha, ka0 HU O HUXOBUX Moryhum
pasnukama. Pe3ynaratu oBe JOKTOpCKe aucepTalyje cy NpBU KOjU MPYXkKajy YBUJ y IPETHOCT
BOJICHOT €KCTPaKTa ca aCTleKTa MHXUOUTOPHE aKTUBHOCT MpeMa HACTaHKYy OMoQuiIma.

MHoro6pojHe cTynuje cBefode o ynoTpedbu Ousbaka Kako y IHJbY CIpedyaBama pacTa
MHUKpOOa, Tako 1 300T ModosbllIamka KBauTeTa U 0e30e1HOCTH XpaHe. bruoakTuBHA jennmbema
u3 Tpyrne (raBoHOWIA, aJKAIOHWIA, JEKTHHA, TEPIIEHOWJA CE CMarpajy 3aciy’KHUMa 3a
JMPEKTHU W WHIUPEKTHH aHTUMHUKpOOHU edekar OmibHuX Bpcra (103, 159, 160). 1 mopen
BEJIMKOT Opoja UCTpaXKHBamba Koja MOTBPYyjy aHTUMUKPOOHH MOTEHIH]jall (pJIaBOHOM 1A, TaYaH
MeXaHu3aM KOjUM OCTBapyjy edekatr Ha MUKPOOpPTraHU3Me U Jlajbe ocTaje Hermo3HaHuua (161).
Cwmarpa ce Ja MeXaHU3MHU OJTOBOPHHU 3a TUPEKTHH aHTHOAKTEepHjCcKU edekaT (raBoHOUA!
WHXUOUWIMja  CHHTE3¢  HYKJICWHCKUX  KHCEIWHA, UWHXHOWIHMja  (QyHKIIMOHHCama
UTOIIA3MAaTCKe MeMOpaHe, HHXUOUIMja eHepreTckor Meradonmima (161-163). M3semraju
Cyrepully jaa ce WHXUOMTOpPHM edeKar jeaumema u3 Tpyne ¢uaBoHouaa mpema E.coli
3acHUBa ce Ha MHTepkananuju ¢rasonouga y JAHK mro pesyntupa uaxudbunmjom JJHK
rupase, kKao ¥ MOryhHOCTH OBHX jeMmberha Ja ce KomreTuTtuBHO Bexy 3a JIHK u omerajy
bynknujy rupase. (164). Ilopen MHXHOUIH]je CHHTE3€ HYKICHHCKUX KUCETUHA, (IIaBOHOUIN

MIOITYT XJIOPOTEHCKE KUCEMUHE Kao jeHEe 01 KBAHTUTATUBHO HAj3aCTYIJbEHU]UX KOMIIOHEHATA
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HAIlMX EeKCTpaKaTa, MOTY HAapYIIUTH CHOJhAIlY M LUTOIUIA3MATCKy MeMOpaHy Oakrepuja
(165). Crospamma MemOpana ['paM-HeraTuBHUX OakTepHja ce CacToju O JIHIONOIUCcaXapHia
(JITIC) m mporenmHa Koju Cy crabuimucaHu momMohy eNeKTpOCTaTUYKUX HHTEpaKIifja ca
JBOBAJICHTHUM KAaTjOHUMa. AHJOHCKE CYIICTAaHIE IOIYT XJOPOTEHCKE KHCEIMHE MOTY Ja
XENUpajy joHe I\/Ig2+ ¥ Ha Ta] HAYWH Jia Hapyllle MHTETPUTET CIIOJbHE MeMOpaHe OakTepuja,
Koja ryom cBojy Oapujepny ¢ynkuujy. Ha Taj Haumn ce mnobospimaBa edukacHoCT
aHTHOMOTHKA KOjU HE OM YCIENU JIa UCTI0JbE CBOjE JICNIOBAKE Y CIIy4ajy HEHAPYIICHE CIIOJbHE
memOpane (165, 166). Takohe Ttaprer 3a OpojHe (aBoHOMIEC NpEACTaB/ba W ILIa3Ma
MeMOpaHa, Tako INTO OBa jeAHMIeHa MosehaBajy HEHY MPONYCTJbUBOCT. HapymaBamem
CTOJhAIlIbE U TUIa3Ma MeMOpaHe OMeTa ce pa3MeHa HyTpHjeHaTa W MeTaboiIuTa U WHXHOHpa
eHepreTcko cHaOjeBame Oaktepuja (165, 167). I'eHepanHO MOCMAaTpaHO, WHTETPUTET
OakTepujcke IUIa3Ma MeMmMOpaHa je HEOMXOJaH 3a PEryjJapHO OJBHjame OCMOperyiaiuje,
pecnypanyje, OMOCHHTE3€ JMIHJIA WTHA, a HapyllaBambe HEHE CTPYKType BOAU Y CMPT
Oaktepuje. Jlok HemonapHa jenumbema U3 Tpyne (IaBoHOWAA Ipojase XuApodoOHH CIIoj
MemOpane, mosapHa (opMupajy BOJOHMYHE Be3e ca MOJApHUM TiaBama Jmnuaa. JlogatHo,
HecrienduyHe uHTEepaknuje ¢uaBoHouaa ca (ochoIUNuarMa MOTY H3a3BaTU CTPYKTYPHE
npoMeHe MeMOpaHe M yTHLATH Ha GyHKIH]y MeMOpaHCKuX npoTenHa (168).

Jom jeman onx TNpPeTHOCTAaBJbEHUX MEXaHM3aMa aHTUOAKTEpUJCKE aKTUBHOCTH
¢naBoHOMAA je M MHXHOUIMja cUHTe3e henujcke MeMOpaHe M arperatopHu edexar Ha
hemujcku 3up Gaktepuja. Takohe mpemnoxeHo je na onapeheHa (eHonHa jeauBEHa MOTY
CIPEeUYUTH HacTajambe OuoduiaMa, Tako INTO OOJOXKE MOBPIIMHY henuja, U3MEHE HEHY
MOBPLIMHY U MOCIEAUYHO OMETajy MHTepakiujy usMmely Oaxrtepujcke henuje u moBpiIMHE
cyncrpata (169, 170). Benuku 3Ha4aj monudeHoa oriea ce U y CHHEPrUCTHYKOM eeKTy ca
OpOjHHUM aHTHOMOTHIIMMA, KOjU ce 6a3upa Ha MHXUOUIUjHU e(IyKCHE IMyMIIe Koja je 3ayXKeHa
3a u3banuBame aHtuOuotuka (171, 172). Takohe mojeaunHa QraBOHOMIA jeIUEEHA MOTY
MHXHOUpaTH CHHTE3Yy MENTUAOINIMKAaHA KOjU j€ JOMHUHAHTHO MpHUCyTaH y henujckoM 3uay
I'pam mo3uTuBHUX OakTepHja, HHXUOUPATH €H3UM [} JaKTaMazy U IuXuapodonaT peayKraszy
(173, 174).

CMmaTtpa ce ga exkcTpakTd ca JaoOpoM akTuBHomihy mnpema onpehenum ['pam-
HEraTUBHUM OaKTepHjaMa He MOpajy HY)KHO MCIOJbUTH BUCOKY €(hPHKACHOCT MpemMa OCTaIUM
cojeBuMa u3 rpymne ['pam-HeratuBHUX OakTepuja. Takohe mocToje pa3iIUyUTH JaHIU HUCTUX
0aKTepHjCKUX BpPCTa U TO Tpeba MMaTH y BUAY NPWIMKOM TyMauewa JTOOHJCHHUX pe3yniTara

AHTUMHKPOOHE aKTHMBHOCTH eKcTpakara (160).
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5.4. AuTunH(JIaManNjCKa aKTHBHOCT €KCTPAKaTa MBamhCKOT Beha

bynyhu na je mpumeHa CHHTETCKMX aHTHHMH(IAMAIMOHUX JIEKOBa TIOBE3aHa ca
[0jaBOM O30MJBHUX HEXEJbeHHX e(ekara, y (DOKyCy HMCTpaXuBamba MOCIEAHBUX TOAWHA
Hajla3e ce MPUpPOJHA jeHIbemha MOMyT NoiaudeHona Koja MOry M3MEHHUTH HH(IaMaluoOHU
oaroBop opranuszma (175). Ilpema HammMm ca3HamUMa HeMa MOAATaKa O YJI03U HMBAHCKOT
nseha y mponecy uHpramanuje, amu uMajyhu y BUay HeH XeMHjCKH CacTaB, MPETIOCTaBIba
ce na Om OMOAKTHBHA jeAMIbCHA 3ajeHUYKUM JEJIOBAEM MOTIJIA JIOTIPHHETH CMAambemhy
3anamema. Y HUJbY CBEOYOXBATHOT carjie/laBama TeparujcKor MOTEeHIIMjana HBalkCKor 1Beha,
jemaH oJ HaIIMX LKWJbeBa OMO je Ja UCHHTA yTUIA] eKCTpaKkTa OBe OMJbHE BPCTE Ha Pa3Boj
eziemMa Iare naroBe Ha MOJIeTy KapareHWHOM M3a3BaHe nH(pIamanuje.

Hamm pesynratu jacHO yka3yjy Ha TO CBE NMPHUMEIEHE J03€ 3HAYajHO CMAabY]y €lleM
IIarne 1amnoBa y 0OJHOCY Ha KOHTPOJIHE yCJIOBE, PH YeMy Cy HajOOJbU €(PeKTH YOUEHU HaKOH
npuMmene Hajeehe no3e. MehyruM HUM HajBHIIA 1032 €KCTpakTa HHUje yCIela Ja HM3a30Be
CTCIICH WMHXHWOWIIMje eleMa Imare KOju MOCTMke pedepeHTHH JIeK WHaoMmeTanuH. Takohe
youeHH eQeKTH eKCTpaKTa Cy BPEMEHCKM-3aBHCHM, yKa3yjyhm Ha TO 1ga je HajMama
MHXUOMIIMja efleMa Iarne y NpBUM caTUMa, Ja OM ce HaKkoH HCTeka 4. caTa MCIOoJbUIIa
HajU3paKeHMUja penyKiuja exema koja je uznocuiau 25,71 %, 26,62% u 33,3% 3a noze ox 50,
100 u 200 mg/kg. bpojue cryauje cBemoue o 6udasHoM wuHOIAMAITMOHOM OJTOBOPY HAKOH
npuMeHe kapareHuHa. Haume y ununujannoj ¢asm, 01HOCHO y NPBOM caTy HAKOH MHjEKLje
KapareHuHa, J1oja3u 10 ociobahama XMcCTaMHHA, CEPOTOHMHA M JIEYKOTpHEHa M mnoBehama
BacKyiapHe nponyctibuBoctd (176, 177). Jom jeman 3Ha4ajaH Meaujatop wH(pIaManuje je
NO koju ce Ha MecTy 3amajbema (opMHpa O] CTpaHe OpojHUX helrja MOMYT JICYKOIIUTA,
eHnoreHux hemmja w ceHzopHuX HepBHHX henmja. Cmatpa ce ma excmpecmja COX-2
JIOCTHKE MaKCHMallHy ekcrpecujy 1 h HakoH nokanmHe amumkanuje kaparenuHa (178).
HonatHo, y HapenHoj ¢dasu gonasu a0 uHOWITpauuje Heyrpoduia, NpoayKIHje
npocTarjaHanHa, OpaTukuHIHA U pa3Boja exema (176, 177). Ocnobohenu mpocTariaHnIuHu Yy
CaJIejCTBY Ca XMCTAaMHUHOM M OpaJMKWHUHOM JOMPHUHOCE Pa3BOjy LPBEHMJIA LIATe U Y3POKY]Y
MojayaHu TMPOTOK Ha MeECTy 3anajbema. Takohe nomazu 10 ocinobahama mporeasa,
JM3030MAIHUX €H3MMa, Murpauuje henuja, aktuBamyje u jerpanymnauuje (177, 179).
Wupomeranud y HaleM HCTPaXHBABY j€ MCIOJBHO eeKkTe TOKOM Japyre (¢aze KapareHHHOM
M3a3BaHOr eneMa MmTO je W ouekuBaHO o003upom na HCAWMJI wuuxuOupajy CuHTE3Y
npocrarinananHa npexo uaxuounuje COX (177). IlpuMeHa Hamer eKCTpakTa y CpPeamboj U

HAjBUILO] JI03M CMamMWIIa je eeM HakoH l. cata oj amjMKaluje KapareHWHa, JOK HajHUXKa
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7032 HUje uMajia eekTa y Toj HHUIM]jaaHo] (a3u 3amajbeHCKOT OJIroBopa. Y carjlaCHOCTH ca
JUTEPATypHUM MOAALMMa, UK €IeMa MIOCTUTHYT j€ HAaKOH 3 caTa o]l MHjeKIMje KapareHuHa y
CBHUM IpyIamMa, mTo noTBplhyje pa3Boj JiokaiHe u akyTHe uH(amanujcke peakmuje (180).

O63upom Ha TO 1a HeMa uHdopMaIja 0 aHTHMH(IAMAIIMOHO] AKTUBHOCTH MBAHKCKOT
nBeha, youeHu e(dekTH eKCTpakTa Ha HalleM MOJeNly ce MOry OOjacHHTH ca acIeKTa
XEMH|CKOT cacTaBa U MPHCYCTBA jeubemha U3 rpymne noinudenona. bpojHe cryauje ykasyjy
Ha aHTUUH(IaManujcke edekre noimdeHona Koje OCTBapyjy IOCPEICTBOM HEKOJUKO
MeXaHu3aMa: HMHXHOWIMjOM €H3MMa KOjU Cy OArOBOPHHM 33 HACTaHAK EHKOCAHOW[A,
uHxuOuujom ociobahama xucamuHa, docdoauecrepaze, IPOTEMH KWHA3€ U AKTHUBALIM]OM
tpanckpunrase (181, 182).

VY pa3Bojy udaMaigje BEIUKU je 3Hayaj eH3uMma monyT mnukiookcurenase (COX),
munookcurenase (5-LOX) u ¢pocdonumnaze A2 v OHU MPEACTaBIbAjy MOTCHIM]aHE TAPTreTe 3a
nenoawe mnonudenona. I[loyeTHy OCHOBY y WH(QIIaMAIMOHOM OATOBOPY IpPEICTaBIba
ocnobahame apaxuI0OHCKe KHCEeTuHE 011 cTpaHe (ocdonunaze A2, Koja ce 1ajbe OKCHUIYjE 10
OpojHUX MeaujaTopa 3amajbema (TmpocTariananHa, TpoMOokcaHa) noy yrumajem COX u 5-
LOX. In vitro u in vivo TecToBUMa MOKa3aHo je Aa MOJUGEHOIN MOCEMyjy CIIOCOOHOCT Ja
U3MEeHEe, OJJHOCHO MHXNOMpajy akTuBHOCT (pocdonunaze A2 u COX u Hamehy ce kao moryhu
KaH/JUaTH y JIedewy nHpramatopaux oonectn (182, 183).

KBeprernn u xyoporeHa KHCEIHMHAa Cy KBAaHTUTATUBHO JOMHHAHTHU Y HaIleM
eKCTPAKTy Ia Ce MOXKE IPETIIOCTaBUTH Jla 3HAYajHO JONPHUHOCE YOUeHUM edeKkThMa Ha
UCIUTHBAaHOM Mojieny. OBa jeMberha MOTY 1a U3MEHE MeTa0oIM3aM apaxua0HCKe KUCETTUHE
Ha pa3IUYUTUM HUBOMMA W TIOCIEIUYHO YyMame MNPOAYKIHM]y eukocaHouga. Jlok je 3a
XJIOpPOTEHY KHCEIHHY NOTBpheHo na je moTeHTHH naxuoutop COX, 3a KBepLETHH ce cMaTpa
na naxubupa u COX n 5-LOX ensume (184, 185). /lokymeHTOBaHO je Aa cy (aBOHOUAM
KOJU HCIOJbaBajy aHTUATPEraloHy akTHUBHOCT M moTeHTHH uHxuOutopu COX m 5-LOX
(182).

[lopen HabpojaHux MexaHu3Ma, (GIABOHOMAM MOTY M yMawmHUTH ociiobahame
XMUCTaMMHA W Ha Taj HaYMH JOJATHO JONPHUHETH CMambemhy WH(IAMAIMOHOT OJroBOpa.
W3Bemraju nmoTBplyjy Aa XUAPOKCHIOBAHU (PJIABOHOMAU NMPHUCYTHU Y €KCTPAKTy MBAHCKOT
nBeha, kao mro cy kemmndeposl U KBEpLUETHH UTA, Mory crnpeuutd npoaykuujy TNF-o,
JIeTIOBakbEeM Ha HUBOY TPAHCKPHIIIUje Wik rocpeacTBoM docdoanecrepase (182). Iperxoano
CIIpPOBEICHA CTy[Wja WCHUTHBajIa je e(eKTe XJOpOreHe KHUCETWHE Ha MPOAYKIHU]Y

untepneykuna 8 (IL-8) nzasBany TNF-a u H2O; y enutennum Caco-2 hennjama. OTKpUBEHO
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je 1a OBO jeIMIbEHE TOBOM 10 HUCKOAHE perynaiuje npoaykuuje IL-8 (186). YV carmacHocTH
ca HaBEJCHOM CTYAMjOM, Jpyra rpyrna HCTpaKMBada MOTBPAMIIA j€ Ja XJIOpOreHa KUCeTuHa
yMamyje CeKpelujy HpouH(IaManuoOHUX IMTOKMHA kao mro cy IL-8 u IL-6 y Caco-2
henujama ctumynucanuM ca Tymop Hekposuc dakropom o (TNF-o), aumomnosmcaxapumaom
(JITIC), IL-1p u wunTepdeponom vy (IFN-y) (187). HaBeneHu MexaHM3MH MOT'Y IOHCKIIE
00jaCHUTH peAyKIHjy e1eMa IIare ManoBa MmoJ yTullajeM HBamkCKor 1Beha y Halloj CTyAuju.

Jomr jemaH ox TOTEHIMjaJHUX HAuyuHA KOJUM  (DIIAaBOHOMAM  OCTBAPYjy
aHTUMH(paMauoHu edekar moapasymMeBa yTHIA] Ha MPOTEHHCKY THPO3UH KUHA3Y, MPOTEHH
kuHazy Ll koje cy ykipyueHe y aktuBainujy henuja Tokom uupnamanuje (182). Takobhe
(dyiaBoHOMM MOTY HW3MEHUTH HMH()IAMAIIMOHM OArOBOp HWHXHOWIMjoM akTuBHOCTH IKB
kunase (188). lomatHo, OTKpuBEHO je aa cy kembepoi u kempepoi 3-O- d- rimykonupanosui,
KOjU Cy Takol)e 3aCTYIJb€HH y €KCTPaKTy UBambCKor 1Beha, 103H0-3aBucHO nHXuOupanu JIINC
u IFN-y uszassany npoaykuujy NO, TNF-a u IL-12 (189). HaBenenu MexaHH3MH MOTY
00jacHUTH TIOTEHIMjal EKCTpaKTa HBamkCKOr IBeha Ja ymamHu eleM IIane maroBa Ha
MIPUMEEHCHOM MOJISNTy MH(IIaMallije u3a3BaHe KapareHHHOM. bynyhu na ¢uaBoHOMIN MMajy
CIIOCOOHOCT Jia yTUYY Ha aKTUBHOCT PA3JIMYUTHX MEIUjaTopa 3amajbemba, eKCTPAKTH OoraTh
OBOM KJIaCOM jeMIbEHa MOIMYT UBamCKOT 11Beha HCTHYY ce Kao MOTOJJHH areHCH y TpeTMaHy
nH(paamMaTopHux cramwa. OO03MpoOM Ha MIMPOKY JOCTYMHOCT HBamcKor IBeha, moryhe je
KOPHUCTHUTH Ta WIH CaMOCTAJHO WM y KOMOWHAIIMjU Ca OCTAJIMM JIEKOBUMA Y TEparuju
Pa3TMYUTUX aKYTHUX U XPOHUYHUX 3aMaJbEHCKUX CTaba.

I'maBHM HegoOCTaTak HaBEJIEHUX IMOJATaKa KOjU ce TUUY MOJIEKYJICKMX MeXaHH3ama
OJITOBOPHUX 3a edexTe (riaBoHOMIA je MITO Ce MOpajy MCIUTATU M TOTBPAUTH HAa XyMAaHO]
nonynainuju. Takohe nako je 103H0-3aBUCHU edekat (iaBoHOU A MTO3HAT paHuje, U MOTBpheH
U y HallleM UCTPaXMBamy, BEJIIMKU OIpe3 Tpeda MOoCTojaTH NpWIMKOM MoBehama npumMemeHe

J03¢€ Jep Y BUCOKHM J103aMa (I)J'IaBOHOI/IIII/I MOTY JCJIOBATU KAaO MPOOKCUAAHCH.

5.5. EdexTH ekcTpakaTa nBamCKOT Beha HA CHCTEMCKH PeIOKC CTaTyC
namoBa

5.5.1. Edhexmu excmpakama usarscxoz yeeha na cucmemcku pedokc cmamyc 30pagux

nayoea

Benuka maxma HaydHE jaBHOCTH yCMEpEHa je Ha M3MEHY PEIOKC XOMEOCTas3e IO

YTUIAJeM JICKOBUTHUX OWJbaka M OWJBHMX €KCTpakaTra KOju Ccy Ooratd TpUPOIHUM
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antuokcugancuma (190). Crora jemaHn o HamMx IWJbeBa OMO je Ja WCHHUTa Ja JIH
YEeTBOPOHEIEJbHH YHOC METAHOJIHOT €KCTPAaKTa MBAKCKOT I[Beha yTHUYe Ha CHCTEMCKH PEIOKC
cTaryc, OJHOCHO Ja JIM MOKe J1a MoBeha aHTMOKCUIAIIMOHN KalaluTeT 3/IpaBHUX M1all0Ba.

Pesyntatu oBOr McTpakuBama ykasyjy Ha TO Ja je NpPUMEHa eKCTpakaTa MBaEmCKOT
nBeha 1oBena O CMamema KOHIEHTpallKje MEpEeHUX IPOOKCHIAaHaca, MpU YeMmy je
Haju3pakeHHju edexaT youeH HakoH npumeHe po3e ox 500 mg/kg. Kama je peu o
napaMeTpruMa aHTHOKCHJIAIMOHE 3aIllITHTE, TPETMAaH SKCTPAKTOM Y HAjBUIIO] U CPENEH0j 03U
ycneo je aa noeha aktuBHOocT SOD, 10K HU jemHa O MPUMEHEHUX J03a HUjE yTHIala Ha
CAT u GSH. Haj3nauajuuje 103HO-3aBHCHE pa3jiMKe Y aKTUBHOCTHU €KCTpaKaTa orieajy ce y
3HATHO OOJFUM aHTHOKCHIALMOHUM epeKTHMa HakoH KoH3ymanuje 500 mg/kg y onHocy Ha
125 mg/kg.

YoueHu edekTu eKcTpakaTa MBamCKOI LBeha Ha CHUCTEMCKU pPEJOKC CTaTyC ce
MIPUIKCY]y TPUCYCTBY OpOjHUX jeAumbema U3 Tpyne nonudenona. Hamm pesynratu cy
MOKa3ajy Ja TPETMaH EKCTPAKTHUMa JOBOAM 10 Taaa y KoHmeHtpamujama O, u HpO,
mehytum nunamuka O, /H;O, He MoXe ce TyMauyuTH HE3aBHCHO O]l aKTHBHOCTH CH3MMa
anTHoKcunanuone oxabpane, kao mto cy SOD u CAT. Ilosehana aktuBHoct SOD mon
yTUIajeM eKCcTpaKaTa MO)Ke OMTH OATOBOpPHA 3a CHIDKeHe HUBoa Oy, 003UpOM /1a 0Baj €H3UM
karanusyje koBep3njy O, y Hy0; (191). Crora ce Moke MPETIIOCTABUTH Jia j€ WHUIIH]jaTHa
monynanuja SOD jeman onm MexaHm3ama KOjuUM WBamCKo IBehe mcmosepaBa cBoOje edekTe.
JlogatHo, NOIU(EHOJN MOTYy HMHXUOMpATH CHUCTeM KCaHTMH JEeXUJIPOreHa3a/KCaHTUH
okcuaaza (XO) mTo Takohe Moke TONMpPUHETH CHIDKEeWY KoHIeHTpanuje O u HyOz u
AeTuMHYHO  oOjacHMTH  qobujeHe  pesynrate  (192). Tlopem cBera  HaBeIEHOT,
AHTUOKCUJIAIIMOHU TIOTEHIIMjal MoJaudeHoNa mopa3ymMeBa U BUXOBY CIIOCOOHOCT J1a JeNy]y
Kao TUPEKTHHU ,,xBaraun" cinobonuux paaukana (193, 194). Umajyhu y Buay HenmpomemeHe
BpenHoctd CAT u GSH y cBuM rpynama mnaioBa, MOKe c€ MPETIIOCTaBUTH J1a je AUPEKTHA
HEeyTpaJu3almja CI000AHUX pajnKala, Mpe HEro akTHBAlHja aHTHOKCHIAIMOHOT €H3UMa
3alITHTE, JTOMHHAHTHH MEXaHW3aM KOjU je OATOBOPAaH 3a CHIDKCHE HUBOA CIO0OIHUX
panukana moja yruuajem uBamckor npeha. [lonmudenonu nenyjy kao AMPEKTHH ,,XxBaTrauu"
CIIOOOHUX paJMKaia JOHUPAKEM BOJOHHKOBOT aToMa WM TpaHcdepom enekrpona (195).
JlogatHo, TUTepaTypHU MOJAIM Cyrepully Aa (JIaBOHOUAM MOTY CIPEYUTH OKCUAALM]Y joHA
MeTaja, a 3aXBajbyjyhu moTeHIHjary 1a XeIupajy JOHe MeTaia y TparoBuma, momyT Fe?* and
Cu’, Mory 3HauajHO yTMIATH Ha MeTabonm3aM KHCeoHMKa M HactaHak POC (196).

HcTtpaxuBama Koja Cy HCIUTHBAJA AHTUOKCHJIAIIMOHU TIOTEHLMjal HWBambCKor IBeha
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KOpHUCTHIIA ¢y IN VItro TecToBe, J0K MojaTaka O YTHIAjy OBe OWJbHE BPCTE€ HA CHCTEMCKH
penokc craryc rotoBo jaa Hema (20, 41, 55). [Ipema HamuMm casHambUMa, jeIUHA CTyIUja Y
K0joj cy oapehuBaHM MapaMeTpHu OKCHIAIMOHOT CTPEca y KPBH MAloBa KOjH CY KOPHUCTHIIU
MBamkCKO IBehe mokasana je crmocoOHOCT eKCTpakTa Ja yMamH JUMHUIHY TEPOKCHIAIM]Y U
noBeha KamanuTeT aHTHOKcHUAanuoHuX eHsuma (56): I'enepanHo riaemaHo, 003MpPOM Ha
OCKyIaH Opoj mojaTtaka KOju C€ OJIHOCE Ha aHTHOKCHIAIMOHY aKTUBHOCT WBAmCKOT I[Beha
MPOTEKTUBHU e(DEKTH HAaBEIEHOT MBACKOT 1Beha ce MOoTy 00jacHUTH 3ajeJTHUYKUM YTHUIIAjeM
CBUX OMOAKTUBHUX jelIUI-CHhA Y €KCTPaKTy. KBEpIeTHH M HEeroB TIMKO3UIHO BE3aHU OOMK
kBepueTrH-3-O- Gl ce ucTruy 110 KBAHTUTATHBHO] 3aCTYIJBEHOCTH Y EKCTPAKTY, & KBEPIETUH
je yjemHo W jemaH OJ HajBUIIE NpoydaBaHUX noiudeHona. IberoB aHTHOKCHIAIIMOHU
MTOTEHIIMjaJl je HayYyHO MOTBPl)eH U Be3yje ce 3a MpHUCYCTBO U nojioxkaj —OH cybcrutyenara u
KarexonHe Tpyme y Tuny b mpcreHa y cBojoj crtpyktypu (196). Iloznarto je na
OMOMCKOPUCTIBUBOCT M MeTaboin3aM Monu(eHona OorpaHuyaBajy HEroBy OHMOJOMIKY
aKTHUBHOCT U 3aTO j& OJ1 BEJIMKOT 3Hayaja MO3HABATH TOHAIAkEe IPUMEHCHUX NOMH(eHona y
opranm3mMy. MeTtabonm3aM KBEpIETHHA j€ HAJBHINE HCIUTHUBAH M JOKA3aHO j¢ Ja HhErOBU
MeTaboJIMTH TOCeNyjy 3HayajHe aHTHOKcHianuoHe Kapaktepuctuke (197, 198). Jlomatho,
BHUCOKE KOHIICHTpAIlMje XJIOPOT€HE U YPCOJHE KHUCEIMHE y €KCTPaKTy Takohe JOompHHOCE
AQHTUOKCUJIAIIMOHOM JIeJIOBAly EKCTpakTa W MOTy 00ajacCHUTH Haimie pesyirare. bpojne
CTyIlMj€ Cy TOTBpAWJIC TMOTEHIMjaJl OBUX jeAUbEHha Ja CIpeue MEePOKCUIAIN]Y JIMITHIHE
MeMOpaHe, MTO je y Kopenanuju ca HamuMm casHauma. (184, 199). Hako cy
HajOIaroTBOpHUjU e(eKkTH uBamCKOr IBeha yOueHM HaKOH NpUMEHE HajBHILIE J03€,
MIPUJIMKOM YHOCa mnojudeHona Tpeda Outu o0a3puB jep jako BEIUKE 03€ MOTY HUCIIOJbUTH U

npookcuaaiuony aktuBaoct (200).

5.5.2. E¢pexmu excmpakama uearscxkoe yeeha na cucmemcku pedokc cmamyc cROHmMano

XunepmeH3uéHux nauosa

Cse Behu Opoj HaydyHUX JOKa3za Hje y MPUIIOT TOME Jia OKCHIAI[MOHU CTpeC uma
KJbYUYHY YJOTYy y TATOr€HE3M XMIIEPTEeH3Wje M TMOropllamby XWIIEPTEH3UBHUX CpPYAHUX
nopemehaja. Ilosehana mpoxykiuuja POC, a napounto O, y cTamy XHIEPTEH3HjE MOXKe
pasrpamut NO koju je jemaH oJl TVIABHHX EHIOTCHHMX Bazojwiaratopa. Ha Taj HaumH ce
cmamyje OmouckopuctibuBoct NO, KoMmpomMuTyje Mpolec penakcamje aprepuja u

moaudukyje engorenHa Gynkuuja (64). M3 Tor pasmora jeaHa o4 MOCEOHUX AKTYETHOCTH
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Hallle CTyJHje je NCOUTHBAkE YTHIAja MPUMEHE eKCTPaKTa MBAamCKOr IBeha Ha cucTeMcku
PEIIOKC CTaTyC XUNEPTEH3UBHUX Mall0Ba.

Hamm pesynratu cy mokasaiu Ja je 4YeTBOPOHEACIbHU YHOC €KCTpaKTa y HajBUIIO] U
Cpenm0j 03U JIOBEO j€ 0 CHIDKEHa CBUX OMOMapKepa CHCTEMCKOT OKCHIAIMOHOT CTpeca,
JIOK je HajHWKa /1032 yMamHjIa CUCTEMCKH HHUBO IOjeIMHUX Npookcuaanaca. Camo HajBHILIA
7032 7ioBena je 10 ckoka y aktuBHOcTH SOD y onHOCY Ha HETpeTHpaHE KUBOTHUILE, JOK Cy
aktuBHOCT CAT u HuBo GSH ocTanu HEeMpOMEemEeHH TIO/T YTUIAjeM CBE TPH J03€ €KCTPaKTa.
I'eHepamHO TJ€JaHO EKCTPAaKTH HBAmCKOT IBeha Cy MPOTEKTMBHO YTHLANIM HAa PEIOKC
PaBHOTEXKY MaloBa_INTO IMOTBPhyjy HIDKE KOHLEHTPALUje CHCTEMCKUX IPOOKCHIAIMOHUX
Mapkepa. HempomemeHne BpeTHOCTH aHTHOKCHIAIIMOHHMX Iapamerapa yka3yjy Ha TO Ja Cy
youeHe HIDKE KOHIICHTpAIlMje MPOOKCHIaHAaca HajBepoOBaTHU]jE Y HajBehoj mMepu mocieauia
JIMPEKTHE HEyTpalHu3aluje CcI000AHUX pagukana mox yrumajeM monudenona. C mpyre
crpane, nosehame aktuBHOCcTH SOD HakoH yHOca excrpakta y no3u ox 500 mg/kg une y
IPUJIOT TOME Jia BHIIE KOHIEHTpaluje moirdeHoja MOory no0oJblIaTH aHTHOKCHAALMOHU
CUCTEM 3allITUTE XWIICPTCH3WBHHUX TIAIlOBa, JOK j€ OBaj YyTUIA] MPH HUXKHUM J03aMa
3aHeMapJbUB.

[TpuponHa OMOAKTHBHA jeAMIbEHA U3 Ipyle noiudeHosa Mory o0jacHUTH Jo0ujeHe
pesynrare. Hanme nmonudeHonu nmajy crnocoOHOCT a UHXUOUPAjy €H3uMe KOJH MPOU3BOJIC
POC, xao mro cy NADPH u XO, aktuBupajy u mobdossiiapajy ekcrpecujy eNOS u oehajy
HuBo GSH. Ha Taj HauMH ponpuHOce MOOOJBIIAKY EHAOTENHE (QYHKILHUjE, MOTIOMaxy
HOpMaJIM3allijy BacKylapHOT TOHyca M OCTBapyjy aHtuxuneprensuBHu edekar (201). Kao
MTO je W TPETXOIHO HABEACHO, BEIHKH JONPUHOC CMAambelky OKCHIAIMOHOT CTpeca
noyineHonu ocTBapyjy JUPEKTHUM ,,XBaTambeM' cI000AHMX paguKaia.

bpojua wucTpaxkuBama cBelode O 3HAdajy mnoiaudeHoda Kao aHTHOKCHAaHaca y
NPEBEHIUjU U Tepanuju XurnepTeHsuje. Mane u3MeHe y HauuHy MCXpaHe Koje ce OJIHOce Ha
noBehaH yHOC TPUPOJHUX AHTHOKCHJAHACA MOTY OCTBapHTH 3HayajHe OeHepuTe KOI
xunepren3uBHux nanujenata (202). Ipemnoct ymorpebe JEKOBUTHX OWIbaka TMOMYT
MBambCKOT 11Beha Kao M3BOpa aHTHOKCHJaHACA HAJl CHHTECKUM JISKOBHMA OTJIea ce y: 100poM
6e30e10HOCHOM POy, OTPAaHUYCHUM HEKEJbEHUM e(eKTuMa, 100poj OMopacrooKuBOTH

Y OTPaHUYEHOM MOTEHIIMjaTy Jia U3a30BY NMPOOKcuaanuoHe epexre (64).
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5.5.3. Paznuke y edhexkmuma ekcmpakama uearckoz yeeha na cucmemcku pedokc cmamyc

K00 30paeux U xunepmen3ueHux navoea

Y 1muspy OoJber padyMeBama TEPAIHjCKOr MOTEHIIMjajia MBAmCKOT IBeha mopeauan
CMO M e(deKTe eKCTpaKTa Ha PEeIOKC CTAaTyC 3JpaBUX M XWUIIEPTEH3MBHUX MNamoBa. Hamm
pe3yNTaTH jacHO yKasyjy Jia je U HaKOH TpeTMaHa CBHM Jl03aMa €KCTpaKTa MBamCKOr 1Beha,
OKCHJIAIIMOHM CTPEC y YCIOBHMAa XHIIEPTEH3H]je OCTao moBwuileH. Panuje je yrBpheHo na je
XHUIIEPTEH3Mja TIOBE3aHA Ca M3PAXCHUJOM TMEPOKCUAALMJOM JUNHAAa | T1oBehaHoM
npoaykuujoM POC kao mto cy Oz u HyOp, mTo je y carnacHOCTH ca HallluM pe3ysiTaTUMa
(203). TIpumeHna ekcTpakTa MBambCKOT 1Beha je 3Ha4ajHO yMarbHJia MOBHUIIECH OKCHIAAIMOHH
CTpEC KOjU C€ jaBJba Y XUIEPTEH3UJH U THME MOTCHIMjaIHO yOnaxwia omreheme aprepuja,

aJli HUje ycIiena a JOCTUTHE BPEAHOCTH KOje Cy MPHUCYTHE KOJI 3paBUX MaIoBa.

5.6. EdexTn excTpakaTa nBamcKor neha Ha ex vivo ucxemujcko-
penepgy3HoHy noBpeay cpua

Mebhy Bonehum y3pouuma CMPTHOCTH M HWHBAJIUAWTETa Halla3e Ce HCXEMH)CKU
nopeMehaju Koju yKJbydyjy MHGApKT MUOKap/a, MOKJIAHU yaap U nepudepHy BacKyJapHY
6omnect. Ctora jour oj1 Kaja je mpe ckopo 6 nereHuja npsu nyt onucana M-P mospena, naxma
Hay4yHE JaBHOCTM je YycMepeHa Ka OTKpuhy HOBOI TpeTMaHa KOjU MOXe YOIaXHuTH
micyHkjy Muokapaa. Kako 6 ce mpucTynuiao pa3Bojy HOBE TEpamHjcKe CTpaTeruje o
KpyLMjaJJHOT 3Hauyaja je pa3yMeBame CBUX MaToNOMKuX jaorahaja TokoM penepdysuje.
OKcumanmoHn cTpec W M3ApPaXEeHW HH(IAMAlMOHM OJIrOBOp, KOjH C€ KapaKTepulle
MHOWITpaLUjoM NpoHH(IAMAaTOPHUX HEyTpoduiIa y HMCXEMHJCKO TKHUBO, OCTajy jelaH OJ
KpUTHYHHX (akTopa Koju gompuHoce omtehemy Muokapaa (62). Crora moryhu tapretu 3a
(hapMaKoJIOMIKO MPEeIKOHIUIIMOHNPamhe MOTY OUTH henujCcKy M €H3MMCKHU HM3BOPH CTBapama
POC, xao u Hekonuko uHpIaMaTOpHUX MeaujaTopa. [Ipumena monudeHona uiam eKcTpakara
Ooratux mnosm¢peHoaMMa je y (a3 MHTEH3MBHOI IpoydaBama 300T aHTHOKCHUIAIIMOHMX,
AHTUTPOMOOTEHHX, aHTHHH(IAMAIMjCKUX M aHTHANONTOTHYKUX cBojctaBa (204). BpojHa
UCTpaXHWBamka Cy MOTBpPAMIA NMPOTEKTHUBHY YIOTY OWMJBHHX ekcrpakata y M-P mza3Banom
omrehemy cpra ymnpaBo 3axBalbyjyhn aHTHOKCHIAIMOHOM W aHTUHH(]IIaMAaIjCKOM
noteHIujany noaudeHona u GaaBonounna (Beauka rpyna noiaudenona) (78). Jlo caxa Hema
nojaTaka o epekTuMa uBamCKor 1Beha Ha (GyHKIHM]y cplia U IOTEHIIMjal OBe OUJbHE BpCTE 1A

yOnaxku omreheme cpma W yMamd OKCHAALMOHM CTpPEC je OTBOPEH 3a IHUCKYCH]Y.
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[TpeTmocTaBuIM CMO J1a YETBOPOHEACIHHH TPETMaH EKCTPAKTOM HBambCKOr 1Beha Moxe na
mo6oJpIa (GyHKIIMOHATHE M MOP(DOIIOIIKE KapaKTePUCTHKE CPIla HAKOH HCXeMUje. Y IHIbY
UCIHUTHBama edekara ekcTpakra uBamckor 1Beha Ha M-P moBpeay muokapaa mpatuid cMo
napametpe QYyHKIMje cpiia Kao M MapKepe OKCHIAIMOHOT cTpeca y mepdys3ary H30710BaHOT

cpua 3JpaBuX U CIIOHTAHO-XUIICPTCH3UBHUX ITallOBA.

5.6.1. Ymuuaj npumene excmpaxma uearckoz yeeha na kapouoounamcke napamempe u

KOPDOHApHU npomokK nauoea

5.6.1.1. YTumaj npumMeHe eKCTpakTa HBamCKOT 11Beha Ha kapauoInHaMCcKe mapaMeTpe u

KOPOHAapHH MPOTOK 3/IpaBUX MaloBa

Kapnunonunamcku nmapamerpu Koju cy npaheHr y HallleM UCTPaKHBamby OJHOCE Ce Ha
(GyHKIMOHATHE KapakTepUCTHKE CpLa, MOCEOHO Ha JIEBY KOMOPY M HEHY CHCTOJIHY H
nujactonHy (ynkuujy. Ha Taj HauMH e(exTu ekcTpakTa MBambCKOr IBeha Ha u3MepeHe
KapIuoAMHAMCKe BapHjadiie 0paXkaBajy HbEroBy IMOTEHIMjaHY TEPAIUjCKy YJIOTY Y MOJETY
(hapMaKoJIOMIKOT TPEKOHAUITMOHUPAHA.

Hamu pesynratu jacHO ykazyjy Ha TO Ja Cy KapAHOJIWHAMCKH TMapameTpu Yy
koHTpoiHuM ycnoBuma (CTRL rpyma) 3HayajHO cHmKeHH TOKOM penepdysuje y mopehemy
ca BpeIHOCTHMA Ipe HCXeMmHje. YOoueHa je JAenpecuja CpyaHor pajia, Kao U ocialJbeHe
WHOTPOIIHE M IIy3UTPOITHE OCOOMHE cpIa, Koje Cy €BUICHTHUPAaHE MaJ0M Yy amncCOJIyTHHM
Bpennoctuma dp/dt max u dp/dt min na kpajy TpumeceToMuHyTHE peniepdysuje y OAHOCY Ha
BpeAHOCTH y ctabunuzanuju. Taxolhe 3abenexeH je W maa y CHCTONHO] (YHKIUjU cplia
(camxewe SLVP BpeaHocTtu), QpekBeHIIM M KOPOHApHOM IPOTOKY, MOTBphyjyhu Ha Taj
HauuH ja 1-P napymasa ¢pyHKIMjy MUOKapa.

[Tpumena ekcTpakTa UBamkCKOT IBeha y CBUM 103ama JToBena je 10 CKOKa y BPeIHOCTH
dp/dt max y npBom munyTy penepdysuje. Taj mopact KoJ )KUBOTHA KOj€ CY KOPUCTHIIE 103y
excrpakta on 500 mg/kg u 250 mg/kg je Omo peBep3uOminan u mpaheH je cropum
KOHTHHYHPaHHM TaJIOM TOKOM Jaajbe pernepdys3uje, ma OM ce Mo 3aBpIIETKY TPHIECETOT
MUHYTa BpaTHO Ha BPEIHOCTH 3a0enexeHe mpe ucxemuje. JenuHo y rpynu kKoja je Omia Ha
TpPEeTMaHy HajHI)KOM JI030M €KCTPaKTa BPEIHOCTH Ha Kpajy penepdysuje HUCY ycrelne Jia ce
npubInxKe BpPEeTHOCTH y cTabmin3auuju, Beh cy Owmie 0naro, amu CTaTUCTHYKU 3HAYajHO
camkeHe. C apyre cTpaHe yodeHHM Cy NPOTEKTHUBHM e(eKTH HBamCKor IBeha Ha cromy

penakcanuje cpra Ko MpHMEHEe CBE TPH J03€ eKcTpakTa. Hamme cpenma W HajHIDKA 032
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eKCTpakTa crpeumie ¢y ¢uykryanuje y Bpeanoctama dp/dt min yume cy omoryhuiie cpuy na
ce pemakcupa 6e3 mpomeHna y cHasu. Hajuima mo3a mBamckor npeha HEje camo odyBaia
penakcannony moh cpua, Beh je u moOoJseliana, MTO ¢ OAPA3HIO0 CKOKOM Y arCOJyTHO]
BpeaHocTu dp/dt min mo 3aBpermTKy mocMaTpaHor MepuoAa y OAHOCY Ha CTaOHIM3al[OHU
nepuoza. CBe MpUMEHEHE J103€ EKCTpaKTa JoBelie Cy /o moBehama HaBeJeHUX Mapamerapa
KOHTPAKTHJIHOCTH Ha Kpajy penepdysuje y OHOCY Ha HETPETHPaAHE MaIloBe.

[Tpumena cBe TpH 103€ eKCTpakTa je crnpedymia nan y Bpeanoctuma SLVP u DLVP
ycnen U-P, mro ykasyje Ha mOTeHIMjan €KCTpakTa Aa OYyBa CHUCTOJIIHY M JIUjacTOJHY
¢byHKLH]y JIeBe KOMOpe. 3HauajHO MOOO0JBbIIAH CUCTOJIHM KalalUTeT yOueH je KOoJ IaloBa
TPETUPAHUX EKCTPAKTHMa Yy HAjBUILO] U CPEIb0j JO3H 10 3aBPUIETKY pernepdysnje y 0JHOCY
Ha OKUBOTHEE 0Oe3 TpermMaHa. Mehyrum wmako ce Bpemnoct SLVP wHa kpajy
TPUCEACTOMHHYTHOT IIepHoJIa y TIpynu Koja je kopuctwia 125 mg/kg Huje 3HauajHO
pa3MKoBaia OJ KOHTPOJE, MPOTEKTHBHU €(PEeKTH YaKk M OBE HajHMKE J03€ Ce Orienajy y
OJIp)KaBamky CHUCTOJIE PENATHBHO KOHCTaHTOM, 0e3 ¢uykryamuja y ycimoBuma M-P. Hamm
pe3yaTaTu Cyrepuiry Ja 4eTBOPOHEAEJbHA YIOTpeda eKCTpakTa y CBE TPH /03¢ 3HA4ajHO
JOTIPUHOCH TTOO0JBIIAY CUCTONHE (DYHKIM]jE MHUOKap/a HAKOH TII00aTHE HCXEMHU]E.

OO03upoM Ha TO J1a HEMa JOCTYMHMX IoJaTraka o e(peKTUMa HBambCKOr IBeha Ha
rnapamMeTpe KOHTPAKTWJIHOCTH W peJllakcalyje, Halll pe3ylTaTd ce€ MOory OOjJaCHUTH
JITIOBAEM jelIMIbeha KOja ylla3e y CacTaB €KCTPaKTa. Y METaHOIHOM €KCTPaKTy WBAHCKOT
1Beha Haj3acTyIUbeHHUja jeIUbECHA CY XJIOPOreHa KUCEINHA, KBEPLETHUH, YPCOIHA KUCEINHA,
ayreonuH-7-O- Glc u xBepuetnn-3-O- Gle. ¥V nuteparypu ce kao jemaH o KIbYYHHX
naTo@u3MONOMKUX Jorahaja koju ywectByjy y unporpecuju HW-P mnospene HaBonu
npeontepehiee Ca’* kao pesynrar mpeysmmama Ca’* u3 mmrocoma y CakpoIuiasMaTCKH
PETUKYJIYM TOCPEACTBOM Ca?*-ATP-ase (SERCA2a). Cmamena eKCIpecHja U aKTUBHOCT
SERCAZ2a, xoju cy notephenu Tokom M-P u3onoBanor cpua naiosa, J0AaTHO MOTOPILABAjy
Ca** overload u MOTY 00jaCHUTH KOMITIPOMHTOBAHY CHUCTOJIHY W JTUJaCTONIHY (DYHKIH]Y cplia
HETPETHPAHNUX JKHBOTHEbA. lloumeH HuBo Ca’’ y IMTOCONY JONPUHOCH OTBAaparmby
MHUTOXOHJIPH]CKHX TPaH3HIMOHUX Iopa IuTo Boau ka hemujckoj cmpru (205-207). C apyre
cTpaHe, cMaTpa ce Ja ojapeheHa (aaBoHOMIHA jeUI-EHA MOTY MOOOJBIIATH KOHTPAKTUIHY
cHary cpia nosehamem excnpecuje SERCAZ2a, mTo yrruue Ha mOBpaTak MHTpalenyIapHUX
Ca®" pesepsu mro o6esbelyje noBosbHO Ca* 3a Hapenny kouTpakuujy (207, 208). Hapenenu
Mexanuzam moaynanuje SERCA2a nmymmne mon yrunajem nonudeHona Moxxke OUTH OJroBapaH

3a HO6OJBI_HaHy KOHTPAKTUIHOCT MUOKap/Jda HAKOH YHOCA CKCTPAaKTa UBAKCKOT uBeha.
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I'pyna wuctpaxkumBada Koja je ToauHamMa mpoydaBasa edekre JyTeonnHa Ha
Kap/IMBaCKyJapHU CUCTEM YKa3yje Ja Ce HerOBOM MHTPAaraCTpUYHOM aJMHHUCTPAIIN]jOM
cunpeuaBa W-P wu3azBano cmameme aktuBHocTH SERCAZ2a. OBaj edekar myreonun
JIeTUMHYHO OocTBapyje u mpeko aktuBamuje PI3K/AKt curmamHor myra, Koju je jemaH o
Haj3HAYAQJHUJUX CHTHAJTHUX MEXaHHW3aMa OJITOBOPHUX 3a PpEryJiucame NenujcKor
MpPEeKUBJbaBama. [loKa3aHO je Ja JIYyTEONWH NO00O0JbIIaBa KOHTPAKTWIIHY CHAry cpra u
npeBenupajyhu cpuany ¢pudposy omokagom Ang II-TGFB1 curnannor myra. JlomatHo Ha In
Vitro Mozeny je OTKPUBEHO Jia JIyTEOJHH JIOBOIY O OOJbEr KOHTPAKTHIIHOT OJIroBOpa cpla
3axBasbyjyhu axtuBanuju aktuBanuju SERCA2a nmpexko p38 MAPK curnamsor nyra (207,
209). Takohe mocroje moganu koju ceegoue o crumynanuju SERCA mon yrunajeMm HUCKHX
KOHILIEHTpallKja KUEepLUeTHHa y AY)KeM BpeMeHCKoM mepuony (< 25 uM). Hacympor tome
aKyTHa IprMeHa oBOr (1aBoHOHWIA He yrudue Ha ontTepeheme kamujymom (210). I'enepanHo
rliefjaHo yjora (praBoHOMJIa Y XOMEOCTa3u KajilijyMa je O] W3y3eTHOr 3Hauaja umajyhu y
BUIYy Na (pryKTyaldje y KOHIEHTpPAalMju OBOT joHA yclied T'yOuTKa CHOCOOHOCTH cplia Ja
OJpXH (PU3HOJIOIIKY WHTpALENyJapHH HHUBO MOXKE Y3POKOBAaTH apUTMHUje U KOHTPAKTHUIHY
muchyukimjy (208).

JlonaTHO, XJOporeHa KHCEIMHa je MPUCYTHAa y HajBeho] KOHIEHTpauuju y Hallem
METaHOJTHOM €KCTpakTy uBamckor mseha (15561+778 pg/g cyBor ekcrpakta). IIpeTxomHo
CIpOBEJIEHa CTyIWja yKa3yje Ha To MH(apKT MHOKapjaa J0BOAM 10 Temke (ulOpose ca
HarjaneHoM HHQuITpauujoM makpodara. Mehyrum, opanHa npruMeHa XJIOpOreHe KUCEIINHE
y no3u ox 30 mg/kg TokoM aBe Henmebe je yonaxkuiaa GpuOpO3HE MPOMEHEe M CyIpUMHUpaa
uHOWITpaMjy Makpodara, dYuMe je eQUKAaCHO CIpeylsia XPOHHUYHO BacKyJIapHO
peMoiennoBame HakoH HH(papkTa (211).

VY uMiby OTKpHBama J03HO-3aBHCHOT yTHIIAja €KCTPaKTa WBambCKor mnBeha Ha €X VIVO
GbyHKIMjy cpua U3BpUIEHO je mopeheme KapInoAMHAMCKHUX IMapamerapa u3Mely rpymna Ha
tpermany 500 mg/kg, 250 mg/kg u 125 mg/kg excrpakra. Hajsehu ckok y mapamerpuma
dp/dt max u dp/dt min merekToBaH je y TpynH Koja je Owia M3JI0KEHa HajBHIIO)] JO3H Y
OTHOCY Ha OcCTayie 03¢ y TPBOM MHHYTY IIOBpaTKa IMpOTOKa y cpre. MehyruMm Tokom
peniepdys3rje BpeaHOCTH 00a mapameTpa Cy MOoJIaKo omajaie, 1a Ou ce Ha Kpajy TPUAECETOor
MHUHYTa TPUOIIKHIIE BPEIHOCTHMA 3a0elie)kKeHUM y rpynu Koja je kopuctmia 250 mg/kg
excTpakta. Ha kpajy penepdysuje BpeAHOCTH y TPYyIHU Koja je Ouiia TpeTHpaHa HajHUKOM
JI030M €KCTpakTa cy Owmie 3HayajHO HWXE y OJHOCY Ha Jpyre ABE 103€, yKazyjyhm Ha

M3pKECHUJH TIPOTEKTUBHU e€(deKaT Ha KOHTPAKTWUIHA M PEIaKCallMOHa CBOJCTBA Cplia MpH
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BUIIMM JI03aMa eKCTpakTa. bpojHu u3BemTaju ykasyjy Ha TO Jia je OArOBOpP Cplia Ha JCTOBAE
¢dmaBoHOMAA O3HO-3aBUCTaH. [loka3aHo je Aa KBEpIETHH UCIOJbaBa MO3UTHBHE HHOTPOITHE U
nysutpomnHe edekTe npu HWKAM KoHienTpammjama (107~ 10°M), mok npu Bummm (107 1
1076M) Jienyje HeTaTUBHO MHOTPOIHO W Jy3uTporHo (212). Takohe mporekTuBHH edekTh
pyruHa Ha SERCA nyMmny M mocjaeaudHO Ha KOHTPAKTHIIHY MON cplia MPUCYTHU Cy TPH
HIDKUM KOHIeHTpanujama oj 5—50 umol/l, nok je maxuOutopHH edekat 3adenexeH npu
BUCOKHMM KoreHTpanujama o1 100—250 umol/l (213). Pasnuke y Bpennoctuma SLVP u DLVP
u3Mely rpymna Ha TPETMaHy HAjBHIIOM U CPEIHOM JI030M yO4aBajy ce€ y NMPBHUM MHHYTHMA
penepdysuje rae je mosehame BpenHoctu SLVP Ouino pesynrar mpumene Behe mose
eKkcTpakTa. MehyTuM oHO TITO je Ianeko BaXHH]E Cy BPETHOCTH HA Kpajy penepdysuje, Koje
onpaxaBajy kacHuje mocineaune M-P mopenme. Y mocneamem MHUHYTY penepdysuje, Behn
CHCTOJIHYU ¥ JIMjaCTOJIHU KalalMTET CpIa IMOCTUTHYT j& HAKOH MPUMEHE HajBHIIIE Y OJTHOCY Ha
HAJHUKY J103Y.

Kama je peu o cpyaHoj (pEKBEHIM, YECTBOPOHEAC/HHH TPETMAH METAHOJIHUM
eKCTPAKTOM MBambCKOr IBeha y HajBHINO] J03M Y3POKOBAO j€ CKOK y BPEIHOCTH OBOT
napaMmerpa y IpBOM MHHYTY penepdysuje, alnu cy ce Te BPeIHOCTH A0 Kpaja pernepdysuje
npuOIMKuIe BpeAHOCTHMA Koje cy 3abernexeHe y crabunmzauuju. Mebhyrum, npumeHa
Cpelbe W HajHWXKE 03¢ HHUje JoBela J0 BapHjallija y BPEJHOCTHMA CpuaHe (PpEeKBEIHIIE
TOKOM HWCIIMTHBAHOT Teprozaa, Beh cy ce BpemHOCTH ojpkane y KOHCTAaHTHOM OIICETYy.
HenpomemweHna cpuana ¢pekBeHna omoryhaBa cpily HeCMeTaHy KOHTPAKIHM]y U pelakcauujy,
LITO jOII jeAHOM IMOTBplyje KapAMONPOTEKTUBHU MOTEHIIMjal eKCTpaKkaTa oBe OUJbHE BPCTE.
Cpuana (pekBeHIa je Ouila 3HA4YajHO BUIIA Y CBUM TPETUPAHUM Yy OJIHOCY Ha HETpETHpaHe
naroBe HAKOH 3aBpiieTka penepdysuje. [IpeTxoqHO CrIpoBeIeHO HCTPAKUBAKE MPETaXKe 1a
KBEpILIETUH OcTBapyje edekre Ha cpily npeko [B-aapeHepruykor myra, a nosehame cpuaHe
(bpekBeH1ie je BepoBaTHO edeKaT Ha cpuanu nejemejkep (210).

[Tpumena exctpakrta y go3u o 500 u 250 mg/kg oaprkana je BpeIHOCTH KOPOHAPHOT
MPOTOKAa KOHCTAHTHUM TOKOM YHTABOT €KCIIEPUMEHTA, IITO j€ MOoKa3aTeJb 0UyBaHOT OJIrOBOpa
KOpOHapHe LHpKYJIallMje HAaKOH H3jlarama ucxemMuju u penepdysuju. C apyre crpane,
IpUMEHa HajHIKE J03€ JI0BeNa je JI0 MopacTa KOPOHAPHOI MPOTOKA y TPBOM MHHYTY
penepdysuje, koju je mpaheH gasbuM maaom, Aa OW A0 Kpaja TPUAECETOI MUHYTA MOHOBO
JIOCTHTA0 BPEIHOCTH KOje Cy Ouje mpucyTHe y cTabmimzarmoHoM mepuony. CBe Tpu a03e
eKCTpaKkTa yTHUIaje Cy Ha TO J1a KOpPOHapHH MPOTOK Oy/e BHINM Ha Kpajy penepdysuje y

OJIHOCY Ha KOHTPOJIHE YCJIOBE.
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JloOujeHn pe3ynTatu KOju C€ OJHOCE Ha KOPOHApHU MPOTOOK C€ MOTy O0jaCHUTH
yrunajem ¢uaBononna Ha L-apruamn/ NO cucrem. BpojHu momamm ykasyjy Ha TO aa je
ouyBamhe OmoakTuBHOCTH NO mOpekioM M3 €HAOTeNa jelaH oOff TJIABHUX MeEXaHHu3ama
3aCIy)KHHX 3a KapamomporektuBHe cdekre ¢uaBononaa (214). NO je jeman on
HAQJIIOTEHTHUJUX EHJIOTCHUWX Ba3oAWJIaTaTopa KOju ce CcuHTeTHme wu3 L-aprununa
KaTamuTUdkuM JenoBatbeM Tpu u3zodopme NO cunraze: Heyporcke NOS (nNOS),
uaaymubmwiae NOS (INOS u NOS Il) u enmorenne NOS (eNOS u NOS Ill). ok cy
koHctutytuBHe NOS (NNOS u eNOS) 3amyxkeHe cy 3a crBapame M ociaobahame Manux
koununHa NO Koje perynauiny MHKpOBacKyjiapHu ToHyc, nuaynuomiHa iINOS ce akTuBHpa
MOJI YTHIIajeM HMYHOCTUMYJATOPHUX IUTOKWHA, MHQEKIHja U OaKTepHjCKUX MPOIYKAT H
nponykyje Benuky konnuuny NO (215, 216).

AxtuBanja INOS y engoreny a0Boau 10 npoaykuuje Beauke konmuanae NO u Besyje
Cce 3a MaToJIOIIKa CTama MOMyT UCXEeMH]jCKo-penepdy3uone nospeae cpia. Yiaora INOS/ NO
curHanusanuje y cpuanoj M-P moBpemu je Beoma ciokeHa u 30ymyjyha, a onmucanu cy u
mretHd U kopucHu edpektu INOS. Cmatpa ce na mosehana excrpecuja INOS y cramy
CHI)KEHOT OKCHJIALIMOHOT cTpeca npeycmepasa edekre INOS ca HeraTHBHHX Ha MPOTEKTHBHE
(216). ExcriepuMeHTaNHO je MOTBphEeHO Aa je TOKOM MpBuX MuHyTa ucxemuje HHBO ENOS
MOBUIIIEH, J1a OU ce Y yCJIOBUMA IyroTpajHe ucxemuje cMamuBao (217). Bumectpyku nokasu
noTBplyjy kapauonporektuBHy yiory eNOS toxom U-P moBpene cpiia, a Harnamasajy ja ce
y YCIIOBMMa HeHe Je(pUuIMjeHldje CHCTOJIHA M JjacToyiHa (yHKIMja cplia MOropliaBjy U
Moke mohu u 10 cMmptHOr ucxoxa (218). Iosehame excrnpecuje eENOS Tokom U-P mospene
MOXe 3amTuTH cpie npexo nosehamwa NO/ nuknnyau ryano3ud monodocdar (CGMP) (219).
OdyBaHM KOPOHApHH Ba30JMJIATATOPHU OATOBOP KOJ TalloBa KOjU Cy KOPUCTHIIM EKCTPaKT
MBambCKOT 11Beha ce Moke 00jaCHUTH JIOKa3aHUM MOTEHLMjAJIOM MOJU(EHONa 1a aKTUBHPA]y
eNOS wu y3pokyjy mnosehany cuHTesy u ocinobahamwa NO, y ycioBuMa cmameHe
koHueHTpauuje POC. Hacympor ToMe, y npucyctBy Bucoke koHuentpamnuje POC, nosehano
crBapatbe NO he nosectm mo Hactanka TokcmuHor NOO- koju moropimaBa cpuyaHy
muchyHkmjy (214).

Jenna on OpojHMX MpPETHOCTH MOMU(EHONa KOjU KOjU Cy TIJIaBHE KOMIIOHEHTE
MPUMEHEHOI eKCTPaKTa Orjiefla Ce y HUXOBO] 3a/10B0JbaBajyhoj OMOMCKOPHCTIEUBOCTU H
JOKYMEHTOBAaHO] Kopenauuju u3Mely JHEBHOr yHOca M Ila3Ma KOHIEHTpaluje.
KBaHTHTaTHBHA 3aCTYNJBEHOCT jeIUHEHA Y EKCTPAKTY Ka0 U XEMHjCKa CTPYKTypa Yy MHOTOME

JONIPUHOCE MOCTUTHYTUM eekTumMa. Haume oCTymnmHU mojany cyrepuiny 1a (hjaaBoOHOUIN ca
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5-XMIPOKCM W 5-METOKCHM  CYNCTHUTYEHTOM MOTY  TOO0OJBIIATH  IOCTHCXEMHU]jCKU
(YHKIIMOHATTHY OIOpaBak cpia. Hacympot Tome, 3anaxkeHo je aa nepusatu (GraBoHOUIA KOjU
HEMajy XHWAPOKCWJIHY TpyIy Ha TMO3UWIUJH S5 HeMajy TEHACHUHU]y Ka MHCIO0JbaBaby
KapJUONPOTEKTUBHOT JejoBaa Ha mozaeny M-P cpma. [lpuMemeHn ekcTpakT y Hamiem
HUCTPaKMBalby CalpXKH BHCOKY KOHIIEHTpAIHMjy KBepiernHa u KBepueTuH-3-O-GIC koju
MOCeAYjy S-XUIPOKCH CYINCTHTYEHT, Ma C€ MOXE MPETHOCTaBUTH Ja OHH y MHOTOME

JOMIPUHOCE YOUEHUM MPOTEKTUBHUM e(eKkTuMa uBamCcKor 1Beha (220).

5.6.1.2. YTuiaj npuMeHe METaHOJIHOT €KCTPaKTa UBAmCKOT 1[Beha Ha KapAHOAHMHAMCKE

nmapaMeTpC U KOPOHAPHU MPOTOK CIIOHTAHO XUIICPTCH3NMBHHUX ITallOBa

bynyhu na mpucyctBo XpoHHMYHE XuIepTeH3uje mnoropiaBa ucxox H-P mospene,
aKTYeJIHOCT OBOI' HCTpaXkMBama 0a3upa ce M Ha MCIUTUBAaY YTHIIAja eKCTpaKaTa HBaHCKOT
nBeha Ha Mozely CIIOHTaHO XUIEpTeH3MBHHX manoBa (221). BpojHe excrepuMeHTaIHE
CTyAMje Cy moKaszayie HIKY edukacHocT onpeheHnX MaHeBapa MPEeKOHAWIIMOHUPAkA Cpa y
ycinoBuMa xureprensuje (222, 223). Mmajyhu y Buay NPETXOAHO HABEACHO, KAao U Ja je
OCETJBMBOCT XMIIEPTEH3UBHOT cplia Ha V-P u nasbe HEMOBOJbHO UCTpa)keHa, jelaH OJ HalluX
IWJbeBa je OMOo J1a ucruTa ePUKACHOCT €KCTpakaTa MBamCKOT IiBeha Koj KapauoauHaMCKe
napamMeTpe U KOpOHapHH MPOTOK XUIEPTCH3UBHUX IMAI[0BA.

Hamm pesynratn cy moka3zanu Ja JIBaJeCETOMUHYTHa ucxeMuja mpaheHa
TPUJIECETOMMHYTHOM penepy3njoM Ha CpLy CHOHTAHO XHUIEPTEH3UBHUX JKUBOTHUHA
HapymaBa KOHTPAaKTWJIHY CHAry cpla, CHUCTOJHY (YHKIHjy, Ka0 ¥ OJrOBOp KOpPOHApHE
uupkynanuje. OBe npoMeHe MaHU(ECTOBaHE CY MAJ0M y BPEIHOCTHMA CBUX HCHUTHUBAHUX
napamerapa ceM DLVP nHa kpajy penepdysuje y onHocy crabunuzaionu nepuo. Jooujenn
pe3yaTaTtu y CKJIagy Cy ca MPeTXOAHO MOTBpheHuM WITeTHUM nocinenunama M-P nospene.
Haume cucremcka xumepreH3Wja je TIIOBE3aHa ca AaKTHUBALMjOM HEYpPOXYMOpPATHHUX
MeXxaHu3ama Koju poay0sbyjy omrehema MruoOKapia HakoH ucxemuje (224).

IIpumena ekcTpakata uBamCKOr 11Beha y HajBHIIO] JO3M HUjE JI0BeNa 10 OCIMIIAINja Y
BpEHOCTUMA HCIMTHUBAaHUX IapaMerepa, ykazyjyhn Ha NOTHYHO OYyBaHM paja cpua
U3JI0KEHOT ucexeMuju U penepdysuju. C apyre cTpaHe, HAKOH TPETMaHa EKCTPAKTOM Y
CPeNb0j M HUKOj JTO3U JOIUIO j€ 0 PEBEP3NOMITHIX TPOMEHA TI0jeICHUX KapAHOINHAMCKIX
rmapamMerapa JeTEeKTOBaHMX Yy TPBOM MHUHYTY penepdysuje. Mehyrum mo 3aBpiieTky

TPUJECEeTOMUHYTHE penepdys3uje CBU MmapaMeTpu Cy ¢e BpaTWJIM Ha BPEAHOCTH IIPe UCXEMHU]E,
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LITO j€ MHJIMKATOp HEeHapyUIEeHOI CpYaHOr pana. beHeduTu TperMaHa eKCTPAKTOM HMBAaHCKOT
nseha y mo3u ox 500 mg/kg ornenajy ce u y nmoBehamby BpEIHOCTH CBHX HCIUTHBAHUX
napameTapa, u3y3eB AMjacTOIHOT PUTUCKA, HA Kpajy penepdysuje y 0IHOCY Ha HETPETUPaHe
XHWIepTeH3uBHe mamoBe. Takohe wu3marame no3u ox 250 mg/kg mpaheno je BHIIMM
Bpennoctuma dp/dt max, dp/dt min, HR u CF na xpajy penepdysuje, a HajHUXKO] TO3H
ckokoMm y dp/dt min, DLVP u HR y oiHOCY Ha )KMBOTHESE KOj€ HUCY KOPHCTHIIE EKCTPAKT..

HaBenenu pesynratu yka3yjy Ha TO Ja Cy CBE TPH J03€ EKCTPAaKTa JONPHHENE
ONOpPaBKY (yHKIMje cpla CHOHTAaHO-XUIEPTEH3UBHHUX >KUBOTHIA. MelhyTuM HajBuIIa U
cpeama J103a uMaiie cy 00JbU YTHLA) Ha KOHTPAKTWIHY U pellakcalluoHy Moh cpua y ogHocy
Ha HajHWKY 103y. CKOK Yy CHCTOJHOM M JAMjaCTOJIHOM KamalUTeTy Kao W KOPOHApHOM
MPOTOKY CE€ MCTUYE Y TPYIH KOja je Ouila Ha TpETMaHy HajBUIIOM JI030M y OAHOCY Ha OCTae
nse no3e. OBU pe3ynTaT joll jelHOM NoTBplhyjy OosbH eekaT eKkcTpakTa UBamCKOT 1[Beha Ha
(YHKIMOHAJIHM ONOPaBaK CplLia y BUILO] T03H.

[To3naro je ma xumeprpoduja JieBe KOMOpPE MOKE HACTaTH Kao OATOBOP Cpla Ha
noBehano omnrepeheme mputuckom, a mpaheHa je moBehamem aeOJbMHE 3UJAa W MambUM
nosehameM aujamerpa seBe komope. Kama ce To onrepehewme HPUTHUCKOM OJIpKaBa,
xuneprpoduja Moke Ja Hampeayje 10 BEHTPHUKYJIapHEe AWJIaTalijeé U KOHTPAKTUIIHE
muchynkimje (225). Cmatpa ce ma cy MmMexaHu3Mu (DIaBOHOMAA KOjU Ce 3aCHHMBajy Ha
noBehanoj akruBHocTH SERCA mymme ommcanw TpeTXOTHO OJTOBOPHH 3a ITOOOJBIIAHY
KOHTPAKTWIHY (YHKIM]y Cplia KaKo KOJ HOPMOTEH3MBHHMX TAaKO M KOJ XHUIEPTEH3UBHUX
KHUBOTHHA. Jl0JJaTHO, OYYBAaHOCT KOPOHApHOT IMPOTOKA C€ MOXKE IMPHUIMCATH EHA0TeN-
3aBUCHUM penakcupajyhum edexrnma mommudenona koju cy mocpemoBanu NO. YV cramy
XurnepreHsuje cmameHa noctynmHocT NO yTuue Ha HacTaHak €HAOTENHEe MUC)YHKIHje U
JIOBOJIM JI0 M3MEHa Y BPEJHOCTHMMA KPBHOI NPUTHCKA, a €HAOTeNHa AUC(HYHKIMja BOAU Y
aTepOCKJIEPOTCKY KOPOHAapHY M IiepeOpanHy apTepujcky Ooznect. Crora je pazymeBame
MOJIEKYJTACKUX MeXaHu3ama Kkoju perymumy curHammszannjy NO y matodusmomomkum
yclIOBUMa OJi IPECYAHOI 3Hayaja Ha MYyTy Ka OTKpuhy HOBHX TepamujCKuUX CTpaTeruja.
Hekonnko mexanuszama Moxke o0jacHUTH cMamemhe NO y mpHucycTBY XUIIEpTEeH3Hje, alld ce
W3/Baja JECTPYKIMja OBOT TacHOT TpaHcMuTepa moj AeioBameM O; (226). bynyhu na
¢naBonouau nosehasajy ekcrpecujy eNOS u nmocnennuno nosehasajy HuBo NO, jacHo ce
yodaBa HEBOCMHCIICH 3HA4a] OBUX MPHPOTHHX jeIU-EHA Y XUIIEPTCH3UBHUM YCIOBUMA, a
HapOUYMTO HAKOH MCXEMHje. JOI jelaH o/ MeXaHu3aMa OJITOBOPHHUX 3a Bazopesiakcaiujy je u

edekar (raBoHOMIA HA CTUMYJAIM]y NpOayKIuje npocranukinHa (227). Hamum pesynratu
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Cy y KOpeNayju ca IPeTX0JHO CIPOBEACHUM UCTPAKUBABLUMA KOJU MPEUIaXy HPOTEKTHBHY
yiaory ¢(iaBoHOMIA Yy MPEBEHIHUjU TOroplIama BacKylapHE eHAOTeNHe (QYHKUUje y
XMIIEPTeH3UBHUM yciioBuMa (228). YTHIa] XEeMHUjCKE CTPYKType, OJHOCHO MMPETHOCT 5-
XHIPOKCH U 5-METOKCH CCYNCTHTYHCAHHUX ()IaBOHOM[A HAJ| OCTATNM (JIaBOHOUANMA UCTUYEC
ce W Kaja je ped 0 eeKTuMa eKCTPaKTa MBAmCKOr IBeha Ha KapAMOJMHAMCKE IapaMeTpe
XHUIIEPTEH3UBHUX ManoBa. HajBepoBaTHMjU cy OMaroTBOpHM e€(eKTH eKCTpakTa IMocienuia
CHHEPTUCTHYKOT ¥  aJUTHUBHOT JIeJIOBakba KOMIIOHEHTH NPUCYTHUX y HajBehum

KOHIICHTpallljaMa, a HAPOUUTO S-XUIAPOKCH CYIICTUTYHCAHUX jenumberba (220).

5.6.1.3. Paznuke y ehekTrMa eKcTpakTa UBAKHCKOT 11Beha Ha KapAMoJuHAMCKE TTapaMeTpe U

KOpOHAapHHU NPOTOK KOJ 3ApaBHX U CIIOHTAHO XUIICPTCH3UBHUX ITAllOBA

3nauajHo Hmwxe Bpexnoctu dp/dt max, SLVP u DLVP kox SHR sxuBoTMma Yy
OJICYCTBY TpeTMaHa yKa3yjy Ha JIONIMjH KOHTPAKTUIHHA OATOBOP M CHCTOJHY W JWjaCTOIHY
byHKIMjy xunepTeH3uBHOr cpua. Takohe cpuana ¢pexBeHna je Ouia 3HAYajHO HUXKA,
notBplyjyhu na je mpucycTBO XUIEpTEeH3Hje moBe3aHo ca Behum omrehemeM cpia HakoH U-
P. Bume BpegHOCTH 0/IHOCA Mace Cplia U TEIECHE Mace KOJ XUIEPTEH3UBHUX Mall0Ba YKayyjy
Ha TO J1a je CUCTEMCKa XUIEepTeH31]ja T0OBE3aHa ca pa3BojeM BEHTpHUKYJapHe xuneprpoduje. 1
HaKOH TpPEeTMaHa €KCTPAKTOM MBAICKOr I1Beha y CBUM Jl03aMa KOHTpPAaKTHJIHA CHara cpua,
CHCTOJIHM KamalMTeT U cpyaHa (peKleHlla XUIepTeH3UBHUX MaioBa Ouwnu cy Huxku. C apyre
CTpaHe IPUMEHA HajBHUIIIE J103€ €KCTPaKTa Onila je MoBe3aHa ca 3HayajHO BULIMM KOPOHAPHUM
MIPOTOKOM KOJ 3[]paBHX >KHBOTHHA, OK Cy OCTaje JBE J03€ y3pPOKOBaje CIUYaH OATOBOP
KOpOHapHe IMpKyJaluje KOJ 3/ApaBUX W XHUIEPTeH3MBHUX >KHBOTHmWA. Cpenma a03a
eKCTpakTa je y o0e HCIUTHBAaHE TpyIe pe3yiTupaja CIMYHUM JIMjaCTOJHUM KamalUuTeTOM
cpia, IOK je HaKOH MPHUMEHE HajBHUIIEe M Cpeame ao3e yodeHa Beha Bpeanoct DLVP xop
XUTIEPTEH3MBHUX maroBa. Mehytum moBehame oOBOr mapameTpa HHJe KOMIIPOMHUTOBAJIO
cucronHy QyHkuujy. OgHOC Mace cplia U TeJIeCHe Mace y CBHM Ipylama XHUIIepPTEH3MBHUX
MaroBa je 0CTao BUILIHK Y OAHOCY Ha 37paBe. ['eHepaiHo riefaHo, cpeliiba J03a eKCTPaKTa je
HajBHIIIE ycrena 1a PyHKIM]y XUIMEPTeH3UBHUX CpIla MPUOIKH 37paBUM, alld j€ HECYMEBHBO
00JpM edeKaT Ha YKYITHU OTIOPaBaK 3APaBUX U XUIIEPTEH3MBHUX CpIla MO YTHIIAjeM HajBHUIIe
noze. OBH pe3ynTaTH Cy CarjJlaCHOCTH ca MPEXOJHUM H3BEIITajuMa Jla MaTo(U3HONIOIIKEe
IIPOMEHE KOje MpaTe CTame MOBUILIEHOT KPBHOT MIPUTHUCKA JI0BOJIE /10 Behe oceTIbuBOCTH cplia

na -P noBpeny u nmocineauuno Beher crencua omreherma (229).
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5.6.2. ¥Ymuuaj npumene excmpaxma uearckoz yeeha na cpuanu peookc cmamyc nayosa

[Touetkom 1980-ux romuna POC cy mpemnokeHe Kao TMOTEHIUjaTHU MEAH]aTOpH
penepdy3uoHe NOBpele M HaBeleHa IPETIOCTaBKa je Bpio Op3o mpuxBaheHa M Imocrana
IpeaMeT HUHTepecoBama HayuyHuka. Haumme penepdysuja HCXEeMH]CKOI TKHMBA Y3pOKYyje
eKIIECUBHY TPOAYKIH]Y CIOOOAHMX pajWKala KOju YYECTBY]Y y HapyllaBamy
byHKIMOHATHUX 1 MOP(OJIOMIKUX KapakTepucTika muokapaa (119). [IpernocraBuim cmo na
IIpUMEHAa MBAKCKOI IBeha MoXe yMawmUTH okcuganuuonu crpec y H-P u nobospiatu

OTIOpaBaK cpla.

5.6.2.1. Edexrtn excrpakara uBamCcKor npeha Ha cpyaHe Mapkepe OKCHIAIMOHOT CTpeca

3ApaBHX I1allOBa

VY cknagy ca npexoaHuM u3BemTajuma, M / Py Hamoj cryauju je noBena jo mopacra
KOHIIEHTpAIlja CBUX CPUYAHHUX MIPOOKCHUIAaHAca Ha Kpajy pernepdy3nje y OAHOCY Ha BPEAHOCTH
npe ucxemuje. Hamme mnoBparak NpoOTOKa Y HCXEMHJCKO TKHBO IOBOJM /O HACTaHKa
aucOananca m3Mel)y Op3uHe cTBapama NMPOOCKHIAHATa M CIIOCOOHOCTH MHOKapnaa Ja HX
netokcudukyje. Cmarpa ce Ja Cy TIJIaBHM H3BOpPH MPOOKCHAaHaca y penepdy3uju:
MUTOXOH/IPHjaJTHU PECHUPATOPHU TPAHCIIOPTHH JIaHAIl EJIEKTPOHA, AaKTHBAlWja KCAHTHH
okcupaze (XO) y engorennum 1 NADPH okcunaze (NOX) y unduamanujckum henujama.
[Tatonomka ynora NOX ensuma BepudukoBaHa je Ha OpojHuM Mozaenuma M-P mospene.
Cwmatpa ce na nosehana aktuBHOocT NOX pesyntupa mosehanoM mpoayKIHjoM peakTHBHUX
Bpcta oyt O; 1 H,O, mTo Moxke nemmMudHO J1a 00jacHH BUCOKe KoHIeHTparje oBe POC
youeHe y HamieM ucTpaxuBamwy. [lomatHo, ocnobahame O, m0BOIM A0 perpyroBamba H
aKTHBaIMje HEyTpopHiIa U HUXOBOT aaxepupama 3a CHAOTENHe henmuje IMTO CTHUMYIHIIE
Hactanak XO u gomatHy nponykuujy O, (230). Takohe BaxHy ymory y Hactanky K-P
omrehema ce mpunucyjy u HuTpo3atuBHOM crpecy 1 RNS. JTok NO camocranHo He y3pokyje
mreTHe edekre, y peakuuju ca NpeKoMepHO npoaykoBaHuM Oy J0BOIM 10 HAacTaHKa
MEPOKCHHHUTPHTA IITO O0jalmkaBa HUTpocaTuBHO ommreheme cpia (231).

Tperman excTpakTOM HBambCKOr IiBeha y HajBUINO] J03M HHUjEe CaMO CIPEYHO
noBehame Mapkepa OKCHAAIMOHOT omTehema, Beh je T0Beo U 10 CMameha KOHIIEHTPAIIH]e
O, u HyO, na kpajy penepdys3uje y ogHocy Ha mepuon mpe ucxemuje. C apyre crpase,

cCpeama U HajHMWXKA J103a EKCTpakTa OWiie Cy JOBOJbHE Ja CIIpeye NopacT KOHIEHTpaluje
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BehuHe nmpookcuaanaca, u3yseB TBARS-a y rpynu 250 GVE u O, y 125 GVE koju cy
OCTaJIu TOBUILEH Ha Kpajy penepdysuje. Jlok je nmpBu MUHYT penepdysuje mpaheH CKOKOM y
koHueHTpanuju NO, y cBuUM rpynama, y aajbeM TOKYy pernepdys3uje BPEIHOCTH Cy MOJAKO
omazane 1a 6u ce HakoH 30 MUHYTa BpaTHiIe Ha BPeTHOCTH Ipe ucxemuje. Hakon npumene
HajBHIIEC M CPEIbe J103€ eKCTPaKTa KOHIIEHTpalnuja BehnHe MPOOKCHIAHTHHX Mapkepa je
Ouia 3Ha4ajHO HMXKA y OJHOCY Ha KOHTPOJIHE YCIIOBE, JIOK je y CIIydajy HajHIKE J103€ Ta
pa3nrKa MUHIMAIHO M3PaXKeHa.

Bpennoctn cpuaHMx Mapkepa OKCHAAIMOHOI CTpeca Cy Yy CarjacHOCTH ca
CHCTEMCKHUM IapamaTepruMa, Harnamasajyhu cnocoOHOCT uBamCKor 1Beha Jja N3MEHH PeIoKC
CHUTHAJIM3ALUjy ¥ yMamH OKcHanuoHa omrehema. OncycTBo ckoka y Bpeanoctu TBARS
oJlpaxkaBa CIIOCOOHOCT €KCTPaKTa UBAmCKOT 11Beha /1a 04yBa MHTETPUTET JIUIHUIHE MEMOpaHe.
Hamra otkpuha cy y kopenamuju ca pe3yataTuma OpojHUX CTyadja Koju MOTBphyjy Oenedure
eKcTpakara Ooratux nonupeHonnMma y ymamemy M-P-u3a3BaHor okcupamuoHor crpeca
(120). OO63upom na ynora oBe OusbHe BpcTe y M-P moBpean ocTaje HEmo3HaHHIIA, HAIIU
pe3yaTaTtu ce Mory O0jaCHHTH ca acleKTa XEMHjCKOT cacTaBa ekcrpakra. Cmarpa ce na cy
noiaudeHoMM U3 eKCTpakTa MOMOITM CPYaHOM TKUBY Ja OAp)KM OanaHc y HHBOY BehuHe
IIPOOKCHIaHAaca LITO jé Y MHOTOME JIONIPUHENI0 KapAMONPOTEeKIHjU. MeXaHu3aM KOjH JIEKH Yy
OCHOBH aHTHOKCHIAIIMOHE aKTHMBHOCTH MOJH(EHOA, a CAMUM THM HajBEepOBATHHUjE W HAIIET
eKCTpakTa, je MPETe)KHO TUPEKTHA HeyTpanusanuja ciobomuux pagukana (150). Excrpakr
uBamCKOr IBeha je cMmamemeM KoHueHTpauuje H;O, uaM mnpeBeHIMjOM CKOKa OBOT
NPOOKCHIAHCa y CPUYAHOM TKHUBY OMOr'yhHo ouyBame BackynapHor Tonyca (232). JlonatHo
MATOJIOMIKE IPOMEHE Y CPYaHO] PEJOKC CHTHAIM3AIUjU MOTY JOBECTH A0 KOHTPAKTUIHE H
eHeprercke AUCyHKIIMje, T[I0jJaBe apuTMHja, MPOMEHA Yy TMPOIECY TPAHCKPHUIIIIH]E,
ociobahamby MUTOXOHIPHUJCKUX CIIOOONHUX paauMKala W Yy KpajieMm 10 mnopemehaja y
xoMmeoctaszu kanmujyma (233). V cramy OKCHAAIMOHOI CTpeca Cple MOKYIIaBa Ja pa3BHje
aJlaTHBHU OJATOBOP KAaKO OM OYyBaJ0O KOHTPAKTHIHOCT, &M YKOJHMKO KOMIIEH3aTOPHHU
MEXaHU3MH HUCY JOBOJBHH MOxe jgohu mo cMmptu henwmja (234). U3 tux pasimora yMamermbe
W/WIIM TIPEeBEHIMja OKCUIAMOHOT omTehema Mol yTUlajeM UBambCKor 1iBeha je 01 n3y3eTHOT
3Ha4yaja 3a OJpJKaBambe CPUaHOI paja M OuyBambe KOHTPAKTWIHE (YHKLHUje, ITO je U

NoTBphEeHo pe3ynTaTuMa KapIuoJUHAMUKE y HAIlO] CTYIHUjH.
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5.6.2.2. Edextn excTpakaTa uBamCKor IiBeha Ha MapKepe OKCUIAIMOHOT CTpeca CIIOHTaHO

XUIICPTCH3MBHUX I1allOBa

[ToBehan okcHMAALMOHM CTPEC je JETEKTOBAH HAa PAa3UYUTHM MOJEIMMA CIIOHTaHE U
eKkecriepuMenTanHe xuneprensuje (235). JlomaTHo, u3paxeHa OCETIBUBOCT XHMIIEPTCH3MBHOT
cpua Ha W-P moBpeny namehe mnorpedy 3a HCHUTHBAKEM IOTCHIWjaNa TMPUPOIHUX
aHTUOKCHJIaHAca Jla MOAYJIHpPajy pPENOKC CHUTHaIM3alWjy 4YuMe OM ce TIOCTUIIIA
kapauomnporekija (235, 236). Hamw pesynratu ykasyjy Ha 1o 1a je M-P noBena 1o ckoka y
KOHIICHTPAILIMjU CBUX MCHUTUBAHUX IMPOKCHUIAIMOHUX MapKepa CIIOHTaHO-XUIEPTCH3UBHUX
KUBOTHHbA, IITO TOJATHO MOTBphyje Nla je OKCUIAIMOHU CTpEC YKJby4eH y HactaHak M-P
noBpeae. MelhyTum ueTBopoHee/bHA TPUMEHa eKcTpakTa y 1o3u o1 500 mg/kg He camo na je
cnpeunina W-P wm3azBano mnoBehame KOHIEHTpamMje MpooKcHaaHaca, Beh je ymammia
konuenrpaunjy O, u H,0, Ha kpajy penepdysuje. Jlomarno tperman no3om ox 250 mg/kg
onpxao je speaHoctu TBARS u H,0, TokoMm penepdysuje, 10k ce camo KoJ MaroBa Koju cy
MpUMaId HaJHIXKY 103y EKCTpakTa Oejie)ke BHILE BPEJIHOCTH CBHX MapKepa OKCHAALHUOHOT
cTpeca Ha Kpajy penepdy3uje y OIHOCY Ha cra0wim3anoHd Imepuoj. HempomemeHe
Bpennoct TBARS ykasyjy Ha ouyBaH mHTerputer numuaHe memOpatne (237). I'enepanHo
IJIeIaHO, CHUKEHE MapKepa OKCHAALMOHOI CcTpeca JOMPUHOCH O4yBamby KOHTPAKTUIHOCTU
cplia  cripevaBa mojaBy aputMmuja u auchynkipje cpua (238, 239). Takohe cMamemeM HUBOA
O, wm3ocraje meroBa mHTepakiuja ca NO u Hacrajame Tokcmunor ONOO . ITloeehame
onounckopuctibruBoctd NO mox yrumajem mpuMeHe (JIaBOHOWIA je OJl BEITUKOT 3Hadaja y
Tpermany U-P moBpene cpra xunepreH3uBHHX kuBOoTHHA (238, 214). JlonaTtHo, yMamemheM
HuBoa POC HakoH TpeTMaHa eKCTPaKTOM HMBamCKOT I1Beha BEpOBaTHO ce cMamyje MHBa3Mja
MOHOIIWTa, WH}IaMaIMja ¥ XUIEPTECH3UBHO BackymapHo omrteheme (239). Takohe mMoxemo
npernoctaBuTH U Ja cynpumupame akTuBHOCTH XO m NOX ycnen nmpumene monmdenona
3Ha4yajHO cHWkaBa nponaykuujy POCa y ennorennum henvjama M KapJIUOMHOLUTHMA, ILITO
JTONPUHOCH OTIOpaBKy cpiia HakoH M-P (240, 241).

[Topehemwem KOHIIEHTpalMja MPOOKCHAAHAcCAa IO 3aBPIIETKY penepdysuje y
TPETUPAHUM TpyllaMa y OJHOCY Ha HETPETHpaHy, jaCHO ce youaBa e()MKACHOCT CBE TPH 03¢
eKCTPaKTa y CMamelhy OKCUIAMOHUX omTehema. MehyTuM mpuMeHa eKcTpakTa y J03U O]l
500 mg/kg noBena je 1o 3HaYajHOT Maja KOHIEHTpaIHja BehnHe MPOOKCHIAHTHUX MapKepa y
OJIHOCY Ha TpeocTalie ABe J03€ Ha Kpajy TpuaeceToMuHyTHe penepdysuje. Takohe HajBuia

no3a 6una je nmpahena HajuzpaxeHujuM ckokoMm y NO,” Ha camoM modeTky penepdysuje, Koju
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je mpaheH cMmamemeM TokoM pernepdy3nonor mnepuwona. Jlok je CKok y ociobahamy
CIIO00HUX paguKajia Ha MOYeTKy perepdys3uje cpia Beh morBpheH, mogamu o mMpoMeHama
KOje Cce OJIBHjajy Yy JaJbeM TOKY pernepdysuje octajy KoHTpoBep3Hu (242). JlonatHo, cpenma
71032 UBaKCKOT 1[Beha je 3Ha4ajHO CHU3WJIA I0jeMHE MapKepe Y OAHOCY Ha HAjHUXKY J103Y,
noTBphyjyhu jom jegHoMm nga je edexar uBamcKor IBeha m03HO-3aBHCTAaH. HajBumm
noteHyjan Hajpehe no3e na yonaxu M-P n3a3BaH OKCHAALMOHU CTPEC HJIE Y IPUIIOT TOME J1a
Behe KoHIeHTpauuje monudeHosa MOTY OCTBApUTH HM3pAXKEHUjU edekar, aau HE cMe ce
3a0opaBUTH Ja TpeKoMepHOo mosehame 03¢ Moxe y onapeheHMM yclioBHMa JeloBaTh

IIPOOKCUIAHTHO.

5.6.2.3. Paznuke y eekTrMa EKCTpaKTa HBamkCKOT [[Beha Ha MapKepe OKCUIAIMOHOT cTpeca

KOJ 3paBuX U CIIOHTAHO XUIICPTCH3WMBHUX ITallOBAa

Y mwpy noOujama KOMIUIETHHX HHpopManuja o epeKTUMa HBamkCKOr IBeha y
MPUCYCTBY W OJCYCTBY TIOBHMILIEHOT KpPBHOT MPHUTHUCKA, TMOPEAUINM CMO 31paBe U
XUMEPTEH3WBHE MAalloBEe KOjU Cy OWJIM Ha TpeTMaHy HMCTOM J030M EKCTpakTa. Y Tpynu
HETPETUPAHUX XWIEPTEH3UBHUX I1allOBa yO4YeHa j& H3PAKECHMja WHUIIMjaJIHA TPOIYKIH]a
MIPOOKCHIaHaca Koja je eBHaeHTHpaHa BUIMM BpenHoctumMa HyO, m O y mpBOM MUHYTY
penepdysuje y oqHocy Ha 31pase. Takohe Ha kpajy penepdysuje y ycIoBUMa XUIEPTEH3H]e
JIETEKTOBAH j€ BUIIM HHUBO JIMMHIHE TEPOKCUIAIN]e, Kao U BHUIla KoHIeHTpaluja HyO, mTo
yka3zyje Ha Behu creneH omrehema y 0HOCY Ha mamoBe ca HopMoTeH3ujoM. C npyre cTpane,
J0JIaTaK HAJBUIIE M HAJHIDKE JI03€ €KCTpaKTa KOJ| XUIEPTEH3MBHUX I1allOBa HHUjE YCMeEo Ja
NpUOIMKKM CPUYaHU PENIOKC CTaTyC YCJIOBMMA KOjM IOCTOj€ KOJ 3ApaBuX MaioBa, Beh cy ce
OJIprKaJie BHILE BpEIHOCTH BehnHe MPOOKCHIAIMOHUX MapaMeTapa Ha Kpajy penepgy3uoHor
nepuofa. Takohe ciuuHe KOHIEHTpauuje BehuHe mpookcuaaHaca cy youeHe u3amely rpyna
KOje Cy TpeTHpaHe CpPEIOM JI030M EeKCTPaKTa, M3y3eB TOBUIICHOT WHEKCA JIHITNIHE
MEepOoKCUIaIje KOju je OMO NMPHCYTaH KOJ XWUIEpTeH3UBHHUX maroBa. OBU pe3nTaTtu cy y
CarJlacCHOCTH ca pe3yilTaTuMa KOjU C€ OJHOCE Ha CHCTEMCKM OKCHJAIIMOHH CTpec,
noTBplyjyhu jonr jelHOM BHUIIM CTENEH OKCHIALMOHOT olTehema y yclioBUMa XUNepTeH3Hje,

OWIIO 1a je HeTpeTHpaHa WM TPETUPaHa eKCTPAKTOM MBamCKOT 1Beha.
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5.7. YTnuaj ekctpakara uBamCKOT iBeha Ha 04YBaHOCT CTPYKTYype Oprana
nanoBa

5.7.1. Ymuuaj excmpaxama usarckoz yeeha na ouysanocm cmpykmype jempe 30pagux u

CROHmMAHO Xuneépmen3ueiHux nayosa

Bonecrtu jerpe momyT creaTose, XemaTUTHCA, HUPO3€ U XEMATOLETyJIapHOT KapIHHOMA
npeAcTaBbajy Boaehw y3pOK MoOpTaaWTeTa M MOpPOMIWTETa IIMPOM CBeTa. [JaBHH
MATOJIOMIKK TPOIECH KOjH JOBOJEe 10 omrehema jerpe YKJbY4yjy OKCHIAMOHH CTpeC,
JUMUIHY TepoKcuaanvjy, uHdIamanujy u mnopemehaj y MMyHCKOM OArOBOpPY OpraHH3MA.
byayhu na pasBoj uH(aManuje UHUIMPA HU3 IpOMEHa KOju mpoaydspyjy omreheme jeTpe,
[JIaBHM HM3a30B Y XEMaTOJOTHMjU MpEACTaB/ba KOHTposia HH(pIaMarmoHux mporeca (243).
TpenyTHO HUjeqHA AOCTYIIHA Tepamuja HUje JOBOJbHA YCIICIIHA Y JICUeHhy O0JIeCTH jeTpe U
CrpeYaBamy HEHE MPOrpechje, a XpOHUYHA MPUMEHA YaK ¥ HOBOOTKPUBEHHX JIEKOBA JJOBOJIN
ce Y Be3y ca HaCTaHKOM OpojHUX HexesbeHHX edekara (244). JlekoBuTe OMIbKE Ce UCTUUY Kao
Moryhu kanauaatu y yonaxasamwy nopemehaja jerpe 300r qokazaHux MPOTEKTUBHUX edekara
Ha OKCHJAIIMOHH CTpEC, MeTadojm3aM JIMNHIA, WHCYJMHCKY pPE3UCTEHIM]y W TIpoIlec
uHpnamanuje (243). Mehytum mnociaenmsux ToAuHa IOCTaB/ba C€ MNHUTame 0e30eaHOCTH
yrnotpede MojequHuX Oibaka jep MOCTOje M3BEIITajd O MOjaBH XEMaTOTOKCUYHOCTH HAaKOH
kopuinhema oapehennx OwbHHUX cymiemenara (245). Haumme mokaszaHo je ja
XEMaTOTOKCUYHOCT MOXe OuTH pe3ynrar OpojHux ¢akropa: ymnorpede Oupaka ca
HETIO3HATUM 0€30€/J0HOCHUM TIPO(HIIOM, MorpeirHe uaeHTudukanrje OnbpKke U ’eHe 3aMeHe
TOKCUYHOM OWJBKOM, CJy4ajHE WIM HaMepHe KOHTaMMHaIlUje Ipernapara NeCTUIUANMA,
TEIIKUM MeTajJMMa Kao W XenaroTokcuyHuM JyiekoBuma nomytr HCAWJIL. Takohe ankoxon u3
OMJbHUX JIEKOBA MOKE CTYIIHTH Y WHTEPAKIM]y ca KOHBEHIIMOHAIHUM JIEKOM M TIOTCHIIMPATH
ETOBY TOKCUYIHOCT (245-247).

Wmajyhu y BuAy NpeTXOJHO HAaBEICHO, JKEJIeIM CMO Ja MCIUTamMo Ja Jiu
YEeTBOPOHEIEJbHA MTPUMEHA METAHOJIHOI €KCTPAaKTa MBAKCKOT IBeha MoXke M Ha KOjU HAa4MH
Jla yTHY€ Ha CTPYKTYpy jeTpe MaioBa. XHCTOJOIIKA aHAlIW3a je ToKa3ajia Ja Huje Ouio
poMeHa y MOp(OJIOIIKMM KapaKTepHCTHKaMa jeTpe HaKOH TPEeTMaHa €KCTPAKTOM MBAFHCKOT
nseha y pactyhum nosama. JeTpuH napeHxum je 6Mo odyBaHe rpale, MOPTHH MPOCTOPHU CY
OUII HOPMOIIETYJTapHH KaKO KOJ HOPMOTEH3UBHUX, TAKO M KOJ XUIIEPTEH3UBHUX KUBOTHHHA.
Hamu pesynrartu cyrepuiny na TpeTMaH €KCTPaKTOM OBE OMJbHE BPCTE y Tpajamy of 28 naHa

HE JI0BOJM JI0 XEMAaTOTOKCUYHOCTH, HUTHU OMJIO KaKBHX IITETHUX MPOMEHA Y CTPYKTYPH jETpe.
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[IpoTekTrBHM edeKkTH eKcTpakaTa Ooratux (EHOJHHM jeIUECHHMa Yy IPETXOTHO
00jaBJbeHUM CTyJWjamMa Cy YIJIABHOM WCIMTHBAHM HA Pa3IUYUTUM Mojenuma omrehema
jerpe, mro Moxke OuTH miaH 3a Oyayha mcTpakuBama Koja OM JeTajbHHUjE HCTpakuBaja
TEpaInjCKy aKTUBHOCT EKCTpakTa MBamcKor nBeha. [IpemtoskeHrn MeXxaHu3MH OJITOBOPHU 3a
OcHeduTe KOje OCTBapyjy (UIaBOHOAW KOj OO0JIeCTH jeTpe Cy: MoOOoJbIIame KamaluTeTa

AHTHOKCHJIAIMOHOT CHCTEMa 3aIlTUTE, yOnakaBame HH(]IaMaIje U CMamCHE aronTo3e

(243).

5.7.2. Ymuuaj excmpaxama ugarckoz yeeha na ouyeanocm cmpykmype oyopeza 30pagux

U CNOHMAHO XUnREePpmeH3uerHux nayosa

Aprepujcka XuInepTeH3uja ce cMaTpa jeJHUM OJ] TJIABHUX €THOJIOMKHUX (haKTopa KOju
JI0BOJIe 710 HacTaHka Gonectu OyOpera. [To3HaTo je na XxpoHUyHO noehame KPBHOT IPUTHCKA
MO’KE Y3pOKOBAaTU MPOTEUHYPHU]Y U pa3Boj IJIOMepysockiepose. bpojHu u3BemTaju ykasyjy
Ha TO Ja cy uHGIaManyja W OKCHUAAIMOHMU CTPEC YKJbYYEHH Yy MATOT€HE3y XPOHHYHE
Oyopexue nacypunujennuje (XbW). Madunrpanuja u akTuBammja MOHOIMTA, Makpodara u
muopubpodnacra nosehasa excrpecujy nmpouHdamManujckux nurokuHa TokoM XBbU. Ou
LIUTOKUHU J0BoJie a0 moBehane mpoxaykmnuje ROS, mrTo 3HayajHO HapylaBa CTPYKTypy U
¢bynkuujy 6yopera (248, 249). Ilopehanu okcuIanuoHu crpec U UHpIaMaluja 10BOAE U J10
HacTaHKa KapJauoBacKylnapHuX Komruumkamuja. Hemocrtatak eduxacuHe Ttepamnuje Hamehe
notpely 3a oTKpuheM HOBOT MPHCTYMA y Jieuewy nopemehaja penanne ¢pyunkimje. [Ipuponna
jenvmema U3 rpymne (QuaBoHOMAA ce W3/Bajajy kao Moryhu areHcu y jnedewmy OonecTH
Oybpera 360r 100pO TOKYMEHTOBAHOT PEHOMPOTEKTUBHOT MmoTeHnujana (248-250).

Hamm pesyntatm yka3yjy Ha TO Ja Cy KpBHHU CyaoBU OyOpera CHOHTaHO
XUTIEPTCH3MBHHUX Iall0Ba H3MEHEHE Mop(dosIoTHje, OAHOCHO MPUCYTHO j€ 3a7e0shame 3uaa Y3
MOCTEIMYHO CY)KEHhE JIyMeHa apTepuoia W Manux MulnnhHux aprepuja. Takohe vy
rJIOMEpY/IMMa XUIEPTEeH3UBHUX IalloBa 3alaXKeHe cy (OKajgHe MpoMeHe, Koje cy Ouie
yOnakeHe HAKOH TpeTMaHa eKCTPAaKTOM WBamcKor IBeha y cBuM mo3ama. 3HaTaH
peHonpoTekTUBaH edekaT wuBambCKOr 1Beha KBaHTH(UKOBAH je TMoMohy MPETXOAHO
neguHUCAHOT CKOpa 3a MpPOLEHY XHUCTOJOMIKMX NpomMeHa y OyOpesuma. Kox cBux
TPETUPAaHUX IaloBa OUJie Cy MPUCYTHE MATOJIOIIKE MPOMEHE Mamer 00MMa U MHTEH3UTETa Y
OJIHOCY Ha HETPETHpPAHE 3[paBe W XHUIIEPTEH3MBHE TaioBe. MelhyTuMm HajMame omTeheme

OyOpera umak je OuJI0 MPUCYTHO y TPYIH 37paBUX MaIlOBa KOjU CY KOH3YMHUPAIH €KCTPAKT Y
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HajBUILO] J03U. XHUCTONATOJIOIIKA aHalIM3a yKa3yje Ha TO Ja Cy CBE INPUMEHEHE 03¢
eKCTpaKTa JIOBOJbHO edHuKacHe Ja yOnaxke IITeTHE CTPYKTypHE NpoMeHe y OyOpesnma
y3pOKOBaHE XWIMeEpTeH3ujoM. Hajuspaxkenuju mnos3utuBan edexar HaA Mopdoonike
KapakTepucTrke OyOpera OMO je yOYeH HaKOH NMPUMEHE HajBHUIIE J03€ €KCTpaKTa, JOK HHje
yOu€Ha 3HauajHa [PEeIHOCT CPE/IbEe Y OJHOCY Ha HaJHUXKY 103Y.

Hamm pesynratu ce Mory 00jaCHUTH ca acleKTa XEMHjCKOI cacTaBa METaHOJHOT
eKCTpaKTa WBamkCKOr 1Beha u npucycTBa OpojHUX (EHONHUX jeaumbemna. Panuje je mokaszaHo
na ¢GIaBOHOMIM MOTY IIPEBEHUpATH WM YOnaxutu omreheme OyOpera moBe3aHo ca
apTepujcKoM xunepTeH3ujoM. [loTeHnujanTH MeXaHu3aM JIejCTBA 3aCHHMBA CE HA CHUXKEHY
KpPBHOT TPHUTHCKA W 3AIITUTHUM e(eKkThMa Ha BacKynapHu cucteM. JlomaTHo, oBa rpyma
OMOMOJIEKYJIa MOXE HCIOJbUTH JTUPEKTHO JEjCTBO Ha OYyOpeXKHM NapeHXUM U OMeTaTh
CUTHaJHEe MyTeBE KOjU Cy YKJbY4YEHH Yy pa3Boj omrehewma OyOpera. To moapasymeBa yTHIa]
¢naBoHOUA Ha OKCHIALIMOHM CTpec, MpouH(IaMalijcKe MOJEKyJse, IPOTEUHCKE KUHa3e U
marpukc Metanonporennase (250). [IperxomHe crTyauje ykasyjy Ha TOTCHIMjal OMJBHUX
eKcTpakaTta 6orarux (JIaBoOHOMAMMA Jla yOJjake IITETHE MpoMeHe Ha OyOpe3nma maroBa ca
CIIOHTAHO Pa3BUjEHOM XHIIEPTECH3HjOM M XHIIEPTCH3HjOM KoOja je u3a3BaHa npumMeHoM N(o)-
HUTpO-L-aprunun metun ectpa (L-name). [lokyMeHTOBaHO je Aa KBEpPLETHUH, jeAaH O]
3aCTYIJBEHUX jEUECHha Y METAaHOJHOM €KCTPAaKTy HBambCKOr IBeha, Moke crpeduTH
xunepTpodujy, BacKyJapHe Je3uje M MPOTEUHYpPU]y KOJ TaloBa ca XHUIEPTEH3U]OM
u3a3BanoM L-name-om (251). Takohe mokazano je na (eHONMHA jeAUECHHA MOTY Jla yMambe
3aMajbeHCKy  MHQUATpAlMjy PpEeHAJHOT HMHTEpCTULMjyMa, ajlOyMHUHYpH]y, pPEHAJIHYy
xuneptpodujy, peHanHy ¢uOpo3y U MapKepe OKCHIAIMOHOI CTpeca KOJA CIIOHTaHO
XUIEPTEH3MBHUX MAalloBa U MaloBa ca MHAYKOBaHOM XUIlepTeH3ujoM (252, 253). YTuuaj oBux
npupoHux jeaumerma Ha aktuBanmjy €NOS u cuntesy NO y henmjama OyOpera Takolbe
JTONPUHOCH CMamerby MaTOJOMIKUX MpoMeHa Ha OyOpesuma (254). O63upoM Ha TO 1a Hema
nojaTaka o eeKTuMa MBamkCKOT 1Beha Ha MOP(QOJIOIIKE KapaKTepucTuke OyOpera, Moxe ce
MPETIOCTAaBUTH Ja Cy TMPETXOJHO HABEJACHUW MEXaHW3MH (DEHOIHUX jequmberma OapeMm

ACIIMMHUYHO 3aCJIY’KHU 3a 6J'IaFOTBOpHC C(pCKTC YOUCHC Yy HAllICM UCTpPAXXKUBALY.
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5.7.3. Ymuuaj excmpaxama uearckoz yeeha na ouysanocm cmpykmype cpua 30pagux u

CROHMAHO XunépmeH3ueHux nayoea HaKoH ucxemuje

[lo3naro je nma UM-P moxe u3MeHHTH Kako (YHKIHMOHAJTHE TaKO M CTPYKTypHE
KapaKTepUCTUKE CpPYaHOT TKHMBA. Pe3ynaTaTd XHCTONOIIKE aHaIW3e MOTBPIAWIN Cy Ja je
ncxemuja y Tpajamy ox 20 MuHyTa, Koja je mpahena penepdysujoM y Tpajamy oxa 30 MuHyTa,
J0BeNa JI0 HacTaHKa I0Jba HEKpOo3e, Koja Cy Haju3pakeHHja y TPyNHU HETPETUPAHUX
KHUBOTHIbA. YOUEHH Cy (pparMeHTalrja U XUIepeo3nHopuiInja MUIIMNHNUX BIaKaHa, T'yOUTaK
WIN JIeTeHepaluja jeqapa, eIeM, KOHTPaKUHOHE NpYyre M HHTPAIMTOIUIA3MAaTCKE BaKyoJle.
YeTBOpOHEEJbHU TPETMaH EKCTPAKTOM HMBambCKOr IiBeha y HajBHMINO] 03 je CIpeuro
ryOuTaK jejapa v IojaBy KOHTPAKIIMOHUX Ipyra 3a KOje ce cMarpa Jia Cce jaBjbajy y IPBUM
MHUHYTHMa TIOBpaTKa MpoToka y ucxemujcko TkuBa (62). Takohe konm mamoBa koju cy
KOH3YMHUpAIH EeKCTPaKT OTKpHBEHE cy (QokalHe HEKpo3e Koje 3axBarajy MamHu Opoj
KapIUMOMHOILINTA WM Cy YHHUIENyJIapHe M OrpaHMYEeHE caMO Ha CyOeHIOKapIHH Iojac.
[TpucycTBO TaKOCTENEHOT e/leMa Y TPYIU TPEeTHPAaHHUX MaIoBa je y CarjJacHOCTH ca O4yBaHOM
CHaroM KOHTpakIHje, MTO je ¥ OYCKUBAHO MMajyhu y BUIY Ja U3PAKCHO MPHUCYCTBO eleMa
MoropiaBa KOHTPAaKTWIHY Moh cpua. JloJaTHO CKOK Y KOHIEHTpalKju CI000JHUX pajJuKaia
MoO’Ke 00jaCHUTH BaKyoJu3alujy y hemarjama HeTpeTUpaHUX 3/IpaBUX MalloBa.

Pesynratu xucTomoiike aHajgu3e joll jeIHOM MOTBPhyjy Ja MPUCYCBO XUIEPTEH3H]jE
noropmasa ucxon M-P mospene. Hamme y rpynu XWIEpTEH3MBHUX I1allOBA YOYEHE CY
IpOMEHE Ha KPBHUM CYJOBHMa MaHU(ECTOBaHE 3a7e0bambeM 31/a U CY)KEHEM JTyMEeHa, Kao
u BehM creneH KOH(IYeHTHHX 30Ha Hekpose. Takole NMpPUCYTHM Cy XUIEepeo3HMHO(HIIHja,
¢parmeHTanMja BiIakaHa U ryOMTaK jeapa y Behem cremeHy HEro y rpynu HETpeTHpaHUX
3ApaBuX TanoBa. MehyTum TpeTMaH eKCTpaKTOM HWBamCKOT IBeha je yOakno HaBejeHe
MIPOMEHE U 0YyBaO CTPYKTYpY cpuaHor mumuha. Pe3ynratu koju ce ogHOCe Ha MOpdoIIomKe
IIPOMEHE cpla Cy y carjacHoOCTH ca ojpehuBaHMM KapJUOJMHAMCKUM IapaMeTpuMa U
yKa3yjy Ha IOTEHIIM]jaJl eKCTpaKTa UBambCKOr 11Beha 1a ouyBa 1 QyHKIM]Y U CTPYKTYpY cpla y
ycinoBuMa ucxemuje. J{o3HO-3aBuCHU edeKTH MPUMEHE eKCTpaKTa MBAmkCKOT IBeha orenajy
ce y HajBeheMm TMOTEHIMjaTy HAjBUINE J103€ Ja CIPEeYd MPOMEHE CPYaHOT TKHBA HM3a3BaHE
ucxemujoM. Cpemba M HajHIDKA J103a Ouie Cy MoJjjeiHako euKacHe y yOiaxkaBamby M3MEHa

CTPYKTYPHUX KapaKTepUCTHKA CpILia.
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Ha OCHOBY pe€3yJiTaTa OBOI' UCTPAXHMBaka MOI'y C€ U3BECTHU CJ'ICI[ehI/I 3aKJbyUullu:

» HPLC-DAD ananu3a yka3yje Ha NPUCYCTBO OpOjHHX OHMOAKTHBHHX jEAHIbEHA Y
METaHOJIHOM, alleTOHCKOM M BOJICHOM ekcTpakty G. verum, mehy xojuma ce mo HajBehoj
3aCTYIUbEHOCTH M3/[Bajajy XJIOPOreHa KHCENWHA, [IUHAPO3UJ, W30KBEPLETHH U YpPCOJIHA
kacenuHa. Mako je KBaJMTAaTHBHM cacTaB CBa TPH THIA EKCTpaKTa CIHMYaH,
KOHIIEHTpaIlMja OMOMOJIEKYJIa Bapupala je y 3aBUCHOCTH O] MOJIAPHOCTH MPHUMEHECHOT
pacTBapaya.

» IlpumeHa Boje Kao pacTBapaya 3a ekcTpakuujy G. verum Ouia je moBe3aHa ca Hajpehum
cajipkajeM (DCHONHHX jeIHBbECHA y €KCTPAKTy, JOK j€ HAJHUKH CapiKaj OTKPUBEH KOJ
METaHOJIHOT EKCTPAKTA.

» Hajsehu canpikaj (aBoHOMTHUX jennbeha U Hajehu kamanuTet HeyTpanu3anuje DPPH
panukana OMO je KapaKTepUCTHUYaH 3a METAHOJHHM EKCTPaKT, JIOK j€ HajHUXKU OHo
NPUCYTaH KOJI allETOHCKOT.

» MeraHoNHH, aleTOHCKM M BOJEHU ekcTpaktu G. VErum HCrmojbWid Cy YMEpeHY
aHTUOAKTEepHjCKY U aHTUOMO(DUIM, Ka0 M TeHEepaiHO cliady aHTUTJbUBHYHY aKTUBHOCT,
YHjH j€ UHTEH3UTET 3aBUCHO OJ1 BPCTE MUKPOOPraHU3Ma U TUTIA EKCTPAKTA.

» CBe Tpu 03¢ METAHOJNHOT ekcTpakta G. VErum mokaszayie Cy MOTeHIWjan aa yOmaxke
uH(pIaMallMOHy pPEeaKIUjy H3a3BaHEe KapareHWHOM, IpH YeMy je H3pakeHHju edekar
YOUEH HaKOH a/IMUHUCTpalHje BUILE J103€.

» Excrpaktn oBe OHJBHE BpCTE y CBUM Jl03aMa YTHUIAJH Cy Ha CHCTEMCKY DPEIOKC
XOMEOCTa3y y CMHCIY yMamemha HHBOA IMPOOKCHIAIMOHUX MOJIEKyJia, JOK je& CaMo
HajBUINA /1032 JToBeNa /10 moBeharma KamanuTera aHTHOKCHIAIIOHOT CHCTeMa 3aIlITUTE.

» UerBopoHene/bHH yHOC ekcTpakta G. VErum JompHHEO je O4YyBaky KOHTPAKTHUIIHE H
penakcalMoHe CHare cplia M CIpeuyno KOPOHApHY BacKyJapHy TUCOYHKIHM]Yy H3a3BaHy
MCXEMHJOM U KOJ 3/[paBUX U KOJ| CIIOHTAHO XHMITIEPTEH3UBHUX MAI0Ba.

» Tperman exctpakToM G. VErum y cBHM Jio3ama JIOBEO je JI0 CMambemha CpuaHe MPOAYKIIHje
NPOOKCHIaHACa U Y YCIOBUMa HOPMOTEH3H]€ U XUIIEPTEH3HU]e, YUME j€ 3HaUajHO yOIaKuo
OKCHAaNMoOHa omTehema MoACTaKHyTa UCXEMU]OM U perepy3HjoM.

» Mopdomomke npoMeHe cpua yOnaxxeHe Cy HaKOH NMpuMeHe ekcrpakra G. verum, 1mro
Uje y MPHIOT TOME Jia €KCTPaKT OBe OMJBbHE BPCTE MOXKE OUYBATH CTPYKTYpY cpua y

yCJIOBHMA HCXEMH]E.
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» CHKeme HHBOA NPOOKCHUIANMOHMX MOJIEKyJa TOj yTulajeM ekcrpakta G. verum
yKazyje Ha TO Ja Cy OCTBAPEHW KapIUNPOTEKTUBHU eQeKTH OapeM eTMMHYHO
NMOoCpCA0OBAHU aHTUOKCUAATUOHUM CBOjCTBI/IMa OBC 6I/IJBH6 BPCTC.

» YoueHM NPOTEKTUBHU e(EKTH MeETaHOJHOr ekcTpakta G. VErum Ha HCXEMH]jCKO-
periepdy3uoHy TOBpely MHOKapJa HUCTHYYy MOTyhHOCT NMpUMeHe OBe OWJbHE BpCTE Yy

MaHEeBpY NPEKOHAUIIMOHUPAHA CPIIa.
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Results: Our results revealed a moderate antibacterial and weak antifungal activity of
extracts, the intensity of which varied depending on the tested microorganism and the type of
extract. Methanolic extract of G. verum in all doses showed significant potential to alleviate
carrageenan-induced inflammation, with the most pronounced effect achieved with the
highest dose. Four-week treatment with G. verum extract in all doses significantly improved
the myocardial functional recovery and contributed to preservation of contraction and
relaxation of the heart, as well as the response of coronary circulation to ischemia. The extract
of this plant species diminished cardiac and systemic production of pro-oxidants as well. The
above-mentioned protective effects of the G. verum extract were achieved both in conditions
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Oopazay 1

H3JABA AYTOPA O OPHTHHA/THOCTH JOKTOPCKE JJHCEPTAIIHJE

Ja, Jogana Gpaauh . M3jaB/byjeM Jla A0KTopeKa

AUCEPTaLIMja M10/1 HACIOBOM:

UCTTUTHBAILE AHTHMHWUK
KAPJIHOITPOTEKTHUBHUX EDEKATA EKCTPAKTA MBAH)CKOI' LIBE RhA, GAL[U\’[ VERUM L

Koja je onOparbena na Qakynrery MeANUMHCKIX HayKa

Yuusepsurera y Kparyjesuy NpeactaBba opueuHaino avimopcko 0glo HacTano Kao pesynrar

CONCMBEHOZ UCMIPANCUCUURKOS j?C?C)a.

Oson H3jason maxohe nomaphvjem:

° Jla caM jedunu aymop HaBedeHe JOKTOPCKE JAnCepTalmje,

e J1ay HaBEeAEHO] AOKTOPCKO] AHCEPTALIMIH HUCAM U38pULLO/a NOGpedy ayTOPCKOr HUTH
APYTOT MpaBa HHTEJCKTYaHE CBOJHHE APYIHX JIMLA,

e J1a YMHOYKEHH [IPHMEPAK A0KTOPCKE JHcepTalije Y WTaMIanoj 1 ejekTpoHeKoj Gpopmu
y 4MjeM ce npuiory Hasiaszm osa Majasa cajipiki JIOKTOPCKY JIMCEPTALM]Y HCTOBETHY
0/10paIbeHO| JOKTOPCKO] JAHCEPTALLH]H.

VY Kparyjesuy , 02.09.2019. roamne,

MOTITHC ayTOpa

J@@ 54 AR G]’)V/{ff/v—()



CGopasay 2

HITABA AYTOPA O HCKOPHINNAABAIL Y JOKTOPCKE JAHCEPTALIHIE

Ja, Josana bpanuh

‘/ JAO3BOMLABAM

HE LOBBOMBABAM

YHEBCP3HTETCKO] OMBAKoTe It ¥ Kparyjesly Aa dauuun JABa TRajua YMHEOKEHL NPHAIRPKE ¥
CACKTPOHCKS] (POPMH ACKTOPCKE JHCCPTALHIC 1107 HACIOBOA!

MCTTATHBAE AHTHMMAKPOBHWU X, AHTHUHMHOHAMAIIFICKEX.,
AHTHOKCHIALIMOHMX M KAPJIMOTIPOTERTHUBHNX EGLEKATA
ERCTPAKTA MBAILCKOP TIBEhA. GALTUM VERUM L

Koja je oxdpamena Ha QaRyITeTy MEIHHCKHX HavKa

Vimeepsirera y Kparyjeniy, o 1oy Ui, Kao 110 10 JeAaH NPHMCPAR TR0 YMBONRCHE
AQKTOPDCRE ,'U-il.ftfp']'éll,ll'l‘ic MUHHIN 'l‘p{ijil() AQTTYHHITA jilliii()L"I‘H HATCAN JIHPTHTAANOT
PEHOSITOPIGYME Y HHBeP3HTeTa Y KPanyjesiy it LeHTPAAIer PCHOBHTOPHIVMI B YIKIOP
MHHHCTAPCTRA, TARO 18 DRI _i{lll')ll()(."i‘l'i MOUY HEPIHIEH I'i)é'i_él{c- YIMHOREUC NIPHMCPRE

¥ RACKTPOHCKO] GOPMH RABLACHE JOKTOPCKE AHCCRTAHH]C LY TCA 7210 Midibel.

Opoy Flzjasos raxche

AO3BOLABAM

HE 203BOLABAA

SN KOG aviyep Hf}‘(lﬁCP'C AQHE AAOTBOAH BOHIEVHIHEMG _‘[il]il{()i‘l'il I TARO OCTVITHY J0KTOpeRy ,'[l'ﬂ‘n‘j)'i(ll!i‘:_.l_\‘
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TREEHARY
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Galium verum L. (G. verum, lady’s bedstraw) is a perennial herbaceous plant, belonging to the Rubiaceae family. It has been widely
used throughout history due to multiple therapeutic properties. However, the effects of this plant species on functional recovery of
the heart after ischemia have still not been fully clarified. Therefore, the aim of our study was to examine the effects of methanol
extract of G. verum on myocardial ischemia/reperfusion (I/R) injury in spontaneously hypertensive rats (SHR), with a special
emphasis on the role of oxidative stress. Rats involved in the research were divided randomly into two groups: control
(spontaneously hypertensive rats (SHR)) and G. verum group, including SHR rats treated with the G. verum extract (500 mg/kg
body weight per os) for 4 weeks. At the end of the treatment, in vivo cardiac function was assessed by echocardiography. Rats
were sacrificed and blood samples were taken for spectrophotometric determination of systemic redox state. Hearts from all rats
were isolated and retrogradely perfused according to the Langendorff technique. After a stabilization period, hearts were
subjected to 20-minute ischemia, followed by 30-minute reperfusion. Levels of prooxidants were spectrophotometrically
measured in coronary venous effluent, while antioxidant enzymes activity was assessed in heart tissue. Cell morphology was
evaluated by hematoxylin and eosin (HE) staining. 4-week treatment with G. verum extract alleviated left ventricular
hypertrophy and considerably improved in vivo cardiac function. Furthermore, G. verum extract preserved cardiac contractility,
systolic function, and coronary vasodilatory response after ischemia. Moreover, it alleviated I/R-induced structural damage of
the heart. Additionally, G. verum extract led to a drop in the generation of most of the measured prooxidants, thus mitigating
cardiac oxidative damage. Promising potential of G. verum in the present study may be a basis for further researches which
would fully clarify the mechanisms through which this plant species triggers cardioprotection.

1. Introduction paradoxically exacerbate tissue damage. This phenomenon

is known as ischemia/reperfusion (I/R) injury and occurs in
Acute myocardial infarction (AMI) is one of the most several forms such as reperfusion-induced arrhythmias,
common causes of disability and mortality worldwide [1]. myocardial stunning, microvascular obstruction, and
Although timely restoration of blood flow to an ischemic  reperfusion-induced cardiomyocyte death [2]. The exact
heart is essential for limiting the infarct size, it can  mechanisms underlying progression of I/R injury have been
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under intense investigation for more than four decades with
the aim to open the way to novel effective strategies for myo-
cardial salvage [3]. Factors that have been proven to mostly
contribute to myocardial dysfunction are increased genera-
tion of prooxidants, pronounced inflaimmatory response,
and intracellular and mitochondrial Ca®* overload [3, 4].
Presence of hypertension, as one of the most common risk
factors for cardiovascular diseases, may worsen I/R outcome
due to high myocardial load/mechanical stress [5].

Ischemic preconditioning is a successful maneuver for
reaching cardioprotection by exposing the heart to brief
episodes of ischemia and reperfusion prior to prolonged
ischemia. Due to its limited clinical application, recent
researches have focused its attention on agents that might
be pharmacological mimetics of ischemic preconditioning
[4]. Growing evidence suggest benefits of dietary intake of
medicinal plants rich in polyphenols in lowering the
incidence of coronary diseases [6, 7]. Polyphenols are biolog-
ically active constituents found in vegetables, fruits, wines,
etc., with great potential to attenuate the deleterious impact
of I/R via antioxidant and anti-inflammatory activities and
preservation of nitric oxide [7].

Galium verum (G. verum, lady’s bedstraw) is a perennial
herbaceous plant, belonging to the Rubiaceae family and has
been widely recognized throughout history due to its multi-
ple therapeutic properties [8]. It has been used as a sedative,
an anticancer agent, in the treatment of gout and epilepsy;
nevertheless, effects of this plant species on cardiac function
have not been clarified yet [9]. Phytochemical investigations
revealed the presence of iridoid glycosides, phenolic com-
pounds (such as chlorogenic and caffeic acids, hyperoside),
anthraquinones, and triterpenes in G. verum extracts [8, 9].
Therefore, we hypothesized that G. verum extract might be
involved in the alleviation of harmful effects of I/R injury
on functional and morphological properties of the heart.

Regarding above-mentioned data the aim of our study
was to assess the effects of methanol extract of G. verum on
myocardial I/R injury in spontaneously hypertensive rats
(SHR), with a special emphasis on the role of oxidative stress.

2. Materials and Methods

2.1. Ethical Approval. This investigation was carried out in
the laboratory for cardiovascular physiology of the Faculty
of Medical Sciences, University of Kragujevac, Serbia. The
study protocol was approved by the Ethical Committee for
the welfare of experimental animals of the Faculty of Medical
Sciences, University of Kragujevac, Serbia. All experiments
were performed according to the EU Directive for the welfare
of laboratory animals (86/609/EEC) and the principles of
Good Laboratory Practice (GLP).

2.2. Plant Material and Extract Preparation. The whole plant
G. verum was collected on July 5th, 2017 in the village Dobro-
selica on the southern cliff of Mt. Zlatibor (GPS coordinates:
43°42'59.99"N and 19 41'59.99"E). Identification and classi-
fication of the plant material were performed at the Depart-
ment of Biology, Faculty of Natural Sciences, University of
Kragujevac and at the Institute of Botany and Botanical
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garden “Jevremovac”, University of Belgrade. A voucher
specimen (number 17417) was kept in a herbarium of the
Institute of Botany and Botanical garden “Jevremovac”. The
collected material was dried under the shade and powdered
(sieve 0.75). The methanol extract was prepared to extract
100 g of the aerial part of the plant with 500 ml of methanol
by heat reflux extraction [10]. The mixture was filtered
through a filter paper (Whatman, No. 1), and the dry extract
was obtained after removing the solvent by evaporation
under reduced pressure (RV05 basic IKA, Germany). After-
wards, the residue (16.03 g) was stored in a dark glass bottle
at +4°C until use. Once daily just before administration to
experimental animals, extract was dissolved in the tap water.

2.3. Animals. Twenty spontaneously hypertensive rats
(males, eight weeks old, body weight 150+30g) were
included in the study. They consumed commercial rat food
(20% protein rat food, Veterinary Institute Subotica, Serbia)
ad libitum and were housed at a temperature of 22 +2°C,
with 12 hours of automatic illumination daily. The rats were
divided into two groups as follows:

(1) Control Group. Rats who drank only tap water

(2) G. verum Group. Rats who drank tap water containing
500 mg/kg of methanol extract of G. verum

In order to provide a precise amount of drug for every
animal, rats were kept in separate cages (one animal per
cage). Considering that animals drink approximately 50 ml
of water per day, we dissolved individual dose of extract
adjusted to body weight (500mg/kg) in this volume of
water. The same procedure was repeated every day of
the experimental protocol.

2.4. Assessment of In Vivo Cardiac Function. Transthoracic
echocardiograms were performed after accomplishing drink-
ing protocol. A mixture of ketamine 50 mg/kg (100 mg/mL;
Ketaset, Fort Dodge, IA) and xylazine 10 mg/kg (100 mg/mL;
AnaSed, Lloyd Laboratories, Shenandoah, IA) intraperitone-
ally was used as anesthesia. Echocardiograms were per-
formed using a Hewlett-Packard Sonos 5500 (Andover,
Massachusetts) sector scanner equipped with a 15.0 MHz
phased array transducer as previously described [11]. From
the parasternal long-axis view in a 2-dimensional mode,
M-mode cursor was positioned perpendicularly to the inter-
ventricular septum and posterior wall of the left ventricle
(LV) at the level of the papillary muscles and M-mode images
were obtained. Interventricular septal wall thickness at end
diastole (IVSd), LV internal dimension at end diastole
(LVIDd), LV posterior wall thickness at end diastole
(LVPWA), interventricular septal wall thickness at end sys-
tole (IVSs), LV internal diameter at end systole (LVIDs),
and LV posterior wall thickness at end systole (LVPWs) were
recorded with M-mode. Fractional shortening percentage
(FS%) was calculated from the M-mode LV diameters using
the equation: [(LVEDd — LVESd)/LVEDd] x 100%.

2.5. Preparation of Isolated Rat Hearts. Following 4 weeks of
G. verum extract treatment, after short-term narcosis induced
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by intraperitoneal application of ketamine (10 mg/kg) and
xylazine (5mg/kg) and premedication with heparin as an
anticoagulant, animals were sacrificed by decapitation.
Then the chest was opened via midline thoracotomy, the
hearts were immediately removed and immersed in cold
saline, and the aortas were cannulated and retrogradely
perfused under a constant perfusion pressure (CPP) of
70 cmH,0 according to the Langendorff technique. The
composition of Krebs—-Henseleit buffer used for retrograde
perfusion was as follows (mmol/L): NaCl 118, KCI 4.7,
CaCl, x 2H,02.5, MgSO, x 7H,0 1.7, NaHCO, 25, KH,PO,
1.2, glucose 11, pyruvate 2, equilibrated with 95% O, plus
5% CO,, and warmed to 37°C (pH7.4).

2.6. Assessment of Ex Vivo Cardiac Function. After placing
the sensor (transducer BS473-0184, Experimetria Ltd.,
Budapest, Hungary) in the left ventricle, the following
parameters of myocardial function have been measured
during stabilization and during reperfusion: maximum rate
of pressure development in the left ventricle (dp/dt max),
minimum rate of pressure development in the left ventricle
(dp/dt min), systolic left ventricular pressure (SLVP), dia-
stolic left ventricular pressure (DLVP), and heart rate (HR).
Coronary flow (CF) was measured flowmetrically.

At first, the hearts underwent a 30-minute perfusion at
CPP of 70 cmH, 0O in order to achieve a stable rhythm. After
a stabilization period, the hearts were exposed to global ische-
mia (perfusion was totally stopped) for 20 minutes, followed
by 30 minutes of reperfusion. All cardiodynamic parameters
and coronary flow were measured in intervals of 5 minutes
during the period of reperfusion (30 minutes) (RP1-RP7).

2.7. Biochemical Analysis. After sacrificing, blood samples for
biochemical analysis were collected from a jugular vein in
order to test the systemic redox state. After centrifugation
of heparinised venous blood, plasma and erythrocytes were
separated. In plasma, the following prooxidants were deter-
mined: the levels of superoxide anion radical (O,"), nitrites
(NO,), hydrogen peroxide (H,0,), and index of lipid perox-
idation (measured as thiobarbituric acid reactive substances
(TBARS)). Parameters of the antioxidative defense system
such as activities of superoxide dismutase (SOD) and catalase
(CAT) and level of reduced glutathione (GSH) were
determined in erythrocyte samples. Cardiac oxidative stress
markers were determined in coronary venous effluent and
heart tissue. After heart stabilization and in the intervals of
5 minutes during the period of reperfusion, coronary venous
effluent was collected and used for spectrophotometric deter-
mination of levels of TBARS, O,’, H,0,, and NO,". Analyses
of the prooxidants were performed using the same methods
as when analyzing plasma samples and coronary venous
effluent except for NO, where the protocol differs. The
activity of antioxidant enzymes such as CAT and SOD was
determined in heart tissue.

2.7.1. Superoxide Anion Radical Determination (O, ). The
level of superoxide anion radical (O,") was determined using
nitro blue tetrazolium (NBT) reaction in TRIS-buffer com-
bined with plasma sample or coronary venous effluent. The

measurement was performed at a wavelength of 530 nm.
Krebs-Henseleit solvent was used as the blank control for
O, determination in coronary venous effluent, while distilled
water for plasma samples [12].

2.7.2. Hydrogen Peroxide Determination (H,0,). The proto-
col for measurement of hydrogen peroxide (H,0O,) is based
on oxidation of phenol red in the presence of horseradish
peroxidase. 200yl sample with 800ul PRS (phenol red
solution) and 10 yl POD (horseradish peroxidase) were com-
bined (1:20). The level of H,0, was measured at 610 nm.
Krebs-Henseleit solvent was used as the blank control for
the determination of this parameter in coronary venous efflu-
ent, while distilled water was used for plasma samples [13].

2.7.3. Nitrite Determination (NO,). Nitric oxide (NO)
decomposes rapidly to form stable metabolite nitrite/nitrate
products. Nitrite (NO,") was determined as an index of nitric
oxide production with Griess reagent. For NO,™ determina-
tion in plasma 0.1 ml 3N PCA (perchloride acid), 0.4 ml
20mM ethylenediaminetetraacetic acid (EDTA) and 0.2 ml
plasma were put on ice for 15min, then centrifuged for
15min at 6000rpm. After pouring off the supernatant,
220ul K,CO; was added. Nitrites were measured at
550 nm. Distilled water was used as a blank probe.

In order to determine NO, level in coronary venous
effluent, 0.5 ml of the perfusate was precipitated with 200 pl
of 30% sulfosalicylic acid, mixed for 30 min, and centrifuged
at 3000 x g. Equal volumes of the supernatant and Griess
reagent were mixed and stabilized for 10 min in the dark,
and then the sample was measured spectrophotometrically
at a wavelength of 543 nm. The nitrite concentrations were
determined using sodium nitrite as the standard [14].

2.7.4. Determination of the Index of Lipid Peroxidation
Measured as TBARS. The degree of lipid peroxidation in
the sample (plasma and coronary venous effluent) was esti-
mated by measuring of TBARS using 1% TBA (thiobarbituric
acid) in 0.05 NaOH, incubated with sample at 100°C for
15min, and read at 530 nm. TBA extract was obtained by
combining 0.8 ml sample and 0.4 ml trichloro acetic acid
(TCA); afterwards, the samples were put on ice for 10 min
and centrifuged for 15 min at 6000 rpm. For TBARS determi-
nation in coronary venous effluent, the Krebs-Henseleit
solvent was used as a blank control, while in the case of
plasma sample distilled water was used [15].

2.7.5. Determination of Antioxidant Enzymes (CAT, SOD).
Isolated RBCs were washed three times with three volumes
of ice-cold 0.9mmol/l NaCl, and hemolysates containing
about 50g Hb/l [16] were used for the determination of
CAT activity [17]. Moreover, hearts from all animals were
frozen at -80°C. Additionally, 0.5 section of each tissue was
homogenized in 5ml phosphate buffer (pH7.4) on ice, and
homogenates were centrifuged at 1200 x g for 20 min at
4°C. The resulting supernatants were used for the determina-
tion of cardiac activity of CAT and SOD. CAT buffer,
prepared sample (hemolysates or heart tissue), and 10 mM
H,0, were used for CAT determination. Detection was per-
formed at 360 nm. The amount of CAT was expressed as U/g



tissue and in hemolysate as U/g Hbx 10° [17, 18]. SOD
activity was determined by the epinephrine method. Heart
tissue or hemolysate was mixed with carbonate buffer, and
then epinephrine was added. Detection was performed at
470 nm. The amount of SOD in heart tissue was expressed
as U/g tissue and in hemolysate as U/g Hb x 10° [19, 20].

2.7.6. Determination of Reduced Glutathione (GSH). The
level of reduced glutathione (GSH) was determined based
on GSH oxidation via 5,5-dithiobis-6,2-nitrobenzoic acid.
GSH extract was obtained by combining 0.1 ml 0.1% EDTA,
400 ul hemolysate, and 750 ul precipitation solution (con-
taining 1.67 g metaphosphoric acid, 0.2g EDTA, 30 g NaCl,
and filled with distilled water until 100 ml; the solution is
stable for 3 weeks at +4C°). After mixing in the vortex
machine and extraction on cold ice (15min), it was centri-
fuged at 4000 rpm (10 min). Distilled water was used as a
blank probe. The level of GSH was measured at 420 nm.
The concentration is expressed as nanomoles per milliliter
of red blood cells (RBCs) [21].

2.8. Histological Analysis. In order to evaluate the effects of
G. verum on cell morphology after I/R, hematoxylin-eosin
staining (HE) was performed for hearts according to the
previously reported method [22].

2.9. Statistical Analysis. For statistical analysis of data within
and between the control and G. verum group, IBM SPSS
Statistics 20.0 for Windows was used. Three measured points
were statistically analyzed: the first point was stabilization
(S), the second was the first, and the last point of 30-minute
reperfusion period (R1 and R7). Values were expressed as
mean + standard deviation (SD). Shapiro-Wilk test was used
to check the distribution of data. Additionally, data was ana-
lyzed using a one-way analysis of variance (ANOVA) and the
post hoc Bonferroni test for multiple comparisons. Values of
P < 0.05 were considered to be statistically significant.

3. Results

3.1. Effects of G. verum Extract on Morphological Variables.
Values of body weight (BW), heart weight (HW), and
HW/BW ratio in both groups of rats are shown in Table 1.
The HW/BW ratio was significantly lower in the G. verum

group.

3.2. Effects of G. verum Extract on In Vivo Cardiac Function.
LVIDd, LVIDs, and LVPWd were significantly decreased
after G. verum treatment, while IVSd remained unchanged.
Furthermore, midwall fractional shortening was significantly
increased in the G. verum group in comparison to control
(Table 2).

3.3. Effects of G. verum Extract on Ex Vivo Cardiac Function.
There was a statistically significant increase in the value of the
maximum rate of left ventricular pressure development
(dp/dt max) at RP1 in comparison to S and RP7 in the con-
trol group and a decrease in RP7 in comparison to S point.
In the G. verum group, the value of this parameter remained
constant during the observed period. Furthermore, the values
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TaBLE 1: Effects of G. verum extract on body and heart weight
measurements.

BW (g) HW (mg) HW/BW ratio
Control 266.65 +14.75 1.08 £0.07 4.95+0.25
G. verum 235.75+17.78 1.02+0.1 4.32+0.83"

Values are shown as means + SD. *Statistical significance at the level of
p<0.05 between the control and G. verum group; BW =body weight;
HW = heart weight; HW/BW = heart weight to body weight.

TaBLE 2: Effects of G. verum extract on in vivo cardiac function.

Control G. verum
IVSd (cm) 0.203 +0.011 0.208 +0.016
LVIDd (cm) 0.709 £ 0.003 0.458 £0.013"
LVPWd (cm) 0.251+0.013 0.176 £ 0.046"
LVIDs (cm) 0.432 +0.01 0.186 +0.034"
LVPWs (cm) 0.302 +£0.002 0.297 +0.03
FS (%) 39.0+2.34 59.3 + 3.54"

Values are shown as means + SD. *Statistical significance at the level of
P <0.05 between the control and G. verum group; IVSd = end-diastolic
interventricular septal thickness; LVIDd=left ventricular internal
diameter end diastole; LVPWd =left ventricular end-diastolic posterior
wall thickness; LVIDs=left ventricular internal diameter end systole;
LVPWs = left ventricular posterior wall thickness; FS = fractional shortening.

noticed in S and RP7 points were higher in G. verum than in
the control group (Figure 1(a)). There was a drop in the value
of the minimum rate of left ventricular pressure development
(dp/dt min) at RP7 in comparison to RP1 and S points in the
control group. Markedly, higher value of this parameter
was noticed in the G. verum group both at RP1 and at
RP7 compared to control conditions (Figure 1(b)).

A significant drop in systolic blood pressure in the left
ventricle (SLVP) was found in the control group at RP7 when
compared to RP1, while in the G. verum group SLVP value
did not vary significantly. In the G. verum extract pretreated
group, higher SLVP was observed at RP7 (Figure 1(c)). There
was no statistically significant change in the value of diastolic
blood pressure in the left ventricle (DLVP) both within and
between groups (Figure 1(d)).

In the control group, a drop in heart rate (HR) was
noticed at RP7 in comparison to S point. When compared
to G. verum and control group, higher HR was noticed at
RP7 and S points (Figure 1(e)). Coronary flow (CF)
decreased at RP7 compared to S in the control group, and
the value of the observed parameter was lower in this group
in all points in comparison to the G. verum group
(Figure 1(f)).

3.4. Effects of G. verum Extract on Systemic Redox State. The
levels of oxidative stress markers, such as O,, NO,’, and
TBARS, were decreased in the G. verum group in comparison
to the control group, while there was no difference in the level
of H,0, (Figure 2). Regarding the parameters of antioxidant
defense system, there was an increase in SOD activity in the
G. verum group, while the activity of CAT and level of GSH
were not changed compared to the control group (Figure 3).
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FiGure 1: Effects of G. verum pretreatment on ex vivo cardiac function. (a) Comparison within and between groups in the value of dp/dt max,
(b) comparison within and between groups in the value of dp/dt min, (c) comparison within and between groups in the value of SLVP,
(d) comparison within and between groups in the value of DLVP, (e) comparison within and between groups in the value of heart rate,
and (f) comparison within and between groups in the value of coronary flow. *Statistical significance at the level of p < 0.05 within the
control group; “statistical significance at the level of p < 0.05 within the G. verum group; *statistical significance at the level of p < 0.05 between
the control and G. verum group. Data are presented as means + SD. R1, first minute of reperfusion. R7, last minute of reperfusion.
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F1GURE 2: Effects of G. verum pretreatment on the level of prooxidants determined in plasma samples. (a) Comparison between groups in the
value of O,’, (b) comparison between groups in the value of H,0,, (c) comparison between groups in the value of NO,’, and (d) comparison
between groups in the value of TBARS. *Statistical significance at the level of p < 0.05 between the control and G. verum group. Data are

presented as means + SE.

3.5. Effects of G. verum Extract on Cardiac Redox State

3.5.1. Superoxide Anion Radical (O,). There was a rise in O,
at RP7 in comparison to S point in the control group. Fur-
thermore, G. verum extract led to an increase in the level of
this parameter in RP1 compared to S; however, it signifi-
cantly decreased at RP7 and reached the values similar from
the S point. The levels of O, both at S and RP7 moments
were significantly higher in the control group (Figure 4(a)).

3.5.2. Hydrogen Peroxide (H,0,). A significantly elevated
level of H,O, was noticed in RP7 compared to S and RP1
in the control group, while in the G. verum group this param-
eter did not change during the time. A pronounced rise in the
level of this oxidative stress marker was detected in the con-
trol group in comparison to G. verum at RP7 (Figure 4(b)).

3.5.3. Nitrites (NO,). In the control group, there was an
increase in the level of NO," in RP7 in comparison to S point.
On the other hand, in the G. verum group an increase in the
level of this parameter was noticed in RP1 compared to S and
RP7 and in RP7 compared to the S point. In S and RP1
moments, the level of NO, was higher in the group pre-
treated with G. verum extract (Figure 4(c)).

3.5.4. Index of Lipid Peroxidation Measured as TBARS. The
level of TBARS was elevated in RP7 compared to S in the

control group. Additionally, the level of this marker in the
G. verum group in RP7 was significantly lower than in the
control group (Figure 4(d)).

3.5.5. Catalase (CAT) and Superoxide Dismutase (SOD). The
cardiac activity of CAT and SOD was significantly increased
in the G. verum group (Figure 5).

3.6. Effects of G. verum Extract on Heart Morphology. Hyper-
trophy of the cardiac muscle fibers, edema, necrosis, and
degenerative changes were observed in both groups. How-
ever, in the control group, degenerative changes were more
prominent involving zonal necrosis of higher number of
cardiomyocytes, with hypereosinophilia, fragmentation of
the fibers, and loss of nucleus. Moreover, focal necrosis of
lower number of cardiomyocytes or unicellular was found
in the G. verum group (Figure 6).

4. Discussion

It is well established that hypertension may lead to left
ventricular hypertrophy development, thus increasing mor-
tality from AMI and vulnerability of myocardium to I/R
injury [23, 24]. Advances in understanding the complexity
of mechanisms involved in the pathogenesis of myocardial
I/R injury points to a central role of oxidative stress.
Therefore, growing scientific attention was focused on the
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F1GURE 3: Effects of G. verum pretreatment on parameters of antioxidant defense system determined in erythrocytes samples. (a) Comparison
between groups in the activity of SOD, (b) comparison between groups in the activity of CAT, and (c) comparison between groups in the level
of GSH. *Statistical significance at the level of p < 0.05 between the control and G. verum group. Data are presented as means + SE.

modulation of redox homeostasis with plants and plant-
derived products rich in natural antioxidants, thus reducing
postischemic myocardial dysfunction [6]. Previous investiga-
tions have proven the antioxidant activity of G. verum extract
in vitro [8, 25]. However, to our best knowledge, there is no
data regarding its effects on heart function and potential of
G. verum extract to attenuate myocardial damage, and
diminish oxidative stress is open to discussion. We hypothe-
sized that G. verum extract treatment might help salvage the
ischemic-reperfused heart.

An echocardiographic examination of heart function
demonstrated that 4-week G. verum treatment decreased
LVIDd, LVIDs, and LVPWd and increased FS compared to
the untreated SHR group, thus mitigating left ventricular
hypertrophy and considerably improving cardiac function.
This is in line with previous findings showing that natural
substances belonging to a group of flavonoids might amelio-
rate endothelial dysfunction and cardiac hypertrophy in the
spontaneously hypertensive rats [26, 27]. Additionally, the
beneficial effect of isoflavones on overall cardiovascular
markers in models of LV dysfunction, involving enhance-
ment of percent FS, has been proven so far [28].

Our results clearly show that 20-minute ex vivo ischemia
on Langendorff apparatus impaired myocardial function

manifested as a marked reduction in dp/dt max, dp/dt min,
SLVP, HR, and CF in the control group. However, in the G.
verum group, values of dp/dt max and dp/dt min were
unchanged during the reperfusion period, enabling the
cardiac muscle to contract and relax without variations in
force. In support of this finding, it was found that protective
effects on ventricular contractility may be reached by either
application of flavonoids alone or plant extracts containing
polyphenolics, flavonoids, iridoids, and terpenoids [29, 30].
Moreover, in animals receiving G. verum, systolic function
was not only preserved but even improved, as evidenced by
an increase in SLVP. G. verum extract consumption pre-
vented I/R-induced decline in HR, so unaltered HR provided
enough time for the heart to contract strongly. Additionally,
prolonged ischemia led to a coronary vascular dysfunction
reflected in reduced CF in the control group. In the G. verum
extract pretreated group, coronary flow was slightly but not
significantly changing over 30 min recovery period, so at
the end of reperfusion it returned to baseline values. This fact
suggested that preconditioning with G. verum preserved the
coronary vasodilatory response to I/R.

The presence of flavonoids in G. verum extracts was
confirmed in previous studies [8, 9]. Striking evidence
indicate that flavonoids have the potential to improve
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F1GURE 4: Effects of G. verum pretreatment on the level of cardiac prooxidants. (a) Comparison within and between groups in the value of O,,
(b) comparison within and between groups in the value of H,0,, (c) comparison within and between groups in the value of NO,’, and
(d) comparison within and between groups in the value of TBARS. *Statistical significance at the level of p < 0.05 within the control group;
*statistical significance at the level of p < 0.05 within the G. verum group; "statistical significance at the level of p < 0.05 between the control
and G. verum group. Data are presented as means + SE. R1, first minute of reperfusion. R7, last minute of reperfusion.

postischemic heart functionality [29, 30]. Polyphenols might
inhibit endothelial NADPH oxidase (NOX), leading to a
decrease in O, release and formation of peroxynitrite, thus
preventing endothelial dysfunction [31]. Moreover, these
compounds may activate endothelial nitric oxide synthase
(eNOS), resulting in increase bioavailability of nitrogen
monoxide (NO), the most potent endogenous vasodilator
[32]. Therefore, we may speculate that the protective effects
of G. verum extract on the maintenance of coronary vasodi-

lator tone and coronary circulation may be attributed to the

presence of total phenols.

Furthermore, we evaluated whether 4-week treatment

with G. verum affects systemic redox homeostasis and alters

systemic production of prooxidants, as well as the capacity
of the antioxidant defense system. Our results showed that
G. verum extract consumption exerted benefits referring to
systemic redox state, leading to a drop in the plasma levels
of O,’,NO,’, and TBARS. Moreover, we observed an increase
in the activity of SOD, as the first line of cellular defense
against oxidative injury, which is in line with a decrease in
O, level. In fact, we may hypothesize that probably O,
formed in mitochondria was converted to H,O, in a reaction
catalyzed by SOD. Our observation that there was no

difference in the level of plasma H,O, between groups is in

accordance with unchanged CAT activity since the rise in
H,0, level would have led to a higher activity of CAT [33].



Oxidative Medicine and Cellular Longevity

Catalase - CAT (U/g tissue)

G. verum

Control

()

Superoxide dismutse - SOD

30 - .

25 - I
20

15 4

(U/g tissue)

10

Control G. verum

()

Fi1GURE 5: Effects of G. verum pretreatment on cardiac antioxidant enzymes activity. (a) Comparison between groups in the activity of CAT
and (b) comparison between groups in the activity of SOD. *Statistical significance at the level of p < 0.05 between the control and G. verum

group. Data are presented as means + SE.

Control

()

G. verum

(®)

FiGurk 6: Histopathological changes in the myocardium following reperfusion (magnification, x200). Control group: hypertrophy of the
cardiac muscle fibers, edema, necrosis, and zonal necrosis of higher number of cardiomyocytes, with hypereosinophilia, fragmentation of
the fibers, and loss of nucleus. G. verum group: hypertrophy of the cardiac muscle fibers, edema, necrosis, focal necrosis of lower number
of cardiomyocytes or unicellular, and less prominent degenerative changes.

It has been proposed that polyphenols may preserve
mitochondrial function and modulate redox signalling via
inhibition of enzymes involved in ROS production such as
xanthine oxidase (XO) and nicotinamide adenine dinucleo-
tide phosphate-oxidase (NOX). Another way to exert antiox-
idant effect is via chelation of iron ions which catalyze several
free radical-generating reactions [7].

In our research, I/R led to a rise in the generation of all
cardiac prooxidants, which is consistent with the previous
reports that during reperfusion of ischemic tissue the reversal
of oxygen to oxygen-starved myocardium is associated with a
burst of ROS generation. The main sources of prooxidants
involve mitochondrial respiratory electron transport chain
and activation of XO, resulting in enhanced production of
very reactive species such as O,” and H,0, [34]. Neverthe-
less, pretreatment with G. verum extract was capable of
preventing an increase in the levels of most of the markers
of myocardial oxidative damage. Markedly, higher levels of
TBARS, O,’, and H,O, in coronary venous effluent in the
control group compared to the G. verum group were noticed

after 30 min restoration of blood flow, thus suggesting that G.
verum extract attenuated oxidative stress derived from the
endocardium of the left ventricle and endothelium of the
coronary circulation. Increased activity of myocardial antiox-
idant enzymes supports a decline in cardiac production of
prooxidants. In fact, enhanced SOD activity might be respon-
sible for a decrease in O, levels, while lower level of H,O,
may be explained by its decomposition to water and oxygen
catalyzed by CAT. In our study, G. verum treatment was
associated with enhanced both systemic and myocardial
SOD activity and diminished systemic and cardiac produc-
tion of O,’, thus indicating that initial modulation of this
antioxidant enzyme is involved in the action of G. verum.
Consistent with these results, striking evidence indicate that
polyphenols are able to activate endogenous antioxidant
defense system, particularly SOD and CAT, thus alleviating
oxidative stress-induced myocardial damage. In that sense,
we may assume that this is one of the mechanisms through
which polyphenol-containing extracts such as Galium
verum extract may exert its antioxidant effects. Additionally,
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antioxidant potential of these natural compounds involves
their ability to act as direct free radical scavengers as well
[35, 36]. In addition to the aforementioned mechanisms, it
has been known that flavonoids might alleviate I/R-induced
oxidative stress by inhibiting the xanthine dehydrogenase/x-
anthine oxidase system [37]. Promising potential of G. verum
extract in a decrease of oxidative damage may be mostly
attributed to the additive and synergistic effects of bioactive
molecules belonging to polyphenols.

Histological assessment suggested that ischemia altered
the myocardial structure in both groups manifested as
hypertrophia of cardiac muscle fibers, edema, necrosis, and
degenerative changes. However, G. verum consumption alle-
viated I/R-induced deleterious effects on heart morphology
and confirmed its potential to preserve both myocardial
function and structure under ischemic conditions.

Our research highlighted for the first time that methanol
extract of G. verum improved in vivo cardiac function and
exerted benefits on systemic redox homeostasis. Addition-
ally, it preserved the functional and morphological properties
of the heart and prevented coronary vascular dysfunction
after ischemia. Moreover, G. verum modulated the cardiac
generation of prooxidants, thus alleviating oxidative stress-
induced heart damage. Obvious protective effects of this
plant species on myocardial I/R injury in our study provide
a scientific basis for its use in triggering cardioprotection.
However, further studies are certainly necessary for better
understanding the underlying mechanisms.
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ABSTRACT

The aim of our study was to determine a chemical composition of methanol extract of Galium verum
as well as to assess its effects on functional recovery and redox status of isolated rat heart after ische-
mia. Rats were divided into control and G. verum group, which included animals treated with 500 mg/
kg of methanol extract of G. verum for 28days. Parameters of heart function and oxidative stress
markers were estimated. Cell morphology was evaluated by hematoxylin and eosin (HE) staining. Our
results demonstrated for the first time that G. verum extract preserved cardiac contractility, systolic,
and diastolic function as wells as structural damage of the heart after ischemia. Furthermore, G. verum
extract modulated the activity of antioxidant enzymes and alleviated the production of pro-oxidants.

1. Introduction

Nowadays acute myocardial infarction remains a leading
cause of hospital admissions and mortality worldwide. Early
restoration of blood flow by thrombolytic therapy or primary
percutaneous coronary artery angioplasty presents the cur-
rent therapeutic strategy of a great importance for reducing
the size of myocardial infarct (Xia et al. 2016). Nevertheless,
the reversal of oxygen to oxygen-starved myocardium during
reperfusion paradoxically exacerbates tissue injury caused by
hypoxic stress. This phenomenon, known as ischemia/reper-
fusion (I/R) injury, is a frequent clinical problem and it has
been a focus of considerable research efforts for more than
four decades (Kalogeris et al. 2016). Among myriad of mech-
anisms underlying I/R injury, overwhelming oxidative/nitrosa-
tive stress, calcium overload, and pronounced inflammatory
response has been considered to mostly contribute to myo-
cardial damage (Kalogeris et al. 2012). Early studies were
mostly oriented on ischemic preconditioning as a manoeuvre
for myocardial protection in which heart is exposed to brief
episodes of I/R prior myocardial infarct induced by pro-
longed ischemia. On the other hand, certain non-ischemic,
non-hypoxic stimulus, such as pharmacological agents
applied before ischemia may mimic the signaling induced by
ischemic preconditioning, thus leading to alleviation of the
deleterious effects of I/R injury (Li et al. 2015).

Numerous data support the fact that medicinal plants
enriched with polyphenols possess the potential to attenuate
harmful effects of acute myocardial infarction, thus justifying
its traditional use in the prevention of cardiovascular diseases.
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Inhibition of reactive oxygen species (ROS) overproduction
with antioxidants present in plant extracts may be prominent
endpoint target of cardioprotection (Akhlaghi and Bandy 2009,
Bartekova et al. 2010). Galium verum L. is a perennial herb-
aceous plant belonging to the Rubiaceae family, widely used
throughout history for treatment and prophylaxis of various
diseases and conditions (Laki¢ et al. 2010). Several classes of
bioactive compounds have been isolated from this plant spe-
cies so far: phenols, iridoid glycosides, anthraquinones, and tri-
terpenes, as well as small amounts of tannins, saponins,
essential oils, etc (Demirezer et al. 2006, Laki¢ et al. 2010). G.
verum has been renowned in traditional medicine since
ancient time for its effectiveness as sedative, spasmolitic, anti-
cancer, cardioprotective agent, etc (Demirezer et al. 2006, Laki¢
et al. 2010, Milic et al. 2013). Phytochemical investigations
have revealed a chemical composition of this plant and con-
firmed antioxidant activity in vitro, however its biological
effects, especially on cardiac function and oxidative stress are
not fully clarified (Laki¢ et al. 2010, Vlase et al. 2014).

Regarding all above-presented data, the aim of our study
was to determine the content of total phenols and flavo-
noids of methanol extract of G. verum as well as to assess its
effects on functional recovery and redox status of isolated
rat heart after ischemia.

2. Materials and methods

This investigation was performed at the Faculty of Medical
Sciences, University of Kragujevac, Serbia. The study protocol
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was approved (17 March 2017) and performed in accordance
with the regulatives of the Faculty’s Ethical committee for
the welfare of laboratory animals and principles of the Good
laboratory practice and European Council Directive (86/
609/EEC).

2.1. Plant material and extract preparation

The whole plant G. verum was collected on 5 July 2017 in
the village Dobroselica, on the southern cliff of the Mt
Zlatibor (GPS coordinates: 43°42/59.99”N and 19°41'59.99"E).
Identification and classification of the plant material were
performed by professor Snezana Vukojicic at the Department
of Biology, Faculty of Natural Sciences, University of
Kragujevac and at the Institute of Botany and Botanical gar-
den “Jevremovac,” University of Belgrade. Voucher specimens
are deposited in Herbarium of the Institute of Botany and
Botanical garden “Jevremovac” with number 17417. The col-
lected material was dried under the shade and powdered
(sieve 0.75). Methanol extract was prepared extracting 100g
of aerial part of plant with 500 ml of methanol by heat reflux
extraction, at temeperature of 90°C, in a duration of 2h
(Hijazi et al. 2015). The mixture was filtered through filter
paper (Whatman, No.1). Dry extract was obtained by evapor-
ation under reduced pressure (RVO5 basic IKA, Germany). The
residue (17.07 g) was stored in a dark glass bottle at +4°C
for further processing. In order to feed the animals, G. verum
extract was daily dissolved in the water just before adminis-
tered to experimental animals.

2.2. Determination of the total phenolic and
flavonoid contents

Folin-Ciocalteu’s method was used in determining the con-
centrations of total phenolic content of methanol extract
(Singleton et al. 1999). Total phenolic content was expressed
as mg gallic acid equivalents per gram of crude extract (mg
GA/g extract). Total flavonoid content of the tested extract
was determined following a previously reported method
(Brighente et al. 2007). Total flavonoid content was expressed
as milligram of quercetin equivalent per gram of extract (mg
of quercetin equivalent/g of extract).

2.3. Animals and experimental design

Twenty Wistar albino rats (males, 8 weeks old, body weight
200+£509) were included in the study. The animals con-
sumed commercial rat food (20% protein rat food, Veterinary
institute Subotica, Serbia) ad libitum and were housed at
temperature of 22 +2°C, with 12h of automatic illumination
daily. The rats were divided into two groups:

e Control group - rats that drank only tap water.
e G. verum group - rats that drank tap water containing
500 mg/kg of methanol extract of G. verum for 28 days.

A day after accomplishing 28-day drinking protocol after a
short-term ketamine/xylazine-induced narcosis, rats were

sacrificed by decapitation. The chest was then opened via
midline thoracotomy. The hearts were immediately removed
and immersed in cold saline and were then attached on a
cannula of the Langendorff perfusion apparatus to provide
retrograde perfusion under constant coronary perfusion pres-
sure CPP=70 cmH,0. Krebs-Henseleit buffer was used for
retrograde perfusion (in mmol/l: NaCl 118, KClI 4.7,
CaCl,.2H,0 2.5, MgS0,4.7H,0 1.7, NaHCO3 25, KH,PO, 1.2,
glucose 11, and pyruvate 2). The buffer was balanced with
95% O, and 5% CO,, with a pH of 7.4 and a temperature of
37°C. After placing the sensor in the left ventricle, the fol-
lowing parameters of myocardial function have been con-
tinuously measured: maximum rate of pressure development
in the left ventricle (dp/dt max), minimum rate of pressure
development in the left ventricle (dp/dt min), systolic left
ventricular pressure (SLVP), diastolic left ventricular pressure
(DLVP), and heart rate (HR). Coronary flow (CF) was measured
flowmetrically.

Following the establishment of heart perfusion, the hearts
were stabilised within 30 min. In both groups, after stabilisa-
tion period, hearts were subjected to global ischemia (perfu-
sion was totally stopped) for 20 min, followed by 30 min of
reperfusion. In the period of reperfusion (30 min), all cardio-
dynamic parameters and CF were measured in intervals of
5 min (RP1-RP7).

2.4. Biochemical analysis in heart tissue and coronary
venous effluent

2.4.1. Coronary venous effluent

Coronary venous effluent was collected in point of stabilisa-
tion (S), in first point of reperfusion (R1) and on every 5min
in period of reperfusion (R1-R7) The following oxidative
stress parameters were determined spectrophotometrically
(Shimadzu UV 1800, Japan) using collected samples of the
coronary venous effluent: the index of lipid peroxidation,
measured as thiobarbituric acid-reactive substances (TBARS),
nitrite (NO,7), levels of superoxide anion radical (O,") and
hydrogen peroxide (H,0,).

2.4.2. Heart tissue preparation

After accomplishing experiments, hearts from all animals
were frozen at —80°C, and then a 0.5 section of each tissue
was homogenised in 5ml phosphate buffer pH 7.4 using an
electrical homogeniser, on ice. Then tissue homogenates
were centrifuged at 1200 x g for 20 min at 4°C. The result-
ing supernatants were isolated and stored at —80° C until
determination of biochemical parameters. Index of lipid per-
oxidation as well as parameters of antioxidant defence sys-
tem such as reduced glutathione (GSH), catalase (CAT), and
superoxide dismutase (SOD) were determined in heart tissue.

2.4.3. Determination of the index of lipid peroxidation
measured as TBARS

The degree of lipid peroxidation in the coronary venous

effluent and heart tissue was estimated by measuring TBARS,

using 1% thiobarbituric acid in 0.05 NaOH, which was



incubated with the coronary effluent or heart tissue at
100°C for 15min and measured at 530 nm. Krebs-Henseleit
solution was used as a blank probe (Ohkawa et al. 1979).

2.4.4. Nitrite determination (NO, )

Nitric oxide (NO) decomposes rapidly to form stable nitrite/
nitrate products. The NO,  level was measured and used as
an index of NO production, using Griess’s reagent. A total of
0.5 ml of perfusate was precipitated with 200 puL of 30% sul-
phosalicylic acid, vortexed for 30min, and centrifuged at
3000 x g. Equal volumes of the supernatant and Griess’s
reagent (containing 1% sulphanilamide in 5% phosphoric
acid/0.1% naphthalene ethylenediamine-dihydrochloride)
were added, incubated for 10 min in the dark and measured
at 543nm. NO,  levels were calculated using sodium nitrite
as the standard (Green et al. 1982).

2.4.5. Superoxide anion radical determination (O, )
Superoxide anion radical concentrations were measured
using the nitro blue tetrazolium reagent in TRIS buffer (assay
mixture) with coronary venous effluent. The measurement
was performed at a wavelength of 530nm. The
Krebs-Henseleit solvent was used as the blank control
(Auclair and Voisin 1985).

2.4.6. Hydrogen peroxide determination (H,0)

The measurement of H,O, was based on the oxidation of
phenol red by H,0, in a reaction catalysed by horseradish
peroxidase (Pick and Keisari 1980). Two hundred microlitres
of perfusate was precipitated using 800ml of freshly pre-
pared phenol red solution; 10 uL of (1:20) horseradish perox-
idase (made immediately before use) was subsequently
added. For the blank probe, an adequate volume of
Krebs—-Henseleit solution was used instead of coronary ven-
ous effluent. The level of H,O, was measured at 610 nm.

2.4.7. Determination of reduced glutathione (GSH)

The level of reduced glutathione was determined based on
GSH oxidation with 5.5-dithio-bis-6.2-nitrobenzoic acid using
the method reported by Beutler et al. (1963). Detection was
performed at 420 nm. The amount of GSH was expressed as
nmol/g tissue.

2.4.8. Determination of antioxidant enzymes (SOD, CAT)
SOD activity was determined by the epinephrine method of
Beutler. Homogenate of heart tissue was mixed with carbon-
ate buffer, and then epinephrine was added. Detection was
performed at 470 nm. The amount of SOD was expressed as
U/g tissue (Beutler 1984). CAT activity was determined
according to Aebi. Diluted homogenate of heart tissue (1:7
v/v) was treated with chloroform-ethanol (0.6:1 v/v). CAT buf-
fer, prepared sample, and 10 mM H,0, was used for deter-
mination. Detection was performed at 360 nm. The amount
of CAT was expressed as U/g tissue (Aebi 1984).
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2.5. Histological analysis

In order to evaluate the effects of G. verum on cell morph-
ology after ischemia hematoxylin-eosin staining (HE) was per-
formed for hearts according to the previously reported
method (Zhang 2016).

2.6. Statistical analysis

IBM SPSS Statistics 20.0 for Windows was used for statistical
analysis of data within control and G. verum group. Three
measured points were statistically analysed: first point was
stabilisation (S), second was the first and the last point of
30min reperfusion period (R1 and R7). Values were
expressed as mean * standard error. Distribution of data was
checked by Shapiro-Wilk test. Data were analysed using a
one-way analysis of variance and the post hoc Bonferroni test
for multiple comparisons. Values of p <.05 were considered
to be statistically significant, while values of p<.01 were
considered to be high statistically significant.

3. Results
3.1. Total phenolic and total flavonoid contents

Total phenolic and flavonoid content of methanol extract of
G. verum is shown in Table 1.

3.2. Body weight (BW) and heart weight (HW)
measurement

Values of BW, HW, and BW to HW ratio in both groups of
rats are shown in Table 2. Statistically significant difference
in the values of these parameters was not observed
between groups.

3.3. Cardiodynamic parameters

3.3.1. Maximum rate of left ventricular pressure develop-
ment (dp/dt max)
In the control group, there was a significant increase in dp/
dt max in the first point of reperfusion (RP1) in comparison
to the stabilisation period and last moment of reperfusion
(RP7). Markedly lower value of this parameter was observed
in RP7 compared to the values before ischemia. In a group
who received G. verum an increase in dp/dt max was noticed

Table 1. Total phenol and flavonoid content of aerial part of methanol extract
of G. verum.

27.26 +1.90
65.10+5.81

Values are means of three biological replicates + SD. DE: dry extract.
?mg gallic acid equivalent (GAE)/g DE.
bmg quercetin equivalent/g DE.

Total phenol content®
Total flavonoid content®

Table 2. Body and heart weight measurements presented as mean =+ SD.

BW (qg) Heart weight (g) BW to HW ratio
Control 319.83+21.23 1.13+£0.04 354.65+16.05
G. verum 336.75+37.78 1.25+0.1 376.63 +41.83
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Figure 1. Cardiodynamic parameters in healthy and G. verum treated rats. (a) comparison between groups in the value of dp/dt max, (b) comparison between
groups in the value of dp/dt min, (c) comparison between groups in the value of SLVP, (d) comparison between groups in the value of DLVP, (e) comparison
between groups in the value of HR, (f) comparison between groups in the value of CF. *Statistical significance at the level of p < 0.05 within control group; *statis-
tical significance at the level of p < 0.05 within G. verum group; data are presented as means + SD. S: stabilisation; I: ischemia; R1-R7: every 5 min of reperfusion.

in the first minute of reperfusion compared to stabilisation
value and value in RP7, while values of this parameter at the
end of reperfusion were similar to those before ischemia
(Figure 1(a)).

3.3.2. Minimum rate of left ventricular pressure
development (dp/dt min)

More negative values of dp/dt min were reached at the end

of reperfusion in comparison to stabilisation in group treated

with G. verum, while in control group at the last point of

recovery period dp/dt min value was more positive when

compared to the values before ischemia (Figure 1(b)).

3.3.3. Systolic blood pressure in the left

ventricle (SLVP)
A significant drop in SLVP was observed in control group at
the last point of reperfusion when compared to stabilisation
period, while in experimental group SLVP value remained
constant during the observed period (Figure 1(c)).

3.3.4. Diastolic left ventricular pressure)
Value of DLVP did not vary within both groups during the
observed points of interest (Figure 1(d)).

3.3.5. Heart rate

At the end of recovery period in control group, HR was a sig-
nificantly decreased in comparison to the values in stabilisa-
tion. Furthermore, a rise in the value of HR was noticed at
first point of reperfusion (R1) compared to stabilisation point
in group who received G. verum, while at the end of 30 min
reperfusion value of HR returned to the value detected
before ischemia (Figure 1(e)).

3.3.6. Coronary flow

CF remained constant in experimental group during the
observed period, while in control there was a prominent
decrease at the last point of reperfusion when compared to
stabilisation period (Figure 1(f)).
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Table 3. Percent difference in absolute values of cardiodynamic parameters between control and G.

verum group.

G. verum vs control

(%) increase in stabilisation

(%) increase in RP1 (%) increase in RP7

dp/dt max +6.01% +12.22% +29.95%

dp/dt min +6.07% +26.66% +19.6%

SLVP +3.48% +7.65% +27.09%

DLVP —0.06% +0.04% —0.01%

HR +1.18% +5.98% +20.93%

CF +22.6% +28.11% +49.05%
(a) (b)

ra
r)

e
=3

—_—, verum

tn

====Control

TBARS pmoliml
a

w

5 I

= L

RP1 RPZ RP3 RP4 RP5 RP& RP7

— . verum

30 ====Control

5 I RP1 RP2Z RP3 RP4 RP5 RP6 RP7

— . verum

====Control

5 I RP1 RP2 RP3 RP4 RP5 RP6 RP7

G. verum

== == Control

51

RP1 RP2 RP3 RP4 RP5 RPS RP7

Figure 2. Oxidative stress markers in coronary venous effluent in healthy and G. verum treated rats. (a) comparison between groups in the value of TBARS, (b) com-
parison between groups in the value of NO,™, (c) comparison between groups in the value of O,”, (d) comparison between groups in the value of H,0,
*Statistical significance at the level of p < 0.05 within control group; *statistical significance at the level of p < 0.05 within G. verum group; data are presented as

means * SD. S: stabilisation; I: ischemia; R1-R7: every 5 min of reperfusion.

Percentage changes in the values of cardiodynamic
parameters induced by G. verum extract treatment in com-
parison to control group are shown in Table 3.

3.4. Biochemical analysis

3.4.1. Index of lipid peroxidation (measured as TBARS)
The index of lipid peroxidation in coronary venous effluent
did not differ significantly in the experimental group, while
in control group there was a rise in the first minute of reper-
fusion and at the end of recovery period compared to the
values in stabilisation (Figure 2(a)). There was no change in
lipid peroxidation in both control and experimental hearts
(Figure 3(a)).

3.4.2. Level of nitrites (NO, ™)

In the control group, there was an increase in NO,~ produc-
tion at the first and at the last point of recovery period in
comparison to stabilisation. In the group treated with G.
verum, higher generation of NO,~ was noticed in the first
minute of reperfusion when compared to stabilisation and
the end of reperfusion (Figure 2(b)).

3.4.3. Level of superoxide anion radical (O, )
At the end of reperfusion a significantly increased level of
O, was observed in the control group in comparison to the

level before ischemia. On the contrary in G. verum group sig-
nificantly diminished production of this pro-oxidant was
noticed at the end of recovery period compared to stabilisa-
tion (Figure 2(c)).

3.4.4. Level of hydrogen peroxide (H,0,)
The level of H,0,; did not vary significantly within the experi-
mental group, while in the control group, enhance in pro-
duction of H,0, was found at the last point reperfusion in
comparison to values before ischemia (Figure 2(d)).
Percentage changes in the levels of measured pro-oxi-
dants induced by G. verum extract treatment in comparison
to control group are shown in Table 4.

3.4.5. Parameters of antioxidant defence system

The activities of SOD and CAT were significantly higher in
the group treated with G. verum in comparison to the con-
trol group, while the level of GSH was similar in both
observed groups (Figure 3(b-d)).

3.5. Histopathological results

In the control group, most of the cardiac muscle fibers were
hypereosinophilic with loss of nucleus and transverse stri-
ation, followed by contraction bands. Additionally, edema
and vacuolation of muscle fibers were observed. On the
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Table 4. Percent difference in values of oxidative stress parameters between control and G.

verum group.

G. verum vs control

(%) increase in Stabilisation

(%) increase in RP1 (%) increase in RP7

TBARS —18.39% —14.63% —28.36%
NO,™ —5.07% + 3.24% —4.12%
0, —12.49% —12.78% —32.06%
H,0, —5.39% —11.46% —22.05%
(a) 25 (b) 45 ss
40
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Figure 3. Parameters of oxidative stress and antioxidant defence system in heart tissue in healthy and G. verum treated rats. (a) Comparison between groups in
the value of TBARS, (b) comparison between groups in the value of CAT, (c) comparison between groups in the value of SOD, (d) comparison between groups in
the value of GSH. *Statistical significance at the level of p < 0.05 within control group; *statistical significance at the level of p < 0.05 within G. verum group; data
are presented as means + SD. S: stabilisation; I: ischemia; R1-R7: every 5 min of reperfusion.

other hand, muscle fibers in the group treated with G. verum
were hypereosinophilic and moderately edematous and there
were no loss of nucleus and transverse striation (Figure 4).

4. Discussion

Oxidative stress and prominent inflammatory response, char-
acterised by infiltiration of proinflammatory neutrophils to
ischemic tissue, remain one of a critical factors contributing
to myocardial damage (Kalogeris et al. 2012). Therefore pos-
sible targets for pharmacological preconditioning may be cel-
lular and enzymatic sources of ROS overproduction, as well
as several inflammatory mediators. Polyphenols, as a class of
naturally occurring compounds present in fruits, plants, etc
are under intense investigation due to its antioxidant, anti-
thrombogenic, anti-inflammatory, and anti-apoptotic proper-
ties (Panche et al. 2016). Numerous researches have con-
firmed the protective effects of plant extracts against
reperfusion-induced heart damage, mainly attributed to anti-
oxidant and anti-inflammatory potential of polyphenols and
flavonoids (a vast group of polyphenols) (Akhlaghi and
Bandy 2009). In that sense, the purpose of our study was to
perform chemical analysis of G. verum extract and reveal its
effects on functional recovery and redox status of heart
after ischemia.

Cardiodynamic parameters detected in our research refer
to the functional characteristics of the heart, specifically the

left ventricle and its systolic and diastolic function. Therefore
the effects of G. verum extract on measured cardiodynamic
variables, as well as cardiac redox state, reflects its
potential therapeutic role in a model of pharmacological
preconditioning.

Our results clearly show that cardiodynamic parameters in
control conditions were substantially reduced during reperfu-
sion compared to values before ischemia. We obtained
depression of cardiac function and impaired inotropic and
lusitropic properties of the heart, as well as disturbed coron-
ary circulation and HR, thus confirming that I/R injury is
related to myocardial tissue dysfunction. On the other hand,
4 weeks treatment with G. verum extract did not only pre-
serve contractile power of the heart, but even improved it,
as evidenced by increase in dp/dt max values at the end of
reperfusion compared to the values before ischemia.
Additionaly, administration of G. verum significantly restored
lusitropic property of myocardium and led to the recovery of
systolic and diastolic function in comparison to hearts in con-
trol conditions. Restoration of flow was noticed in first
minutes of reperfusion and it was followed by a slow con-
tinuous drop over 30 min reperfusion period, so at the end
of recovery period it returned to the values observed before
ischemia. The similar dynamic during reperfusion was
noticed in terms of contractility force, thus suggesting that
vasculature dilated in accordance with the demands of myo-
cardial contraction. Insignificantly altered HR in rats who
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Figure 4. Histopathological changes in the rat heart (magnification, x400): (A) control group; (B) G. verum group.

received G. verum provided sufficient time for myocardium
to contract strongly.

To our best knowledge, there are no evidence regarding
the effects of G. verum on myocardial function so far and
mechanisms included in its cardioprotective potential are
open to discussion. Besides the traditional use of medicinal
plants rich in polyphenols as preventive agents for cardiovas-
cular diseases, a lot of epidemiological, in vitro and in vivo
studies have confirmed their capacity to improve recovery of
heart after infarction (Akhlaghi and Bandy 2009). It has been
reported that chlorogenic acid, which was previously identi-
fied in high concentration in G. verum extract, led to a better
myocardial contractility response in a model of ischemic
hearts (Kanno et al. 2013, Mocan et al. 2016). These biomol-
ecule, as well as other polyphenols found in smaller quantity
in G. verum extract, may activate endothelial nitric oxide syn-
thase and consequently enhance NO synthesis and release.
Increased NO simultaneously with diminished ROS levels may
be one of possible explanation for preserved coronary vaso-
dilatatory response in a group treated with G. verum extract.
On the contrary, if there is high level of ROS, increased NO
production will result in the formation of peroxynitrite, that
is, in oxidative/nitrative tissue injury, which would further
damage heart (Wang et al. 2011, Duarte et al. 2014). Taking
into consideration results of previously published studies
related to the role of different phenols on functional proper-
ties of heart, we may speculate that effects of G. verum
extract are attributed to the additive and synergistic effects
of all present phenols.

In the second part of present investigation, we aimed to
estimate whether effects of G. verum extract are mediated
via change in antioxidant capacity and generation of pro-oxi-
dants. Under normal physiological conditions, there is a bal-
ance between continuously produced pro-oxidants and
antioxidant system that counterbalances the effects of oxi-
dants (Birben et al. 2012). Nevertheless, it has been proposed
that re-introduction of oxygen during early phase of reperfu-
sion induces oxygen generation, leading to a destruction of
proteins, nucleic acids, carbohydrates, lipids, and finally cell
death (Kalogeris et al. 2012).

Analysis of pro-oxidants in the coronary venous effluent
refers to the oxidative stress in the endocardium of the left
ventricle and endothelium of the coronary circulation. Our
results illustrated that I/R injury was related to increased oxi-
dative stress, as evidenced by markedly higher TBARS, NO,,
0,7, and H,0, in coronary venous effluent at the end of

reperfusion compared to stabilisation, while G. verum pre-
treatment led to the decrease of O, . Additionally, G. verum
extract prevented ischemia-induced lipid peroxidation in
heart tissue, thus maintaining membrane integrity.

Regarding the components of antioxidant defence system,
myocardial SOD and CAT activity were higher in G. verum
group, while the level of GSH was similar between groups.
Enhanced CAT activity may be an explanation for the
absence of rise in H,0, production in G. verum pretreated
group, since this enzyme catalyses the decomposition of
hydrogen peroxide to water and oxygen. Furthermore
increased activity of SOD, a major component of antioxidant
defence systems against O, , is supported by a decline in
O, that we detected. It may be hypothesised that unaltered
coronary vasodilatatory response accompanied with a drop
in O, may be a consequence of interaction between
increased NO responsible for regulation of CF with the over-
produced O,7, resulting in the generation of toxic peroxini-
trite  (ONOO™). Polyphenols, including flavonoids, are
renowned for great antioxidant potential, which enables
them to scavenge suddenly generated ROS during restor-
ation of flow. Furthermore, polyphenols activate endogenous
antioxidant defence system, particularly SOD and CAT, result-
ing in attenuation of oxidative stress-induced tissue damage
(Mattera et al. 2017). As a consequence, the structural and
functional integrity of cardiomyocytes is maintained.
Moreover, it has been proved that mechanisms through
which polyphenols protect myocardium from oxidative dam-
age involve preservation of mitochondrial function, inhibition
of xanthine oxidase and nicotinamide adenine dinucleotide
phosphate-oxidase (NADPH) oxidase, as well as chelation of
iron ions which catalyse several free radical-generating reac-
tions (Debnath et al. 2014). Impact on transcription-mediated
signaling is responsible for the long-lasting antioxidative
effects of these natural molecules (Mattera et al. 2017).
Generally viewed, observed effects of G. verum extract on
cardiac redox status are probably consequence of additive
and synergistic antioxidant activities of all present bioactive
natural compounds.

Histological analyses indicate that ischemia altered struc-
ture of the heart, which coud be partially alleviated with G.
verum pretreatment. G. verum consumption prevented loss of
nucleus and transverse striation of myocardial muscle fibers,
which were prominent in the control hearts. Within first
minutes of flow restoration “contraction band necrosis” may
occur, which was found in hearts underwent I/R, while in the
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Abstract: The aim of our study was to examine the effects of different dietary strategies, high-fat
(HFd) or standard diet (Sd) alone or in combination with standardized oral supplementation
(0.45 mL/kg/day) of Aronia melanocarpa extract (SAE) in rats with metabolic syndrome (MetS).
SAE is an official product of pharmaceutical company Pharmanova (Belgrade, Serbia); however, the
procedure for extraction was done by EU-Chem company (Belgrade, Serbia). Rats were divided
randomly into six groups: control with Sd, control with Sd and SAE, MetS with HFd, MetS with
HFd and SAE, MetS with Sd and MetS with Sd and SAE during 4 weeks. At the end of the 4-week
protocol, cardiac function and liver morphology were assessed, while in the blood samples glucose,
insulin, iron levels and systemic redox state were determined. Our results demonstrated that SAE
had the ability to lower blood pressure and exert benefits on in vivo and ex vivo heart function.
Moreover, SAE improved glucose tolerance, attenuated pathological liver alterations and oxidative
stress present in MetS. Obtained beneficial effects of SAE were more prominent in combination with
changing dietary habits. Promising potential of SAE supplementation alone or in combination with
different dietary protocols in triggering cardioprotection should be further examined in future.

Keywords: metabolic syndrome; Aronia melanocarpa; standardized extract; dietary strategies;
supplementation

1. Introduction

Metabolic syndrome (MetS) represents one of the metabolic disorders characterized by abdominal
obesity, dyslipidemia, hypertension, insulin resistance and diabetes mellitus (DM) type 2 [1,2]. There is
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a great concern since MetS directly promotes the development of cardiovascular disorders, possibly
because it results in increased oxidative stress and low-grade inflammation [3]. Therapeutic approaches
involve dietary restriction or a combination of synthetic antidiabetic and hypolipidemic drugs [4].
However, increasing incidence of MetS associated with the undesirable side—effects and high cost
of available drugs indicates the need to discover new, less harmful herbal medicines efficient in
controlling both blood glucose and lipids [4,5]. Therefore, a lot of plant extracts as well as plant-derived
biomoleculs such as polyphenols, have been under research for the prevention and therapy of MetS [1].
It has been well documented that polyphenols, especially anthocyanins and quercetin, exert the
potential to enhance the glucose uptake by muscle and adipocyte cells, thus exerting antidiabetic
effect [6].

Aronia melanocarpa (A. melanocarpa) or black chokeberry is a fruit/plant which belongs to the
Rosaceae family and is native to North America [7]. However, it has been commonly used in Europe as
ingredient for juices, wine, jams, teas and cordial liqueurs [8,9]. A. melanocarpa represents one of the
richest sources of polyphenols among fruits, with anthocyanins and flavonoids identified as major
components responsible for its therapeutic potential [10,11]. Recent researches have focused attention
on A. melanocarpa due to its numerous health benefits in a broad range of pathological conditions [12].
It has been reported that fruit and extracts of A. melanocarpa exert gastroprotective, hepatoprotective,
antiinflammatory and antiproliferative activity [12,13]. Furthermore, the health-promoting effects
of extracts of this plant involve antiatherosclerotic, antiplatelet and hypoglycemic properties [7,14].
Moreover, it was previously confirmed that A. melanocarpa extract may reduce systolic and diastolic
pressure and be useful in the management of DM [5,13]. However, to our best knowledge, the
effectiveness of A. melanocarpa extract in combination with different diet regimens in the treatment of
MetS has been not investigated so far.

Therefore, the aim of our study was to examine different dietary strategies, high-fat (HFd)
or standard diet (Sd) alone or in combination with standardized A. melanocarpa extract (SAE)
supplementation, and their potential benefits in the prevention and treatment of various complications
in rats with MetS.

2. Results

2.1. Body Mass Index (BMI) of Healthy and Rats with MetS after 4-Weeks of Dietary Changes

BMI was statistically higher in groups with MetS (MetS + HFd, MetS + HFd + SAE, MetS + 5d,
MetS + Sd + SAE) than in healthy rats (CTRL, SAE). However, 4 weeks after dietary regime, MetS + Sd
and MetS + Sd + SAE groups had significantly lower BMI levels than MetS + HFd and MetS + HFd +
SAE, while MetS + Sd + SAE had significantly lower BMI level than MetS + Sd (Figure 1).
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Figure 1. BMI in examined groups 4 weeks after dietary changes. Values are expressed as
mean + standard deviation for 10 animals, for each group. For statistical significance were considered
values p < 0.05. 2 Statistical significance in relation to control (CTRL) group; P Statistical significance
in relation to standardized A. melanocarpa extract (SAE) group; © Statistical significance in relation
to MetS + HFd group; ¢ Statistical significance in relation to MetS + HFd + SAE group; © Statistical

significance in relation to MetS + Sd group.
2.2. Changes in Blood Pressure and Heart Rate in Healthy and Rats with MetS on the Different Diet Regime

Systolic and diastolic blood pressure (SBP and DBP), as well as heart rate (HR) were increased in
rats with MetS compared to healthy rats, as excepted (Figure 2A-C). More interesting was that with
the addition of SAE and Sd in rats with MetS, SBP was statistically decreased compared to MetS + Sd
and MetS + HFd + SAE (Figure 2A). DBP was significantly increased in MetS + HFd in comparison
with MetS + HFd + SAE, MetS + Sd and MetS + Sd + SAE, while in MetS + Sd + SAE group DBP was
significantly lower than in other MetS groups (Figure 2B). SAE treatment in MetS + HFd + SAE group
induced significant increase of HR compared to MetS + HFd and MetS + Sd groups (Figure 2C).
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Figure 2. Changes in blood pressure and heart rate in healthy and rats with MetS on the different
diet regime: (A) systolic blood pressure (SBP, mmHg); (B) diastolic blood pressure (DBP, mmHg);
(C) heart rate (HR, bpm). Values are expressed as mean =+ standard deviation for 10 animals, for each
group. For statistical significance were considered values p < 0.05. ? Statistical significance in relation
to CTRL group; P Statistical significance in relation to SAE group; © Statistical significance in relation
to MetS + HFd group; d Gtatistical significance in relation to MetS + HFd + SAE group; € Statistical
significance in relation to MetS + Sd group.

2.3. Effect of Dietary Changes in Healthy and Rats with MetS in In Vivo Cardiac Function

SAE supplementation in healthy rats significantly increased interventricular septal wall thickness
at end diastole (IVSd), left ventricle posterior wall thickness at end diastole (LVPWd), interventricular
septal wall thickness at end systole (IVSs), left ventricle posterior wall thickness at end systole (LVPWs),
fractional shortening (FS) and reduced left ventricle internal dimension at end systole (LVIDs) and left
ventricle internal dimension at end diastole (LVIDd) compared to control. On the other hand, IVSd and
IVSs were significantly decreased while LVIDd was significantly increased in MetS + HFd compared
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to SAE group. More importantly, FS was statistically decreased in MetS + HFd compared to CTRL and
SAE, as well as in MetS + HFd + SAE and MetS + Sd compared to SAE. SAE supplementation in rats
with MetS fed with Sd significantly increased LVIDd, IVSs and LVIDs compared to MetS + Sd group

(Table 1).

Table 1. Effect of dietary changes in healthy and rats with MetS on in vivo cardiac function.

M‘:::‘;:ers CTRL SAE MetS + HFd MetSSZEFd + MetS + Sd Mets A+E5d +
IVSd 122402 1.89 +£022 1.28 £ 03P 1.34 +0.2 1.58 + 0.2 1.59 + 0.2
LVIDd 6.80 + 0.4 573+£022 6.23 +0.4 6.70 + 0.4 553 +0.3 793+ 04¢
LVPWd 1.94 + 0.4 3.45+042 222+0.1 1.72 £0.1° 1.88 £0.2P 193 +02P
IVSs 248 +0.3 3.64+£032 2334+0.1b 252 +0.2 245+02b 3.24 0.1 ace
LVIDs 320405 203+022 3244+02°b 3.16 + 0.1 248 4 0.2 acd 3.45 + 0.2 be
LVPWs 298 +0.2 497 +012 3.16 0.2 3.26 +£0.2 276 +£02° 345+03
FS (%) 532+418 657+5012  49.0+3992 52.2 +4.32P 51.4 + 419" 56.3 4+ 4.21

Values are expressed as mean =+ standard deviation for 10 animals, for each group. For statistical significance were
considered values p < 0.05. 2 Statistical significance in relation to CTRL group; ? Statistical significance in relation to
SAE group; © Statistical significance in relation to MetS + HFd group; d Gtatistical significance in relation to MetS +
HEFd + SAE group; ¢ Statistical significance in relation to MetS + Sd group.

2.4. Effect of Dietary Changes in Healthy and Rats with MetS on Ex Vivo Cardiac Function

Figure 3 shows the values of ex vivo measured cardiac function parameters and coronary flow,
during pressure changing protocols (PCPs) on the Langendorff apparatus. To examine the potential
difference due to various dietary habits, we compared the percentage of decrease (—) or increase (+)
between PCP 1 and PCP 2 in the group (Table 2).
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Figure 3. Effect of dietary changes in healthy and rats with MetS on cardiac function parameters,
measured ex vivo: (A) values of dp/dt max within each of 6 groups during pressure changing protocol
1 (PCP 1) and pressure changing protocol 2 (PCP 2); (B) values of dp/dt min within each of 6 groups
during PCP 1 and PCP 2; (C) values of SLVP within each of 6 groups during PCP 1 and PCP 2; (D) values
of diastolic left ventricular pressure (DLVP) within each of 6 groups during PCP 1 and PCP 2; (E) values
of HR within each of 6 groups during PCP 1 and PCP 2; (F) values of CF within each of 6 groups during
PCP 1 and PCP 2. All values are expressed as mean + standard deviation for each group.
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Table 2. Percentage differences between PCP 1 and PCP 2 during ex vivo perfusion on
Langendorff aparatus.

CcPP CTRL SAE MetS + HFd  MetS + HFd + SAE MetS + Sd MetS + Sd + SAE

dp/dt max
60 —-11.05 =599 —24.77 —1.07 —24.23 —13.13
80 —6.11  —12.90 —35.30 —4.41 —28.11 —3.77
100 -10.88  —4.79 —6.22 —4.08 —8.80 —14.02
120 —0.63 -1.91 5.62 —9.39 —2.06 —3.24
dp/dt min
60 —-21.25 1481 —0.46 —0.62 —13.64 —6.36
80 —22.03 —11.53 —0.80 —9.03 —18.90 —2.32
100 —29.70 —11.43 —7.04 —3.81 —9.14 —12.42
120 —-12.04 814 —8.08 -3.15 2.63 1.16
SLVP
60 —8.35 —9.49 5.37 10.80 —10.58 4.06
80 -1311  —1.66 5.70 8.55 —4.18 2.44
100 -16.81  —5.81 -1.22 2.15 3.72 —12.46
120 -779  -16.29 12.60 1.99 412 —0.07
DLVP
60 12.50 16.67 2.50 —15.79 14.41 6.67
80 16.05 10.20 —2.22 —19.05 9.32 4.76
100 10.47 —0.93 —4.21 —15.38 15.87 9.09
120 7.61 —5.26 0.00 —2.86 4.13 8.45
HR
60 —5.29 —4.01 —6.26 1.59 1.39 2.51
80 —1.96 —3.85 —6.82 0.23 0.41 1.10
100 —4.58 -2.77 —5.04 3.66 0.31 —0.37
120 —3.41 —2.63 -3.21 7.85 1.02 0.61
CF
60 —12.37  -10.07 =311 6.74 1.93 —4.55
80 —3.57  —10.40 —5.78 5.48 7.88 —3.36
100 —5.10 —8.33 —2.55 —0.57 13.44 —4.55
120 —-121  —14.66 —14.96 1.51 7.59 —1.04

Major changes in maximum rate of pressure development in the left ventricle (dp/dt max) in
PCP 1 versus PCP 2 were observed at coronary perfusion pressure (CPP) = 60 cm H,O and 80 cm H,O
in MetS + HFd (—24.77; —35.3) and MetS + Sd (—24.23; —28.11) groups. In MetS groups that were
fed with combination of mentioned diets and SAE, this parameter was not changed during pressure
changing protocols. On the other hand, the most significant differences in minimum rate of pressure
development in the left ventricle (dp/dt min) were observed in CTRL group at CPP = 60 cm H,O,
80 cm H,O and 100 cm HpO (—21.25; —22.03; —29.7), while during the PCPs there were no significant
changes in systolic left ventricular pressure (SLVP), HR, and coronary flow (CF) in any of the examined
groups (Figure 3, Table 2).

2.5. Effect of Dietary Changes in Healthy and Rats with MetS on Glucose and Insulin Levels during Oral
Glucose Tolerance Test (OGTT)

2.5.1. Effects on Glucose Levels during OGTT

The average blood glucose values during an OGTT were present in Figure 4. Fasting blood
glucose concentrations were significantly increased in all MetS groups compared to healthy groups,
except in MetS + HFd + SAE where glucose level was the lowest among the MetS groups. In addition,
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glucose level was lower in MetS + Sd + SAE than in MetS + Sd. The similar trend was maintained
during 30, 60 and 120 min, while in 180’ the highest level was in MetS + HFd.
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Figure 4. Effect of dietary changes in healthy and rats with MetS on glucose levels during OGTT.

Values are expressed as mean =+ standard deviation for 10 animals, for each group. For statistical

significance were considered values p < 0.05. ? Statistical significance in relation to CTRL group;
b Statistical significance in relation to SAE group; © Statistical significance in relation to MetS + HFd
group; ¢ Statistical significance in relation to MetS + HFd + SAE group; © Statistical significance in

relation to MetS + Sd group.

2.5.2. Effects on Insulin Levels during OGTT

Table 3 shows the insulin concentration measured during the OGTT. The SAE group had the
lowest, while MetS + Sd group had the highest insulin concentration measured fasting (0'), as well as
3 h after glucose administration (180’). In MetS groups fasting insulin concentration was significantly
higher than in CTRL group. Moreover, insulin concentration was significantly lower in MetS + Sd +
SAE than in MetS + Sd group, in both measured moments of interest.

Table 3. Effect of dietary changes in healthy and rats with MetS on insulin levels during OGTT.

Groups 180’
CTRL 122.9 + 6.76 123.7 + 6.61
SAE 106.9 + 6.04 2 113.8 + 6.51
MetS + HFd 185.1 + 7.78 @b 129.3 + 6.38
MetS + HFd + SAE 180.3 + 8.02 @ 131.1 +7.13b
MetS + Sd 205.8 + 9.87 abed 145.2 + 7.65 b
MetS + Sd + SAE 182.1 + 9.32 abede 1273 +6.72¢

Values are expressed as mean =+ standard deviation for 10 animals, for each group. For statistical significance were
considered values p < 0.05. ? Statistical significance in relation to CTRL group; ? Statistical significance in relation to
SAE group; © Statistical significance in relation to MetS + HFd group; ¢ Statistical significance in relation to MetS +
HFd + SAE group; ¢ Statistical significance in relation to MetS + Sd group.
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2.6. Effect of Dietary Changes in Healthy and Rats with MetS on Serum Iron Levels

SAE supplementation significantly increased iron levels in serum of healthy and rats with MetS
fed with HFd or Sd than in non-treated groups. CTRL group had the lowest values of iron in relation
to all other examined groups (Figure 5).

30 T a
abc ace
25 +

abd

20 +

15 1

Iron (umol/L)
H

CTRL SAE MetS+HFd MetS+HFd+SAE MetS+Sd MetS+5d+SAE

Figure 5. Effect of dietary changes in healthy and rats with MetS on serum iron levels. Values are
expressed as mean =+ standard deviation for 10 animals, for each group. For statistical significance were
considered values p < 0.05. @ Statistical significance in relation to CTRL group; ? Statistical significance in
relation to SAE group; © Statistical significance in relation to MetS + HFd group; d Gtatistical significance
in relation to MetS + HFd + SAE group; € Statistical significance in relation to MetS + Sd group.

2.7. Evaluation of Systemic Redox State

Level of nitrites (NO, ™) was significantly decreased in SAE group compared to CTRL group, and
significantly increased in MetS groups compare to CTRL and SAE groups. The highest values of NO, ™
were observed in MetS + HFd group, while with the addition of SAE in HFd or Sd these values drop
dramatically. Interestingly, MetS + Sd had significantly higher NO, ™ levels compare to MetS + HFd +
SAE group (Figure 6A).

The highest level of superoxide anion radical (O, ~) was noticed in MetS groups untreated with
SAE extract. Moreover, SAE supplementation in healthy and rats with MetS significantly reduced O, ~
levels (Figure 6B).

Hydrogen peroxide (HO,) levels were significantly increased in all examined group (except in
MetS + HFd + SAE) compared to CTRL (Figure 6C).

Superoxide dismutase (SOD) activity was significantly reduced in rats with MetS, compare to
healthy rats. The transition to a standard food with or without SAE supplementation led to a significant
increase of SOD activity (Figure 6D).

Catalase (CAT) activity was significantly higher in SAE group compared to other examined
groups, except MetS + Sd + SAE. On the other hand, in CTRL group this parameter was significantly
increased compared to MetS + HFd and MetS + HFd + SAE and significantly decreased compared
to MetS + Sd + SAE. With the addition of SAE in diet of rats with MetS, we observed significant
increasement of CAT activity in comparison to MetS rats untreated with SAE (Figure 6E).

Reduced glutathione (GSH) levels were significantly increased in SAE and MetS + HFd + SAE
compared to other observed groups (Figure 6F).
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Figure 6. Effect of dietary changes in healthy and rats with MetS on systemic oxidative stress
parameters: (A) NO,~; (B) O,~; (C) HyOy; (D) SOD; (E) CAT; (F) GSH. Values are expressed as
mean =+ standard deviation for 10 animals, for each group. For statistical significance were considered
values p < 0.05. 2 Statistical significance in relation to CTRL group; ° Statistical significance in relation
to SAE group; © Statistical significance in relation to MetS + HFd group; ¢ Statistical significance in
relation to MetS + HFd + SAE group; © Statistical significance in relation to MetS + Sd group.

2.8. Histological Analysis of Liver Tissue

As shown in Figure 7, in CTRL, SAE, MetS + HFd + SAE, MetS + Sd and MetS + Sd + SAE liver
tissue is a common feature. Liver lobulus is fully preserved. Hepatocytes are correctly arranged in the
liver plates, without change. Sinusoidal capillaries are common characteristics, also without change.
Fibrosis as well as inflammation have not been detected. On the other hand, in MetS + HFd there was
a microvesicular steatosis (fatty change).
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Figure 7. Representative hematoxylin and eosin (H&E) staining photos of liver tissue (for sub-figures A,
B, D, E and F original magnification is 100x and scale bar is 2 mm, while in sub-figure C magnification
is 400x and scale bar is 2 mm) in: (A) CTRL, (B) SAE, (C) MetS + HFd, (D) MetS + HFd + SAE, (E) MetS
+ 5d and (F) MetS + Sd + SAE groups.

3. Discussion

Several epidemiologic studies have implicated visceral fat as a major risk factor for insulin
resistance, type 2 diabetes mellitus, cardiovascular disease, stroke, metabolic syndrome and death [15].
Taking into consideration increasing incidence of MetS and its related complications we wanted to
estimate the effectiveness of HFd cessation and introduction of polyphenol-rich extract (SAE) on
weight gain, cardiac function, glucose tolerance, serum insulin and iron levels, as well as systemic
redox state and morphological characteristic of the liver.

Our results clearly show that the highest increase in BMI was observed in MetS + HFd, which
was expected as many data suggest weight gain in rats exposed to HFd for different periods [16-18].
Introduction of Aronia extract in MetS + HFd group suppressed the body weight gain and decreased
BMI; however changing dietary habits from high-fat to standard food had better anti-obesity effect
when compared to MetS + HFd group. Moreover, the most prominent reduction in body weight and
BMI was achieved by standard diet associated with consumption of SAE extract.

Taking into account, that cardiovascular complications in MetS are very common, we wanted to
examine cardiovascular effects such as their ability to affect blood pressure as well as in vivo and ex
vivo cardiac function, after dietary changes. Transition from a high caloric to normal fat diet-induced
a decline in diastolic blood pressure. Nevertheless, the highest hypotensive effect in rats with MetS,
evidenced with a drop in both systolic and diastolic pressure was reached when this regimen was
combined with Aronia extract. Extract of Aronia was able to induce a drop in diastolic pressure even in
rats who were fed with high-fat food continuously. On the contrary, in healthy rats SAE did not affect
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blood pressure. This is in line with the data that both Aronia berries and Aronia polyphenol extracts
reduce quite effectively both SBP and DBP in spontaneously hypertensive rats [19]. The proposed
mechanism might be through inhibition of the kidney renin-angiotensin system [20]. Others also found
that A. melanocarpa extract decreases blood pressure in experimental model of hypertension [21,22].
Growing evidence suggests that the flavonoid-rich foods intake is related with decline in SBP and
DBP, so we assume that the blood pressure-lowering effect of SAE is attributed to polyphenols [22,23].
Hypotensive effect was confirmed in patients with metabolic syndrome as well [24].

During blood pressure measuring, HR was also registered. Increase in HR in groups with MetS
compared to healthy rats may be explained by an increase in sympathetic nervous system activity
induced by HFd [25]. In that sense obtained decrease in HR after the transition to standard diet in
MetS + Sd group appears to be logical. However, there was no change in HR when SAE was added
to a dietary regimen in rats with MetS who were on a Sd, while we noticed an increase in rats on
HFd. Moreover, Aronia extract did not alter heart rate in healthy rats, reflecting preserved myocardial
function and contractility. Similar results were found in previous investigations regarding the effects
of polyphenol-containing extracts on HR [26].

An echocardiographic examination illustrated that the highest impact of Aronia extract on in vivo
myocardial functions was found in healthy rats, where we observed significant increase in IVSd,
LVPWd, IVSs, LVPWs, FS and decrease in LVIDs compared to CTRL. On the other hand, addition of
Aronia extract in rats with MetS during both HFd and Sd did not significantly affect cardiac function
compared to MetS + HFd group. The greatest benefit of SAE involves improvement in systolic function,
manifested as a significant increase in fractional shortening (FS) in healthy rats relative to almost all
other groups. Similar values in healthy and MetS + Sd + SAE and MetS + HFd + SAE group suggest
that Aronia extract was capable of improving fractional shortening during both high-calorie and
standard dietary conditions in the presence of metabolic syndrome. In accordance with our findings,
it has been previously reported that polyphenolics and plants rich in polyphenolics had effect in
lessening the pathological alterations in FS promoted by MetS [27-29]. A decrease in systemic blood
pressure after Aronia extract treatment may increase fractional shortenings, resulting in increased
myocardial contractility [30].

Similar results were obtained during ex vivo, retrograde perfusion on Langendorff. Cardiac
contractility, estimated by maximum and minimum rate of left ventricle pressure development,
(dp/dt mSAE and dp/dt min), was preserved in MetS groups treated with SAE in combination
with HFd or Sd, especially in normoxic conditions (CPP = 60 and 80 cm H,O). Furthermore, addition
of Aronia extract in healthy rats significantly improved heart relaxation (for the CPP values from
60-100 cm H,O) compared to CTRL group. These results confirm the assumption that Aronia extract
triggers cardioprotection, most probably because of its antioxidant, antiinflammatory, vasorelaxant
and antithrombotic effects [31].

To estimate if SAE extract might improve glucose tolerance, which is strongly related to insulin
resistance and insulin secretion, we performed oral glucose tolerance (OGT) test. Our results
highlighted that SAE extract did not affect fasting glucose level in healthy rats, while it exerted
hypoglycemic effect in animals with MetS on both HFd and Sd. The similar trend was noticed during
30, 60, 120 and 180 min, except the fact that in 120 and 180 min there was no difference in glucose level
between MetS + Sd and MetS + Sd + SAE. Regarding the concentration of insulin, it was the lower in
group of healthy rats receiving SAE group compared to healthy untreated group in 0'. Moreover, higher
insulin concentration in MetS + HFd group wasn’t diminished after adding SAE extract. On the other
hand, this extract potentiates effect of standard food on lowering insulin, as evidenced by a decrease
in insulin concentration in MetS + Sd + SAE compared to MetS + Sd group in 0’ and 180’. In line with
our observation, better glucose tolerance achieved by treatment with SAE extract was confirmed by
several papers. Other authors showed the beneficial effects of A. melanocarpa extract on attenuating
insulin resistance and improving insulin sensitivity in HFd-induced obese mice [32]. Furthermore,
glucose lowering potential was confirmed in patients with DM as well [33]. Proposed mechanism
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though which Aronia exerts hypoglicemic effect involve inhibition of dipeptidyl peptidase IV and
a-glucosidase activities [34].

Since iron is an essential trace element that has been involved in maintenance of regular
homeostasis, understanding the influence of SAE alone or in combination with different dietary
regiments its serum levels would be of a great importance [35]. We found the highest level of iron
in group of healthy animals receiving SAE, while increased level of iron was found in all groups
with MetS compared to healthy rats. Previous study indicates that increased iron stores have been
associated with MetS [36]. Changing dietary habits from high-fat to standard food did not result in
change of iron, while addition of SAE in this group induced significant rise when compared to MetS
group. This is in agreement with other research which showed that supplementation with Aronia
juice increased serum level of iron [34]. In fact, certain flavonoids have potential to chelate iron and
decrease iron absorption through mechanism independent of the hepcidin, a hormone included in
iron homeostasis [35,37]. On the other hand, other flavonoids may decrease the activity of hepcidin
resulting in increased iron uptake and serum iron levels, which may be an explanation for the SAE
extract-induced increase in our research [35,38].

Increased oxidative stress has been linked with pathogenesis of MetS, thus indicating the need
for consuming natural antioxidants from food sources in treatment of MetS-related diseases [39].
In that sense, in order to test if 4-week SAE supplementation alters systemic redox homeostasis we
determined levels of pro-oxidants, as well as capacity of antioxidant defense system in blood samples.
Our results demonstrated that SAE consumption led to a drop in NO, ™ and O, ™ and rise in CAT
and GSH in healthy rats. Increase in CAT activity which catalyzes the decomposition of hydrogen
peroxide to water and oxygen support unchanged values of HyO,. As it was expected increased
generation of pro-oxidants and decreased activity of antioxidant enzymes SOD and CAT were noticed
in MetS + HFd group compared to control. Introduction of three different dietary strategies such as
consumption of SAE or transition to standard diet or its combination induced decline only in NO, ™~
compared to MetS + HFd. Regarding the antioxidant status, the highest impact of increase in activities
of antioxidant enzymes was noticed when standard diet was combined with SAE treatment. Striking
evidence indicate that polyphenols might increase antioxidant capacity via rise in activities of SOD,
CAT and GSH-peroxidase and act as direct free radical scavengers as well [40,41]. Chelation of iron
ions which catalyze several free radical-generating reactions is one of the mechanisms underlying
antioxidant effects of polyphenols. Nevertheless, rise in iron level induced by SAE in our research lead
us to a hypothesis that enhanced activity of antioxidant enzymes and direct scavenging rather than iron
chelation were responsible for antioxidant potential of applied extract. However, poor bioavailability
of polyphenols through food intake suggests necessity for polyphenol-enriched foods or supplements
treatment such as our extract [42].

MetS in combination with high-fat altered structure of liver tissue manifested as microvesicular
hepatic steatosis. Nevertheless, transition from high-fat to standard food and combined approach
which involved SAE extract consumption associated with both dietary protocols significantly
normalized liver changes in MetS groups. Obtained positive effects in those groups are evidenced
by the absence of fibrosis and inflammation. Ability of anthocyanins in Aronia to diminish liver
steatosis induced by MetS was documented before, so we may hypothesize that these bioactive
compounds are responsible for the beneficial effects in our study [43,44]. Some results show beneficial
effects of A. melanocarpa against hepatic lipid accumulation through the inhibition of peroxisome
proliferator-activated receptor y2 (PPARY2) expression along with improvements in body weight,
liver functions, lipid profiles and antioxidant capacity suggesting the potential therapeutic efficacy of
A. melanocarpa on nonalcoholic fatty liver disease [45]. Recently, it was showed clearly an increase in
acetylcholinesterase (AChE) and butyryl cholinesterase activity and disruption of lipid metabolism in
patients with MetS. After supplementation of MetS patients with A. melanocarpa extract, a decrease in
AChE activity and oxidative stress was noted [46].
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4. Material and Methods

4.1. Ethical Approval

This research was carried out in the laboratory for cardiovascular physiology of the Faculty
of Medical Sciences, University of Kragujevac, Serbia. The study protocol was approved (number:
119-01-5/14/2017-09, date: 30 June 2017) by the Ethical Committee for the welfare of experimental
animals of the Faculty of Medical Sciences, University of Kragujevac, Serbia. All experiments were
performed according to EU Directive for welfare of laboratory animals (86/609/EEC) and principles
of Good Laboratory Practice.

4.2. Animals

Sixty Wistar albino rats (males, six weeks old, body-weight 200 £ 30 g, on beginning of experiments)
were included in the study. They were housed at temperature of 22 £ 2 °C, with 12 h of automatic
illumination daily. The rats were randomly divided into two groups: healthy animals (1 = 20), fed
with Sd which contains 9% fat, 20% protein, 53% starch, 5% fiber and animals with MetS (1 = 40), fed
with HFd which contains 25% fat, 15% protein, 51% starch and 5% fiber during 4 weeks. After one
month on their respective diets, rats from MetS group after 6-8 h of starvation received one dose of
streptozotocin intraperitoneally. Streptozotocin was prepared ex tempore by dissolving in citrate buffer
and, depending on the body weight, it was administered in a dose of 25 mg/kg body weight [47].
Three days (72 h) after streptozotocin treatment e and 12 h after starvation fasting glucose and insulin
level as well as blood pressure, were measured. Animals with systolic blood pressure greater than
140 mmHg, diastolic blood pressure more than 85 mmHg, fasting glucose level above 7.0 mmol/L and
fasting insulin level over 150 uLU/mL were included in the study and were used in the study as rats
with MetS.

Healthy and rats with MetS were divided into 6 groups as follows: CTRL—healthy rats, fed with
a 5d for 4 weeks; SAE—healthy rats, fed with a Sd and treated with highly concentrated Aronia extract
standardized with polyphenol content—SAE in the dose 0.45 mL/kg/day per os for 4 weeks; MetS +
HFd—rats with MetS, fed with HFd for 4 weeks; MetS + HFd + SAE—rats with MetS, fed with HFd
and treated with SAE (0.45 mL/kg/day, per os) for 4 weeks; MetS + Sd—rats with MetS, fed with a
Sd for 4 weeks; MetS + Sd + SAE—rats with MetS, fed with a Sd for 4 weeks and treated with SAE
(0.45 mL/kg/day, per os) for 4 weeks.

Standardized Aronia extract (SAE) is official product of pharmaceutical company Pharmanova
(Belgrade, Serbia); however procedure of extraction was done by EU-Chem company (Belgrade, Serbia).

4.3. Measurement of BMI
At the end of the study protocol, body weight and body length were measured. Body length
represents nose-anus length. Those parameters were used to calculate the BMI of the rats as follows:

Body mass index (BMI) = body weight (g)/ length2 (cm?) (1)

4.4. Evaluation of Blood Pressure and Heart Rate

A day before sacrificing animals, the blood pressure and heart rate were measured by a tail-cuff
noninvasive method BP system (Rat Tail Cuff Method Blood Pressure Systems (MRBP-R), IITC Life
Science Inc., Los Angeles, CA, USA) [48].

4.5. Evaluation of in vivo Cardiac Function

After accomplishing 4-week treatment, transthoracic echocardiograms were performed. Mixture
of ketamine—50 mg/kg and xylazine—10 mg/kg intraperitoneally was used as anesthesia.
Echocardiograms were performed using a Hewlett-Packard Sonos 5500 (Andover, MA, USA) sector
scanner equipped with a 15.0-MHz phased-array transducer as previously described [49]. From the
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parasternal long-axis view in 2-dimensional mode, and M-mode cursor was positioned perpendicularly
to the interventricular septum and posterior wall of the left ventricle (LV) at the level of the papillary
muscles and M-mode images were obtained. Interventricular septal wall thickness at end diastole
(IVSd), LV internal dimension at end diastole (LVIDd), LV posterior wall thickness at end diastole
(LVPWd), interventricular septal wall thickness at end systole (IVSs), LV internal diameter at end
systole (LVIDs) and LV posterior wall thickness at end systole (LVPWs) were recorded with M-mode.
Fractional shortening percentage (FS%) was calculated from the M-mode LV diameters using the
equation: [(LVEDd—LVESd)/LVEDd] x 100%. Where LVEDd is left ventricular end diastolic diameter
and LVESd is left ventricular end systolic diameter.

4.6. Evaluation of ex vivo Cardiac Function

Following 4-week protocol, after short-term narcosis induced by intraperitoneal application of
ketamine (10 mg/kg) and xylazine (5 mg/kg) and premedication with heparin as an anticoagulant,
animals were sacrificed by decapitation. Then the chest was opened via midline thoracotomy, hearts
were immediately removed and immersed in cold saline and aortas were cannulated and retrogradely
perfused according to Langendorff technique, under gradually increasing coronary perfusion pressure
(CPP) from 40 to 120 cm H,O [50]. The composition of Krebs-Henseleit buffer used for retrograde
perfusion was as follows (mmol/L): NaCl 118 mmol/L, KCl 4.7 mmol/L, MgSO4 x 7H,O 1.7 mmol/L,
NaHCO; 25 mmol/L, KH,PO4 1.2 mmol/L, CaCl, x 2H,O 2.5 mmol/L, glucose 11 mmol/L, pyruvate
2 mmol/L, equilibrated with 95% O, plus 5% CO, and warmed to 37 °C (pH 7.4).

After placing the sensor (transducer BS473-0184, Experimetria Ltd., Budapest, Hungary) in the
left ventricle, the following parameters of myocardial function have been measured: maximum rate of
pressure development in the left ventricle (dp/dt max), minimum rate of pressure development in the
left ventricle (dp/dt min), systolic left ventricular pressure (SLVP), diastolic left ventricular pressure
(DLVP), heart rate (HR). Coronary flow (CF) was measured flowmetrically. Following the establishment
of heart perfusion, the hearts were stabilized within 30 min with a basal coronary perfusion pressure
of 70 cm H,O. To examine the heart function, after stabilization period, the perfusion pressure was
gradually decreased to 60, and then increased to 80, 100 and 120 cm H,O and reduced to 40 cm
H,O (pressure changing protocol 1, PCP 1) and again gradually increased from 40 to 120 cm H,O
(pressure changing protocol 1, PCP 1).

4.7. Oral Glucose Tolerance Test

Oral glucose tolerance test (OGTT) was performed at the end of 4-week protocol and a day
before sacrificing animals. After overnight (12-14h) fasted animals, the blood sample was taken by
tail bleeding to determine the fasting blood glucose and insulin level (0 min) and then glucose was
administered orally in a dose of 2 g/kg body weight and blood samples were taken at 30, 60, 120 and
180 min after glucose loading. Glucose levels were determined in 0, 30, 60, 120 and 180 min, using
glucometer (Accu-Chek, Roche Diagnostics, Indianapolis, IN, USA) with its corresponding strips. At 0
and 180 min, insulin levels were assessed in plasma samples by the enzyme-linked immunosorbent
assay (ELISA) method as previously described [51].

4.8. Evaluation of Serum Iron Levels and Systemic Redox State

In the moment of sacrificing animals blood samples were collected from jugular vein in order to
estimate serum iron levels and systemic oxidative stress response. The levels of serum iron (SI) was
determined on a biochemical analyzer (Dimension, Dade Behring, Milton Keynes, UK, USA) and the
results were expressed in pg/L.

In plasma the following pro-oxidants were determined: the levels of nitrites (NO, ™), superoxide
anion radical (O, ") and hydrogen peroxide (H,O;). Parameters of antioxidative defence system, such
as activities of superoxide dismutase (SOD) and catalase (CAT) and level of reduced glutathione (GSH)
were determined in erythrocytes samples.
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NO;~ was determined as an index of NO production with Griess reagent. The method
for detection nitrate in plasma is based on the Green and coworkers proposal and measured
spectrophotometrically at a wavelength of 543 nm [52]. The concentration of O, in plasma was
measured at 530 nm, after the reaction of nitro blue tetrazolium in TRIS buffer [53]. The measurement
of HyO; is based on the oxidation of phenol red by hydrogen peroxide, in a reaction catalyzed by
horseradish peroxidase (HRPO) as previously described by Pick and colleagues. The level of HyO,
was measured at 610 nm [54].

For determination of antioxidant parameters, isolated erytrocytes were prepared according
to McCord and Fridovich [54]. CAT activity were determined at 360 nm toward to Beutler [55].
Lysates were diluted with distilled water (1:7 v/v) and treated with chloroform-ethanol (0.6:1 v/v)
to remove hemoglobin [51]. SOD activity was determined by the epinephrine method of Misra and
Fridovich. Detection was performed at 470 nm [56]. Level of GSH is based on GSH oxidation via
5,5-dithiobis-6,2-nitrobenzoic acid as previously described by Beutler. Measuring was performed at
420 nm [57].

4.9. Histological Analysis of Liver Tissue

Liver tissue samples were fixed in 4% buffered paraformaldehyde solution and immersed in
paraffin. Afterwards 4-micrometre-thick sections were stained with hematoxylin and eosin (H&E) [43].

4.10. Statistical Analysis

IBM SPSS Statistics 20.0 Desktop for Windows was used for statistical analysis. Distribution of
data was checked by Shapiro-Wilk test. Where distribution between groups was normal, statistical
comparisons were performed using the one-way analysis of variance (ANOVA) tests with a Tukey’s
post hoc test for multiple comparisons. Kruskal-Wallis was used for comparison between groups
where the distribution of data was different than normal. Values of p < 0.05 were considered to be
statistically significant.

5. Conclusions

Our results highlighted cardioprotective potential of SAE in treatment of MetS, involving lowering
blood pressure and favorable effects on heart function. Furthermore, SAE effectively suppressed the
body weight gain, improved glucose tolerance and attenuated liver steatosis and oxidative stress
present in MetS, thus indicating its promising role in management of MetS-related diseases. Moreover,
increase in iron concentration indicates its health benefits in iron deficiency. Obtained beneficial effects
would be more prominent in ¢ combination with changing dietary habits. This research may be a
starting point for further experimental and clinical investigations which would fully evaluate the effects
of SAE alone or in combination with different dietary protocols in various models of chronic diseases.
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Abstract

This study was aimed to assess the impact of aerobic and anaerobic type of exercise on blood pressure and redox status
in normotensive and hypertensive rats. After 1 week of preconditioning feeding and 1 week of preconditioning running
regimen, Wistar albino rats (n="72; bw: 270 £ 50 g) were randomly assigned to three groups according to running protocol
(high-intensity interval training (HIIT) or moderate-intensity training (MIT)): sedentary control, MIT, HIIT; spontaneous
hypertensive sedentary control (SHR), SHR + MIT and SHR + HIIT. Blood pressure (BP) measurement was performed by
a tail-cuff noninvasive method BP system. After 48 h of rest following the final training, the rats were fasted for 24 h and
sacrificed under ketamine/xylazine anesthesia and blood samples were collected. The level of the next prooxidants were
measured: superoxide anion radical (O,"); hydrogen peroxide (H,0,); nitrite level (NO,”) and index of lipid peroxidation
(thiobarbituric acid reactive substances), and the activity of antioxidative enzymes: reduced glutathione (GSH) superoxide
dismutase (SOD) and catalase (CAT) activity. After the last week of running, HIIT strongly affected SP, DP, and HR in
SHR rats compared to other hypertensive rats, as well as after MIT in normotensive conditions. We have found that HIIT
training protocol induced a higher increase of O, and H,0, as compared to MIT. Findings of the present study pointed out
that contrary to normotensive conditions, in hypertensive conditions both training regimes reduced the BP levels, which was
more prominent in case of HIIT. In addition, MIT seems to be connected with milder disturbance of pro-oxidant production
and better antioxidant response.
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Introduction

Regular physical exercise is considered to be one of the
beneficial factors of a proper lifestyle and is nowadays
seen as an indispensable element for good health, able to
lower the risk of disorders of the cardiovascular, endocrine
and osteomuscular apparatus, immune system diseases,
and the onset of potential neoplasms [1]. A moderate and
programmed physical exercise has often been reported to
be therapeutic both in the adulthood and in aging, being
able to promote fitness [2].

High-intensity interval training (HIIT) presents shorter
periods of high-intensity (sub- to near maximal) exercise
followed by longer periods of low intensity exercise or rest
[3, 4]. In recent times, HIIT, referring to alternating short
bursts of high-intensity exercise and recovery periods, has
become a popular alternative primarily because of its time
efficiency, because lack of time is a commonly cited bar-
rier to exercise participation [5]. On the other hand, tradi-
tional training methods for cardiovascular health tended
to focus on longer-duration sessions involving moderate-
intensity exercise performed continuously without rest,
often termed moderate-intensity training (MIT) [6, 7].

Physical activity has various effects on different sys-
tems and organs. Since 1985, authors suggested benefit of
physical exercise, indicating some cardioprotective effects
of exercise training [7]. In order to reduce traditional
and nontraditional cardiovascular risk factors, scientists
explore appropriate dose of physical activity which could
be able to decrease hypertension, obesity, insulin resist-
ance, etc [7, 8].

Nowadays, there is one recent the HEPAFIT rand-
omized controlled clinical study which strongly recom-
mended and obligated physical activity from childhood
to elderly, and explained the possible effects of physical
activity interventions to reduce liver fat content and to
improve metabolic profiles and the cardiometabolic health
of adolescents and adults [8].

Clinical studies suggested that chronic isometric hand-
grip training reduces blood pressure; however, there is
still a gap in the knowledge on the effects of this modal-
ity of exercise on other cardiovascular variables—such as
endothelial function, oxidative stress, and cardiac auto-
nomic modulation—which should be addressed in future
studies. People with hypertension are less physically active
than those without hypertension and there is strong evi-
dence supporting the blood pressure-lowering ability of
regular exercise, especially in hypertensive individuals
[9]. Physical activity is commonly recommended as an
important lifestyle modification that may aid in the preven-
tion of hypertension. Recent epidemiologic evidence has
demonstrated a consistent, temporal, and dose-dependent
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relationship between physical activity and the develop-
ment of hypertension [10]. Experimental evidence from
interventional studies has further confirmed a relationship
between physical activity and hypertension as the favora-
ble effects of exercise on blood pressure reduction have
been well characterized in recent years [11].

Despite clear evidence for the positive adaptations fol-
lowing HIIT compared with MIT with regard to aerobic fit-
ness and vascular function, it is still unclear which form of
training is most effective for reducing arterial pressure and
oxidative stress and which is the optimal ‘dose—response’ of
physical exercise. We hypothesized that both training types
can be effective in reducing the BP levels in hypertensive
rats and, having in mind their aerobic/anaerobic character-
istics, can affect redox processes. Therefore, this study was
aimed to assess the impact of aerobic and anaerobic type of
exercise on blood pressure in normotensive and hypertensive
rats, with emphasis on changes in their redox status.

Materials and methods
Animals and design of the study

Eight-week-old male Wistar albino rats (n="72; bw:
270 +50) were kept on an artificial 12-h light—dark cycle
(8:00 2.m—8:00 p.m.) at room temperature (23 + °C) in the
Institute of Cardiovascular Physiology, Faculty of Medical
Sciences, University of Kragujevac. Water and food were
available ad libitum. The animals were housed in their
respective groups in a collective cage and received water
and standard laboratory chow. After 1 week of precondition-
ing feeding and 1 week of preconditioning running regi-
men, all rats were randomly assigned to three groups: sed-
entary control (CTRL, n=12), MIT (n=12), HIIT (n=12)
Spontaneous hypertensive sedentary control (SHR, n=12),
SHR +MIT (n=12), and SHR+HIIT (n=12).

Compliance with ethical standards

The experimental protocol was approved by the Faculty
of Medical Sciences Ethics Committee for the welfare of
experimental animals, University of Kragujevac, number
01-13340/1 and by Ministry of Agriculture, Forestry and
Water Management, Authority for Veterinary of Serbia num-
ber 323-07-04422/2017-05 and followed the Guidelines for
the Care and Use of Laboratory Animals.

Exercise protocols
Exercise protocols were performed by Treadmill for rats

(ELUNIT Medical Equipment) which is a treadmill cus-
tomized for anatomical and physiological characteristics of
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small experimental animals (power supply 220 V, 50 Hz,
number of trails for running: 4; Speed control 2-50 m/
min with a resolution of 0.1 m/min) which is connected
with Treadmil-software to monitoring speed continuously.

Two different modes of continuous exercise training
were used on rats: moderate interval continuous train-
ing (MIT) and high-intensity interval training (HIIT).
The rats on exercise MIT protocol ran on treadmill for
4 weeks-5 days, with 1 week before of adaptation period
(8 m/s speed for 1 h/day), and with gradual increase in
speed during weeks, from 10 m/min in second week
to 15 m/min in fifth week with 3 min rest/100 m and
5 min warmup at 8§ m/min prior to each training session
(Table 1).

The exercise HIIT group ran on treadmill for
5 weeks—5 days a week with 5 sprints with speed in adap-
tation period 7 m/min, and then in second week from 45
to 49 ms for 30 s, in third week with 50 m/min speed, in
fourth week with speed from 51 to 55 m/s and in the last
week with 55 m/min with longer duration. Before each
training session 5-min warmup at 8 m/min and after each
sprint rest for 2 min was conducted (Table 2).

Table 1 Protocol for high-intensity interval training for rats (HIITr)

Blood samples collection

After 48 h of rest following the final training, the rats were
fasted for 24 h and sacrificed under ketamine/xylazine anes-
thesia and blood samples were collected. Blood samples
were collected into ice-cold EDTA capillary system tubes
by the nick procedure, and approximately 500 pl of blood
plasma sample obtained after centrifugation and was stored
at — 80 °C until use for biochemical analysis.

Blood pressure (BP) measurement

The tail-cuff noninvasive method BP system (Rat Tail Cuff
Method Blood Pressure Systems (MRBP-R), IITC Life
Science Inc. USA) enables blood pressure (BP) measure-
ments in rats. This method uses a specialized volume pres-
sure recording (VPR) sensor, which detect all blood volume
changes and connected by cuff that is placed over the ani-
mal’s tail. Rats do need to be restrained in specific holders
and artificially heated to maintain normal BP. The MRBP-R
system provides the measurements of four different blood
pressure parameters: systolic and diastolic blood pressure,
heart rate, mean blood pressure [12].

Weeks/
days*‘* ES

Monday Tuesday

Wednesday

Thursday Friday

7 m/min for 15 min

5 sprints X 47 m/min for

2 5 sprints X45 m/min for 5 sprints X 46 m/min for
30s 30s 30s
3 5 sprints X 50 m/min for 5 sprints X 50 m/min for

30s

40's

5 sprints X 50 m/min for
45s

5 sprints X 53 m/min for

4 5 sprints X 51 m/min for 5 sprints X 52 m/min for
60 s 60 s 60 s
5 5 sprints X 55 m/min for 5 sprints X 55 m/min for

65s

70s

5 sprints X 55 m/min for
75s

5 sprints X 48 m/min for
30s

5 sprints X 50 m/min for
55s

5 sprints X 54 m/min for
60 s

5 sprints X 55 m/min for
80s

5 sprints X 49 m/min
for 30 s

5 sprints X 50 m/min
for 60 s

5 sprints X 55 m/min
for 60 s

5 sprints X 55 m/min
for 90 s

*2-min rest after each sprint

**5-min warmup at 8 m/min prior to each training session

Table 2 Protocol for moderate

Wednesday

Thursday

Friday

. A e Weeks/ Monday Tuesday

interval continuous training for days**

rats (MIT)
1 8 m/min for 30 min
2 10 m/min for 1 h 10 m/min for 1 h
3 12 m/min for 1| h 12 m/min for 1 h
4 13 m/minfor 1 h 13 m/min for 1 h
5 15 m/min for 1| h 15 m/min for 1 h

10 m/min for 1 h
12 m/min for 1 h
13 m/min for 1 h
15 m/min for 1 h

10 m/min for 1 h
12 m/min for 1 h
13 m/min for 1 h
15 m/min for 1 h

10 m/min for 1 h
12 m/min for 1 h
13 m/min for 1 h
15 m/min for 1 h

*3-min rest/100 m

*%5-min warmup at 8 m/min prior to each training session
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Markers of oxidative stress

The level of superoxide anion radical (O,”) was meas-
ured by NBT (Nitro Blue Tetrazolium) reaction in TRIS-
buffer with plasma sample as previously described [13].
Measurement of hydrogen peroxide (H,0,) is based on
oxidation of Phenol Red by hydrogen peroxide, in a reac-
tion catalyzed by horseradish peroxidase (HRPO) as pre-
viously described [13]. Nitric oxide decomposes rapidly
to form stable metabolite nitrite/nitrate products. Nitrite
level (NO, ™) was measured and used as an index of nitric
oxide (NO) production using the Griess’s reagent as previ-
ously described [14]. Index of lipid peroxidation (thiobar-
bituric acid reactive substances, TBARS) was estimated
by measuring of TBARS using 1% TBA (Thiobarbituric
acid) in 0.05 NaOH incubated with the plasma as previ-
ously described [15]. All analysis was determined using
the spectrophotometrical method (UV-1800 UV-Vis Spec-
trophotometer by Shimadzu Scientific Instruments Inc).

Antioxidative enzymes

The level of reduced glutathione (GSH) was determined
based on GSH oxidation with 5.5-dithio-bis-6.2-ni-
trobenzoic acid, using method described by Beutler [16].
SOD activity was determined by the epinephrine method
described by Beutler. A 100 pl lysate and 1 ml carbonate
buffer were mixed, and then 100 pl of epinephrine was
added. Detection was performed at 470 nm [17]. CAT
activity was determined according to Aebi. Lysates were
diluted with distilled water (1:7 v/v) and treated with
chloroform-ethanol (0.6:1 v/v) to remove hemoglobin and
then, 50 ul CAT buffer, 100 ul sample, and 1 ml 10 mM
H,0, were added to the samples. Detection was performed
at 360 nm [18].

Statistical analyses

Values were presented as the mean + standard error mean.
Prior to statistical analysis, all data were checked for nor-
mality using the one-sample Kolmogorov—Smirnov test.
Biochemical data were evaluated using one-way analysis of
variance (ANOVA). Comparisons of the training protocols
of each group were conducted by one-way ANOVA followed
by Tukey’s post hoc test with false discovery rate (FDR)
correction. One-way ANOVA followed by Tukey’s post hoc
test was used to analyze other measures. These analyses
were carried out using MedCalc statistical software version
17.9 (Acacialaan 22, 8400 Ostend, Belgium 2018) and SPSS
statistical program version 22.0. The level of statistical sig-
nificance for all analyses was 95% (p < 0.05).
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Results

Effects of training on systolic (SP), diastolic
blood pressure (DP), and heart frequency (HR)
during normotensive and hypertensive conditions

Dynamic of systolic, diastolic arterial blood pressure and heart
rate were evaluated before (during adaptation period), after
first, second, third, and fourth week of running period.

In normotensive rats, significant alterations of SP, DP, and
HR were found after second week of training, namely these
parameters were significantly decreased in MIT group com-
pared to CTRL group, and significantly increased in HIIT
group compared to CTRL group. After third week of train-
ing, only in MIT group was significantly reduced SP, DP, and
HR compared other groups, while after fourth week no more
differences were recorded between the exercised and the sed-
entary groups, respectively (Table 3).

In the hypertensive rats, no significant differences were
seen among the groups prior to the training protocols. After
first week, SP was significantly decreased in SHT-MIT group
compared to SHR-HIIT group, but after the second week,
these parameters in the same group were also significantly
decreased, but compared to SHR and SHR-HIIT groups. Inter-
estingly, during the time of running, SP, DP, and HR were
significantly decreased in SHR-HIIT and SHR-MIT compared
to control conditions (SHR group), with the most prominent
changes in hypertensive groups with MIT protocol. At the end
of training period, both protocols significantly decreased the
hemodynamic parameters as compared to the CTRL (SHR)
group. However, blood pressure values were significantly
lower in the HIIT versus the MIT group, suggesting that hyper-
tensive animals benefit more from the intensive vs. moderate
training—or alternatives. (Table 3).

Effects of training on superoxide anion radical (0,")
and hydrogen peroxide (H,0,) levels

After training protocol, values of O, were significantly higher
in HIIT and MIT group compared to other groups, while in
hypertensive rats values of this parameter were also increased
but no so prominent as in normotensive (Fig. 1a). Also,
the same trend of changes was observed in values of H,0,
(Fig. 1b). We have found that HIIT training protocol induced
the strong increasing of O,~ and H,O, compared to MIT and
compared to control groups (CTRL and SHR). Furthermore,
in almost all hypertensive groups, levels of H,O, were higher
compared to normotensive rats.
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Fig. 1 Levels of pro-oxidant markers: superoxide anion radical (a),
hydrogen peroxide (b), nitrites (¢) and index of lipid peroxidation
measured as TBARS (d) after 4 weeks experimental protocol. Values
are reported as the mean =+ standard error mean. Groups: CTRL sed-
entary control, MIT moderate-intensity training, HIIT high-intensity

od groups, HIIT-SHR and MIT-SHR, CAT was decreased
compared to SHR group. Generally viewed, in hyperten-
sive rats with or without training, levels of CAT were
lower during hypertension (Fig. 2c).
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interval training, SHR spontaneous hypertensive rats, SHR+MIT
spontaneous hypertensive rats on moderate-intensity training,
SHR + HIIT spontaneous hypertensive rats on high-intensity interval
training. Means are presented as significantly different or not from
CTRL (one-way ANOVA followed by Tukey’s post hoc test)

Discussion

Regular physical exercise has many health benefits
including a lowered threat of all-cause mortality along
with a reduced risk of cardiovascular disease, cancer, and
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Fig.2 Levels of antioxidant enzymes: superoxide dismutase (a),
reduced glutathione (b) and catalase (c) after 4 weeks experimen-
tal protocol. Values are reported as the mean =+ standard error mean.
Groups: CTRL sedentary control, MIT moderate-intensity training,
HIIT high-intensity interval training, SHR spontaneous hypertensive

diabetes [9, 19]. Paradoxically, it is also clear that con-
tracting skeletal muscles generate free radicals and that
prolonged and intense exercise can result in oxidative
damage to cellular constituents. Despite clear evidence
for the positive adaptations following HIIT compared with

rats, SHR + MIT spontaneous hypertensive rats on moderate-intensity
training, SHR + HIIT spontaneous hypertensive rats on high-intensity
interval training. Means are presented as significantly different or not
from CTRL (one-way ANOVA followed by Tukey’s post hoc test)

MIT with regard to aerobic fitness and vascular function,
the aim of this study was examine differences of these
running protocols in changing of blood pressure and redox
status after chronically and continuous physical training
of rats.
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In the first part of study, we examined the effects of HIIT
and MIT on BP before and during 4 weeks experimental
period. It is known that systemic arterial hypertension causes
progressive myocardial remodeling. While cardiac function
is increased in response to active myocyte hypertrophy in
the left ventricle in the compensated phase, left ventricular
(LV) remodeling is characterized by the combination of car-
diomyocyte hypertrophy and proliferation of other tissues,
which leads to arterial stiffness and cardiac dysfunction [20].
In that sense, the benefits of aerobic training to hypertensive
subjects are well established in the literature [9, 20, 21].
Animal models of hypertension—SHR in the compensated
stage (~6-month old)—have shown the efficacy of physical
training in attenuating systolic dysfunction and restoring
ventricular elasticity in female SHR [20]. Aerobic train-
ing reduced apoptosis in the myocardium of SHR [20, 21]
improved contractile function of cardiomyocytes isolated
from the left ventricle, and normalized the expression of
proteins involved in the regulation of intracellular calcium
cycle, such as the sarcoplasmic reticulum Ca**~ATPase
(SERCAZ2a) and phospholamban [22]. However, little is
known about precise dose of physical training which can
be beneficial and which can be harmful, and where is it that
border between good and bad dose of physical activity on
arterial pressure.

In normotensive rats, after third week of training, only
in MIT group SP, DP, and HR were significantly reduced
compared other groups, while after fourth week there were
no changes in these parameters (Table 3). On the other hand,
in hypertensive groups, interestingly, during the time of run-
ning, SP, DP, and HR were decreased in after both train-
ing regimes compared to control conditions (SHR group),
with the most prominent changes in hypertensive groups
with MIT protocol. Finally, after the last week of running,
HIIT and MIT strongly affected SP, DP, and HR in SHR
rats compared to hypertensive groups (SHR, SHR + MIT,
SHR + HIIT) (Table 3). However, MIT running protocol
induced stringer drop in blood pressure compared to HIIT
protocol. Our data are in agreement with previous studies
[22-26].

One of the few similar studies, which compared the
effects of HIIT vs. Continuous moderate exercise in animals,
was conducted by Wang et al. They compared the possible
beneficial effects of two different exercise training regimes
in a mouse model of diet-induced obesity, and concluded
that HIIT contribute a more favorable regulation of meta-
bolic dysfunctions in mice compared with MICT, but not in
arterial blood pressure regulation [23].

The large number of previous studies hypothesized that
the HIIT training would be more effective than moderate-
intensity continuous training (MICT) in improving endothe-
lial function and maximum oxygen uptake (VO,,,.,). Based
on the presumptions, HIIT more affects endothelial function
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and has higher metabolic benefit than other physical train-
ing. But, because of diversity of experimental models, there
are inconsistent results [27, 24].

If we know that the hypertension is stronger inductor/
consequence of oxidative stress and of decreased availability
of nitric oxide in the vascular cells, then the SHR model was
a good model for assessing the effects of exercise. Besides,
physical exercise has many benefits, but it might also have
a negative impact on the body, depending on the training
level, length of workout, gender, age, and fitness. The nega-
tive effects of physical exercise are commonly attributed to
an imbalance between the levels of antioxidants (both low
molecular weight antioxidants and antioxidant enzymes) and
reactive oxygen and nitrogen species due to excessive pro-
duction of free radicals during physical exercise [27].

In order to investigate potential role of redox status and
effects of HIIT and MIT on cardiovascular function, we
measured the levels of prooxidants and antioxidants in blood
of rats after the running protocol.

We have found that HIIT training protocol induced the
strong increasing of O, and H,O, compared to MIT and
compared to control groups (CTRL and SHR), with higher
levels of H,O, in almost all hypertensive groups compared
to normotensive rats (Fig. 1a, b). Superoxide is primarily
formed as an intermediate in biochemical reactions and
compared with other free radicals (hydrogen peroxide etc.),
superoxide has a relatively long half-life that enables diffu-
sion within the cell and, hence, increasing the number of the
potential targets. Although superoxide is generally consid-
ered relatively unreactive compared with other radical spe-
cies, it can react rapidly with some radicals such as NO and
with some iron-sulfur clusters in proteins. On the other hand,
hydrogen peroxide is cytotoxic but is considered a relatively
weak oxidizing agent. In our study, measured indirectly, lev-
els of NO™ during normotensive conditions after MIT and
during hypertensive conditions after HIIT was significantly
decreased (Fig. 1c). In almost all hypertensive groups, levels
of nitrites were reduced compared to normotensive rats. The
concentrations of nitric oxide are lower, probably because of
the possible reaction of O, with NO™.

Afterwards, the elevated levels of TBARS gave to us
cleary picture about the effects of HIIT and MIT. TBARS
reflects the content of malondialdehyde, the most abundant
individual aldehyde that results from the lipid peroxidation
processes [28]. During the normotensive conditions, MIT
induced significant increased levels od TBARS, as well as in
hypertensive conditions. Actually, in HIIT and MIT groups
compared to CTRL group, TBARS was increased signifi-
cantly, and also in HIIT-SHR and MIT-SHR compared to
SHR group. Well, TBARS levels were significantly altered
in all study groups compared to controls (Fig. 1d). In almost
all hypertensive groups, levels of TBARS were higher com-
pared to normotensive rats.
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We understand all the inconsistencies between the con-
clusions of different investigations, commonly based on the
concentrations of oxidative biomarkers in body fluids. Previ-
ous studies reported similar beneficial outcomes with both
protocols or even reported the HIIT protocol as more effec-
tive in preventing oxidative stress [24, 25]. In a study Ramos
et al. MICT and HIIT protocols prevented an increase in
TBARS during obesity [26]. On the other hand, Li et al. sug-
gested that lipid peroxidation (malondialdehyde formation)
was increased by an acute bout of HIIT exercise in hepatic
mitochondria [29]. Nevertheless, few data are available in
literature about effects of these training protocols in state of
elevated blood pressure, and regarding to fact that hyperten-
sion could be generator of ROS and lipid peroxidation, our
results are expected. Actually, during the hypertension as
a chronic disorder, HIIT and MIT are probably not recom-
mended beneficial therapy.

Finally, as a major antioxidant enzymes, superoxide dis-
mutase, reduced glutathione, and catalase, we compared the
effects of HIIT vs. MIT in normotensive and hypertensive
rats. The antioxidant enzymes are important endogenous
defenses required to inhibit the formation of ROS or to pro-
mote the removal of free radicals and their precursors. CAT
is a ferric heme protein that directly catalyzes the decom-
position of hydrogen peroxide (H,0,). SOD removes the
superoxide anion by accelerating the rate of its dismutation
to H,0, [29]. GSH catalyzes the decomposition of H,0,
as a cofactor in a redox cycle where glutathione reductase
reduces oxidized (GSSG) to GSH.

In normotensive and hypertensive rats, MIT significantly
increased SOD levels compared to HIIT and controls groups
(Fig. 2a). Levels of GSH, were significantly increased in
MIT group compared to CTRL group, and in HIIT compared
to CTRL group also, but decreased in HIIT-SHR group com-
pared to SHR (Fig. 2b). Only levels of CAT was signifi-
cantly increased after HIIT compared to CTRL. Generally
viewed, in hypertensive rats with or without training, levels
of CAT were lower during hypertension (Fig. 2¢). Probably
because of decreased levels of CAT, we observed higher
levels of reactive oxygen species in hypertensive rats. Also,
in presence of strong generator of ROS such as hyperten-
sion, a diminished antioxidant activity resulted in elevated
levels of almost all pro-oxidative markers, except marker of
vasodilatation-nitric oxide.

Literature data suggested that the amount and intensity
of physical activity were directly related to the antioxidant
enzyme activity levels [30]. The findings of this study sug-
gested that an intensity of physical activity could have a
modulatory effect on antioxidative balance in the studied
female population [31]. Criswell et al. tested the hypothesis
that high-intensity (interval) training is superior- to moder-
ate-intensity (continuous) exercise training for 12 weeks in
the upregulation of antioxidant enzyme activity in skeletal

muscle [32]. They concluded that when matched for oxy-
gen cost, interval and continuous exercise trainings result in
similar increases in SOD activity and that the high-intensity
interval exercise is superior- to moderate-intensity continu-
ous exercise in the promotion of GPX activity [32]. Ji et al.
explained that HIIT significantly elevated hepatic catalase
and cytosolic SOD activity compared to acute physical activ-
ity [29]. Steinbacher suggested that the performance of aero-
bic exercise training increases antioxidant defenses which, in
association with morphological and functional adaptations,
can provide the organism with protection against oxidative
stress [33]. But, Delwing-de Lima concluded that both pro-
tocols could prevent the most of alterations in the production
of oxidative stress [34].

Based of previous findings, we speculate that an upregu-
lation of the expression of SERCA,a could be induced by
the running routine [1-5, 26]. Another possibility is that
angiotensin-1-7 through the physical activity can alter the
expression of the main RAS enzymes, ACE and ACE,,
favoring the degradation of angiotensin-II and the buildup
of angiotensin-1-7 [7, 35, 29, 33].

In summary, although performed on animal model, this
study may help in the better understanding of the differences
between the effects of aerobic/anaerobic training regimes on
BP regulation in both hypertensive and normotensive con-
ditions. Therefore, it provides new evidences which refer
to beneficial impact of HIIT in reducing of hypertension.
Additionally, our results can be of interest in elucidation of
the influence of these exercise protocols on redox homeosta-
sis. Accordingly, regardless the effects on BP, it seems that
HIIT can promote oxidative stress and potential damages.

Conclusion

Findings of the present study pointed out that contrary to
normotensive conditions, in hypertensive conditions both
training regimes reduced the BP levels, which was more
prominent in case of HIIT. In addition, MIT seems to be
connected with milder disturbance of pro-oxidant production
and better antioxidant response.

In this scenario, our results lend support to the idea that
high intensity interval training can positively transform path-
ological into physiological arterial blood pressure. This find-
ing could have clinical relevance in the design of therapeutic
strategies for the prevention of progression of hypertension
as the major cardiovascular risk factor.
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This investigation is aimed at examining the effects of pharmacological PostC with potassium cyanide (KCN) on functional
recovery, gene expression, cytochrome ¢ expression, and redox status of isolated rat hearts. Rats were divided into the control
and KCN groups. The hearts of male Wistar albino rats were retrogradely perfused according to the Langendorff technique at a
constant perfusion pressure of 70 cmH,O. After stabilisation, control hearts were subjected to global ischemia (5minutes),
followed by reperfusion (5 minutes), while experimental hearts underwent global ischemia (5 minutes) followed by 5 minutes of
reperfusion with 10 gmol/L KCN. The following parameters of heart function were measured: maximum and minimum rates of
pressure development, systolic and diastolic left ventricular pressure, heart rate, and coronary flow. Levels of superoxide anion
radical, hydrogen peroxide, nitrites, and index of lipid peroxidation (measured as thiobarbituric acid-reactive substances) were
measured in coronary venous effluent, and activity of catalase was determined in heart tissue. Expression of Bax, Bcl-2, SOD-1,
SOD-2, and cytochrome ¢ was studied as well. It was shown that expression of Bax, Bcl-2, and SOD-2 genes did not significantly
differ between groups, while expression of SOD-1 gene and cytochrome ¢ was lower in the KCN group. Our results
demonstrated that KCN improved the recovery of myocardial contractility and systolic and diastolic function, enhanced catalase
activity, and diminished generation of prooxidants. However, all possible mechanisms and potential adverse effects of KCN
should be further examined in the future.

1. Introduction

The leading causes of morbidity and mortality nowadays are
cardiovascular diseases. Acute myocardial infarction proba-
bly represents the most often variety within this pathophysi-
ological entity due to reduction of coronary blood flow and
myocardial ischemia. Reperfusion strategies can be used for
rescuing the myocardium, but immediate reperfusion of

ischemic myocardial tissue can paradoxically induce further
damage known as the phenomenon of “reperfusion injury.”
A lot of effort has been invested to find effective methods to
reduce reperfusion injury [1, 2].

Postconditioning (PostC) is a strategy which provides
cardioprotection through exposure to sublethal stimulus
initiated at the very onset of reperfusion. Two elementary
techniques of myocardial PostC involve ischemic PostC and
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pharmacological PostC [3]. Groundbreaking research which
gave the first data about the ischemic PostC was conducted
by Zhao and coworkers approximately a decade ago. It was
reported that brief episodes of I/R applied at early reflow
can be applicable in occasions such as artery bypass surgery,
transplantation of organs, and peripheral revascularization
[4]. The beneficial effect of ischemic PostC involves post-
poned reversal of acidosis, activation of protein kinase C
(PKC), formation of autacoids, such as adenosine and brady-
kinin, and release of endogenous opioids [5]. Furthermore,
activation of mitochondrial K, p channel and closure of
mitochondrial permeability transition pore may also contrib-
ute to cardioprotection [6]. Positive effects of ischemic PostC
may be mediated via decreased NO-peroxynitrite signaling,
as well as endogenous H,S production which stimulates
PKC-a and PKC-¢ [7]. In addition, ischemic PostC may
diminish the harmful effects of reactive oxygen species
(ROS), bearing in mind that oxidative burst during reperfu-
sion remains one of the major factors responsible for reperfu-
sion injury [8]. Ischemic PostC is an adaptive response
induced by short periods of ischemia alternating with short
periods of reperfusion applied at onset of reperfusion after
continuous ischemia; however, the similar effects can be
caused by pharmacological agents as well [9].

Cyanide is a rapidly acting as deadly poison that can exist
in various forms (gas, solid, and liquid). The main mecha-
nism of its toxicity lies in inhibition of mitochondrial cyto-
chrome ¢ oxidase (CcO), an enzyme involved in formation
of terminal complex in the respiratory chain that is integral
to the production of adenosine triphosphate (ATP). Conse-
quently, cells are unable to use oxygen and ATP which results
in cellular dysfunction and death [10, 11]. Interestingly,
potassium cyanide (KCN) applied in a small concentration
may attenuate myocardial dysfunction and decrease produc-
tion of reactive oxygen species (ROS) in a model of heart
preconditioning [12].

Regarding all above presented statements, the aim of this
study was to examine the effects of KCN in a pharmacologi-
cal model of PostC on the functional recovery and oxidative
stress parameters of isolated rat hearts.

2. Materials and Methods

2.1. Ethical Approval. The study was performed in the car-
diovascular laboratory of the Faculty of Medical Sciences,
University of Kragujevac, Serbia. The experimental protocol
was approved by the Ethics Committee for the welfare of
experimental animals of the Faculty of Medical Sciences,
University of Kragujevac. All experiments were performed
according to EU Directive for welfare of laboratory ani-
mals (86/609/EEC) and principles of Good Laboratory
Practice (GLP).

2.2. Animals. Sixteen male Wistar albino rats (eight weeks
old, body weight 200-250 g, obtained from Military Medical
Academy, Belgrade, Serbia) were subjected to the study’s
protocol. Rats were housed with a temperature adjusted to
22+2°C with 12:12 light/dark cycle. They consumed
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commercial rat food (20% protein rat food, Veterinary
Institute Subotica, Serbia) and tap water ad libitum.

2.3. Preparation of Isolated Rat Hearts. The hearts of male
Wistar albino rats, divided into the control and KCN group
(8 in each group), were excised and retrogradely perfused
according to Langendorff technique (Experimetria Ltd.,1062
Budapest, Hungary). After a short-term narcosis induced
by intraperitoneal application of ketamine (10 mg/kg) and
xylazine (5mg/kg) and premedication with heparin as an
anticoagulant, animals were sacrificed by cervical dislocation
(schedule 1 of the Animals (Scientific Procedures) Act 1986,
UK). After urgent thoracotomy and rapid cardiac arrest by
superfusion with ice-cold isotonic saline, the hearts were
rapidly excised; the aortas were cannulated and retrogradely
perfused under a constant perfusion pressure (CPP) of
70 cmH, 0. The composition of the nonrecirculating Krebs-
Henseleit perfusate was as follows (mmol/L): NaCl 118,
KCl 4.7, CaCl, x2H,0 2.5, MgSO, x7H,0 1.7, NaHCO,
25,KH,PO, 1.2, glucose 11, and pyruvate 2, equilibrated with
95% O, plus 5% CO, and warmed to 37°C (pH 7.4).

2.4. Physiological Assay and Experimental Protocol. All study
groups underwent 30 minutes of perfusion at a CPP of
70cmH,O (period of stabilisation). In the control group,
after the stabilisation period, the hearts were subjected to
global ischemia (perfusion was totally stopped) for 5
minutes, followed by 5 minutes of reperfusion. In the KCN
group, after the stabilisation period, the hearts underwent
global ischemia lasting for 5 minutes and then submitted to
5 minutes of reperfusion with 10 gmol/L KCN [13].

After placing the sensor (transducer BS473-0184,
Experimetria Ltd., Budapest, Hungary) in the left ventricle,
the following parameters of myocardial function have been
measured during stabilisation and during reperfusion:
maximum rate of pressure development in the left ventri-
cle (dp/dt max), minimum rate of pressure development
in the left ventricle (dp/dt min), systolic left ventricular
pressure (SLVP), diastolic left ventricular pressure (DLVP),
and heart rate (HR). Coronary flow (CF) was measured flow-
metrically in specific points of interest in the control
group—at the end of stabilisation, in the first minute of
reperfusion (R1), and in the last minute of reperfusion
(R2)—and in the KCN group—at the end of stabilisation,
in the first minute of reperfusion (R1), and in the last minute
of reperfusion (R2). The average heart weight in the control
group and the KCN group was very similar (control
group—1.1+0.02, KCN group—1.06 +0.09).

The following oxidative stress parameters were deter-
mined spectrophotometrically (Shimadzu UV-1800, Japan)
using collected samples of the coronary venous effluent:
the index of lipid peroxidation, measured as thiobarbitu-
ric acid-reactive substances (TBARS), nitrite (NO,),
levels of superoxide anion radical (O, ), and hydrogen
peroxide (H,O,).

2.5. Determination of the Index of Lipid Peroxidation
Measured as TBARS. The degree of lipid peroxidation in
the coronary venous effluent was estimated by measuring
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TBARS, using 1% thiobarbituric acid in 0.05 NaOH, which
was incubated with the coronary effluent at 100°C for
15 min and measured at 530 nm. Krebs-Henseleit solution
was used as a blank probe [14].

2.6. Nitrite Determination (NO,"). Nitric oxide (NO) decom-
poses rapidly to form stable nitrite/nitrate products. The
NO," level was measured and used as an index of NO pro-
duction, using Griess’s reagent. A total of 0.5 mL of perfusate
was precipitated with 200 uL of 30% sulphosalicylic acid,
vortexed for 30 min and centrifuged at 3000 x g. Equal vol-
umes of the supernatant and Griess’s reagent (containing
1% sulphanilamide in 5% phosphoric acid/0.1% naphthalene
ethylenediamine-dihydrochloride) were added, incubated for
10min in the dark, and measured at 543nm. NO, levels
were calculated using sodium nitrite as the standard [15].

2.7. Superoxide Anion Radical Determination (O, ). O,
levels were measured at 530 nm via a nitro blue tetrazolium
reaction in TRIS buffer with coronary venous effluent.
Krebs—Henseleit solution was used as a blank probe [15].

2.8. Hydrogen Peroxide Determination (H,0,). The measure-
ment of H,0, was based on the oxidation of phenol red by
